
Acta
Veter inaria
Hungarica

VOLUME 33, NUMBERS 1-2, 1985

EDITOR-IN-CHIEF 

j. MÉSZÁROS

ASSOCIATE EDITOR 

A. SZÉKELY

EDITORIAL BOARD

J. BOKORI, J. HARASZTI, A. KARDEVÁN, T. KOBULEj,
J. KOVÁCS, F. KOVÁCS, G. KUCSERA,
G. PETHES, T. SZENT-IVÁNYI



ACTA VETERINARIA
A Q U A R T E R L Y  OF T H E  H U N G A R I A N  A C A D E M Y

OF S C I E N C E S

A cta  Veterinaria p u b lishes reviews and orig inal papers on veterinary science in E nglish . 

Acta Veterinaria is pu b lish ed  in yearly v o lu m es of four issues by

A K A D É M IA I K IAD Ó

P ublish in g  House o f th e  H ungarian A cadem y of Sciences 
II-1054 B u d ap est, A lkotm ány u. 21.

M anuscripts and ed itoria l correspondence should  be addressed to

A cta  Veterinaria

Veterinary M edical Research In stitu te  o f  the 
Hungarian A cadem y o f Sciences 
H-1581 B ud apest, P .0 . B o x  18

Subscription information

Orders should be addressed to

KULTURA Foreign Trading Com pany 
H-1389 B ud apest, P.O. B o x  149

or to its representatives abroad

A cta Veterinaria is indexed  in Current C ontents



Acta Veterinäria
H ungarica

E D I T O R - I N - C H I E F

J .  M É S Z Á R O S

A S S O C I A T E  E D I T O R  

A . S Z É K E L Y

E D I T O R I A L  B O A R D

J .  B O K O R I ,  J .  H A R A S Z T I ,  A . K A R D E V Á N , T . K O B U L E J ,  
J .  K O V Á C S , F .  K O V Á C S , G . K U C S E R A , G . P E T H E S ,

T . S Z E N T - I V Á N Y I

V O L U M E  33

A K A D É M I A I  K I A D Ó ,  B U D A P E S T

1985





CONTENTS

Bacteriology

On ultrastructure and m otility  o f  spirochetes. Blaha, Th. and Giinther, H ........................  3
A bovine haem agglutinin o f Bordetella bronchiseptica responsible for adherence. Semjén, G.

and M agyar, T .......................................................................................................................................... 129
Investigation  of adhesive and nonadhesive Bordetella bronchiseptica strains in a suckling-

-m ouse model. M agyar, T ., Semjén, G. and Osváth, Z su z sa n n a .................................. 137
Colonization of infant m ice by K 99+ Escherichia coli and lack o f colonization by Strepto

coccus faecium  M74. N agy, B . and Ushe, Tendai C............................................................ 143

Food hygiene

M eat quality  characteristics o f som e pig breeds in Hungary. W ittm ann, M ., B altay, M .,
Faragó, Ida  and Guba, F ..................................................................................................................  13

Immunology

Dem onstration of cell surface antigens of norm al and virus-transform ed chicken lym pho
cytes by the peroxidase—antiperoxidase m ethod. Drén, Cs. N .  and Németh, I . 149 

R eaction o f the thym us and the bursa o f Fabricius in chickens inoculated w ith  Coryne-
bacterium parvum . Giurgea, Rodica  and Coprean, D ............................................................  163

Parasitology

Haemonchus contortus: E ffect o f  pH  and tem perature on some dehydrogenases. K apu r,
Jyo tika , Sood, M . L . and Sorti, G. L ..........................................................................................  19

E xperim ental larval ascaridosis (A scaris suum  Goetze, 1782) in w h ite  mice. I. H isto-
chem ical studies on the liver. Szarek, J . ,  P iekut, A lina  and K alinow ska, Zofia E . . . 25

Pathology

D em onstration in Hungary of Q fever associated w ith abortions in cattle  and sheep.
R ády, M arietta, Glávits, R . and N agy, G y ................................................................................ 169

Judgm ent o f  castration-induced abscesses in  pigs at m eat inspection. Százados, I . . .  177

Physiology

Changes in v itam in E and lipid-peroxide status in  the laying hen during egg shell forma
tion. Mézes, M . and Lencsés, Gy ...................................................................................................  33

E ffect o f caecotrophy on the nitrogen m etabolism  of angora rabbits. Teleki, M ária,
Jécsai, Jolán  and Juhász, В .............................................................................................................  41



E ffect o f  caecotrophy on protein  and amino acid m etabolism  o f angora rabbits. Jécsai,
Jo lán , Teleki, M ária  and Juhász , Б ............................................................................................  51

In v itro study  of bidirectional g lycine transport in porcine sm all in testine. B oldizsár , H .,
L a k lia , Júlia  and Sim on , F .............................................................................................................. 59

E ffect o f  beta-carotene supp lem entation  on the postpartum  resum ption o f  ovarian cycli
c ity  in cows kept on carotene-deficient d iet. H uszenicza , G., Pethes, G., K ulcsár,
M argit, Molnár, L ., Som orja i, Gy. and B álin t, Г ................................................................. 75

Studies on  the lipid m etabolism  o f  ewes in the periparturient period. M agdus, M elinda ,
Galambos, L. and H usvéth , F ...........................................................................................................  89

E ffect o f  long-term dehydration on the body weight, body tem perature and packed cell
volum e in buffalo. R am krish na , F . and Saigal, Б . P .......................................................  101

In vitro demonstration of th e  conversion of thyroxine to 3,3’,5-triiodothyronine in liver 
biopsy samples taken from  lactating cows (Short com m unication). R udas , P. and
Pethes, G....................................................................................................................................................... 185

Seasonal changes in the p lasm a concentration o f sexual steroids, corticosterone and 
thyroid hormone in  th e  hen w ith special respect to the m oulting period. Szelényi,
Z ., Pethes, G. and Péczely , P ...........................................................................................................  189

Influence of the mode and tim in g  o f calving assistance on the acid -base balance of dam
and newborn calf. Szen ei, 0 .............................................................................................................  199

R ole o f acid-base disturbances in  perinatal m ortality o f  calves (A  sum m ary of thesis).
Szenei, 0 ......................................................................................................................................................  205

Electrocardiographic sings in  ventricular repolarization o f experim entally induced hypo-
kalaemia and appearance of the U -w ave in dogs. F elkai, P .......................................  221

Reproductive biology

E ffect o f mycoplasma contam ination o f bull sem en on fertilization. K is s i , В ., Juhász, S.
and Stipkovits, L ...................................................................................................................................... 107

F  irology

Iso lation  of a bovine adenovirus from fallow deer ( D am a dam a). Boros, G., Gra/, Z.,
Benkő, M ária  and B artha , ̂ 4...........................................................................................................  119

Experim ental infection o f lay in g  hens w ith an adenovirus isolated from  ducks showing
E D S symptoms. B artha , Л. and M észáros, J ......................................................................... 125

Book re v ie w s .........................................................    229



Bacteriology

On ultrastructure and m otility  o f spirochetes. Blaha, Th. and Giinther, H ................................. 3

Food hygiene

M eat quality characteristics of some pig breeds in  Hungary. W ittm ann, M ., Baltay, M .,
Faragó, Ida  and Guba, F. ..................................................................................................................  13

Parasitology

Haemonchus contortus: E ffect of pH and tem perature on some dehydrogenases. K apur,
Jyotika, Sood, M . L . and Soni, G .L .................................................................................................  19

E xperim ental larval ascaridosis (Ascaris su um  G oetze, 1782) in w hite m ice. I. H istochem i-
cal studies on the liver. Szarek, J ., P ieku l, A lin a  and K alinow ska, Zofia  E ................... 25

Physiology

Changes in  vitamin E and lipid-peroxide sta tu s  in  the laying hen during egg  shell formation.
M ézes, M . and Lencsés, Gy.................................................................................................................. 33

E ffect o f  caecotrophy on the nitrogen m etabolism  of angora rabbits. T eleki, M ária , Jécsai,
Jolán  and Juhász, В ...............................................................................................................................  41

E ffect o f caecotrophy on  protein and am ino acid m etabolism  of angora rabbits. Jécsai,
Jolán, Teleki, M á ria  and Juhász, В ............................................................................................... 51

In  v itro  study of bidirectional glycine transport in porcine small in testine. Boldizsár, H .,
Laklia , Júlia  and Sim on, F. ...........................................................................................................  59

E ffect o f  beta-carotene supplem entation on  th e  postpartum  resum ption o f  ovarian cyclicity  
in cows kept on carotene-deficient d iet. Huszenicza, Gy., Pethes, G ., K ulcsár, M argit,
M olnár, L ., Som orjai, Gy. and B á lin t, T . ...................................................................................  75

Stu d ies on the lipid m etabolism  of ewes in  the periparturient period. M agdus, M elinda,
Galambos, L. and Husvêlh, F. .........................................................................................................  89

E ffect o f long-term dehydration on the b o d y  w eight, body tem perature and packed cell
volum e in buffalo. Ram krishna, V. and Saigal, R . P .............................................................  101

Reproductive biology

E ffect o f m ycoplasma contam ination of bu ll sem en on fertilization. K is s i ,  В ., Juhász, S.
and Stipkovits, L .......................................................................................................................................  107

Virology

Iso lation  o f a bovine adenovirus from fallow  deer (D am a dam a). Boros, G., Graf, Z ., Benkő,
M ária  and Bartha, A ............................................................................................................................  119

E xperim ental infection o f  laying hens w ith  an  adenovirus isolated from ducks showing E D S
sym ptom s. Bartha, A .  and M észáros, J .  .....................................................................................  125

CONTENTS

1





Acta Velerinaria Hungarica 33 (1 — 2), pp. 3—12 (1985)

ON ULTRASTRUCTURE AND MOTILITY OF 
SPIROCHETES

Th. B l a h a  and H . G ü n t h e r

Research Institu te on Bacterial Anim al D iseases o f the Academ y o f Agricultural Sciences o f 
the German D em ocratic Republic, 6909 Jena, GDR

(R eceived  A ugust 12, 1984)

Electron microscopical investigation s of the agent o f  swine dysentery (Treponem a  
hyodysenteriae; Harris et ah, 1972) isolated from faeces o f hea lthy  pigs as well as from  
the colon of p igs w ith  swine d ysen tery  are described. Similar investigations were carried  
out on T. innocens (K inyon and H arris, 1979), on a spirochete isolated  from the caecum  
o f rats and, fin a lly , on T. reiteri.

The ultrastructure of the above microbes is different from  that described for 
T. hyodysenteriae and T. innocens, and for spirochetes generally. Based on the results, 
the m otility  o f  spirochetes o f the genera Treponema and Borrelia  is explained. T he ar
rangem ent of axia l fibrils and, consequently , the type of m ovem ent, are useful for a clear 
and sufficient distinction between th e  genera Treponema and Borrelia, and T. hyodysen
teriae has to g e t a new com bination to Borrelia hyodysenteriae. The T. innocens strain  
Puppy and the spirochete from th e  caecum  of the rat are also regarded as belonging to  
the genus Borrelia.

Keywords. Ultrastructure, m otility , Treponema hyodysenteriae, T . innocens, 
T. reiteri, Borrelia, taxonom y.

Since th e  in v estig a tio n s o f H a r r is  e t al. (1972) i t  has been  show n th a t  a 
sp iro ch e te , g en era lly  designated  as  Treponem a hyodysenteriae , is th e  m a jo r 
d e f in ite  aetiologic fac to r  in sw ine d y sen te ry . O nly  Ja n e tsc h k e  an d  K ie lste in  
(1976) proposed th e  nam e Borrelia  hyodysenteriae  for th e  sam e organ ism  b e 
cause  i t  has w ide w aves and s ta in s  w ith  an iline dyes. T he c rite r ia  for th e  d is 
t in c tio n  betw een  th e  genera Treponem a  an d  Borrelia  a re  n o t su ffic ien t fo r a 
c lea r in te g ra tio n  o f  an  u nknow n  sp iroche te  in to  one o f th e  tw o  genera . 
A p a r t  from  th a t ,  w e are  of the  o p in io n  th a t  th e  h ith e r to  ex is tin g  d escrip tio n  o f 
th e  a rra n g e m en t o f  ax ia l fibrils c a n  exp la in  n e ith e r  th e  shape  an d  th e  m o tility  
o f sp iroche tes n o r th e  various ty p e s  o f  m ovem en t o f sp iroche tes (snake-like or 
co rkscrew -like).

I n  th e  p re se n t p ap e r our f in d in g s  ab o u t th e  u ltra s tru c tu re  o f T . hyodysen
teriae, T . innocens a n d  a sp irochete  fro m  th e  caecum  of th e  r a t ,  ou r conclusion 
a b o u t th e  im p o rta n c e  of u l tra s tru c tu re  for th e  genus d e te rm in a tio n  o f Trepo
nem a  and  Borrelia  as well as an  ex p la n a tio n  o f th e  m o tility  m echan ism  o f 
sp iro ch e tes  are re p o rte d .

1* Acta Velerinaria Hungarica 33, 1985 
Akadémiai Kiadó, Budapest



4 BLAHA and GÜNTHER

Materiale and methods

Culture technique a n d  media. T he iso la tio n  o f sp iroche tes from  th e  colon 
o f  p igs an d  th e  caecum  o f  ra ts  as well as th e  p ro d u c tio n  o f  p u re  cu ltu res  were 
p e rfo rm ed  w ith  T ry p tic a se  soy agar an d  T ry p tic a se  soy b ro th  (D ifco) as de
sc rib ed  elsew here (B lah a  a n d  G iin ther, 1982).

Bacterial stra ins. T h e  following s tra in s  w ere in v e s tig a te d : 7a/81, 10/82, 
12a/82 =  large sp iro ch e tes  from  pigs w ith  acu te  d y se n te ry ; 2/81 an d  6/81 =  
la rg e  sp irochetes fro m  h e a lth y  pigs; 11/82 =  large  sp iroche tes fro m  an  a d u lt 
w h ite  r a t  (Rattus norvegicus, a lbino, s tra in  W is ta r , fem ale, 200 g, from  th e  
V E B  V ersu ch stie rp ro d u k tio n  Schönw alde); T . innocens, s tra in  P u p p y , from  th e  
C zechoslovak C ollection o f  M icroorganism s, dep o sited  th e re  u n d e r  th e  n u m b er 
CCM 6161, and  T . reiteri (o b ta in ed  from  D r. I s tv á n  H o rv á th , B u d ap est) .

Electron m icroscopy. Scanning e lec tro n  m icroscopy  w ith  c ritica l p o in t 
d ry in g : T he sp irochetes w ere  c o n cen tra ted  b y  cen tr ifu g a tio n  o f fe rm en te r  cu l
tu re s  a t  2000 X g, d e h y d ra te d  in  alcohol an d  tra n s fe rre d  to  d istilled  am y lace ta te  
on  f i l te r  paper. C ritica l p o in t d ry ing  w as ca rr ied  o u t w ith  C 0 2 in  th e  C ritical 
P o in t  D ry er (Fa. B a lzers  U nion). T he p re p a ra tio n s  w ere co a ted  w ith  gold (ca. 
50 nm ) in  th e  S p u tte r  d ev ice  (F a . B alzers U n ion ) an d  ex am in ed  w ith  th e  scan 
n in g  elec tron  m icroscope Tesla BS 300. T ran sm issio n  e lec tro n  m icroscopy: 
N eg a tiv e  s ta in ing : U n f ix e d  spirochete  suspensions w ere d ro p p ed  on a glass 
slide . Z ap on lack -coa l-coa ted  grids w ere p u t  on  th e  d rops. T he grids ta k e n  off 
w ere begun  to  d ry  a n d  s ta in e d  in  2 %  p h o sp h o tu n g s tic  acid  (p H  7.2).

Cross sections: S p iro ch e tes  sed im en ted  b y  cen tr ifu g a tio n  a t  2000 X g  
w ere fix ed  w ith g lu ta ra ld e h y d e  and  osm ium  te tro x id e , d e h y d ra te d  in  acetone 
w ith  sim ultaneous s ta in in g  w ith  p h o sp h o tu n g stic  acid  an d  u ra n y l a c e ta te  a fte r  
W o h lfa h rt-B o tte rm a n n , a n d  em bedded  in  M icropal o r D u rcu p an .

T he p re p a ra tio n s  w ere  exam ined  in  th e  e lec tron  m icroscope SEM  3-2 
(V E B  W erk  fü r F e rn se h e le k tro n ik , B erlin ).

Results

P h ase -co n tra s t m icroscopy  of fo rm alin -fix ed  p u re  cu ltu res  o f  sw ine d y s
e n te ry  spirochetes (F ig . 1) shows th e  sam e ty p ic a l p ic tu re  as th e  liv ing  form s 
in  w e t p rep ara tio n s . L a t t e r  clearly  rev ea l a fa s t, snake-like  m o v em en t (sine- 
cu rve-like  flexion o f th e  cell body). S cann ing  e lec tron  m icroscopy  a fte r  critical- 
p o in t  d ry ing  allow s a th ree-d im en sio n a l p re se n ta tio n  o f  th e  w ound m icroor
gan ism  (Fig. 2). C o n tra ry  to  all e x p ec ta tio n s , sp iroche tes w ere found  w ound 
b o th  to  th e  r ig h t a n d  to  th e  le ft w ith in  one p re p a ra tio n  (i.e. w ith in  one s tra in ). 
F ig s  3, 4, 5 and  6 show  th e  th ree  m ain  s tru c tu ra l  e lem ents o f th e  sw ine d y sen te ry  
a g e n t, such as ce n tra l p ro to p lasm ic  cy lin d er, ax ia l f ib rils  w ound a round  it  and

Acta Veterinaria Hungarica 33, 1985



ON ULTRASTRUCTURE AND MOTILITY OF SPIROCHETES 5

Fig. 1. Pure culture of the swine dysen tery  spirochete, phase contrast. X 660

Fig. 2. Swine dysentery spirochete, SEM. X 11,000

an  o u te r  envelope su rro u n d in g  b o th . T h e  a rran g em en t of th e  a x ia l fib rils  is 
show n in  Fig. 3: Tw o f ib r il  bundles w in d  o p p osite ly  ro u n d  th e  cell body , th e y  
ru n  fro m  one end o f th e  b ac te riu m  u p  to  th e  o th e r  end, overcross each  o th e r 
sev e ra l tim es and  are  su b te rm in a lly  f ix e d  a t  b o th  sides. T he cross-po in ts  are  
a lw ays in  th e  concave p a r t  of the  helix . D u rin g  cell division, b o th  d a u g h te r  cells

Acta Veterinaria Hungarica 33, 1985



G BLAHA and GÜNTHER

are  s till held  to g e th e r b y  th e  fib rils a n d  th e  o u te r envelope, while th e  p ro to 
p lasm ic  cy linder is a lre a d y  divided (F ig . 4). The cell d iv ision  is fin ished  w ith  
th e  te a r in g  o f fib ril a n d  envelope re m n a n ts  b y  je rk y  m o v em en ts  (“ lash ing” ) of 
th e  d a u g h te r  cells. T h e  d iffe ren t a rra n g e m en t of th e  fib rils  in  th e  cross-sections 
(F igs 5 an d  6) is due to  th e  specific p o sitio n  of th e  c u t. In  F ig . 5 th e  sp irochete  
is c u t  d irec tly  across a t  th e  cross-poin t o f fib rils . In  F ig . 6, how ever, i t  is c u t a t  
a p o sitio n  a t  w hich, b e fo re  or a fte r th e  crossing, b o th  b u n d les  are p laced side by

Fig. 3. Swine dysentery spirochete w ith fiv e  cross-points o f the two axial fibril bundles,
N egative staining, ТЕМ. X 15,000

Fig. 4. Site o f cell d iv ision  of swine dysentery spirochete. N egative  staining, ТЕМ. X 20,000

Acta Veterinaria Hungarica 33, 1985



ON ULTRASTRUCTURE AND MOTILITY OF SPIROCHETES 7

Fig. 5. Cross-section of sw ine dysentery sp irochete cut across at a cross-point o f the tw o bundles
of axial fibrils. X 80,000

Fig. 6. Cross-section of sw ine dysentery sp irochete cut across beside a cross-point o f the tw o
bundles o f a x ia l fibrils. X 80,000

side to  sep a ra te  in  one d irection  a n d  to  overcross in  th e  o th e r  d irec tio n . A ll 
ex am in ed  s tra in s e x h ib it th e  sam e a r ra n g e m e n t of fib rils . T he av erag e  b a c te r ia l 
d im ensions and f ib ril n u m b ers  of th e  s tra in s  are sum m arized  in  T ab le  I . C on
t r a r y  to  th e  swine d y se n te ry  sp iro ch e tes  th e  T . reiteri s tra in  show s on ly  one 
b u n d le  o f  axial f ib rils  an d  several tre s se s  of cy top lasm ic  tu b u le s  (F ig . 7).

Acta Velcrinaria Hungarica 33, 1985



8 BLAHA and GÜNTHER

Fig. 7. Treponema reiteri w ith  four axial fibrils o f the one axial fibril bundle and several cyto  
plasm ic tubules. Negative stain ing, ТЕМ. X 80,000

Discussion

S m ibert (1974) a n d  C anale-Paro la  (1977 ,1978) described  th e  a rran g em en t 
o f  ax ia l fibrils for all m em b ers  of the  o rd e r S p iro ch ae ta les  as follow s: th e  fib rils 
a re  su b te rm in a lly  f ix e d  a t  each end o f th e  cell, th e y  o n ly  ru n  over a b o u t tw o- 
th ird s  o f th e  cells a n d  e n d  up u n fixed  a f te r  h av in g  m erely  o v erlap p ed  in  th e  
m idd le  (Fig. 8), T h is s tru c tu re  was also described  (H arris  e t al., 1972; K inyon  
a n d  H arris , 1979; M o ln ár, 1979; M olnár, 1981; Schleicher, 1977) fo r T . hyodys- 
enteriae. We failed to  c o n firm  th is  s tru c tu re  fo r th e  sw ine d y se n te ry  ag en t (F igs 
3 to  6) and  we do n o t  ag ree  w ith  th e  a ssu m p tio n  expressed  b y  Y oshii (1978), 
Y osh ii e t al. (1979) a n d  S tep an  and Jo h n so n  (1981) th a t  th e  helical fo rm atio n , 
i.e . le f t or rig h t w in d in g  o f  sp irochetes, is species-specific  in  each case. The close 
s tu d y  o f th e  snak e-lik e  m ovem ent o f sw ine d y se n te ry  sp irochetes in  phase  
c o n tra s t  and of th e  corkscrew -like m o v em en t of T . p a llid u m  and  T . reiteri 
in  th e  d a rk  field as w ell as th e  analysis o f e lec tron  m icrog raphs o f sp irochetes 
b y  us and  b y  o th e r in v e s tig a to rs  (C an a le -P aro la , 1977 ,1978; H ov in d -H o u g cn , 
1974a, 19746, 1974c; J a c k so n  and  B lack , 1971; L is tg a r te n  an d  Socransky , 
1964a, 19646, 1965) a llo w  us to  draw  th e  conclusion  th a t  sp irochetes have  n o t 
o n ly  one, b u t tw o d iffe re n t s tru c tu ra l p rinc ip les:

(1) All c lo se ly -w ound  spirochetes ro ta t in g  a ro u n d  th e ir  im ag ined  long i
tu d in a l  axis w ith o u t ch an g in g  their he lical fo rm a tio n  h av e  on ly  one bund le  o f

F ig. 8. Scheme of the general structure of spirochetes according to  Canale-Parola (1977)

Acta Vcterinaria Hungurica 33, 1985



ON ULTRASTRUCTURE AND MOTILITY OF SPIROCHETES 9

o<
in frcnt of the protoplasmic cylinder ~j rjght wound fibril bundle 
behind the protoplasmic cylinder J  а
cytoplasmic tubules = inner fibrils ------ outer envelope

: j protoplasmic cylinder

Fig. 9. Schem e of the structure o f  bacteria o f the genus Treponema

few  ax ia l fibrils w ound  round  the cell b o d y ; th e  bund le  ru n s  over the  cell bo d y  
a n d  is in serted  a t  b o th  ends. Inside th e  p ro to p lasm ic  cy lin d er, th e re  are  tu b u la r  
s t ru c tu ra l  elem ents w hich  we found in  a T . reiteri s tra in  an d  w hich  are described  
fo r  treponem es as “ in n e r  fib rils”  (H o rv á th , 1972; Jack so n  a n d  B lack , 1971) an d  
f in a lly  as “ cy top lasm ic  tu b u le s” (H o v in d -H o u g en , 1974a; 1976). T hese sp iro 
ch e te s  can  only be w ound  e ither to  th e  le f t or to  th e  r ig h t (F ig . 9).

(2) All largely -w ound  sp irochetes w ith  snake-like m o v em en t caused  b y  
th ree-d im ensiona l flex ions of cell b o d y  h a v e  tw o fib ril bun d les  opp o site ly  w ound  
ro u n d  th e  cell body . T h ey  ru n  over th e  w hole cell body , overcross each o th e r  
sev e ra l tim es and  a re  in se rted  a t b o th  en d s  (F ig . 10). In te rn a l tu b u la r  s tru c tu ra l 
e lem en ts  have  never been  seen in th is  ty p e  o f sp irochetes. T hese  sp irochetes can  
be w o u n d  b o th  to  th e  le f t and to  th e  r ig h t for th e y  co n tin u a lly  change th e ir  
sp ira l d irection .

T hese tw o d iffe ren t a rran g em en ts  o f  ax ia l fib rils  re su lt in  tw o  d iffe ren t 
m o til i ty  m echanism s:

M ovem ent Type I

T he p ro b ab ly  co n trac tile  in te rn a l e lem ents of all c losely-w ound sp iro 
ch e tes  cause th e ir  ty p ic a l corkscrew -like m ov em en t (H o rv á th , 1972). T he one 
ax ia l f ib ril bundle o f  th is  ty p e  of sp iro ch e te s  is responsib le fo r th e ir  a b ility  to  
m ake a “ lash ing”  m o v em en t (an ir re g u la r  je rk y  m ovem en t o f th e  w hole cell 
b o d y , w hich is o ften  seen before cell d iv ision ).

M ovem ent Type I I

T h e tw o opposite ly -w ound  ax ia l f ib r il  bundles o f all la rg e ly -w o u n d  sp iro 
ch e tes  cause th e ir  ty p ic a l snakc-like m o v em en t. D ue to  th e  a lte rn a tin g  co n 
c e n tra tio n s  of bo th  f ib r il  bund les, a le f t- r ig h t flex ion  o f th e  e la stica lly  s tre tc h e d  
cell b o d y  in  th e  form  o f th ree -d im en sio n a l sine-curve-like v ib ra tio n s  is caused , 
w ith  th e  co n trac ted  b u n d le  ly ing  on th e  in te r io r  side o f th e  he lix  an d  a crossing 
of b o th  f ib ril bundles occurring  a fte r  h a lf  a w inding. A h y d ro d y n am ic  effect is
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p ro d u ced  b y  th a t  v ib ra t io n  (J a h n  an d  L a n d m a n , 1965). T h e  m icroorgan ism  is 
ab le  to  move fo rw ard  o r b a c k w a rd  in a snake-like  m an n e r in  th e  liqu id  en v iro n 
m e n t.

The com plica ted  h y p o th e tic  ex p lan a tio n s , such as th e  ro ta tio n  of fib rils  
b e tw een  envelope an d  p ro to p lasm ic  cy lin d er (B erg, 1976) or th e  len g then ing  o f 
th e  sh o rte r  fib ril b u n d le  a n d  th e  sh o rten in g  o f th e  longer one o f d a u g h te r  cells 
a f te r  division (C an a le -P aro la , 1978) are  no longer necessa ry . T he a rran g em en t 
o f fib rils  described b y  us does n o t only  ex p la in  th e  m o tility  w ith  the tw o ty p e s  
o f  m ovem en t, h u t  also o ffers a sim ple e x p la n a tio n  of th e  d iv ision  process. In  case 
o f  th e  u ltra s tru c tu re  d e te c te d  b y  us on ly  a new  in se rtio n  o f  fib rils  a t  th e  p ro to 
p lasm ic  cy linder in  f ro n t  o f  an d  beh in d  th e  p refo rm ed  s ite  o f division is neces
sa ry . The “ lash ing”  o f  d a u g h te r  cells o ften  observed  in  liv in g  sp irochetes d u rin g  
th e  division process u p  to  th e  m echan ical d iv id in g  o f envelope  an d  f ib ril re s ts  
a lre a d y  presupposes an  in d ep en d en t m o tility  of th e  new  cells before d iv ision . 
S u ch  an  im m ed ia te  in d e p e n d e n t m o tility  c a n n o t be ex p la in ed  b y  th e  a rra n g e 
m e n t of fibrils assu m ed  u p  to  notv, since, accord ing  to  th e  schem e o f C anale- 
P a ro la  (1977); F ig . 8, th e  d iv ision  o f th o se  m icroorgan ism s w ould p ro d u ce  
d a u g h te r  cells w hich  co n sid e rab ly  d iffer fro m  th e  p a t te r n  o f  th e  m o th er cell 
(one fib ril bund le  w o u ld  ru n  over th e  w hole cell bo d y  an d  th e  o th e r w ould be  
ex trem e ly  short). T h e  c r ite r ia  availab le  fo r  th e  d is tin c tio n  betw een  Treponem a  
a n d  Borrelia  do n o t a llow  a clear c la ssifica tion  o f b a c te r ia  in  th e  tw o genera. 
A s we have show n (T ab le  I) , th e re  a re  sp iroche tes w ith  m a n y  fib rils  an d  th o se  
w ith  few fib rils am o n g  sp iroche tes w ith  w ide w aves, i.e . th e  n u m b er o f ax ia l 
f ib rils  is n o t a su itab le  c rite r io n  for th e  ta x o n o m y  of th e se  tw o genera o f sp iro 
ch e tes . The a r ra n g e m e n t o f fib rils, how ever, and  th u s  th e  ty p e  o f m o v em en t, 
allow  a clear d is tin c tio n . A ccording to  th e se  c rite ria , a ll p a ra s itiz in g  anaerob ic  
sp irochetes (B orre lia  a n d  Treponem a) a re  to  be tax o n o m ica lly  classified  as 
follow s:

(1) All species w ith  one bund le  o f ax ia l fib rils , cy to p lasm ic  tu b u le s  an d  
a corkscrew -like m o v e m e n t belong to  th e  genus Treponem a  (F ig . 9).

Table I

D ata  on the u ltrastructure of examined strains

Strain
B acterial diameter 

(pm)
Fibril diam eter 

(nm)
N um ber of fibrils 

pe r bundle
N um ber of fibril 

bundles

2/81 0.35-0.50 20-25 8-10 2
6/81 0.60-0.70 20-25 10-12 2

7a/81 0.30-0.40 15-20 15-18 2
10/82 0.40-0.50 12-20 10-20 2
11/82 0.40-0.50 12-20 12-18 2

12a/82 0.25-0.30 12-20 4 -6 2
CCM 6161 0.20-0.35 12-20 4 -6 2

Treponema reiteri 0.20-0.25 15-20 4 1
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Fig. 10. Scheme of the structure of bacteria of the genus Borrelia

(2) All species w ith  tw o o p p o site ly  w ound bund les o f ax ia l fib rils an d  a 
snake-like  m o v em en t belong to  th e  genus Borrelia  (F ig . 10).

A ccording to  th e  d esc rip tio n  of th e  ty p e  of m o v em en t o f B . anserina  and 
T . p a llid u m , b o th  species re ta in  th e  ty p e  species of th e ir  genera  also a f te r  th e  
ab ove-m en tioned  tax o n o m ic  c r ite r ia .

The species T . hyodysenteriae, how ever, is to  be ren am ed  in to  B . hyodys- 
enteriae  com b, n o v ., an d  T . innocens  s tra in  P u p p y  an d  th e  large  sp iro ch e te  of 
th e  r a t  caecum  also belong to  th e  genus Borrelia.

F or a new  co m b in a tio n  o f fu r th e r  species o f the  gen era  Borrelia  and  T repo
nem a, w hich is possib ly  n ecessary , these  shou ld  be ex am in ed  b y  elec tron  m ic ro 
scopy  and  th e ir  m ovem ents sh o u ld  be analysed .
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MEAT QUALITY CHARACTERISTICS OF SOME PIG 
RREEDS IN HUNGARY
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and Breeding, H -1024 B udapest, B udapest, K eleti K. u. 24, H ungary

(R eceived Septem ber 15, 1984)

A com parative analysis o f m eat quality  results obtained for som e pig breeds used  
in H ungary was performed on the basis o f pH !, p H 2 and Göfo values and organoleptic 
exam ination. The results indicate a 20 to 30%  incidence rate o f adverse m eat quality  in  
the pig breeds of largest populations in  H ungary. In the Duroc breed the frequency of 
objectionable m eat quality is 6.5% . The influence of seasonal and m eteorological condi
tions and the site o f exam ination on m eat quality  can be more expressed than the effect 
of breed.

Further standardization of the te st  m ethods and conditions of application is 
needed to allow  a better com parison betw een breeds and betw een perform ance-testing  
stations.

Keywords. P ig, breed, m eat qu ality , pH , m eat colour.

So fa r on ly  in d ire c t d a ta  h av e  been  availab le  on th e  m e a t q u a lity  o f H u n 
g a ria n  p ig  b reeds. T he d a ta  are b ased  on exp erim en ta l m easu rem en ts  m ade a t  
s lau g h te rh o u ses , an d  on h a lo th an e  te s tin g  o f hy b rid s  p e rfo rm ed  w ith in  th e  
fram es o f su rv ey s. Since th e  in tro d u c tio n  o f reg u la r m e a t-q u a lity  con tro l in  
fa tten in g -p e rfo rm an ce  te s tin g  i t  h as  b y  now  becom e possib le  to  get a well- 
g ro u n d ed , a lth o u g h  n o t full, p ic tu re  o f  th e  m e a t-q u a lity  c h a rac te ris tic s  of ou r 
p ig  b reeds.

In  th e ir  in v es tig a tio n s  m ade on  v e ry  few  pigs belong ing  to  b reeds used  
in  H u n g a ry , K e lln e r  e t al. (1979) e s tim a te d  th e  average inc idence  ra te  o f th e  
P S E  (pale , soft, ex u d a tiv e )  syndrom e a t  14, 28 an d  17%  in  th e  H u n g a ria n  L arge  
W h ite , Sw edish L an d race , an d  E s to n ia n  b reeds, respective ly .

H a lo th a n e  te s tin g  o f h y b rid  lines fo r stress su scep tib ility  perfo rm ed  b y  
K losz e t  al. (1979), also on few pigs, rev ea led  a 30 to  40 %  h a lo th a n e -p o s itiv ity  
fo r th e  P ie tra in  a n d  B elgian  L an d race , an d  a less th a n  5 %  p o s itiv ity  for th e  
L arge  W h ite  an d  D u tc h  L andrace. T h e  H am p sh ire  b reed  w as free  from  halo- 
th a n e -se n s itiv ity . T h e  resu lts  of h a lo th a n e  te s ts  perfo rm ed  in  d iffe ren t p ig  
p o p u la tio n s  (K o v ách  e t al., 1983) in d ic a te d  th e  following h a lo th a n e -p o s itiv ity  
r a te s :  less th a n  5 %  fo r th e  m e a t- ty p e  p ig  breeds an d  th e  H a m p sh ire , 7 -1 0 %  
fo r th e  Sw edish, D an ish  and  E ng lish  L an d race , and  4 0 -5 5 %  fo r th e  B elg ian  
a n d  G erm an  L an d race .
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Materials and methods

A t th e  end o f  1981, all pe rfo rm an ce-te stin g  s ta tio n s  o f th e  H u n g arian  
In sp e c to ra te  for A n im al N u tr itio n  an d  B reed ing  in tro d u c e d  p H  m easu rem en t 
in  th e  le ft b o d y -h a lf 45 m in  (p H ,), and  in  th e  r ig h t b o d y -h a lf  24 h , a fte r s lau g h 
te r in g  (p H 2), to g e th e r  w ith  th e  m easu rem en t o f m ea t co lou r b y  a Göfo in s tru 
m e n t 24 h a fte r s la u g h te r in g  in  th e  m . longissim us do rsi, on a cu t surface 
b eh in d  th e  13th  v e r te b ra .  In  ad d itio n , th e  general im pression  o b ta in ed  o f th e  
m e a t w as ev a lu a ted  su b je c tiv e ly : based  u p o n  th e  o rg an o lep tic  ev a lu a tio n  of 
co lour, s tru c tu re  an d  m o is tu re  c o n te n t th e  b e s t-q u a lity  m eats received 3 
p o in ts . This e s tim a tio n  w as perfo rm ed  a t  th e  sam e sites as p H  and  m ea t 
co lo u r d e te rm in a tio n , a n d  also in  th e  th ig h  m uscle, 24 h  a fte r  s laugh te ring . 
T h e  tim e  elapsed since th e n  allows us to  e v a lu a te  th e  ap p lied  m ethods and  th e  
b reed s  included in  th e  s tu d y . The d a ta  o b ta in ed  for 1982 w ere ev a lu a ted  by  
co m p u terized , c o m p a ra tiv e  s ta tis tic a l p rocedures an d  regression  analysis.

Results and discussion

O f th e  pig b reed s u sed  in H u n g ary , th e  D uroc b reed  gives th e  b e s t-q u a lity  
m e a t (Table I ) ; th is  m e a n s  a m eat o f th e  d a rk e s t colour, th e  low est v a ria b ility  
in  p H  an d  m eat co lou r, a n d  th e  low est incidence  ra te  (6 .5 % ) o f m eats of adverse 
q u a lity  (m eat defec ts). T h e  D uroc b reed  is follow ed b y  th e  H u n g a rian  L arge 
W h ite  show ing a 2 1 %  fre q u e n c y  of P S E  (pale , soft, e x u d a tiv e )  -j- D F D  (d ark , 
f irm , dry) m eat d efec ts , an d  th en  by  th e  E s to n ian  pig. O f th e  pu reb red  breeds, 
th e  H u n g arian  L a n d ra c e  show ed th e  h ig h est freq u en cy  (ab o u t 30% ) o f m eats 
o f  ob jec tionab le  q u a li ty . T ak in g  on ly  th e  p H  value as a basis o f m e a t-q u a lity  
e s tim a tio n , th e  H u n g a r ia n  L arge W h ite  an d  E s to n ia n  b reeds are qualified  as 
P S E -ca rrie rs  in  a b o u t 1 5 % , w hereas th e  H u n g a rian  L an d race  in  ab o u t 19% .

Table I

Meat properties by breed

Breed n pH , p H , Göfo
Organoleptic
evaluation

PSE
%

DFD
%

Hungarian Large 
W hite 1471 5.91 ±  0.26 5.63 ±  0.26 72 ±  7.7 2.10 ± 0 . 7 6 18.2 2.8

E stonian 286 5.93 ±  0.27 5.68 ±  0.23 71 ±  8.8 1.94 ±  0.76 23.1 4.5
Hungarian Landrace 663 5.86 ±  0.32 5.59 ±  0.32 69 ±  10.9 1.90 ±  0.85 27.0 2.9
Duroc 108 5.88 ± 0 . 1 7 5.64 ±  0.14 74 ±  4.6 2.41 ± 0 . 6 1 5.6 0.9

Significant 
difference: 
P <  0.05 0.04 0.03 2 0.14
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Table II

Correlations (r) between m eat properties 
(n - 3079)

pH , p H , Göfo
Organo

leptic
evaluation

F a t, % Valuable 
m eat, %

Ambient tem pe
ra tu re  a t slaugh

tering, °C

pH , 0 .7 3 + 0.23 + 0.21 + 0.02 - 0 .0 3 - 0 .1 5
PH 2 0.31 + 0 .2 6 + - 0 .0 6 0.04 - 0 . 2 3 +
Göfo 0 .5 5 + 0.07 - 0 .0 6 - 0 .1 9  +
Organoleptic evaluation 0.03 —0.05 —0.02
F at, % - 0 .8 3  + 0.02
Valuable m eat % — 0.09
Am bient temperature at 

slaughtering, °C

+  =  P <  0.05.

T he average  inc idence  o f D F D  m ea ts  is n o t s ig n ifican t; th is  is easy to  u n d e r 
s ta n d  because th e  pigs are  u su a lly  tra n sp o r te d  only to  sh o r t  d istances an d  are 
s lau g h te red  a f te r  a sh o rt re s tin g  p e rio d ; th u s , the  p ro b a b ili ty  of th e ir  g e ttin g  
e x h au s ted  is low .

T he h igh v a lu es  of s ta n d a rd  d ev ia tio n  also in d ica te  t h a t  these b reeds are 
a ffec ted  w ith  h e re d ita ry  ab n o rm alitie s . To a certa in  e x te n t ,  th e  position  o f  th e  
b reeds as co m p ared  to  one a n o th e r  can  be in fluenced  b y  th e  lack  of su ffic ien t 
d a ta  on th e  in d iv id u a l b reeds, a n d  also b y  th e  fa c t t h a t  th e  te s tin g  s ta tio n s  
e x e rt d iffe ren t effec ts on th e  b reeds exam ined . In  an y  case, i t  can be seen from  
th e  foregoing th a t  in  o u r breeds th e  incidence ra te  o f  m e a ts  of o b jec tionab le  
q u a lity  is considerab le .

T he in te rre la tio n sh ip s  ex is tin g  betw een  the  q u a li ta t iv e  p roperties o f  th e  
m ea t in d ica te  (T able  I I )  th a t  th e  p H 2 va lu e  is in close c o rre la tio n  w ith  th e  p H j 
va lu e . M eat co lou r is s lig h tly  m ore co rre la ted  w ith  th e  p H 2 th a n  w ith  th e  p H , 
va lu e , th e re fo re , i t  is ex p ed ien t to  perfo rm  th e  Göfo m easu rem en t 24 h  a fte r  
s lau g h te rin g . T he re su lts  o f o rg an o lep tic  ev a lua tion  show  a m odera te  co rre la 
tio n  w ith  m ea t co lour an d  a w eak  co rre la tio n  w ith  m e a t p H , in d ica tin g  th a t  
o rgano lep tic  ju d g e m e n t is m ade p rim a rily  on the  hasis o f  m e a t colour. W hen  th e  
Göfo m easu rem en t w ill be p erfo rm ed  reg u la rly , o rg an o lep tic  ev a lua tion  can  be 
o m itte d . T he co rre la tio n s  ex isting  b e tw een  the  q u a lita tiv e  and  q u a n tita tiv e  
p ro p ertie s  o f th e  m e a t are  u su a lly  v e ry  w eak (0.00 <  r  <  0.11); th e re  are  no 
differences b e tw een  th e  breeds in  th e  m ag n itu d e  and  d ire c tio n  of th e  co rre la 
tio n s.

A m bien t te m p e ra tu re  a t  s lau g h te rin g  is in a w eak  n eg a tiv e  co rre la tio n  
w ith  m ea t q u a lity ; th e  h igher th e  a m b ie n t te m p e ra tu re  th e  low er is th e  m e a t 
p H , th e  lig h te r  is th e  colour o f th e  m e a t and  the  h igher is th e  re la tive  incidence  
o f P S E  m eat.
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A ccording to  th e  re su lts  of d a ta  p rocessing  b y  m u ltiv a r ia te  regression 
an a ly s is , th e  above p ro p e r tie s  jo in tly  do n o t de te rm ine  th e  in d iv id u a l q u a lita 
t iv e  ch a rac ters  b e t te r  th a n  does th e  s tro n g e s t com ponen t a lo n e ; th u s , e s tim a
tio n  a n d  expression o f  m e a t q u a lity  in  th is  w ay  do n o t seem  to  be effective.

F ac to rs  o th e r  t h a n  th e  genetic  ch a rac te ris tic s  o f th e  b reeds can also 
in flu e n c e  m eat q u a li ty  ind ices. W hen m e a t-q u a lity  ind ices w ere exam ined  
w ith in  a breed, i t  w as s tr ik in g  th a t  th e re  w ere differences b e tw een  perfo rm ance
te s t in g  sta tions in  a lm o s t a ll th e  p a ra m e te rs  exam ined . T h is can  be a ttr ib u te d  
to  th e  d iversity  of m e a su re m e n t tech n iq u es  an d  m ethods u sed  a t  th e  d ifferen t 
s ta t io n s , to  the  d iffe ren t genetic  b a ck g ro u n d  o f th e  pig s to ck s exam ined  a t th e  
d iffe re n t s ta tions, a n d  to  th e  d ifferen t local e n v iro n m en ta l effects p revailing  
a t  th e  sites of s lau g h te rin g . T he analysis o f th e se  factors a llow s us to  im prove 
th e  m eth o d s and  th e ir  ap p lic a tio n , an d  d raw s a tte n tio n  to  th e  n eed  to  s ta n d a rd 
ize th e se  m ethods a n d  to  e lab o ra te  and  in tro d u c e  a un ifo rm  p ra c tic e .

T he q u a lita tiv e  p ro p e rtie s  of th e  m e a t are in fluenced  b y  m eteorological 
co n d itio n s  as well (T ab le  I I I ) .  D ifferences in  p re -s lau g h te rin g  tem p era tu re  
r e s u lt  in  as large, or ev en  la rger, d ifferences in  all p a ra m e te rs  s tud ied  as th e  
e ffec t o f the  breed. W ith  th e  decrease o f te m p e ra tu re  th e  pH ^ an d  p H 2 values 
s ig n if ican tly  increase a n d  th e  m ea t becom es d a rk e r. The re su lts  o f  organolep tic  
ex a m in a tio n  do n o t fo llow  th e  changes o ccu rrin g  in th e  in stru m en ta lly -m ea - 
su re d  properties. C o m p ared  to  th e  g rea t re lia b ility  o f in s tru m e n ta l m easurem ents, 
th e  h ig h  (30 to  40% ) s ta n d a rd  d ev ia tio n  o f  o rgano lep tic  e x a m in a tio n  ind ica tes 
t h a t ,  due to  su b jec tiv e  fa c to rs , th e  l a t te r  m e th o d  is r a th e r  unre liab le .

Table III

Influence o f am bient temperature and season on m eat properties

n pH , pH , Göfo
Organoleptic
evaluation

1) Temperature effects
10-20 °C 1255 5.85 5.56 69 1.97

0-10 °C 1039 5.91 5.62 70 1.97
( - 1 0 ) -  0 °C 657 5.94 5.72 73 2.03

< - 1 0  °C 128 5.98 5.77 75 1.97

Significant difference
P  <  0.05 0.05 0.04 2 0.16

2) Seasonal effects
December 1981-February  

1982 646 5.98 5.77 75 2.02
March-M ay 1982 844 5.92 5.60 70 1.86
June-A ugust 1982 774 5.83 5.56 70 2.00
Septem ber-Novem ber 1982 595 5.86 5.56 68 2.03

Significant difference
P  <  0.05 0.03 0.03 2 0.09
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T he seasona l effects (te m p e ra tu re  effects su m m arized  for a longer period) 
are  of th e  sam e d irec tio n  as those  o f th e  changes o f  te m p e ra tu re . T he seasons 
ta k e n  in th e  m eteoro log ica l sense ex ert a s ig n ifican t in fluence  on m ea t q u a lity  
p a ram e te rs . W in te r  has an  o u ts ta n d in g  effect: th e  p H b  p H 2 an d  Göfo va lu es  
a re  th e  h ig h est in  w in te r. The d ifferences b e tw een  seasons are , for th e  m o st p a r t ,  
s ig n ifican t in  a ll d irec tions. T his allow s us to  conclude  th a t ,  in  som e w ay  o r 
o th e r , seasonal m eteoro log ica l effects shou ld  be e lim in a te d  from  th e  e v a lu a tio n .

S ta n d a rd iz a tio n  o f m ethods is e ssen tia l to  allow  a b e tte r  co m p arab ility  
a n d  h igher re lia b ili ty  o f th e  re su lts . To ach ieve th is , in  ad d itio n  to  using u n ifo rm  
tech n iq u es an d  m eth o d s  for p H  an d  m e a t co lour m easu rem en ts , th e  g re a te s t 
possible s ta n d a rd iz a tio n  o f all cond itions o f s lau g h te rin g  is needed . U n d er such  
cond itions m e a t q u a lity  con tro l can be exercised  b y  s ta n d a rd iz e d  m ethods an d  
can  serve as a basis  fo r e lab o ra tin g  selection  c rite r ia . T he d a ta  o b ta in ed  in  fa t-  
ten in g -p e rfo rm an ce  te s tin g  can be u tilized  fo r b reed in g  purposes in  d iffe ren t 
w ays. The ex am p le  a n d  efforts o f o th e r  co u n trie s  show  th a t  th e  q u a lita tiv e  
p ro p ertie s  o f th e  m e a t can  be considered  e ith e r  se p a ra te ly , in  th e  form  o f q u a li
ta t iv e  indices, o r  in  a com plex  form , to g e th e r  w ith  o th e r  p a ram e te rs , in  selec
tio n . A sa tis fa c to ry  basis fo r such an  ap p ro ach  can  be estab lish ed  b y  ev a lu a tin g  
th e  resu lts  to  be  o b ta in e d  d u ring  a fu r th e r  1 or 2 y ea rs . In  an y  case, selec tion  
fo r im prov ing  m e a t q u a lity  on a n a tio n a l scale c a n n o t be im agined  w ith o u t 
su p p o rt from  th e  m e a t in d u s try .
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HAEMONCHUS CONTORTUS:  EFFECT OF pH AND  
TEMPERATERE ON SOME DEHYDROGENASES

J y o tik a  K a p u r , M . L. S o o d + and G . L. S o m *

D epartm ent of Z oology and ’ Departm ent o f B iochem istry, Punjab Agricultural U n iversity ,
L udhiana-141004, India
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A ctiv ity  o f  lactate dehydrogenase (L D H ), m alic enzym e (M E), isocitrate de
hydrogenase (IC D H ) and m alate dehydrogenase (M DH ) was investigated  in a d u lts  o f  
Haemonchus contortus (Nem atoda: Trichostrongylidae). L D H  exhibits optim um  a c tiv ity  
(about 180 nm oles/m in/m g protein) a t a pH  o f 6.6 and a tem perature of 37 °C; ME (about 
19 nm oles/m in/m g protein) at pH  7.4 and 27 °C. Sim ilarly, the pH  optim um  for IC D H  
(about 140 nm oles/m in/m g protein) and M DH  (about 30 nm oles/m in/m g protein) is 9.0 
and 7.8, respectively . Optimum tem perature is 32 °C for both  enzym es. The possib le role 
o f these enzym es in  the m etabolism  o f the parasite is discussed.

Keywords. Haemonchus contortus, dehydrogenases, pH , temperature, m etab olism .

D ehydrogenases of ad u lt H aem onchus contortus, invo lved  in  c a rb o h y d ra te  
m e tab o lism , w ere in v es tig a ted  ea rlie r (K a u r  and  Sood, 1982a, b; 1983) in  th e  
su b ce llu la r frac tio n s . H ow ever, th e ir  a c tiv ity , for exam ple  th a t  o f  IC D H , 
is too  low  to a cco u n t for th e  observed  fu n c tio n a l tr ic a rb o x y lic  acid cycle (W a rd  
an d  H usk isson , 1978). In  la rvae , no  IC D H  an d  acon itase  could  he d e m o n s tra te d  
in  th e  p a r tic u la te  frac tio n  (Moon a n d  Schofield , 1968). H ow ever, a v e ry  h igh  
a c tiv i ty  is p re se n t in  th e  soluble f ra c tio n .

T herefo re , in  th e  p resen t s tu d y , enzym e a c tiv ity  has been assayed  in  th e  
w hole h o m o g en ate , n o t  in  th e  su b ce llu la r frac tio n . A lso, effect o f p H  a n d  te m 
p e ra tu re  on th e ir  a c tiv ity  has b een  in v es tig a ted .

Materials and methods

A d u lt H . contortus of b o th  sexes w ere recovered  from  th e  ab o m asa  o f  
goats  ( Capra h ircus)  p rocured  fro m  th e  local a b a tto irs . T h e  w orm s w ere t h o r 
ough ly  w ashed  in  sa line  in  o rder to  rem o v e  th e  ad h erin g  m ateria l.

W orm s w ere hom ogenized in  0.25 mol/1 sucrose fo r 5 m in  and  cen tr ifu g ed  
for 2 m in  a t  2000 rp m  to  rem ove th e  cell debris . T he s u p e rn a ta n t th u s  o b ta in e d  
w as em ployed  fo r th e  assay  of v a rio u s  enzym es.

L a c ta te  dehydrogenase  (L D H ), EC  1.1.1.27, iso c itra te  d eh y d ro g en ase  
(IC D H ), EC 1 .1 .1.42, and  m a la te  d eh ydrogenase  (M D H ), EC 1.1.1.37 w ere

+Address reprint requests to Dr. M. L. Sood, Associate Professor, Departm ent o f  Zool- 
ogy, Punjab Agricultural University, L udhiana— 141004, India.
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e s tim a te d  by  th e  m e th o d  o f B ergm eyer (1974), and  m alic enzym e (M E), EC 
1 .1 .1 .40 , b y  th e  m e th o d  o f  F reed lan d  (1967). C hange in  ex tin c tio n  w as observed 
a t  30-s in te rv a ls  fo r 3 m in  a t  340 nm . P ro te in  co n ten t w as m easu red  b y  th e  
m e th o d  of L ow ry e t  al. (1951).

F o r stu d y in g  th e  e ffec t o f p H , 0.05 mol/1 p h o sp h a te  b u ffe r in the  case of 
L D H  an d  M E, an d  0.05 mol/1 tris-H C l b u ffe r  in  th e  case o f IC D H  and  M D H , 
w ere  used , in th e  p H  ra n g e  of 6 .2-9 .4 . T h e  p H  a t  w hich th e  m ax im um  a c tiv ity  
w as o b ta in ed  w as se lec ted  for stu d y in g  th e  e ffec t of te m p e ra tu re . T he range  of 
te m p e ra tu re  selec ted  w as 22-52 °C.

Results

T he resu lts  are  g iv en  in T a b le la n d F ig s  1 -3 . W ith  th e  increase  of p H  beyond  
6 .6 , th e re  was a c o n tin u o u s  decline in  th e  a c t iv i ty  o f L D H  (F ig . 1). A t p H  9.0, 
th e re  w as a sligh t in c re a se , followed again  b y  a decrease. W ith  increase in  te m 
p e ra tu re , th ere  w as an  increase  in  th e  a c t iv i ty , o p tim u m  being  a tta in e d  a t 37 °C. 
T h is  w as followed b y  a decrease and  ag a in  a n  increase a t  47 °C, w h erea fte r th e  
a c t iv i ty  rem ained  c o n s ta n t .

T here  w as a p ro g ressiv e  increase in  th e  a c tiv ity  o f M E (F ig . 2) w ith  in 
c rease  in  p H , o p tim u m  being  o b ta in ed  a t  7 .4 . T h e rea fte r  i t  declined , followed 
f i r s t  b y  an  increase a t  8 .6  an d  th en  a d ra s tic  decrease. No enzym e a c tiv ity  w as 
d em o n strab le  a t  p H  9 .4 . W ith  te m p e ra tu re , no  p a r tic u la r  t re n d  w as e v id en t, 
o p tim u m  a c tiv ity  b e in g  a tta in e d  a t  27 °C. T h ere  was no sig n ifican t difference 
in  th e  a c tiv ity  a t  37, 47 an d  52 °C.

A c tiv ity  o f IC D H  (F ig . 1) increased  w ith  th e  rise o f p H , w ith  an  op tim u m  
a t  p H  7.8. T his w as fo llow ed b y  a c o n tin u o u s  decrease. W ith  increase in  te m 
p e ra tu re , th ere  w as a p rogressive  increase in  a c tiv ity  w ith  an  op tim u m  a t 32 °C. 
T h e re a f te r , th e re  w as n o  s ign ifican t ch an g e .

W ith  increase in  p H , th e re  was a p ro g ressiv e  increase in  a c tiv ity  of M D H  
(F ig . 3). H ow ever, a t  p H  7.8, th ere  w as a d ra m a tic  increase, follow ed by  a con-

Table I

pH and tem perature optima of some dehydrogenases o f H. contortus

Enzyme O ptim um  pH
Optimum

tem perature
(°C)

L D H 6 .6 37

ME 7.4 27

ICDH 9.0 32

M DH 7.8 32
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F ig. 1. E ffect o f pH  and tem perature on L D H  and ICDH in Haemonchus contortus (R ud., 1803)

Fig. 2. E ffect o f pH  and tem perature on ME in Haemonchus contortus (R ud., 1803)

F ig. 3. E ffect o f pH  and tem perature ou M DH  in Haemonchus contortus (R ud., 1803)
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tin u o u s  decrease. W ith  in crease  in  te m p e ra tu re  b ey o n d  32 °C (op tim um ), th ere  
w as a decrease in  a c t iv i ty .  A t 37 °C an d  47 °C, th e re  w as no difference in  enzym e 
a c tiv ity .

D iscussion

L D H  ca ta ly sin g  th e  conversion  o f p y ru v a te  to  la c ta te  u n d e r  anaerobiasis 
is p re se n t in  several n em a to d e s  (A nw ar e t ah , 1977; W a lte r  an d  Schulz, 1980; 
K a u r  and  Sood, 1982a ) .  In  a d u lt H . contortus, i t  ex h ib its  an  op tim u m  a c tiv ity  
a t  p H  6.6 and a t  a te m p e ra tu re  of 37 °C (p resen t s tu d ies). In  th e  soluble fra c 
tio n , a very  low a c t iv i ty  is p re sen t (K a u r  an d  Sood, 1982a). P resen tly , a v e ry  
h ig h  a c tiv ity  has b een  o b serv ed  in  th e  w hole w orm  h o m o g en ate . H igh a c tiv ity  
acco u n ts  for th e  a n a e ro b ic  b reak d o w n  o f c a rb o h y d ra te s  as re p o rte d  by  W ard  
(1974), though  i t  is c a p a b le  of aerobic m etabo lism , too .

M E cata ly sing  th e  conversion  o f m a la te  to  p y ru v a te  is p resen t in  o th e r 
n em ato d es, too  (A n w ar e t ah , 1977; K a u r  an d  Sood, 1982b ). I t  exh ib its  an  
o p tim u m  ac tiv ity  a t  p H  7.4 an d  a t  a te m p e ra tu re  o f 27 °C. In  c o n tra s t to  L D H , 
M E is of higher a c t iv i ty  in  th e  soluble fra c tio n  th a n  in  th e  w hole hom ogenate . 
T h is is possibly d u e  to  i ts  n e a r  absence in  th e  p a r tic u la te  frac tio n .

IC D H  ca ta ly ses  th e  ox id a tiv e  /З-d eca rb o x y la tio n  o f isocitric  acid to  a- 
k e to g lu ta ric  acid. M ost o f  th e  tissues co n ta in  tw o ty p e s  o f IC D H , o f w hich th e  
N A D -dependen t, p re s e n t  on ly  in  m ito ch o n d ria , is in v o lv ed  in  th e  function ing  
o f th e  ICA cycle. T h e  o th e r  (N A D P), p re sen t in  b o th  th e  m itoch o n d ria  and  
cy to p lasm , is a sso c ia ted  w ith  anabolic  processes. In  H . contortus th e  la t te r  ty p e  
h as  been in v es tig a ted . I t  ex h ib its  low er a c tiv ity  in  th e  m ito ch o n d ria  (K au r and  
Sood, 1983) th a n  in  th e  w hole hom ogenate . O p tim u m  a c tiv ity  is a tta in e d  a t 
p H  9.0 and 32 °C.

M D H , c a ta ly s in g  th e  conversion of m a la te  to  ox a lo ace tic  acid, is m ore 
ac tiv e  in the  m ito ch o n d ria l frac tio n  of a d u lt H . contortus (K a u r  and  Sood, 1983) 
th a n  in  th e  w hole h o m o g en a te . O p tim u m  a c tiv ity  is a tta in e d  a t  32 °C an d  
p H  7.8.

H igh a c tiv ity  o f  b o th  L D H  and  IC D H  su p p o rts  th e  v iew  o f W ard  (1974) 
t h a t  th e  ad u lt w orm  u tilizes  glucose b o th  aerob ica lly  an d  anaerob ically . H igh 
a c tiv i ty  of L D H  also  acco u n ts  for th e  8 0 -1 0 0 %  ca tab o lism  o f glucose to  la c ta te  
(C hopra  and P re m v a ti , 1977). The fac t th a t  in  th e  presence o f 0 2 double am oun t 
o f  C 0 2 is p roduced  f ro m  glucose (W ard , 1974) in d ica tes  t h a t  th e re  are tw o p a th 
w ay s of C 0 2 p ro d u c tio n  from  glucose, an  an aero b ic  a n d  an  aerobic one.
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EXPERIMENTAL LARVAL ASCARIDOSIS 
(.ASCARIS S U U M  GOETZE, 1782)

IN WHITE MICE
I. HISTOCHEM ICAL ST U D IE S ON T H E  LIV ER  

J .  S z a r e k , A lina P i e k u t  and Zofia E . K a l in o w s k a

D epartm ent o f Pathological A natom y, In stitu te  o f Infectious and Parasitic D iseases, F acu lty  
o f Veterinary M edicine, Academ y of Agriculture and Technology, PL-10-717 O lsztyn, Poland

(R eceived Septem ber 3, 1984)

T hirty-five  white m ice were infected w ith invasive  A scaris suum  eggs and 5 un
infected  anim als were used as control. The larval invasion reached its peak in  the liver  
on the 5th day post-infection (p .i.) as shown in squash preparations exam ined in a 
trichinoscopc.

The glucosam inoglycanes (GAG) were determ ined w ith the PAS colour reaction  
after McManus, the D N A  w ith the Feulgen—Rossenbeek colour reaction.

The glucosam inoglycane content was lower during the larval invasion than  in the 
control livers, and increased in those observed betw een the 3rd and 9th  days p .i.

The D N A  content in the hepatocyte nuclei was near the control values on the 6th  
day and exceeded them  afterwards.

Keywords. Ascaris suum , larval ascaridosis, liver, m ouse, deoxyribonucleic acid, 
glucosam inoglycanes.

In  th e  re c e n t 20 years a tte n tio n  has been  g iven  to  dam ages caused  in  th e  
in te rn a l o rg an s b y  m ig ra tin g  A scaris  su u m  la rv ae  in  in fec ted  pigs (B e tts , 1954; 
B indseil, 1972; B o g danov itsh  an d  K an zb erg , 1971; C opem an and  G aafar, 1971, 
1972; D evacle  e t a l., 1972; E rik sen  e t a l., 1980; F ed e r e t al., 1972; G au r e t  a l., 
1971; L opez, 1983; Moncol an d  B a tte , 1967; R oneus, 1966; R oneus an d  S w ahn , 
1969; Z en d u lk a , 1960). C onsiderable econom ic losses in  p ig  b reed ing  h av e  been  
p o in ted  o u t (B how m ick , 1964; B oisvenue e t a l., 1968; D evaele e t a l., 1972; 
F iillebo rn , 1921, 1922; H arsan y i, 1973; H oeppli e t a l., 1949; Je n k in s , 1968; 
L am in a , 1964; S ch u b ert, 1970; S m irnov , 1928; S tep h en so n , 1978).

E x p e rim e n ta l s tud ies ca rried  o u t on w h ite  m ice in fec ted  w ith  eggs of 
A scaris su u m  con firm ed  th e  effect o f la rv a l m ig ra tio n  on patho log ica l changes 
in  th e  in te rn a l o rgans (G aur e t a l., 1971; H a rsan y i, 1973; Jen k in s , 1968; M ün- 
n ich , 1959/60; S ch u b ert, 1970; S ch u b e rt e t a l., 1973; S tephenson , 1978). I lis to -  
chem ical s tu d ie s  o f in ju red  in te rn a l o rgans in  several species of an im als in fec ted  
b y  th e  p a ra s ite  allow ed researchers to  in te rp re t  th e  possible consequences 
(D h a r a n d  S ingh , 1963; K u m ar an d  S ingh, 1971; L ew ert an d  Lee, 1955; M er
cado an d  B ra n d , 1954, 1960; S au v ag eau  an d  F re c h e tte , 1980; S aw ada e t  al., 
1956; T o c h ta r , 1975).
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T h e aim  of th is  p a p e r  was to  s tu d y  th e  effect induced  b y  m ig ra tin g  la rv ae  
o f  A sca ris  suum  u p o n  th e  b eh av io u r o f  g lucosam inoglycane (GAG) an d  d eo x y 
rib o n u c le ic  acid (D N A ) in  th e  m ouse liv e r  d u rin g  exp erim en ta l in fec tion .

Materials and methods

F o r ty  fem ale w h ite  m ice o f th e  N M R I s tra in  were used . T h e ir average 
b o d y  w eigh t was 34 g. F iv e  of th e m  c o n s titu te d  a con tro l g roup ; th e  rem ain ing  
ones w ere in fec ted  g a s tr ic a lly  w ith  a single dose o f ab o u t 5000 in v asiv e  eggs of 
A sca ris  suum , G oetze 1782. On each  of day s 3 to  9 post-in fec tion  (p .i.) five  m ice 
w ere  k illed . The p e a k  o f  la rv a l in v asio n  w as d e te rm in ed  in  im pression  p re p a ra 
tio n s  m ade of th e  w hole  organ  (P ie k u t, 1975). L arv a l coun ts w ere m ade in  a 
trich in o sco p e .

L iver pieces (lobus h ep a tis  s in is te r m edialis) were fixed  in  5 %  n eu tra lized  
fo rm a lin  solu tion . In  o rd e r  to  e s tim a te  GAG leve l on th e  basis of co lour in te n s ity  
th e  p re p a ra tio n s  w ere s ta in ed  w ith  th e  PA S m e th o d  as described  b y  M cM anus 
(1948). C ontrol p re p a ra tio n s  w ere d igested  w ith  d iastase  (P earse , 1968). Feul- 
gen—R ossenbeck’s co lo u r reac tio n  se rved  to  assess D N A . O p tim al d u ra tio n  of 
th e  hy d ro ly sis  w ith  m o la r  hyd ro ch lo ric  acid  o f 60 °C w as estab lish ed  a t  5 m in 
(P e a rse , 1968). I n te n s i ty  o f th e  co lour re a c tio n  o f  D N A  in  th e  nucle i of liv er 
cells w as es tim a ted  v isu a lly , b y  com parison .

R ased  on th e  co lo u r in te n s ity , f in a l conclusions were d raw n  as to  th e  con
te n t  o f  GAG an d  D N A  as suggested  b y  P ea rse  (1968).

Results

T he n u m b er o f  A scaris  suu m  la rv a e  in  th e  livers and  th e  d e te rm in a tio n  of 
th e  in v as io n  p eak  a re  p re sen ted  in  T ab le  I  a n d  F ig . 1.

O n th e  3rd  d a y  p .i. num erous v e ry  sm all GAG grains w ere n o te d  in  th e  
c e n tra l  an d  in te rm e d ia te  lobules in  liv e r  sec tions s ta in ed  w ith  th e  PA S m ethod . 
I n  som e cases P A S -p o sitiv e  deposits  w ere o b serv ed  in  th e  cy to p lasm  of single 
liv e r  cells d is tr ib u te d  a t  th e  p e rip h e ry  o f th e  lobules. In  th ese  cases th e  GAG 
c o n te n t  w as c lassified  as v e ry  low (F ig . 2).

O n th e  4 th , 5 th  a n d  6 th  day s p .i. an  e n rich m en t of cy to p lasm  w ith  la rg e r 
G A G  gra ins was o b se rv ed  in  th e  liv e r cells close to  th e  cen tra l vein . A t th e  sam e 
tim e  th e re  was a s lig h t decrease in  th e  in te n s i ty  o f th e  PA S reac tio n . N ev er
th e le ss , th e  to ta l  c o n te n t  o f GAG w as low  (F ig . 3).

A fte r th e  7 th  d a y  p .i. an  increase  in  n u m b e r of PA S -positive grains w as 
o b se rv ed  in  th e  cy to p la sm  of liv e r cells over th e  w hole lobules; th e  GAG co n te n t 
w as scored as s lig h tly  h ig h er an d  h igh .
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Table I

The effect of invasion by A . suum  larvae on the glucosaininoglycane and deoxyribonucleic acid 
contents as determined histocheinically in liver cells

In tensity  of histochemical reactions

N um ber of days after 
invasion 3* 4 5 6 7 8 9 control

Average number of 
larvae in mouse 
liver 15.0 32.4 87.8 55.0 19.2 12.4 3.4 0

Glucosaminoglycanes 
(PAS colour reac
tion according to 
McManus) ± +  + +  + +  +  + +  +  + + + +

DN A  (F eulgen- 
Rossenbeck colour 
reaction) ± +  + + + +  +  + +  +  +  + +  +  +  + + +

In tensity  of colour reaction
± very weak 

weak 
slightly stronger 
strong 
very strong

Conclusions on the level (content)
very low
low
slightly higher 
high
very  high

* In intensive studies on larval m igrations, in which over 4500 mice were infected w ith  
invasive Ascaris suum  larvae, we failed to determ ine with a trichinoscope the presence of larvae 
in liver tissue on the 1st and 2nd day p.i.

In  th e  ce n tra l p a r t  o f th e  c o n tro l lobules, close to  th e  c e n tra l ve in , th e  
c y to p la sm  of liv e r cells w as poor in  P A S -positive  grains. O n th e  o th e r  h a n d , 
in  in te rm e d ia te  an d  p e rip h e ra l reg ions o f  th e  lobules th e re  w ere n u m ero u s la rg e  
g ra in s an d  deposits o f GAGs, so t h a t  th e ir  level was scored as v e ry  h igh  (F ig . 4).

Fig. 1. Migrating larvae o f A scaris suum  in liver of a white mouse on the 6th  day p.i. X 500
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T h e dynam ics o f th e  ch an g es  tak in g  p lace in  GAG levels in  th e  liver p a ren ch y m a 
is p resen ted  in  T ab le  I .

T he GAG leve l w as ap p ro x im ate ly  th e  sam e in  th e  connective tissue  of 
liv e r  in  th e  con tro l a n d  in  th e  in fec ted  m ice.

On th e  3rd  d a y  p .i . m ost o f th e  cell n ucle i in  liv e r sections were c h a ra c te r
ized  b y  very  w eak F eu lg en -R o ssen b eck  co lour re a c tio n , ind ica tin g  a v e ry  low  
D N A  co n ten t. O n ly  som e nuclei a ro u n d  th e  c e n tra l ve in  con ta ined  sligh tly  
m ore D N A .

Fig. 2. Central part o f liver lobule of a mouse on the 3rd day p.i.: very weak colour reaction. 
P A S  staining according to McManus, X 920

Fig. 3. Mouse liver on th e  5 th  day p.i.: weak PA S colour reaction. PAS staining according to
McManus, X 600
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Fig. 4. Liver of control mouse: very strong PAS colour reaction. PAS staining according to
McManus, X 750

Fig. 5. Mouse liver on the 8th day p.i.: very strong D N A  colour reaction. Staining according to
F eulgen-R ossenbeck, X 740

On th e  4 th , 5 th  an d  6 th  days p .i. th e  n u m b e r of liv e r cells w ith  v e ry  w eak  
an d  s tro n g  D N A  co lour reac tio n  increased  g rad u a lly , so t h a t  D N A  levels w ere 
classified as low  an d  s ligh tly  h igher. O n th e  7 th , 8 th  an d  9 tli days p.i. m ost o f  
th e  liver cells co n ta in ed  nuclei w ith  h igh  a n d  v e ry  h igh  D N A  levels (F ig . 5).

A t th e  sam e tim e  a s tro n g  D N A  re a c tio n  w as o b served  in  th e  nucle i o f  
s te lla te  cells an d  in f il tra tio n  cells in  all liv e r sections o f th e  in fec ted  mice. M ore
over, an  u n ev en  d iffusion  of D N A  was o bserved  in  th e  nucle i o f p a ren ch y m a to u s  
liv er cells, in d e p e n d e n tly  o f th e  d ay  p .i.
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30 SZAREK et al.

F ig. 6. Liver of control m ouse: weak D N A  colour reaction. Staining according to F eu lgen -
Rossenbeck, X 980

In  th e  co n tro l an im als  D N A  w as ev en ly  d is tr ib u te d  in  th e  nucle i o f liv e r 
cells in all lobules; its  level w as scored as low  (Fig. 6).

T he b eh av io u r o f h istochem ical re a c tio n  in  th e  perio d  p .i. in  th e  con tro l 
m ice is p resen ted  in  T ab le  I.

Discussion

O ur ex p e rim en t suggests th a t  fro m  th e  3rd d ay  p .i. u n til  th e  p eak  o f  th e  
in v as io n  b y  m ig ra tin g  A scaris suum  la rv a e  in  m ouse liv e r (i.e. u n til  th e  6 th  d ay  
p .i.) , th e  GAG level decreases. The D N A  c o n te n t ten d s to  increase  a lread y  a d ay  
befo re . T he GAG c o n te n t increased  on  th e  successive day s a fte r  th e  invasion  
p e a k , b u t  i t  rem ain ed  low er th a n  in  th e  c o n tro l an im als. C o n tra rily , D N A  level 
increased  as com pared  to  m ice free o f  p a ra s ite  la rv ae  an d  was even h ig h er th a n  in  
th e  la t te r  an im als.

These resu lts  a re  sim ilar to  th o se  o b ta in ed  by  M iinnich (1959/60) and  
K u m a r  an d  S ingh (1971), who p o in ted  to  an  im balance  o f th e  com pounds u n d e r 
s tu d y  d u ring  ex p e rim en ta l ascaridosis. H ow ever, ou r conclusions c learly  in d i
c a te  a connection  be tw een  th e  in te n s ity  o f  th e  m ig ra tin g  la rv ae  an d  th e  level 
o f  D N A  an d  GAG.

T he decrease in  th e  GAG level in  th e  m ouse liv er in fec ted  w ith  A scaris  
su u m  la rv ae  could  h av e  resu lted  in itia lly  from  in ju ries o f th e  liv e r p a ren ch y m a , 
a n d  su b seq u en tly  fro m  reg en era tio n  o f  liv e r  cells. S im ilar o b se rv a tio n s w ere 
re p o rte d  by  o th e r a u th o rs  stu d y in g  th e  e ffec t o f various p a ra s ite s  on liv er (D liar 
a n d  Singh, 1963; K u m a r  an d  Singh, 1971; L ew ert an d  Lee, 1955; M ercado and  
B ra n d , 1954; 1960; M ukanov , 1975; M iinnich , 1959/60). O nly  S aw ada e t al.
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(1956) found  th a t  an  ex p e rim en ta l in fec tion  of m ouse liv e r  w ith  Schistosoma  
japon icu m  re su lted  in  an  increase o f glycogen level in  th e  liv e r cells.

GAGs c o n s titu te  a source fo r th e  fo rm atio n  o f  nuc le ic  acids, an d  th e ir  
decrease m ay  re fle c t an  enhanced  D N A  synthesis (M alam ud  an d  B aserga, 1968; 
T o ch ta r , 1975; Y o k o y am a e t a l., 1953).

F in a lly , i t  shou ld  be ta k e n  in to  account th a t  f re q u e n t occurrence of 
pa tho log ic  changes in  th e  liv er a t  th e  p eak  of an  in v asio n  b y  m ig ra ting  la rv ae  
is caused n o t on ly  b y  th e  presence o f th e  p arasite , b u t  also b y  th e  fina l p ro d u c ts  
o f p a ra s ite  m e tab o lism  (E rik sen  e t  a l., 1980; H oeppli e t a l., 1949; Lopez, 1983; 
M ünnich, 1959/60; S tephenson , 1978; Y okoyam a e t a l., 1953).
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CHANGES IN VITAMIN E AND LIPID-PEROXIDE  
STATUS IN THE LAYING HEN DURING EGG SHELL

FORMATION

M . M é z e s  and G y .  L e n c s é s

D epartm ent of Anim al Physiology and H ygiene, U n iversity  o f Agricultural Sciences, H -2103
Gödöllő, Páter K. u. 1, H ungary

(R eceived Ju ly  9, 1984)

V itam in  E  and m alondialdehyde contents, and catalase and glutathione-peroxi
dase activ ities o f  the blood plasm a, red blood cells (RBC s) and liver tissue were studied  
in laying hens of high egg production during the period o f egg formation. Birds w ith  
inactive ovaries were used as control. The observed changes were in correlation w ith  the  
alterations o f sexual steroid, primarily 17-/?-oestradiol, concentrations measured in th a t  
period. H orm onal changes that occurred during egg form ation m arkedly increased the  
vitam in E leve l o f the blood plasm a and enhanced the lip id peroxidation processes o f  
RBCs and liver tissue. Such changes were not found in the blood plasm a, a fact su ggest
ing that the enzym e system s o f both  the liver tissue and the RBCs were able to elim inate  
free-radical form ation  induced by horm onal effects.

Keywords. V itam in E , lipid peroxidation, egg shell form ation, laying hen.

Several rev iew  p ap ers  have d iscussed  th e  fu n c tio n a l an a to m ica l an d  e n 
docrino logical a sp ec ts  o f  rep roduc tive-b io log ica l processes o f b ird s (Bell an d  
F reem an , 1971; L o fts  an d  M urdon, 1973). T he an a to m ica l an d  endocrino logical 
q u estio n s of egg fo rm a tio n  have also been rev iew ed  (G ilbert an d  P earson , 1982). 
T h e  a b o v e -m en tio n ed  au th o rs  gave a co n sis ten t descrip tio n  of th e  h y p o th a la 
m u s-h y p o p h y s is  ax is  reg u la tin g  th e  o v u la tio n  processes, em phasizing  th e  im 
p o rta n c e  of th e  lu te in iz in g  horm one (L H ) n o t on ly  in  o v u la tio n  b u t also in  egg 
fo rm a tio n  p rocesses (S h arp , 1980).

B esides th e  h y p o th a la m u s-h y p o p h y s is  ax is, th e  im p o rtan ce  o f sex u a l 
s te ro id s  should  n e ith e r  be neg lected . E a rlie r  s tu d ies  h av e  confirm ed th e  fa c t 
th a t ,  a lth o u g h  b ird s  do n o t have  a co rpus lu te u m  (CL), th e ir  p re o v u la to ry  
follicles do sec re te  p rogesterone . B esides p rog este ro n e , th e  syn thesis  o f  co m 
p o u n d s  n ecessary  fo r  th e  fo rm atio n  o f th e  egg yo lk  m a te ria l is reg u la ted  b y  
oestrogens, p r im a r ily  17-/9-oestradiol, in  th e  liv e r  (G ilbert an d  P earson , 1982). 
In  th e  b u rs tin g  o f  follicles and  passage o f  th e  egg th ro u g h  th e  rep ro d u c tiv e  
t r a c t ,  p ro s ta g la n d in s  h av e  an  im p o r ta n t ro le (H e rte len d y , 1980). T he sy n th es is  
o f egg yo lk  occurs in  th e  f irs t phase o f egg fo rm a tio n  w hen, in  ad d itio n  to  th e  
in co rp o ra tio n  o f e ssen tia l p ro te in s, lip ids a n d  c a rb o h y d ra tes , th a t  o f  th e  v i t a 
m ins in d isp en sab le  fo r em bryonic  life ta k e s  p lace (G ilbert and  P earson , 1982). 
T hese h igh ly  m a te ria l-  and  energy -in tensive  changes are  enac ted  in  a v e ry  sh o rt
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tim e  an d , p resu m ab ly , c o n s titu te  an  o v erlo ad  for th e  v ita m in  E an d  lip id -p e r
o x ide  m etabo lism  o f th e  organism .

T he lip ids n eed ed  for th e  b u ild -u p  o f  egg yolk  m a te ria l m o stly  consist of 
p o ly u n sa tu ra te d  f a t ty  acids w hich show  in c reased  sen s itiv ity  to  d am age caused  
b y  p e ro x id a tio n . T he p u rpose  o f th e  p re se n t s tu d y  was to  assess changes o ccu r
r in g  in  th e  v ita m in  E  an d  lip id -p ero x id e  s ta tu s  o f h igh -p roducing  lay in g  hens 
d u rin g  th e  period  o f egg fo rm atio n . A n a t te m p t  was m ade to  b rin g  th ese  changes 
in to  connection  w ith  th e  ho rm onal changes (a lte ra tio n s  o f sexual ste ro id  levels) 
th a t  ta k e  place d u rin g  egg shell fo rm a tio n .

V itam in  E  possesses an  a n tio x id a n t a c tiv ity . Besides v ita m in  E , am ong  
o th e r  enzym es, c a ta la se  an d  g lu ta th io n e -p e ro x id ase , m o n ito red  b y  us in  th e  
p re se n t s tu d y , also ta k e  p a r t  in  th e  e lim in a tio n  of free oxygen rad ica ls  fo rm ed  
in  th e  course of m e tab o lic  processes.

T h e  p rim ary  su b s tra te  o f c a ta la se  is h y d rogen  perox ide  (Jo n es, 1982), 
w hile fo r g lu ta th io n e-p e ro x id ase , in  a d d itio n  to  hyd rogen  perox ide , lip id - 
p ero x id es  and  lip id -h y d ro p ero x id es  se rv e  as su b stra te s . T he effects o f  g lu ta 
th io n e-p e ro x id ase  in c lu d e  th e  red u c tio n  o f  cyclic endoperoxides fo rm ed  d u rin g  
p ro s ta g la n d in  b io sy n th esis  (F lohé e t  a l., 1971).

I f  iron  is p re se n t in  th e  sy s tem , th e  en d -p ro d u c t o f lip id  p e ro x id a tio n  will 
be m a lo n d ia ld eh y d e  (D e D uve an d  I la y a is h i, 1978), w hich, because of th e  n o t 
a b so lu te ly  specific m easu rem en t m e th o d , w as dete rm in ed  as a th io b a rb itu r ic  
ac id - (TBA-) re ac tiv e  p ro d u c t.

Materials and methods

F ifty -tw o  w eeks old “ T E T R A  S L ”  lay in g  hens (A g ricu ltu ra l C om binate , 
B áb o ln a , H u n g ary ) w ere used. T he b ird s  w ere a t  th e  p eak  o f egg p ro d u c tio n . 
A ccord ing  to  th e  s tag e  o f egg-shell fo rm a tio n , th e y  w ere a llo tte d  to  th e  fo llow 
ing  g roups (the  s ta tu s  of re p ro d u c tiv e  o rg an s an d  th e  lo ca tio n  o f th e  egg w as 
e x a m in e d  b y  p a lp a tio n  th ro u g h  th e  c loaca):

1. In a c tiv e : B ird s  w ith  in ac tiv e  (a tro p h ied ) ovaries (n =  5);
2.1 A ctive: L ay in g  hens w ith  ac tiv e  ovaries in  th e  stage  before o v u la tio n ,

a fte r  o v iposition  (n  =  5);
2.2 Soft egg shell: B irds w ith  ac tiv e  ovaries, egg in  th e  m ag n u m  (n  =  5);
2.3 Calcified egg shell: B irds w ith  ac tiv e  ovaries, egg in  th e  shell g land

(n  - 5);
2.4  H a rd  shell: B ird s  w ith  ac tiv e  o varies, egg in  th e  shell g land  im m e d i

a te ly  before o v ip o sitio n  (n =  5).

T he b ird s w ere k illed  b y  b leed ing ; E D T A  (0.2 mol/1) w as used  as a n tic o a 
g u la n t. T he liver tissu e  w as rem oved  im m e d ia te ly  a fte r  b leed ing  an d  w as s to red  
a t  —20 °C u n til p rocessed .
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R ed  blood  cells (R BCs) were sep a ra te d  fro m  th e  p lasm a  b y  cen trifu g a tio n  
(2500 g, 20 m in , 4 °C) an d  fo r ca ta lase  a n d  g lu ta th io n e -p e ro x id ase  d e te rm in a 
tio n  th e y  w ere w ash ed  tw ice w ith  cold 0 .65%  saline. S u b seq u en tly , R B C s w ere 
haem olysed  in  a ten fo ld  vo lum e of d o u b le-d istilled  w a te r  b y  freezing an d  th a w 
ing . I n ta c t  R B C s w ere sep a ra ted  from  th e  deb ris  b y  cen trifu g a tio n  (7000 g, 
20 m in , 4 °C). F o r  th e  assays, a liquo ts o f th e  f in a l su p e rn a te  o f th e  p rev io u sly  
se p a ra te d  p lasm a a n d  h aem olysa te  w ere u sed .

L iver tissu e  w as hom ogenized in  a te f lo n  hom ogen izer in  a ten fo ld  vo lum e 
o f ice-cold 0 .65%  saline. T he hom ogenate  w as cen trifuged  (10,000 g, 20 m in , 
4 °C) an d  th e  c la rified  su p e rn a te  was used  fo r th e  d e te rm in a tio n s .

T he p ro g este ro n e  an d  te s to ste ro n e  co n c e n tra tio n s  o f  th e  blood p la sm a  
w ere d e te rm in ed  b y  rad io im m u n o assay  (R IA ; Iso to p e  I n s t i tu te  of th e  H u n g a 
ria n  A cadem y  o f Sciences, B u d ap est), a f te r  e x tra c tio n  w ith  d ie th y l e th e r . 
F o r th e  d e te rm in a tio n  o f 17-/?-oestradiol a d ire c t R IA  (Serono D iagnostics, 
U ppsala) developed  fo r h u m an  d iagnostic  p u rp o se  w as used.

T he degree o f  lip id  p ero x id a tio n  in  th e  b lood  p lasm a w as d e te rm in ed  b y  
using  th e  th io b a rb itu r ic  acid (TBA) m eth o d  (P lace r e t ah , 1966), while t h a t  o f 
th e  liv e r  tissu e  b y  th e  m eth o d  of U ch iyam a a n d  M ihara (1978). T he q u a n ti ty  o f 
T B A -reac tiv e  p la sm a  an d  tissue  p ro d u c ts  w as s ta n d a rd iz e d  w ith  1 ,1 , 3, 3 -te tra -  
e th o x y -p ro p an e  (F lu k a , B uchs).

T he ca ta la se  (E .C .1.11.1.6) a c tiv ity  in  th e  p lasm a, h aem o ly sa te  an d  liv e r 
tissu e  h o m o g en ate , w as m easured  k in c tica lly  in  th e  presence o f hydrogen  p e r 
oxide as su b s tra te  (B eers an d  Sizer, 1952). T h e  a c tiv ity  w as expressed  in  B erg- 
m eyer u n its  (one B erg m ey er u n it  is th e  q u a n t i ty  o f ca ta la se  th a t  sp lits  1 g 
h y d ro g en  p e rox ide  p e r  m in  a t  25 °C).

T he g lu ta th io n e-p e ro x id ase  (E .C .1.11.1.9) a c tiv ity  w as m easured  in  th e  
p lasm a , h a em o ly sa te  a n d  liv er tissue h o m o g en a te  b y  a d ire c t m eth o d  in  th e  
sy stem  of L aw rence an d  B u rk  (1976), an d  th e  o x id a tio n  o f red u ced  g lu ta th io n e  
(G SH ) w as d e te rm in ed  w ith  E llm an n ’s re a g e n t (S erva, H eidelberg ; Sedlal an d  
L in d say , 1968). I n  th e  reac tio n , cum en e-h y d ro p ero x id e  (S ch u ch a rd t, M unich) 
w as used  as ox id iz ing  ag en t. T he g lu ta th io n e-p e ro x id ase  a c tiv ity  was expressed  
in  u n its  (one u n it  is th e  enzym e q u a n tity  t h a t  ox id izes 1 n m ol G SH  p e r m in  in  
th e  above sy stem  a t  25 °C).

E n zy m e a c tiv itie s  w ere expressed fo r th e  10,000-g su p e rn a te  p ro te in  
c o n te n t of 1 g p la sm a , h aem o ly sa te  an d  liv e r tissu e  hom o g en ate . P ro te in  d e te r 
m in a tio n s  w ere p e rfo rm ed  b y  th e  b iu re t m e th o d .

T he v ita m in  E  c o n te n t of th e  b lood p la sm a  w as m easu red  by  th e  m e th o d  
of B ieri (1964), w hile t h a t  o f th e  liver b y  th e  m e th o d  o f H a ack e r (1976). F o r  th e  
s ta tis tic a l e v a lu a tio n  o f changes betw een  th e  d iffe ren t s tages (1 versus 2.1,
2.1 versus 2.2) S tu d e n t’s t te s t  was used.
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Results

D urin g  egg shell fo rm a tio n  th e  p ro g este ro n e  co n cen tra tio n  o f th e  b lood  
p la sm a  sign ifican tly  in c reased  be tw een  s tag es  2.2 an d  2 .3 ; su b seq u en tly  i t  u n 
d e rw e n t a sign ifican t decrease  b e tw een  s tag es  2.3 an d  2.4. In  g roup  1 (b irds 
w ith  in ac tiv e  ovaries) v e ry  higlx in d iv id u a l v a r ia b ility  w as observed .

Table I

P lasm a hormone levels and vitam in E  and lipid peroxide status o f plasm a and haem olysates

^ . Glutathione-peroxi-
reactive Catalase ^ аде

Group
Proge
sterone
(nmol/1)

T esto
sterone
(nmol/1)

17-/3-oestra-
diol

(/imol/l)

V itam in
E

(nmol/1)

plasma
pro
ducts

(MDA)
(nmol/

ml)

Plasm a R  В C 
(B.U./g protein)

Plasma R  В C 
(U/g protein)

1 X 5.08 2.44 0.12 0.28 10.74 1.12 59.03 4.99 9.26
s ± 3.01 0.47 0.09 0.04 1.35 0.10 6.75 0.69 4.30

2.1 X 1.20* 1.81 2.76*** 0.41** 9.31 1.18 57.13 4.21 9.79
s ± 0.47 0.69 0.55 0.04 0.48 0.19 28.42 0.94 2.14

2.2 X 0.67 1.09 4.27* 0.35 9.24 1.33 45.81 4.06 10.15
s * 0.23 0.24 0.97 0.06 0.88 0.20 4.94 1.80 1.14

2.3 X 42.30** 1.56 3.31 0.37 9.00 1.53 91.58** 5.69 16.93**
s ± 21.11 0.67 1.22 0.03 1.09 0.20 21.77 1.32 3.70

2.4 X 4.39** 1.70 3.11 0.36 8.97 2.01 36.92** 2.67 9.42**
s ± 3.41 0.65 1.95 0.03 0.78 0.41 4.97 1.45 1.72

Significance values: * =  P  <  0.05; ** =  P  <  0.01; *** =  P  <  0.001.

Table II

V itam in E  and lipid-peroxide status o f liver tissue

Group
TBA -reactive 

products 
(MDA /miol/g)

Catalase 
(B.U ./g protein)

Glutathione- 
peroxidase 

(U/g protein)

Vitamin
E

(/iIUOl/g)

l X 1.44 291.49 68.66 0.062
8± 0.67 44.09 10.20 0.047

2.1 X 0.47 414.93 124.77** 0.122
s ± 0.21 139.95 33.02 0.093

2.2 X 1.21* 242.87 40.29** 0.102
s ± 0.18 19.15 12.17 0.047

2.3 X 1.27 436.43* 65.23* 0.062
s± 0.62 100.28 6.63 0.043

2.4 X 0.32 394.45 73.26 0.103
s± 0.16 54.49 15.23 0.031

Significance values: * =  P <  0.05; ** =  P  <  0.01.
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T h e 17-/?-oestradiol c o n te n t o f  th e  b lood p lasm a s ig n ifican tly  in c reased  
b e tw een  stages 1 an d  2.1, and  also b e tw een  stages 2.1 an d  2.2. A lth o u g h , due  
to  th e  use of th e  d ire c t R IA , th e  o b ta in e d  values are h ig h er th a n  th e  m ean  v a l
ues re p o rte d  in  th e  lite ra tu re , th e  te n d e n c y  can be observed .

N o m a th e m a tic a lly  d e m o n s tra b le  difference ex isted  betw een  th e  s tag es  
in th e  te s to s te ro n e  co n cen tra tio n  o f  th e  b lood  plasm a.

N o s u b s ta n tia l  change o ccu rred  in  th e  q u a n tity  o f T B A -reac tiv e  s u b 
s tan ces  o f th e  b lood  p lasm a d u rin g  egg shell fo rm ation .

T h e  ca ta la se  a c tiv ity  of th e  p la sm a  increased  considerab ly  in  g ro u p  2 .4 ; 
i t  sh o u ld , how ever, be  no ted  th a t  in  th e  “ ac tiv e”  stages 2 .1 -2 .4  a co n tin u o u s  
increase  w as observed .

T h e  g lu ta th io n e-p e ro x id ase  a c t iv i ty  o f th e  blood p lasm a show ed a n o ta b le  
change in  th e  second phase of egg shell fo rm atio n  (groups 2 .3 -2 .4 ) .In  g ro u p  2.3 , 
g lu ta th io n e -p e ro x id ase  a c tiv ity  show ed  a s ign ifican t increase as co m p ared  to  
g roup  2.2, th e n  decreased.

In  th e  v ita m in  E  co n cen tra tio n  o f th e  b lood p lasm a, a p ro n o u n ced  d if
ference w as observed  betw een  th e  “ a c tiv e ”  (group 2) and  “ in a c tiv e ”  (g ro u p  1) 
stages, w hile th e re  w ere no s ta tis t ic a lly  d em onstrab le  d ifferences b e tw een  th e  
“ a c tiv e ”  g roups (2 .1 -2 .4 ).

T h e  ca ta lase  a c tiv ity  of R B C s (1 : 10 haem olysate) show ed a c h a ra c te r is tic  
p eak  d u rin g  egg shell fo rm atio n ; in  g ro u p  2.3 i t  was ch a rac te rized  b y  a co n sid e r
able increase , w hereas in  group 2.4 b y  a m ark ed  decrease.

T h e  g lu ta th io n e-p e ro x id ase  a c t iv i ty  of th e  h aem olysa te  u n d e rw e n t 
changes sim ilar to  th o se  in  th e  c a ta la se  a c tiv ity .

T h e  q u a n t i ty  o f  T B A -reactive  p ro d u c ts  in  th e  liver tissu e  show ed a m a rk 
ed in crease  b e tw een  th e  “ in ac tiv e”  a n d  “ ac tiv e”  groups.

In  th e  ca ta la se  a c tiv ity  of th e  liv e r  tissu e  (10,000 g  su p e rn a te ) th e re  w as 
a s ig n ifican t increase  betw een  s tag es  2.3 an d  2.4. Changes in  th e  g lu ta th io n e - 
pero x id ase  a c tiv ity  o f th e  liver tissu e  follow ed a ch a rac te ris tic  cycle p a t te r n  
w hich co rresp o n d ed  to  rep roduc tive-b io log ica l changes. B etw een  stages 1 a n d
2.1 a m ark ed  increase , betw een s tag es  2.1 an d  2.2 a p ronounced  decrease, w hile 
b e tw een  stages 2.2 a n d  2.3 again  a n  in crease , was d em o n stra ted .

N o s u b s ta n tia l  changes o ccu rred  in  th e  v itam in  E c o n te n t o f th e  liv e r 
tissue  d u rin g  egg shell fo rm ation . S im ila rly , no difference ex is ted  b e tw een  th e  
“ a c tiv e ”  an d  “ in a c tiv e ”  groups in  th is  resp ec t.

Discussion

T h e resu lts  o f  th e  p resen t s tu d y  in d ic a te  th a t  th e  v ita m in  E  c o n te n t o f  th e  
b lood p la sm a  was considerab ly  h ig h er in  th e  “ ac tiv e”  groups (hens w ith  ac tiv e  
ovaries) th a n  in  th e  “ in ac tiv e”  g roup , a fin d in g  consisten t w ith  th e  re la tio n sh ip s
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describ ed  prev iously  b e tw e e n  th e  v itam in  E  c o n te n t of th e  feed  an d  th a t  of th e  
egg (S c o tt e t al., 1976). N am ely , only th e  v i ta m in  E  ta k e n  u p  b y  th e  b irds w ith  
th e  feed  and  tra n s p o r te d  from  th e  tissues o f  s to rag e  to  th e  egg b y  th e  blood 
s tre a m  can  be in c o rp o ra te d  in to  th e  egg, m o re  p recisely , in to  th e  yolk . The h o r
m o n a l changes h av e  a n  e ffec t also on th e  d is tr ib u tio n  o f  v ita m in  E  w ith in  th e  
o rg an ism , since s im u lta n e o u s ly  w ith  n e a rly  id e n tic a l v ita m in  E  co n cen tra tions 
in  th e  liv er tissue a co n sid e rab le  increase o f  v ita m in  E  co n cen tra tio n  was found  
in  th e  blood p lasm a. W h e n  com pared on a  q u a n ti ta t iv e  basis, how ever, th e  
changes observed in  th e  b lood  p lasm a c a n n o t be d e m o n s tra te d  for th e  w hole 
liv er.

T he liver has an  im p o r ta n t  role in th e  fo rm a tio n  o f y o lk  m a te ria l; th e  h igh 
en e rg y  req u irem en t o f  egg  fo rm ation  in c reases  th e  oxygen  u p ta k e  o f tissues, 
am o n g  o thers liver t is s u e , an d  oxygen disso lves in  lip ids e ig h t tim es b e tte r  th a n  
in  w a te r  (De D uve a n d  H ayaish i, 1978). T h e  q u a n ti ty  o f  m alond ia ldehyde 
(T B A -reactive  p ro d u c ts )  w as considerab ly  h ig h e r in  th e  “ ac tiv e ”  group as com 
p a re d  to  b irds w ith  in a c tiv e  ovaries, su g g estin g  th a t  in  th e  liv er tissue th e re  is 
an  enhanced  lip id -p e ro x id a tio n  in  th e  p e rio d  o f  egg p ro d u c tio n . This effect 
m ig h t be exp lained  b y  ho rm onal changes, p r im a rily  w ith  a lte ra tio n s  o f th e  
17-/S-oestradiol level, fo r  in  m am m als th e  h y d ro g e n  perox ide  co n cen tra tio n  an d  
p ero x id ase  a c tiv ity  o f  th e  u te ru s  w ere fo u n d  to  increase up o n  th e  effect of 
oestrogens (K atz  e t  a l.,  1982). H ow ever, no  d a ta  are ava ilab le  on sim ilar effects 
o f oestrogens on th e  re p ro d u c tiv e  organs a n d  liv e r  tissu e  o f  b irds.

No su b s ta n tia l ch an g es occurred in  th e  m alond ia ld eh y d e  co n ten t o f th e  
b lood  plasm a. T h is f in d in g  ind icates t h a t  th e  liv e r tissue  elim inates th e  p ro 
d u ced  aldehydes, k e to n e s  and  free-rad ica ls .

Changes o f th e  c a ta la se  ac tiv ity  o f  th e  b lood  p lasm a an d  liver tissue fol
low ed  a ch a ra c te ris tic  cycle p a tte rn  d u rin g  egg shell fo rm atio n . The observed 
changes are re la te d  to  a lte ra tio n s  in  th e  o estro g en  c o n te n t o f th e  blood p lasm a. 
A fte r  oestrogen p e a k s  a  m arked  increase o ccu rred  in  th e  ca ta lase  a c tiv ity  o f 
liv e r  tissue, in d ic a tin g  free-rad ica l fo rm a tio n  due  to  horm one-induced  changes 
in  in te rm ed ia ry  m e tab o lism .

T he changes o f  g lu ta th io n e-p e ro x id ase  a c tiv ity  o f th e  liver tissue w ere 
closely  re la ted  to  f lu c tu a tio n s  of th e  p la sm a  17-/3-oestradiol level. These changes 
in d ic a te d  th a t  o e s tro g e n  and  p rogesterone in flu en ced , besides o th e r p a ram e te rs , 
th e  v itam in  E  a n d  lip id -perox ide  s ta tu s  o f  th e  o rgan ism . O f th e  ho rm onal 
changes, th e  a l te ra t io n  o f  th e  17-/3-oestradiol c o n cen tra tio n  w as consisten t w ith  
changes observed in  th e  above p a ra m e te rs . A n in te rp re ta tio n  of th e  changes 
o bserved  in  enzym e ac tiv itie s  can n o t be b ased  on th e  p resen t resu lts; i.e. i t  
c a n n o t be decided w h e th e r  there  is de novo p ro te in  syn thesis  or only ac tiv a tio n  
o f  th e  “ read y ”  e n zy m e  molecules. F u r th e r  ex p erim en ts  are  needed to  e lucidate  
th is  aspect. As re g a rd s  th e  blood p lasm a  a n d  RBCs, th e  re su lts  show th a t  a l
th o u g h  th e  p r im a ry  ta r g e t  of th e  overlo ad  c o n s titu te d  b y  ho rm onal changes is
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th e  liv e r tissu e , th is  e ffec t m an ifests  itse lf  also a t  th e  level of th e  blood p lasm a. 
Changes in  th e  enzym e a c tiv ity  o f RBCs su p p o rt th e  id ea  th a t  th e  horm one- 
induced  change is an  en zy m atic  a d a p ta tio n  rea lized  th ro u g h  ac tiv a tio n  of 
m olecules. N am ely , no  n o ta b le  p ro te in  syn thesis  can  be ex p ec ted  here.

T he p re sen t re su lts  in d ica te  t h a t  in  h ig h -p ro d u c in g  lay in g  hens g rea t a t 
ten tio n  shou ld  be p a id  to  v ita m in  E  su p p ly  and  also to  th e  p ro p e r lip id  com posi
tio n  an d  perox ide  c o n te n t o f th e  feed.
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EFFECT OF CAECOTROPHY ON THE NITROGEN 
METAROLISM OF ANGORA RARRITS

Mária T eleki, Jolán J écsai and В. J uhász

D epartm ent of P hysio logy, Research Centre for Anim al Breeding and N utrition , H -2053
H erceghalom , H ungary

(R eceived A ugust 1, 1984)

In two experim ents conducted w ith  m ature, producing angora rabbits the changes 
occurring in the digestibility o f nutrients due to the prevention o f caecotrophy were 
studied at a lower (12.8% ) and a higher (16.7% ) protein level. The nitrogen m etabolism  
of the rabbits was followed. Furtherm ore, it  was exam ined whether the protein-rich feed  
altered the effect of caecotrophy. E ight rabbits were used in each experim ent; four of  
them  were wearing a rigid plastic collar to  prevent caecotrophy (experim ental rabbits).

The d igestib ility  of nutrients, w ith  the exception of crude protein , was n ot signif
icantly  better in  the control rabbits kept on the protein-rich d iet than  in  those kept on  
low-protein diet. The virtual d igestib ility  o f crude protein was 82.1 and 75.2% , respec
tiv e ly  (P  <  0.001). Prevention of caecotrophy worsened the d igestib ility  o f  nutrients, 
w ith  the exception  of crude fibre. The worsening in digestibility was significant at both  
protein levels only for crude protein. A t the higher protein level (16.7% ), d igestib ility  o f  
N-free extracts was also significantly higher for the experim ental anim als than for the  
controls.

Studies on N  m etabolism  revealed th a t the experim ental (i.e. collar-wearing) 
rabbits excreted significantly more N  in  the faeces daily than the control ones. In  the  
urine, the control rabbits excreted more N .

A t the lower protein level (12 .8% ), the N  retention of the control anim als was 
significantly higher than that o f the experim ental ones. The difference was 0.47 g N /day/ 
anim al, which is 17% of the total N  intake and corresponds to 2.6 g protein. A t the higher 
protein level the N  retention o f the control anim als was not sign ificantly  higher than that 
o f the experim ental ones; the difference w as 0.29 g N /day/anim al, w hich is 8.4%  of the  
to ta l N intake and corresponds to 1.8 g crude protein.

Keywords. Caecotrophy, nitrogen m etabolism , nutrient d igestib ility , angora
rabbit.

C aeco trophy  p lays an  im p o r ta n t ro le  in  th e  digestion an d  in te rn a l m e ta b 
olism  o f th e  ra b b it .  “ C aeco trophy”  m ean s th a t  th e  r a b b it  consum es d irec tly  
fro m  its  anus th e  ch a rac te ris tic  faecal p e lle ts  app earin g  th e re  fro m  tim e  to  tim e . 
T h is m a te ria l o rig in a tes  from  th e  caecu m , has specific com position , an d  con
sists , besides th e  caecal co n ten ts  su b je c te d  to  m icrobial a c tiv ity , o f considerab le  
n u m b ers  of live b a c te r ia  (H örn icke , 1972). T he soft faeces (p H  6.0) does n o t m ix  
im m ed ia te ly  w ith  th e  stom ach  c o n te n ts ; i t  rem ain s in  one m ass along  th e  g re a t
er c u rv a tu re . D esp ite  th e  low g as tric  p H  (1 .0-1 .5), th e  m ucous cover se ttled  
on th e  m ass is m a in ta in e d  for 6 -8  h , due  to  th e  h igh p h o sp h a te  b u ffe r  c o n c e n tra 
tio n  p re se n t in  i t .  In  each pelle t th e  b a c te r ia l fe rm en ta tio n  o f  c a rb o h y d ra te s  
to  la c tic  acid  co n tin u es u n til  th e  m ucous cover is d is ru p ted  a n d  th e  c o n te n ts  
o f th e  p e lle t get in to  th e  process o f d ig estio n . A lexander an d  C how dhury  (1958), 
G riffith s  an d  D av ies (1963) and  H ö rn ick e  an d  M ackiewicz (1977) d e m o n s tra te d
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in  th e  ra b b it s to m ach  th e  secretion  of a b a c te rio ly tic  su b stan ce , w hich is a c t i
v a te d  b y  pepsin . T h is  su b stan ce  a tta ck s  th e  b a c te r ia  re leased  from  th e  pelle ts , 
ren d erin g  possible th e  d eg rad a tio n  of b a c te r ia l p ro te in s  b y  p ro teo ly tic  enzym es 
in  th e  in testin e .

A ccording to  V illa rd  and  R a y n a u d  (1968), th e  r a b b i t  consum es consider
ab le  am oun ts of faeces, genera lly  tak in g  u p  50 to  80 %  o f th e  to ta l  faecal o u tp u t . 
T h e  im p o rtan ce  o f ca e c o tro p h y  in  p ro te in  a n d  d ry -m a tte r  d igestion  and  in  th e  
im p ro v em en t o f d ig e s tib ility  was recogn ized  v e ry  e a rly  (H u an g  e t a l., 1954; 
T h ack e r and B ra n d t, 1955). The q u a n ti ty  o f to ta l  an d  essen tia l am ino acids is 
h ig h er in  th e  soft faeces  th a n  in  th e  feed  consum ed . T h e  increased  am ino acid  
co n te n t in  th e  so ft faeces was exp la ined  b y  th e  a c t iv i ty  o f m icroorganism s 
p re sen t in th e  caecum  (P ro to  and  G ianan i, 1969; Y o sh id a  e t ah , 1971). F u r th e r 
m ore , i t  has been showm th a t  in  th e  caecum  c e r ta in  am ino  acids undergo  d e a m i
n a tio n  and  th a t  new  e ssen tia l am ino acids m a y  be sy n th es ized  (M arty  an d  R a y 
n a u d , 1963). T he e sse n tia l am ino acids deriv ed  from  c aeco tro p h y  m ake possib le  
fo r th e  ad u lt r a b b it  to  live  on feeds co n ta in in g  p o o r-q u a lity  p ro te in . T he b io 
ch em istry  of caecal fe rm e n ta tio n  is ro u g h ly  know n  (M arty  e t  ah , 1973), b u t  th e  
fac to rs  in fluencing  th e  fe rm e n ta tio n  and  its  r a te  (e.g. th e  effects o f ce rta in  feeds) 
h av e  been little  s tu d ie d  so far. A ccording to  P ro to  (1976), in  m a tu re  ra b b its  th e  
p ro te in  syn thesized  b y  m icroorganism s is a good su p p le m e n ta tio n  of th e  feed 
p ro te in s . H ow ever, few  d a ta  are ava ilab le  on th e  degree to  w hich th e  above 
process co n tr ib u te s  to  m eeting  th e  am ino  acid  re q u ire m e n ts  o f th e  ra b b it .  
A dam son  and  F ish e r  (1971) and  D av idson  an d  S p re a d b u ry  (1973) fu rn ished  
d a ta  on th e  e ssen tia l am in o  acid req u irem en t o f m ea t ra b b its . F o r angora r a b 
b its  such d a ta  a re  sca rce , an d  are re s tr ic te d  to  su lp h u r-b ea rin g  am ino acid  
req u irem en ts  (H o ffn ia n n -L a  Roche, 1980).

To de te rm ine  th e  degree and  effects o f p re v e n tin g  caeco tro p h y , we su b 
je c te d  th e  m ixed faeces an d  m ixed u rin e  sam ples o f co n tro l an d  ex p erim en ta l 
(collared) ra b b its  to  chem ica l analyses, in  an  a t te m p t  to  o b ta in  in fo rm atio n  on 
th e  effect o f ca e c o tro p h y  on th e  biological v a lu e  o f d iffe ren t n u tr ie n ts . T he p u r 
pose o f th e  p re se n t in v es tig a tio n s  was to  d e te rm in e  th e  degree of changes in 
duced  b y  p rev en tio n  o f  caeco trophy  in  th e  d ig es tib ility  o f ce rta in  n u tr ie n ts , 
an d  to  m onito r th e  N  m etabo lism  of ra b b its . F u rth e rm o re , we exam ined  w h e th 
er th e re  were changes in  th e  effect of th e  p re v e n tio n  of caeco tro p h y  w hen a feed 
o f  h igher p ro te in  c o n te n t  was fed.

Materials and methods

Two ex p e rim en ts  w ere conducted ; in  ex p e rim en t A th e  feed co n ta in ed  
12 .8% , while in  e x p e rim e n t В i t  co n ta in ed  16 .7% , p ro te in .

1.5-year-old a n g o ra  bu ck -rab b its  o f 3318 g (s 67 g) b o d y  m ass, re g is te r
ed fo r “ M edima 98”  u tiliz a tio n , were used . T he ra b b its  w ere accom m odated  in

Acta Veter inaria Hungarica 33,1985



CAEC0TR0I4IY AND NITROGEN METABOLISM OF ANGORA RABBITS 43

in d iv id u a l feed -u tiliza tio n  cages. E ig h t rab b its , a llo tte d  to  tw o groups, to o k  
p a r t  in  each ex p e rim en t. R a b b its  o f th e  f irs t  group (n =  4 ; h e re in a fte r re fe rred  
to  as “ e x p e rim e n ta l”  ra b b its )  w ere f i t te d  up w ith  a r ig id  p lastic  collar to  p re 
v e n t th em  fro m  consum ing  so ft faeces. T he ex p erim en t consisted  of a 7 -d ay  
pre-feeding and  a 5 -d ay  ex p e rim en ta l period. The e x p e rim e n ta l ra b b its  w ore 
th e  collar for 8 day s (for 3 day s in  th e  pre-feeding p e rio d  a n d  5 days in  th e  e x 
p e rim en ta l period).

T he com position  of th e  d ie ts  is show n in T able I .  F o r  experim en t B, th e  
p ro te in  c o n te n t of th e  feed fed  in  ex p erim en t A was ra ise d  b y  adding  e x tra c te d  
sunflow er g ro a ts .

T he n u tr ie n t  c o n te n t of th e  exp erim en ta l d ie ts  is show n in T ab le  I I .  
B etw een  d ie ts  fed  in  ex p e rim en t A  a n d  B , su b s ta n tia l d ifference ex isted  o n ly  
in crude p ro te in  co n cen tra tio n  (12 .8%  versus 16 .7% ).

P ara lle l an d  n ea rly  p ro p o rtio n a lly  w ith  th e  rise  o f  c ru d e  p ro te in  concen 
tra tio n , th e  a m o u n t o f am ino acids in  th e  feed also increased  (Table I I I ) .  
T he d ie t w as fed  in  a single d a ily  dose o f 120 g. The faeces as well as th e  u rin e  o f

Tabic I

Composition of mixed feed

Feed components % Experiment A Experim ent В

Corn 15.0 12.8
W heat 9.0 7.7
Barley 9.0 7.7
Oat 3.0 2.6
W heat bran 2.0 1.7
Sunflower groats 5.0 20.0
Lucerne hay 27.0 22.0
Sugar-beet slices 5.0 4.3
Corn-cob 18.0 15.3
Straw meal 5.5 4.7
Salt (NaCl) 0.5 0.4
Feed lime 0.5 0.4
Preinix 0.5 0.4

100.0 100.0

Tabic II

Chemical com position of experimental diets

N utrients
Experim ent A E xperim en t В

% %

Dry m atter 90.14 90.83
Crude ash 5.00 5.03
Crude protein 12.85 16.75
Crude fibre 16.10 14.84
Crude fat 2.39 2.56
N-free extracts (N. F. E.) 53.80 51.65
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Table III

Amino acid contents o f feed, expressed as % of dry m atter

Amino acids Asp T hr Ser Glu Pro Gly Ala Cys Val

E xperim ent A 1.04 0.49 0.55 1.71 0.84 0.56 0.58 0.22 0.66
Experim ent В 1.35 0.61 0.68 2.29 0.94 0.77 0.76 0.27 0.87

Amino acids M et He Leu T yr Phe Lys His Arg Try

E xperim ent A 0.31 0.52 0.95 0.58 0.58 0.52 0.27 0.67 0.11
E xperim ent В 0.38 0.67 1.16 0.67 0.77 0.63 0.36 1.01 0.20

th e  ra b b its  was co llec ted  th ro u g h o u t th e  5 -d ay  ex p erim en ta l p e rio d . T he N con
t e n t  o f  th e  fre sh ly -ex c re ted  faeces a n d  u rin e  was d e te rm in e d  daily  b y  th e  
K je ld a h l m ethod . O th e r  n u tr ie n ts  in c lu d ed  in  th e  u tiliz a tio n  ex p erim en t were 
d e te rm in e d  in  d ried  faeces, to g e th e r  fo r th e  5-day  e x p e rim e n ta l period b u t 
s e p a ra te ly  for each an im a l, accord ing  to  th e  H u n g a rian  s ta n d a rd  MSz 6830-66.

Results and discussion

E ffec t o f  protein concentration on the d igestib ility  o f  the various n u trien ts  in  control 
rabbits

T he changes b ro u g h t a b o u t b y  in c reas in g  the  p ro te in  c o n te n t  o f th e  feed 
in  th e  d igestib ility  o f th e  v a rio u s  n u tr ie n ts  w ere m onito red  in  a feed  u tiliza tion  
e x p e rim e n t (Table IV ). I n  ex p erim en t В (16 .7%  p ro te in ), th e  a p p a re n t  (v irtual) 
d ig e s tib ility  of d ry  m a tte r ,  c rude  p ro te in , c rude  fa t  and  ash  te n d e d  to  increase. 
T h e  im p ro v em en t o f d ig e s tib ility  w as n o t  sign ifican t, w ith  th e  exception  of 
c ru d e  p ro te in , th e  d ig e s tib ility  o f w hich  increased  from  7 5 .2 %  to  82.1%  
(P <  0.001). No ch an g e  o ccu rred  in  th e  d ig estib ility  of th e  c ru d e  fib re , while 
th e  d ig estib ility  o f N -free  e x tra c ts  te n d e d  to  w orsen (by  0 .9 % ). G lover and

Table IV

D igestib ility  (%) of nutrients in rabbits kept on low- or high-protein d iet under conventional
conditions

Experim ent A Experim ent В
(12.8% protein) (16.7% protein)

Control Control

Dry m atter 66.3 ±  7.9 68.4 ±  5.0
Crude protein 75.2 ±  6.5 82.1 ± 4 . 0
Crude fibre 31.0 ±  12.0 29.1 ±  9.2
Crude fat 70.9 ±  9.2 71.9 ± 4 . 0
N-free extracts 70.3 ±  6.7 69.4 ±  3.4
Ash 55.7 ±  12.0 56.1 ±  9.4
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D u th ie  (1958) an d  A guilera  (1973) show ed th a t  th e  d ig e s tib ility  o f crude p ro te in  
im p ro v ed  if  th e  feed  p ro te in  level w as ra ised . A ccord ing  to  E rik sson  (1952) th e  
increased  feed p ro te in  q u a n ti ty  has an  ad v an tag eo u s effect on th e  d ig estib ility  
o f n o t on ly  th e  p ro te in  b u t  also on th a t  of th e  o th e r n u tr ie n ts . I t  should , ho w 
ever, be em phasized  th a t  th e  d ig estib ility  in  th is  sense is a v ir tu a l d ig estib ility  
since we can n o t te ll  how  large p ro p o rtio n s o f th e  p ro te in s  p re sen t in  th e  faeces 
o rig in a ted  from  m ucosa l ep ithe lia l cells d e tach ed  from  th e  in te s tin a l w all, from  
g as tric  (d igestive) ju ice s , fro m  m icroorganism s p re sen t in  th e  in te s tin e , or from  
p o st-d ig estio n  re m n a n ts  o f  th e  feed.

E ffec t o f  the prevention  o f  caecotrophy on the d igestib ility  o f  nutrients

T his questio n  w as s tu d ied  b y  com paring  th e  d ig es tib ility  p er cen t o b ta in 
ed  fo r th e  e x p e rim e n ta l an d  con tro l ra b b its . In  ex p e rim e n t A, poorer d ig estib 
ilities w ere o b ta in ed  fo r  all n u tr ie n ts  ex cep t crude fib re  fo r th e  co llar-w earing 
ra b b its  th a n  for th e  co n tro l an im als (T able Y). P ro te in  d ig es tib ility  was sign if
ic a n tly  b e tte r  in  th e  co n tro l an im als (75 .2% ) th a n  in  th e  exp erim en ta l ones 
(62 .3% ) (P  <  0.001). T h e  d ig estib ility  of c rude  fa t  w as b y  3 .4 % , w hile th a t  of 
th e  N -free e x tra c ts  b y  3 .9 % , h igher th a n  in  th e  co n tro l ra b b its  (th e  d ifferences 
w ere n o t s ig n ifican t). I n  ex p erim en t В (T able Y I), th e  sam e ten d en cy  w as o b 
served  fo r th e  changes o f  n u tr ie n t  d ig estib ility  as in  e x p e rim en t A. H ere also

Table V

The effect o f prevention of caecotrophy on the digestibility o f  nutrients, in %

Experim ent A

Experim ental rabbits Control rabbits

Dry m atter 65.1 ±  5.9 66.3 ±  7.9
Crude protein 62.3 ±  6.9 75.2 ±  6.5
Crude fibre 30.9 ±  8.4 31.0 ±  12.0
Crude fat 67.5 ±  10.8 70.9 ±  9.2
N-free extracts 66.4 ±  6.0 70.3 ±  6.7
Ash 50.4 ± 7 . 5 55.7 ±  12.0

Table VI

The effect o f prevention of caecotrophy on the digestibility o f nutrients, %

Experim ent В

Experim ental rabbits Control rabbits

Dry m atter 67.9 ±  6.6 68.4 ±  5.0
Crude protein 71.4 ± 6 . 8 82.1 ±  4.0
Crude fibre 29.8 ±  7.0 29.1 ±  9.2
Crude fat 69.2 ±  6.5 71.9 ± 4 . 0
N-free extracts 61.2 ± 6 . 5 69.4 ±  3.4
Ash 54.9 ± 8 .1 56.1 ±  8.4
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a co n sid e rab ly  b e tte r  p ro te in  d ig es tib ility  w as ob ta in ed  fo r th e  con tro l ra b b its  
(8 2 .1 % ) th a n  for th e  e x p e rim e n ta l ones (71 .4% ). H ow ever, h ere  th e  difference 
is o n ly  10.7%  as opposed  to  th e  12 .9%  fo u n d  in  ex p e rim en t A , w here th e  r a b 
b its  consum ed less p ro te in . T he d ifference is h igh ly  s ig n ifican t (P  <  0.001). 
A lth o u g h  th e  d ifference b e tw een  th e  p ro te in  d igestib ility  %  o b ta in e d  in  ex p eri
m e n t A  and  В is n o t s ig n if ic a n t, i t  suggests th a t  th e  ra b b its  w earing  collar are 
m o re  dep en d en t on th e  q u a n t i ty  and  q u a lity  of p ro te in  g iven in  th e  feed. In  th is  
e x p e r im e n t th e  d ig es tib ility  o f  N -free e x tra c ts  was b y  8 .2 %  h ig h er in  th e  con
tro l  an im als (P  <  0.01). C o n tra rily , F rag e  an d  De B ias (1977) fo u n d  th a t  caeco- 
t r o p h y  h ad  no s ig n ifican t in flu en ce  on th e  d igestib ility  o f n u tr ie n ts  serv ing  as 
e n e rg y  source.

T h e  question  arises w h e th e r i t  is possib le to  com pare th e  d igestion  o f ex 
p e r im e n ta l (collared) an d  c o n tro l (co n v en tio n a lly  k ep t) ra b b its . Y osh ida  e t al. 
(1971) show ed th a t  th e  s tre ss  c o n s titu te d  b y  f ittin g  up  th e  ra b b its  w ith  a collar 
to  p re v e n t caeco trophy  d id  n o t  cause a n y  sign ifican t change in  th e  com position  
o f  e ith e r  th e  solid or th e  so ft faeces. P ro to  e t al. (1968) a n d  S tephens (1976) 
fo u n d  th a t  if  a g o o d -q u a lity  feed w as offered , co llar-w earing  c o n s titu te d  a 
g re a te r  stress for th e  an im als  th a n  th e  s lig h t decrease o f n u tr ie n t  d igestib ility . 
O u r re su lts  do n o t c o n tra d ic t  th is  s ta te m e n t.

D ue to  the  p re v e n tio n  o f caeco tro p h y , th e  d igestib ility  o f n u tr ie n ts  u n d e r
w e n t a negligible decrease  in  b o th  o f th e  p resen t ex p erim en ts . In  ou r opin ion , 
th e  s ig n ifican tly  h ig h er d ig es tib ility  o f  N -free ex trac ts  o bserved  fo r th e  con tro l 
r a b b i ts  in  experim en t В w as th e  consequence o f th e  increased  p ro te in  co n ten t 
o f  th e  feed. This h igher p ro te in  c o n te n t m u s t have  forced  th e  ra b b its  to  u tilize 
en e rg y  b e tte r . The cause o f im p ro v ed  p ro te in  d igestib ility  is d iscussed in  th e  
fo llow ing .

S tu d ie s  on nitrogen metabolism

I n  experim en t A  (T ab le  V II) , th e  ex p erim en ta l ra b b its  to o k  up  2.13 g, 
w h ile  th e  controls 2.22 g, N  from  th e  feed . T he stress c o n s titu te d  b y  f i t t in g  up 
th e  r a b b its  w ith  a co llar re su lte d  in  a s lig h t (4 .5% ) decrease o f  feed consum ption  
a n d  N  in tak e . The N q u a n t i ty  p re sen t in  th e  faeces ex cre ted  b y  th e  experim en
t a l  an im als  in  one d a y ’s tim e  w as 0.80, w hile in  th a t  o f th e  con tro ls 0.55 g. 
T h e  difference (0.25 ^  0.04 g /ra b b it/d a y )  is sign ifican t. T h u s, in  a d d itio n  to  
th e  N  ta k e n  up from  th e  feed , th e  co n tro l ra b b its  to o k  up  an  e x tra  0.25 g N 
f ro m  th e  soft faeces; th e ir  o vera ll N u p ta k e  was 2.47 g (by  15 .7%  m ore th a n  
t h a t  o f  th e  ex p erim en ta l ra b b its ) . In  th e  ex p erim en ta l an im als  th e  q u a n tity  of 
a b so rb e d  N com ing fro m  th e  d igestib le  p ro te in  o f th e  feed  w as 1.33 g /day  
(6 2 .4 % ), w hereas in  th e  co n tro l ones 1.92 g /day  (77 .7% ), 0.59 g m ore th a n  in  
th e  exp erim en ta l ra b b its . T h is w as due  to  th e  increased  N  u p ta k e  on th e  one 
h a n d  an d  caeco trophy  on  th e  o th e r.
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A ccording to  Y oshida e t a l. (1968), th e  m icroorgan ism s o f th e  d igestive 
t r a c t  are able to  im prove th e  b io log ica l value of p ro te in s  p re se n t in  th e  so ft 
faeces w hich th e  r a b b it  can u tiliz e  th ro u g h  caeeo trophy . T h is increase in  th e  
bio logical value o f th e  soft faeces p ro te in s  can be tra c e d  b a c k  n o t only  to  m icro 
b ia l a c tiv ity  b u t  also to  th e  co n siderab le  num ber o f m u co sa l ep ithe lia l cells 
d e tach ed  from  th e  in te s tin a l w all a n d  to  th e  secretion  o f  d ig estiv e  ju ices in  th e  
in te s tin a l t r a c t  as well (M arty  a n d  R a y n a u d , 1963). Y o sh id a  (1971) found  th a t  
th e  q u a lity  of p ro te in s  p resen t in  th e  so ft faeces of r a b b its  w as superior to  th a t  
o f th e  feed p ro te in s . T herefore, i t  w as expected  th a t  th e  c o n tro l anim als u tilize  
th e  add itio n a l N o b ta in ed  th ro u g h  caeeo trophy  b e tte r  (as a biologically  m ore 
v a lu ab le  p ro te in ) th a n  th e  e x p e rim e n ta l rab b its  th e  b io log ica lly  less v a lu ab le  
p ro te in s  of th e  feed. C o n tra rily , th e  experim en ta l a n im a ls  excre ted  less N 
(0.86 g) daily  in  th e  u rine  th a n  th e  con tro ls  (1.03 g). T h e  d ifference is n o t sig
n if ic a n t b u t is suggestive of th e  a d a p ta b il i ty  of th e  o rg an ism  to  com pensate  for 
a p ro te in  supp ly  o f poorer q u a lity  a n d  lesser q u a n tity . T h e  excess u r in a ry  ex 
c re tio n  of N  observed  for th e  c o n tro l rab b its  allows u s  to  conclude th a t  th e  
u tiliz a tio n  of th e  su rp lus p ro te in  o rig in a tin g  from  th e  co n su m ed  so ft faeces is 
w orse th a n  th a t  o f  th e  feed p ro te in s . I n  th e  opinion o f Y o sh id a  e t al. (1971) th is  
q u estio n  could be e luc ida ted  b y  feed in g  soft faeces to  g e rm free  an d  conven tional 
ra b b its . H ow ever, germ free ra b b its  do n o t consum e th e ir  so ft faeces.

In  sp ite  of th e ir  h igher u r in a ry  N  excretion , th e  N  re te n tio n  of the  con tro l 
ra b b its  (0.89 g) exceeded  th a t  o f th e  collar-w earing ra b b its  (0.47 g). The d iffe r
ence is 0.42 g /d ay /an im al and  is h ig h ly  sign ifican t (P  <  0 .001). T his corresponds 
to  2.6 g p ro te in  an d  is 17.0%  o f th e  consum ed N.

In  ex p erim en t В (Table V I I I )  th e  exp erim en ta l an im als  to o k  u p  3.03 
w hile th e  con tro ls 3.22 g (6 .2%  m ore) N from  th e  feed . I n  th e  ex p erim en ta l 
ra b b its , th e  faeces excre ted  d a ily  co n ta in ed  0.82 g, w h ile  t h a t  o f th e  con tro ls 
s ig n ifican tly  (P  <  0.01) less, o n ly  0.58 g N (the difference b e in g  0.24 ^  0.11 g).

Table VII

Results o f the nitrogen balance

E xperim en t A

Experimental rabb its  _ , . . .  . ..
(n =  4) Control rabbits (n =  4)

g %  g %

N  taken up with the feed, g/anim al/day 2.13 ± 0.34 100 2.22 ± 0.31 104.5
N  excreted in the faeces, 0.80 ± 0.17 37.5 0.55 ± 0.18 24.7
N  taken up from the faeces, — 0.25 ± 0.04 11.2

Total N  intake, 2.13 ± 0.34 100 2.47 ± 0.33 115.7

N  absorbed after digestion, 1.33 ± 0.21 62.4 1.92 ± 0.24 77.7
N  excreted in the urine, 0.86 ± 0.22 40.4 1.03 ± 0.32 41.7
N  retention, 0.47 ± 0.12 22.0 0.89 ± 0.22 36.0
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Table VIII

Results of the nitrogen balance

E xperim en t В

Experim ental rabbits 
(n = 4) Control rabbits (iл =  4)

g % g %

N taken up with the feed, g/anim al/day 3.03 ±  0.27 100 3.22 ±  0.29 106.2
N  excreted in the faeces, 0.82 ±  0.23 27.5 0.58 ± 0 .1 2 18.0
N  taken up from the faeces, — - 0.24 ±  0.11 7.4

T otal N  intake, 3.03 ±  0.27 100 3.46 ±  0.27 113.6

N  absorbed after digestion, 2.21 ±  0.23 72.9 2.88 ±  0.29 82.9
N  excreted in the urine, 1.35 ±  0.29 44.5 1.73 ±  0.31 50.0
N  retention, 0.86 ±  0.26 28.4 1.15 ±  0.38 33.2

T h e  contro l ra b b its  to o k  u p  from  th e  faeces th e  sam e a m o u n t o f  N  as in experi
m e n t A. T heir to ta l  N  in ta k e  w as 3.46 g /an im al/d ay , b y  1 3 .6 %  m ore th a n  th a t  
o f  th e  experim en tal an im a ls . F o r th e  ex p erim en ta l r a b b its , th e  q u a n tity  of a b 
so rb ed  N coming fro m  th e  d igestib le  p ro te in s  o f th e  feed  w as 2.21 g (72.9% ), 
w hereas in  the co n tro l ra b b i ts  2.88 g (82 .9% ) of th e  to ta l  p ro te in  u p tak e  was 
a b so rb ed  (which is 0.67 g m ore th a n  th a t  o b ta in ed  fo r th e  exp erim en ta l an i
m als). The contro l r a b b i ts  ex c re ted  m ore (1.73 g) N  in  th e  u r in e  th a n  the  collar- 
w earin g  ones (1.35 g); th e  difference is n o t sign ifican t.

N re ten tio n  w as 1.15 g /d ay  in  th e  con tro l and  0.86 g in  th e  experim en ta l 
g ro u p . The d ifference, co rresp o n d in g  to  1.8 g p ro te in , is n o t  sign ifican t.

Conclusions

The N q u a n tity  ta k e n  u p  from  th e  so ft faeces was id e n tic a l in  angora ra b 
b its  given e ither a lo w er (12 .8% ) o r a h ig h er (16.7% ) p ro te in  d ie t, 120 g/day .

A low -protein  d ie t re su lte d  in  a 15 .9%  worse p ro te in  d ig es tib ility  (experi
m e n t A) in  the  ra b b its  p re v e n te d  fro m  p rac tis in g  c a e c o tro p h y  (experim en tal 
ra b b its )  as com pared  to  co n v en tio n a lly  k e p t (contro l) ra b b its .

W hen feeding a d ie t  o f h ig h er p ro te in  co n ten t (1 6 .7 % ), th e  difference 
b e tw een  the  tw o g ro u p s in  th e  p ro te in  d igestib ility  co effic ien t w as only 10%  
(ex p erim en t B).

In  b o th  e x p e rim e n ts  th e  q u a n ti ty  o f N  excre ted  in  th e  u rin e  was h igher 
in  th e  control ra b b its  th a n  in  th e  ex p e rim en ta l ones. T h e  d ifference  appeared  
to  be  more p ronounced  in  ex p e rim en t B ; how ever, i t  w as n o t  sign ifican t in 
e i th e r  case.

A t a lower p ro te in  level, caeco tro p h y  resu lted  in  a s ig n if ic a n tly  higher N 
re te n tio n  in the  co n tro l an im als  as com pared  to  th e  e x p e rim e n ta l ones. In  ex-
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p é r im e n t В also, th e  con tro l r a b b its  show ed a h igher N  re te n tio n  th a n  th e  e x 
p e r im e n ta l ones; how ever, th e  d ifference  betw een th e  tw o  g roups in N re te n tio n  
w as n o t  sig n ifican t.
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EFFECT OF CAECOTROPHY ON PROTEIN AND 
AMINO ACID METAROLISM OF ANGORA RARRITS

Jolán JÉcsAi, Mária T eleki  and В. J uhász

Departm ent of Physiology, Research Centre for Animal Breeding and N utrition, 
H -2053 H erceghalom , Hungary

(R eceived A ugust 1, 1984)

Experim ents were conducted w ith  angora rabbits to determ ine how the consum p
tion of high- and low-protein diets and prevention of caecotrophy influenced the protein  
and amino acid m etabolism . Caecotrophy was prevented by a p lastic collar.

The daily feed consum ption and the quantity  of excreted faeces were weighed, 
and the nitrogen and amino acid conten ts o f the collected faeces were determ ined.

The protein, amino acid and urea concentrations were determ ined in blood  
sam ples taken from the rabbits.

The faecal analyses revealed that, in addition to the protein content o f the feed, 
prevention of caecotrophy also influenced the nitrogen and am ino acid excretion.

In the control animals kept as usual 75 to 81% , whereas in the collar-wearing  
(experim ental) rabbits about 67 to 71% , o f the total N excreted in the faeces was am ino  
acid nitrogen.

In the control animals, the q u an tity  o f excreted amino acids calculated for iden
tical faecal N  am ounts (mg amino acid/g N ) exceeded that found for the experim ental 
anim als by 12.5%  in both experim ents (A  and B). When feeding low -protein d iets, the  
m ajority o f the excreted amino acids consisted  of non-essential, while for high protein  
diets of essential, amino acids.

The results o f blood analyses suggest th a t the quantity of amino acids in the blood  
plasm a can be an indicator of the anim als’ am ino-acid supply status.

The significantly better blood param eters (protein, total am ino acid N , urea) 
obtained for the control rabbits practisin g  caecotrophy and fed a low-protein diet (C rab
bits) indicate a higher protein and am ino acid utilization. In rabbits fed a diet o f higher 
protein content, the effect of caecotrophy was not significant.

Keywords. Caecotrophy, protein m etabolism , amino acid m etabolism , angora
rabbit.

C aeco trophy  p lays an im p o r ta n t ro le in  th e  n u tr itio n  an d  d igestive  p h y s i
o logy  o f th e  ra b b it . Since th e  end o f th e  la s t  c e n tu ry  several a u th o rs  (M oro th , 
1882; L ang , 1981) h av e  dea lt w ith  c a eco tro p h y ; how ever, its  com plex  m e c h a 
n ism  an d  effect on in te rn a l m etabo lic  p rocesses have no t been  fu lly  e lu c id a ted  
y e t.

In  th e  p resen t w ork  th e  effect o f p re v e n tio n  o f caeco tro p h y  on th e  am ino  
ac id  m etabo lism  o f angora ra b b its  an d  th e  changes occu rring  in  som e o th e r  
m e tab o lic  p a ram e te rs  o f ra b b its  fed  low - an d  h igh -p ro te in  d ie ts  w ere in v e s ti
g a ted .
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M aterials and  m ethods

Two series o f  e x p e rim e n ts  were c o n d u c ted . In  ex p e rim en t A th e  ra b b its  
w ere fed  a d iet o f lo w er (12 .8% ), while in  e x p e rim e n t В h ig h er (16.8% ), p ro te in  
c o n te n t. In  b o th  series o f  experim en ts b o th  th e  co n tro l (group  C; ra b b its  p ra c 
tis in g  caecotrophy) a n d  th e  ex p erim en ta l (g roup  E ; ra b b its  p rev en ted  from  
p rac tis in g  caeco tro p h y ) g roups com prised  4 a d u lt an g o ra  ra b b its  d esigna ted  
“ M edim a 98” ; 16 r a b b i ts  were used a lto g e th e r. T he an im als were k ep t in d iv id 
u a lly  in  m etabolic cages.

T he q u a n tity  o f  th e  consum ed feed  an d  ex cre ted  faeces was reco rded  
d a ily , and  the  n itro g en  (N ) an d  the  am ino-acids w ere d e te rm in ed  in th e  collected  
faecal sam ples.

In  bo th  e x p e rim e n ts  blood sam ples w ere ta k e n  from  th e  ear vein  on th e  
5 th  d ay  of feeding, a lw ay s  a t  th e  sam e tim e , before  th e  m orn ing  feeding.

The am ino ac id s  w ere de te rm ined  in  th e  feed , faecal an d  blood sam ples 
in  an  au to m atic  am in o -ac id  analyser (ty p e  BC-200). T he blood sam ples w ere 
dep ro te in ized  befo re  a ssay ed  (S tein  an d  M oore, 1954).

The p ro te in  c o n te n t  o f th e  blood p la sm a  w as d e te rm in ed  b y  th e  b iu re t 
m e th o d  (B álin t, 1962), an d  its  free am ino-ac id  N  c o n te n t according to  F o lin  
an d  D anielson.

The urea c o n c e n tra tio n  of th e  b lood  p la sm a  w as m easu red  by  th e  B e r th e 
lo t reac tion  (K lin isch es L ab . M erck, 1974).

F o r fu rth e r  m e th o d s , see th e  acco m p an y in g  p a p e r (Teleki e t al., 1985; p . 
41 in  th e  p resen t issue).

R esults

The resu lts o f  b o th  experim en ts (A an d  B) are  sum m arized  in T ab le  I .
In  ex p erim en t A , th e  average da ily  N  ex cre tio n  w ith  th e  faeces w as 0.55 g 

N fo r group C an d  0 .79  g N for group E . O f th e  to ta l  N  excre ted , 0.45 g N  an d  
0.53 g N was am in o -ac id  N in group C an d  g roup  E , resp ec tiv e ly ; th u s , 81 an d  
6 7 %  o f th e  to ta l  fa e c a l N was am ino-acid  N.

In  ex p e rim en t B , th e  average d a ily  N  ex cre tio n  w ith  th e  faeces o f th e  
co n tro l rab b its  w as 0 .57 g, o f w hich 0.43 g w as am ino-ac id  N. In  th e  ex p e rim en 
ta l  group of ra b b its  th e  average daily  N  ex c re tio n  w ith  th e  faeces w as 0.82 g, 
o f  w hich 0.59 g w as am in o -ac id  N. In  th is  e x p e rim en t, 75 an d  71%  of th e  e x 
c re ted  to ta l N w as am in o -ac id  N in th e  C a n d  E  an im als, respectively .

The re la tiv e  a m in o  acid  surp lus m easu red  in  th e  faeces of groups C is b e s t 
expressed  by  th e  a m in o  acid  q u a n tity  ca lcu la ted  fo r 1 g excre ted  N. T ab le  I I  
in d ica tes  th a t  in  b o th  ex perim en ts th e  to ta l  am ino  acid co n ten t (expressed in  
m g/g  N) of th e  faeces o f  con tro l ra b b its  (C) exceeded  on th e  average by  12.5%  
th a t  of the  e x p e rim e n ta l anim als (E ). In  e x p e rim en t A, all am ino acids, ex cep t
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Table I

D aily  faecal N  and amino-acid N excretion o f experim ental rabbits, g/day/anim al

Experim ent A Experim ent В

Groups
Control (C)

E xperim ental (E) 
(collared) Control (C)

Experim ental (E) 
(collared)

N excretion 0.55 0.79 0.57 0.82
Am ino-acid N  excretion 0.45 0.53 0.43 0.59
Amino acid N , in %  

of total N 81 67 75 71

N  =  nitrogen.

Table II

Amino acid contents o f the faeces, mg/g N

Amino acids
Experim ent A Experim ent В

Control Experim ental Control Experim ental

Aspartic acid 518 ±  84 480 ±  57 355 ±  34 490 ±  123
Threonine 300 ±  13 217 ±  10 282 ±  77 258 ±  12
Serine 282 ±  26 191 ±  11 282 ±  66 211 ±  16
Glutamic acid 809 ±  96 947 ±  86 627 ±  130 688 ±  83
Proline 318 ±  55 303 ±  44 300 ±  33 264 ±  9
Glycine 300 ±  23 204 ±  8 264 ±  67 199 ±  65
Alanine 363 ±  15 263 ±  16 436 ±  58 278 ±  52
Cystine 182 ±  74 138 ±  74 173 ±  52 126 ±  57
Valine 236 ±  26 256 ±  21 300 ±  29 212 ±  103
Methionine 181 ±  23 125 ±  50 273 ±  25 119 ±  70
Isoleucine 181 ±  30 151 ±  29 209 ±  33 172 ±  81
Leucine 418 ±  37 342 ±  67 400 ±  50 325 ±  92
Tyrosine 218 ±  25 164 ±  15 173 ±  17 152 ±  81
Phenylalanine 182 +  41 171 ±  17 209 ±  26 198 ±  41
Lysine 309 ±  39 257 ±  44 300 ±  65 265 ±  35
Histidine 181 ±  19 151 ±  35 155 ±  40 119 ±  34
Arginine 227 ±  24 211 ±  31 173 ±  16 212 ±  42

Total amino acid 5205 4571 4911 4288

g lu tam ic  ac id  an d  valine, were p resen t in  h ig h e r con cen tra tio n s in  th e  faeces 
of th e  C ra b b its  th a n  in  th a t  o f th e  E ra b b its , w hereas in  ex p erim en t В th e  sam e 
held  tru e  fo r all am ino  acids excep t g lycine, g lu tam ic  acid and  arg in ine .

In  b o th  ex p erim en ts  th e  faeces o f th e  C ra b b its  w as considerab ly  m ore  
a b u n d a n t in  m e th io n in e , cystine, leucine, ly sin e , th reo n in e , a lan ine, g lycine a n d  
serine th a n  th e  faeces of th e  E  ra b b its .

T ab le  I I I  show s th e  d is trib u tio n  o f  e ssen tia l and  non-essen tia l am ino ac ids 
in  th e  faeces o f th e  ra b b its , expressed in  m g/g  N . In  b o th  groups of e x p e rim e n t 
A th e  faeces co n ta in ed  m ore n o n -essen tia l am in o  acids, w hereas in  th e  faeces o f 
ra b b its  o f e x p e rim en t В th e  q u a n tity  o f e ssen tia l am ino acids was h igher. T ab le
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Table III

Distribution of amino acids in the faeces

E xperim en t A Experim ent В

. Experim ental 
Control rabb its  rabbits

_ . Experim ental 
Control rabbits rabbits

m g /g N
T otal amino acid content 5.21 4.57 4.91 4.29
E ssential amino acid content 2.40 2.02 2.76 2.22
Non-essential amino acid content 2.81 2.55 2.15 2.07

о/
/0

Essential/Total amino acids 46.1 44.2 56.2 51.8
Non-essential/Total am ino acids 53.9 55.8 43.8 48.2

Table IV

Blood plasma parameters o f the rabbits

Experim ent A Experiimént В

Control rabbits Experim ental rabbits Control rabbits Experim ental rabb its

T otal protein, g/1 71.7 ±  6.9 57.7 ± 1 0 .8 68.6 ±  9.3 60.2 ±  3.3
Urea, mmol/l 7.1 ±  0.7 9.6 ±  0.9 8.4 ±  1.3 9.3 ±  1.3
Am ino acid N, mmol/l 8.3 ±  1.2 5.9 ±  0.3 8.9 ±  0.8 8.3 ±  1.1

I I I  show s also th e  pe rcen tile  d is tr ib u tio n  o f  am ino acids. In  group E of e x p e r i
m e n t A, 4 4 .2 % , w h ile  in th e  con tro l r a b b its  o f th e  sam e ex p erim en t 4 6 .1 %  
o f th e  faecal am in o  acids was c o n s titu te d  b y  essen tia l am ino acids. In  b o th  
g ro u p s  of e x p e rim en t В th e  ra b b its  ex c re te d  m ore essen tia l th a n  n o n -essen tia l 
am in o  acids; in th e  faeces of ex p e rim en ta l ra b b its  51.8, w hereas in th a t  o f  th e  
co n tro ls  56 .2%  o f th e  to ta l  am ino acid c o n te n t w as essen tia l am ino ac id .

The free am ino  acid co n ten t o f b lo o d  p lasm a  sam ples w ith d raw n  a t  th e  
en d  o f  th e  e x p e rim e n ts  was d e te rm in ed , since th is  p a ra m e te r  in d ica te s  th e  
am in o  acid su p p ly  s ta tu s  of th e  ra b b its . F ig u re  1 shows th e  q u a n tita tiv e  d a ta  for

Fig. 1. Essential am ino acid contents o f the blood plasma in experim ents A and В
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Fig. 2. N on-essential am ino acid contents of the blood plasm a in experim ents A and В

th e  m easured  essen tia l am ino acids in th e  E  and  C g roups o f b o th  experim en ts. 
In  b o th  ex p erim en ts  arg in ine w as p resen t in  th e  h ig h est, w hile m eth ionine and  
cystine  in  th e  low est co n cen tra tio n s in  th e  b lood p lasm a . In  ex perim en t A th e  
blood p lasm a co n ta in ed  low co n cen tra tio n s of v a lin e  b o th  in  exp erim en ta l and  
con tro l ra b b its ;  fu rth e rm o re , all essen tia l am ino  ac ids w ere p resen t in  low er 
co n cen tra tio n s th a n  in  th e  b lood p lasm a o f th e  ra b b its  used  in  th e  second ex 
p e rim en t (ex p e rim en t B). T he b lood p lasm a o f co n tro l ra b b its  was re la tiv e ly  
rich  in  essen tia l am ino  acids in  b o th  experim en ts.

F igure  2 show s th e  q u a n tity  of non-essen tia l am ino  acids for b o th  ex p e ri
m en ts, in  th e  o rd e r of decreasing co n cen tra tio n . O f th e  non-essen tia l am ino 
acids glycine w as p re se n t in  th e  h ig h est, while ty ro s in e  in  th e  low est, c o n c e n tra 
tio n  in  th e  b lood  o f all an im als. In  ex p erim en t A th e  q u a n t i ty  of non-essen tia l 
am ino acids in  th e  E  ra b b its  was sligh tly  h igher, w hereas in  ex p erim en t В low er, 
th a n  in  th e  con tro ls .

Some o th e r  b lood  p lasm a p a ram e te rs  in d ica tiv e  o f p ro te in  and  am ino acid 
supp ly  s ta tu s  an d  u tiliz a tio n  were also de te rm in ed . In  ex p e rim en t A th e re  w ere 
large d ifferences b e tw een  th e  E  an d  €  ra b b its  in  th e  to ta l  p ro te in , u rea , and  
to ta l  am ino acid  c o n te n t of th e  blood p lasm a (T able IV ). T here  was a h ig h ly  
s ign ifican t (P  <  0.001) difference in  all th e  th ree  p a ra m e te rs  betw een  th e  tw o  
groups, in  fa v o u r o f g roup  C. In  ex p erim en t В th e re  w ere no sign ifican t d iffe r
ences betw een  th e  tw o  groups in  th e  above p a ra m e te rs  (P  >  0.05).

Discussion

A ccord ing  to  th e  resu lts  of th e  p resen t ex p erim en ts , th e  p ro te in  and  am ino 
acid m etabolism  o f th e  ra b b it  is s ig n ifican tly  in flu en ced , in  add ition  to  th e  
q u a n ti ty  and  q u a lity  o f d ie ta ry  p ro te in , b y  caeco tro p h y .
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A t b o th  d ie ta ry  p ro te in  levels th e  con tro l ra b b its  ex c re ted  m ore am ino 
ac id  N  in  th e  faeces th a n  th e  co lla r-w earing  ra b b its . S ev en ty -fiv e  to  83%  of the  
e x c re te d  to ta l faecal N  w as am in o -ac id  N  in  th e  C, while 67 to  71%  in th e  E 
g ro u p .

I t  can  be, th e re fo re , s ta te d  t h a t  b o th  th e  q u a n tity  an d  th e  q u a lity  o f th e  
e x c re te d  faecal N  w as in flu en ced  b y  caeco tro p h y . T he e x p e rim e n ta l ra b b its  
e x c re te d  n early  id e n tic a lly  less am in o -ac id  N  (61 and  71% ) a t  b o th  d ie ta ry  
p ro te in  levels, w hile th e  co n tro l an im als  ex cre ted , w ith in  th e ir  low er N  excre
tio n , m ore am ino-acid  N  in  b o th  ex p erim en ts .

A t b o th  d ie ta ry  p ro te in  levels, in  th e  faeces of con tro l ra b b its  th e  q u a n tity  
o f  ex c re ted  am ino ac ids ca lcu la ted  fo r th e  sam e faecal N (m g am ino  acid /g  N) 
ex ceed ed  th a t  fo u n d  fo r th e  e x p e rim e n ta l an im als by  12 .5%  on th e  average 
(T ab le  I).

A t th e  low er d ie ta ry  p ro te in  level n o n -essen tia l am ino  ac ids w ere p resen t 
in  a s ligh tly  h igher q u a n t i ty  in  th e  faeces o f b o th  th e  E  an d  th e  C g roup  (53.9 
v s . 5 5 .8% ), w hile a t  th e  h ig h er p ro te in  level th e  ex cre tio n  o f  essen tia l am ino 
ac id s  increased (51.8 v s. 56 .2% ).

B o th  the  p ro te in  a n d  am ino ac id  c o n te n t of th e  consum ed  feed an d  caeco
t ro p h y  were found  to  in flu en ce  th e  N  c o n te n t and am ino acid  com position  of 
th e  faeces, and th u s  also  th e  u tiliz a tio n  o f N and  am ino acids, a fa c t th a t  had  
b een  referred  to  b y  T h a c k e r  an d  B ra n d t  (1955) and  Y o sh ida  e t al. (1971).

T he am ino ac id  c o n cen tra tio n s  o f th e  blood can be good in d ica to rs  of 
e ssen tia l am ino acid  su p p ly . In  o u r ex p erim en ts  th e  e ssen tia l am ino  acid con
t e n t  o f th e  blood w as h ig h e r in  ra b b its  consum ing  th e  h ig h -p ro te in  feed of h igh 
er am in o  acid co n te n t.

In  b o th  e x p e rim e n ts  th e  e ssen tia l am ino  acid co n ten t o f th e  b lood  p lasm a 
w as h igher in  g roup  C th a n  in  g roup  E ; th is  m eans th a t  caeco tro p h y  exerted  
an  ad v an tag eo u s  in flu en ce  on th e  am ino  acid co n ten t o f th e  b lood . In  th e ir  
e x p e rim e n ts  A dam son  a n d  F isch er (1976) show ed th a t  th e  b lood  am ino  acid 
leve ls  are good in d ic a to rs  o f th e  am ino  acid  supp ly  s ta tu s ; how ever, th is  m eth o d  
c a n n o t be used fo r d e te rm in in g  th e  excess am ino acid sup p ly .

A t th e  low er d ie ta ry  p ro te in  level a h ig h ly  s ign ifican t d ifference was found  
b e tw een  th e  co n tro l a n d  ex p e rim en ta l g roups in  th e  to ta l  am ino  acid N and  
u re a  co n cen tra tio n  o f  th e  b lood, w hile a t  th e  h igher d ie ta ry  p ro te in  level th e  
d iffe rence  in  th ese  p a ra m e te rs  w as less expressed. T he re su lts  o f th ese  blood 
an a ly ses  suggest t h a t  caeco tro p h y  h as  a m uch  m ore effic ien t in flu en ce  on p ro 
te in  a n d  am ino acid  m e tab o lism  in  ra b b its  fed d iets m a rk e d ly  d efic ien t in 
e sse n tia l am ino acids th a n  in  ra b b its  fed  d ie ts  of m ore v a lu ab le  p ro te in  c o n ten t, 
t h a t  is, h igher e ssen tia l am ino  acid  c o n te n t. T hese resu lts  are  in  good ag reem en t 
w ith  o u r observa tions p u b lish ed  in  th e  accom pany ing  p a p e r (T elek i e t a l., 1985; 
see p . 41 in  th e  p re se n t issue) m ade on N m etabo lism  an d  n u tr ie n t  u tiliza tio n .
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IN VITRO STUDY OF BIDIRECTIONAL GLYCINE 
TRANSPORT IN PORCINE SMALL INTESTINE
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Science, H-1400 Budapest, P . O. B o x  2, H ungary
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The effect of pH , Zn and Na on glycine (G ly) absorption was investigated ill v itro ,  
in everted in testina l sacs prepared from porcine jejunum . The 5-cm -long sacs were b a th ed  
in K owarski’s chloride solution (K owarski et ah, 1974) o f 20 different com positions, 
containing 29 .6-59.2  kBq/m l 3H-Gly a n d l5 m m o l/l nonlabelled Gly, at 37 °C for 60 m in, 
under 0 2- C 0 2 perfusion. The pH of the solutions was adjusted to 7.4, 6.8 and 5.8, w ith  
Zn concentrations of 0, 50 or 200 m g/kg, respectively , w ith or w ithout Na. The sod ium - 
free m edia contained 0.3 mol/1 m annitol instead  o f NaCl. In addition  to these, Zn-free 
and N a-containing bathing (mucosal) solutions (pH  6.8) of 0.5 mmol/1 2,4-dinitrophenol 
(D N P ) or 10 mmol/1 sodium iodoacetate (N a lA ) content were also prepared. In all cases 
2 ml K rebs-R inger-H C 03 (K R ) solution (pH  7.4), containing 18.5-25.9  kBq/m l 14C-Gly 
and 15 mmol/1 nonlabelled Gly was inside the sac (on the serosal side). Transport data  
were evaluated b y  analysis of variance (A N O V A ) and by a one- or two-sam ple t test. 
Correlations and regressions were also calculated .

The G ly transport was sodium -dependent in both directions; this dependence  
primarily occurred in  uphill efflux processes. In  the absence of sodium , the efflu x  from  
the tissue in to  the mucosal solution decreased by 40-86%  in the different groups, 
whereas th at from  the tissue into the serosal solution  by 35-77% . Such a decrease could  
be observed in  downhill transport processes tow ards the tissue as well. The q u a n tity  o f  
Gly transported from  the mucosal solution in to  the tissue decreased by 16-48%  in  the  
different groups. In the absence of sodium , w ith  the exception of one case, the serosal 
solution tissue transport values were also lower, m axim um  by 68% . However, accord
ing to the A N O V A the lack of Na failed to  cause a significant difference in the la tter  
process. The interaction  between the effects o f  sodium  and pH  was significant: on th e  one  
hand, the effect o f N a + decreased at a pH  sh ift to the strong acidic direction; on  the  
other hand, pH  exerted  an effect on transport on ly  in the presence of N a + (it decreased  
the uphill e fflu x  from  the cell in both directions). In the presence of N a +, the Zn sa lt  
reduced the e fflu x  from the tissue towards th e  serosa. Since m axim um  one-third o f  the  
Gly taken up by the tissue from the m ucosal solution  was transported into the serosal 
solution during the 1-h period of study, passage across the hasolateral membrane from  
the tissue tow ards the serosal solution seem ed to  be the lim iting step of transport. 
In the experim ent where D N P  was used instead  of m annitol, results o f a similar trend  
and m agnitude were obtained. Sodium iodoacetate  (N a lA ) further decreased the tran s
port. The difference betw een values obtained in  the presence and absence of N a + is 
considered to  be the sodium -dependent fraction  of Gly transport. Parallel w ith th e  rise 
in  the concentration of the Zn salt, the N a +-dependent fraction of Gly enriching w ith in  
the cell increased. A ttention  should be paid to  the physiological fluctuation of the w ater  
content of the intestinal tissue. There was a significant correlation between the increase  
of the water conten t o f the intestinal tissue and the quantity o f Gly that entered from  
the m ucosal so lution  or from the m ucosal +  serosal solutions. Possible m echanism s of 
action of the effects o f pH and Zn are discussed.

K eywords. Glycine (Gly), transport, p ig , jejunum , 3H -Gly, 14C-Gly, in vitro, z inc,
pH .
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D u rin g  th e  la s t  tw o  decades n u m e ro u s  d a ta  have been  o b ta in ed  on th e  
ch a ra c te ris tic s  o f g lycine (Gly) tra n s p o r t .  I n  th e ir  stud ies p erfo rm ed  w ith  is o la t
ed  cells, O xender and  C hristensen  (1963) d e m o n s tra te d  th e  ex istence o f  fo u r 
am ino-ac id  tr a n s p o r t  sy stem s (A, L, L y +, a n d  ASC) and  a specific G ly -tran s- 
p o rtin g  fu n c tio n  in  p igeon  red  b lood  cells. T here are overlaps be tw een  th e  
in d iv id u a l tra n sp o r tin g  system s. T he in f lu x  of Gly in to  th e  cell is m e d ia te d  
m a in ly  b y  sy stem  A a n d , to  a lesser e x te n t ,  b y  system  ASC; co rrespond ing ly , 
G ly tr a n s p o r t  show s s tro n g  p H -d ep en d en ce . S ystem  A ren d ers  possible s tro n g ly  
u p h ill processes; how ever, i t  is v e ry  se n s itiv e  to  te m p e ra tu re , anox ia  an d  m e ta 
bolic in h ib ito rs  b o th  in  m esenchym al a n d  ep ith e lia l cells, an d  is s tro n g ly  N a- 
d e p e n d e n t (C hristensen  e t ah , 1952; G u id o tt i  e t ah, 1978). P ara lle l w ith  a c id i
f ic a tio n  of th e  m ed iu m , th e  role o f sy s te m  L in  Gly tra n s p o r t  g rad u a lly  in 
creases; how ever, th e  se lec tiv ity  of th e  t r a n s p o r t  decreases (G u id o tti e t  ah , 
1978).

A ccord ing  to  th e  investig a tio n s o f  G u id o tti  e t ah (1978) th e re  is l i t t le  d if
ference  betw een  th e  tra n s p o r t  system s o f th e  d ifferen t tissu es . O th er re sea rch  
w orkers t r e a t  th e  tissu es  w ith  a b so rp tiv e  fu n c tio n s sep a ra te ly . In  th e  r a b b i t  
ileu m , a t  le a s t tw o  sy stem s p a r tic ip a te  in  th e  tra n sp o rt o f n e u tra l am ino acids 
(M unck, 1981; P a te rso n  e t ah , 1979). I n  th e  absence of sod ium , Gly is ab so rb ed  
less easily  th a n  th e  n e u tra l  am ino acids o f  lo n g er carbon  ch a in  (S m ith , 1983).

A lthough  n u m ero u s  am ino-acid  a b so rp tio n  ex p erim en ts  have been  co n 
d u c te d  w ith  n u tr i t io n a l  purposes, th e  l i te r a tu r e  is poor in  am ino-acid  tra n s p o r t  
s tu d ie s  o f basic  re sea rch  n a tu re , p e rfo rm ed  in  pigs. R ecen tly , H arm ey er e t  ah 
(1974) h av e  s tu d ie d  in  pigs th e  fa c to rs  in flu en c in g  th e  ab so rp tio n  of am ino  
acids. E a rlie r, th e  p re se n t au th o rs  e x a m in e d  th e  effect o f th e  Zn sa lt c o n te n t o f 
th e  feed on th e  a b so rp tio n  of Gly a n d  o th e r  am ino acids in  T h iry -V ella -ty p e  
iso la ted  in te s tin a l loop  (Sim on an d  B o ld izsá r, 1974; B old izsár an d  S im on, 
1980a, b). T he  increase  o f Z n S 0 4 c o n te n t w as found  to  enhance  th e  a b so rp tio n  
of G ly an d , to  a lesser e x te n t, a sp a rtic  ac id  (A sp), h ad  no effect on th e  a b so rp 
tio n  o f th e  o th e r  n e u tra l  am ino acids s tu d ie d , an d  s trong ly  in h ib ited  th e  a b so rp 
tio n  o f a rg in ine  (A rg). I n  p er os a r ra n g e m e n t, th e  Zn sa lt ad d ed  to  th e  am ino- 
acid  m ix tu re  u su a lly  slow ed dow n an d  p ro lo n g ed  the  ab so rp tio n  of am ino  acids 
(B o ld izsár an d  S im on, 1980a,).

In  th e  p re se n t w ork , th e  steps o f  th e  G ly  abso rp tio n  process w ere s tu d ie d  
in  v itro , in  po rc ine  sm all in te stin e , in  th e  presence or absence of N a +, a t  d if
fe re n t p H  v alues an d  Zn co n ten ts , u sin g  14C-Gly and  3H -G ly .

Materials and methods
E xperim en ta l an im als

E ig h t D u tch  L an d race  X H u n g a ria n  Large W hite  pigs of 19 to  35 kg 
b o d y  m ass w ere used . Before th e  e x p e r im e n t th e  pigs w ere fa sted  fo r 16 h ; 
w a te r  w as p ro v id ed  ad  lib itum .
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D escrip tion  o f  the operation

A t th e  beg inn ing  o f th e  ex p e rim en t 25 m g/kg  body  m ass In a c tin  an d  28 
m g/kg  b o d y  m ass R elax il-G  w ere g iven in trav en o u sly , in  a self-dosing system , 
u n ti l  an aesth esia  w as reach ed . T he a b d o m in a l w all w as opened ; th e  b lood  ves
sels w ere lig a ted , an d  1.5 m from  th e  caecum  in oral d irec tion  6 cm  long  seg
m en ts  w ere excised from  th e  m iddle  p a r t  o f th e  je ju n u m  (five segm en ts each 
on th e  r ig h t and  th e  left). T he m ass o f th e  in te s tin a l segm ents w as w eighed. 
B e tw een  th e  segm ents, 1-cm -long p o rtio n s  w ere excised for d e te rm in a tio n  of 
d ry  m a tte r  co n ten t. T he in te s tin a l segm en ts w ere liga ted  h a lf  c e n tim e tre  from  
th e  tw o  ends, th u s  th e  average  len g th  o f  th e  in te s tin a l sac was 5 cm . T en  in te s 
t in a l  segm ents w ere excised from  each  a n im a l; th u s , to g e th e r w ith  th e  1-cm- 
long  p o rtio n s a 65-cm -long segm en t o f th e  in te s tin e  was used. E xcisions were 
p erfo rm ed  a t  3 -4  m in  in te rv a ls . A fte r th e  excision  o f in te s tin a l segm en ts th e  
pigs w ere k illed b y  b leeding.

I n  vitro method

T h e excised in te s tin a l segm en t w as w ashed  in  ice-cold saline, m o istu re  
w as b lo tte d  up from  its  su rface , th e  segm en t w as b e n t to  a loop, lig a ted  a t  one 
en d , suspended , an d  2 m l K re b s-R in g e r-H C 0 3 (K R ) so lu tion  o f p H  7.4, was 
in je c te d  in to  it. S u b seq u en tly  th e  o th e r en d  of th e  sac was also lig a te d  an d  th e

Fig. 1. Schem e of the in vitro system
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sac w as tied  on to  a lo o p ed  glass ro d  an d  fixed  in  th e  in cu b a tio n  dish (F ig . 1). 
E ig h t to  9 m in e lap sed  betw een  the  lig a tio n  o f th e  in te s tin a l segm ent an d  its  
p lac in g  in to  th e  m ed iu m . T he p re p a ra tio n  tim e  n eeded  to  m ake a sac o f  th e  
excised  in te s tin a l seg m en t w as 2 m in . T he m ed ium  o u tside  th e  sac w as a ch lo ride 
so lu tio n  according to  K ow arsk i e t al. (1974), th e  com position  o f w hich v a ried  
acco rd in g  to  th e  p u rp o se  of th e  ex p erim en t. T he ex p erim en t was ca rried  
o u t in  a 20-m l, d oub le-w alled  glass d ish  a t  37 °C. A m ix tu re  of 95%  0 2 an d  
5 %  C 0 2 was p erfu sed  th ro u g h  th e  dish a t  a ju s t  co u n tab le  bubb le  speed . 
A fte r  60 m in th e  sacs w ere rem oved  from  th e  d ish  in  th e  sam e sequence as 
th e y  h a d  been p laced  in to  i t ,  w ere w ashed th o ro u g h ly , m oistu re  w as b lo tte d  
u p  fro m  th e ir  su rface , th e n  th e  co n ten ts  o f th e  sacs w ere em p tied  in to  te s t  
tu b e s  an d  th e ir  v o lu m es w ere m easured . T he sacs w ere rin sed  o u t w ith  2 m l 
K R  so lu tion  and  filled  u p  to  5 m l. Tin; m ass o f th e  e m p ty  sac was w eighed, its  
tw o  ends were c u t off, an d  th en  th e  5-cm m idd le  p o rtio n  was w eighed aga in . 
A n a p p ro x im a te ly  0.5 g p a r t  of th is  was hy d ro ly sed  d u rin g  h ea tin g  in 2 m l 4 0 %  
K O H  and  reserved  fo r ra d io a c tiv ity  m easu rem en t. A t th e  end of th e  ex p erim en t 
th e  a c tiv ity  of th e  d ry  m a tte r  co n te n t of th e  sac w as de te rm ined .

So lu tions

T he serosal so lu tio n  was a K R  so lu tion  to  w hich  18.5-25.9 kB q/m l 14C-Gly 
an d  15 mmol/1 no n lab e lled  Gly w ere added .

O n the  m ucosa side th e re  w ere K o w arsk i’s so lu tions, con ta in ing  29.6 to
59.2 k B q  3H -G ly a n d  15 mmol/1 non labelled  G ly, an d , in  th e  sodium -free so lu 
tio n s  0.3 mol/1 m a n n ito l in stead  of N aCl. T he p H  o f th e  m ucosal so lu tions w as 
a d ju s te d  to  7.4, 6.8 a n d  5.8. F ro m  all so lu tions, so lu tions of 0, 50 and  200 m g/kg  
Z n co n cen tra tio n  w ere p rep a red  b y  add ing  Z n S 0 4x 7  H 20 .  F u rth e rm o re , Zn- 
free  m ucosal so lu tions co n ta in in g  0.5 mmol/1 D N P  or 10 mmol/1 N a lA , p H  6.8, 
w ere  also m ade. T h e  re su lts  w ere ca lcu la ted  to  id en tica l specific ac tiv itie s .

Radioisotope m easurem ent technique

A t th e  beg in n in g  an d  a t  th e  end  of th e  ex p e rim en t 0.1 ml of each so lu tio n  
w as m easured  in to  10 m l P a c k a rd  In s tag e l sc in tilla tio n  so lu tion ; th e  m ix tu re  
w as sh ak en  th o ro u g h ly , an d  th e  ac tiv ities  o f th e  so lu tions w ere m easu red  in  
a P a c k a rd  T ricarb  in s tru m e n t in  3H  an d  14C channe ls. T he background  a c tiv ity  
v a lu es  o f the  c u v e tte s  w ere dete rm in ed  p rev iously . T he efficiency of th e  m ea 
su re m e n t was d e te rm in e d , using s ta n d a rd s  o f know n  ex tin c tio n  valu es; th e  
a c t iv i ty  of 14C-Gly w as m easured  also in  th e  3H  channel.
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M athem atical analysis

A th ree -w ay  analysis o f v a rian ce  (ANOVA) w ith  tw o  in te rd ep en d en t 
v a riab les  (p H  and  Zn) an d  one in d ep en d en t v a riab le  ( N a +) w as perform ed, 
using th e  R 40 co m p u te r o f th e  E ö tv ö s L o rán d  U n iv e rs ity  o f  A rts  an d  Sciences, 
B u d ap est, according to  th e  B M D P2V  p rog ram m e o f D ixon  a n d  B row n (1970).

In  som e cases S tu d e n t’s t te s t  fo r one or tw o  sam ples w as used , and  cor
re la tio n s and  lin ear regression  were ca lcu la ted .

Results

T he tra n sp o r t  o f G ly, in  accordance  w ith  its  fu n c tio n , w as d irec ted  m ostly  
to w ard s th e  serosal so lu tio n . A lthough  a t  th e  beg inn ing  o f th e  ex p erim en t th e  
q u a n ti ty  of non labelled  G ly w as th e  sam e (15 mmol/1) on b o th  th e  m ucosal and 
th e  serosal side, a f te r  60 m in 5 -1 0  tim es as m uch labelled  G ly h a d  m oved to  th e  
serosal side as to  th e  m ucosal side. Tw o to  th ree  tim es as m uch  G ly en te red  the  
in te s tin a l tissue  from  th e  m ucosal side as from  th e  serosal side. T h u s , e.g. from  
a N a +-co n ta in in g , Z n-free so lu tio n  o f p H  7.4, a b o u t o n e -th ird  o f  th e  G ly th a t  
en te red  from  th e  m ucosal side w as tra n sp o r te d  to  th e  serosal side (2504 X Ю3 
dpm /g  d ry  m a tte r) , w hile tw o -th ird s  (5153 X 103 dp m /g  d ry  m a tte r )  w ere re ta in 
ed in  th e  tissues. O nly  o n e-six th  (333 X 103 dpm /g  d ry  m a tte r )  o f  th e  m uch less 
labelled  G ly en te rin g  from  th e  serosal side was tra n sp o r te d  to  th e  m ucosal side, 
and  5/6 rem ained  in  th e  tissues (T able IA  and  B).*

T h e  am ino acid c o n te n t o f th e  in te s tin a l w all becam e considerab ly  en 
riched  w ith in  60 m in : in  th e  p resence o f N a + u p  to  5 .9 -9 .4  mmol/1 tissue  w a te r 
in th e  d ifferen t ex p e rim en ta l g roups (3 9 -63%  of th e  o u ts id e  co n cen tra tio n ); 
in  th e  absence of N a + u p  to  4 .3 -5 .5  mmol/1 (29—37%  of th e  o u ts id e  co n cen tra 
tio n ; T ab le  I I ) .  In  th e  case o f a N a +-con ta in ing , Zn-free m ucosal so lu tion  of 
p H  7.4, 26%  of th e  to ta l  G ly th a t  en te red  th e  tissu e  (9649 d p m /g  d ry  m a tte r) 
was tra n sp o r te d  to  th e  serosa side, on ly  3 .4%  to w ard s  th e  in te s tin a l lum en, 
w hile m ore  th a n  70%  o f i t  rem ain ed  in  th e  tissue . I n  th e  p resence  o f  N a +, Zn 
resu lted  in  a red u c tio n  o f th e  G ly e fflux  from  th e  tissu e  to w a rd s  th e  serosal 
so lu tion , w hich c o n tr ib u te d  to  its  en rich m en t in  th e  in te s tin a l tissue .

G ly tra n sp o r t  show ed a sod ium -dependence  in  b o th  d irec tio n s. A ccording 
to  th e  ex p ec ta tio n s, th is  o ccu rred , fo r th e  m ost p a r t ,  d u rin g  u p h ill processes, 
i.e. d u rin g  Gly efflux from  th e  tissu e  to w ard s  th e  m ucosal so lu tio n  or th e  serosal 
so lu tion . T he difference be tw een  values o b ta in ed  in  th e  p resence  an d  absence

’ N aturally , the a c tiv ity  obtained for the intestinal tissue m eans not on ly  the Gly taken  
up by the intestinal epithelial cells, bu t also the amino acids th a t had already been transported  
into the extracellular space; therefore, in a kinetic analysis, determ ination o f the extracellular 
space of the intestinal tissue is essential (Sm ith, 1983).
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Table IA

Sixty-m in  transport values o f  3H- and 14C-labelled glycine (Gly) in vitro (x  ±  SD 10 3 dpni/g
dry matter)

A )  NaCl-containing mucosal solution

Zn-free 50 mg/kg Zn 200 mg /kg Za

pH M ucosa---- ► Cell
Mucosa ■*---- Cell

C ell-----► Serosa
Cell -<-—  Serosa

M ucosa---- >- Cell
Mucosa -*-----Cell

C ell---- ► Serosa
Cell —  Serosa

M ucosa-----*• Cell
Mucosa —  Cell

C ell---- *■ Serosa
Cell -*•—  Serosa

7.4
5153±1446 2 5 0 4 ± 1 1 0 4 5 9 4 8 ± 2512 2499 ± 8 9 7 4 8 3 8 ± 1 0 9 7 1855±593

333±201 1 6 5 9 ± 1 0 8 9 3 8 4 ± 1 0 9 2301±2310 4 3 2 ± 2 7 3 3231±1806

6.8
5834±554 1 5 9 5 ± 3 7 8 6576± 2147 1313±2022 7073± 2465 1093± 634

327±189 1 8 4 8 ± 1 7 2 5 3 3 9 ± 2 0 7 2331±2022 2 6 7 ± 1 4 4 2745±2157

5-8
5793±746 1 1 4 1 ± 1 1 4 4 4 9 7 2 ± 8 8 2 7 2 7 ± 483 4 9 1 9 ± 8 9 7 1021±1091

177±81 1 7 2 2 ± 1 0 8 9 1 0 8 ± 7 8 1356±948 1 2 6 ± 8 7 1221±831

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

(0 Zn) 1 1 1 ± 9 9 1776±1308 (0 Zn) 5 1 ± 3 6 1506±1284

D N P =  2, 4-dinitrophenol; N a lA  =  sodium iodoacetate.

Table IB

S ix ty -m in  transport values o f 3H -and 14C-labelled glycine (G ly) in v itro (x  ±  SD 10~3 dpm /g
dry matter)

B )  M annitol-containing mucosal solution

Zn-free 50 mg/kg Zn 200 m g/kg Zn

pH M ucosa---- ► Cell
Mucosa ■*—  Cell

C e ll-----*- Serosa
Cell -*•-— Serosa

Mucosa---- *■ Cell
Mucosa-«-—  Cell

Cell---- ► Serosa
Cell -«-----Serosa

M ucosa---- *- Cell
Mucosa —  Cell

Cell---- *- Serosa
Cell —  Serosa

7.4
4342±1088 5 6 8 ± 2 9 8 3 8 3 5 ± 1112 5 7 1 ± 3 6 6 3 6 1 8 ± 4 0 2 5 8 4± 364

7 2 ± 1 5 1 2 4 2 ± 6 9 9 9 6 ± 4 8 1173±846 60 ± 3 0 1263 ± 9 4 8

6 .8
4564±2020 8 6 1 ± 5 9 3 341 0 ± 4 3 5 8 4 2 ± 693 3 8 7 8 ± 5 0 8 4 9 3 ± 3 5 7

8 1 ± 2 7 1 1 5 5 ± 5 8 5----------- 8 4 ± 3 0 8 1 0± 525 6 3 ± 2 7 1146±576

5.8
4098±823 4 5 0 ± 6 2 3 5 8 1± 1160 474±291 3 7 9 4 ± 4 7 4 4 3 1 ± 4 8 9

7 2 ± 5 1 1 4 2 5 ± 6 3 9 6 3 ± 1 8 1443±891 7 5 ±  15 1248±921

o f  N a + can be co nsidered  th e  N a +-d ep en d en t frac tio n  o f G ly tra n sp o r t . Com
p a r in g  th e  resu lts  o b ta in e d  w ith  th e  N aC l-con tain ing  an d  th e  m a n n ito l-co n ta in 
in g  m ucosal so lu tions i t  ap p ea rs  th a t  in  th e  absence o f N a + th e  e fflux  from  th e  
tis su e  in to  th e  m ucosal so lu tio n  decreased  b y  4 0 -8 6 %  in  th e  d iffe ren t groups 
(P  <  0.05): th u s , fo r th e  Z n-free m ucosal so lu tion  o f p H  7.4 it  decreased  from  
333 to  7 2 x l 0 3 d p m /g , i.e. b y  7 9 % ; th e  efflux  to w a rd s  th e  serosal so lu tion
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Table II

Accum ulation of glycine (Gly) in the intestinal tissue 
(/imol Gly/ml tissue water)

Mucosal solution Na-containing Mannitol-containing

Zn content, 
mg/kg 0 50 200 0 50 200

7.4 6.55
± 2 .1 3

7.97
± 4 .3 7

7.79
± 1 .8 2

5.39
± 1 .4 2

4.84
± 1 .8 8

4.71
± 1 .2 6

pH 6.8
7.42

± 1 .1 5
*5.48

± 1 .6 2
**4.29
± 1 .7 1

8.61
± 3 .3 7

9.02
± 3 .6 5

5.52
± 1 .8 5

4.08
± 0 .8 7

4.85
± 0 .9 2

5.8 7.26
± 1 .1 9

6.12
± 1 .5 2

5.95
± 1 .0 5

5.33
± 0 .9 9

4.85
± 1 .1 6

4.87
± 0 .9 9

* D N P-containing solution; ** N alA -containing solution.

decreased  b y  3 5 -7 7 %  (P  <  0.05). I n  dow nhill p rocesses th e  effect of N a + w as 
less p ronounced , b u t  s till p resen t: th e  in flu x  o f  G ly  fro m  th e  m ucosal so lu tio n  
in to  th e  tissue  dec reased  b y  1 6 -48%  (P  <  0.02). W ith  th e  exception  o f  one 
group , th e  m ean  v a lu e s  o b ta in ed  fo r G ly  t r a n s p o r t  fro m  th e  serosal so lu tio n  
to w ard s th e  tissu e  w ere also low er in  th e  absence o f N a + (m ax im u m  b y  6 5 % ); 
how ever, accord ing  to  th e  ANOVA, th e  effect w as n o t sig n ifican t in  th is  re sp ec t 
(F igs 2a an d  2b).

A ccording to  th e  ANOVA, th e  effects o f N a + an d  p H  w ere in  sign ifican t 
in te ra c tio n  (P  <  0 .01), expressed  p a r tly  in  th e  fa c t th a t  th e  effect o f N a + on 
th e  tra n sp o r t  dec reased  a t a p H  sh ift to  th e  s tro n g  ac id  d irec tion  (p H  5 .8), 
an d  p a r tly  in  th e  f a c t  th a t  p H  h ad  an  effect on  t r a n s p o r t  on ly  in  th e  p resence 
o f N a + . T he p H  sh if t in  th e  acid d irec tion  s ig n if ic a n tly  red u ced  uphill am ino- 
acid efflux  from  th e  tissu e  tow ards b o th  th e  m ucosal (P  <  0.01) and  th e  serosal 
(P  <  0.01) so lu tio n s.

In  th e  p resence  o f  N a + th e  Zn sa lt red u ced  G ly  e fflux  fro m  th e  tissue  in to  
th e  serosal so lu tio n  (P  <  0.05).

T he e n ric h m e n t o f  labelled  G ly in  th e  tissu e  te n d e d  to  depend  on th e  
presence o f N a + in  th e  m ucosal so lu tion  (P  =  0.064).

In  th e  in te s tin e , passage across th e  b a so la te ra l m em b ran e  from  th e  tissu e  
in to  th e  serosal so lu tio n  seems to  be th e  lim itin g  s tep  o f am ino-acid  ab so rp tio n . 
In  th e  m ost fa v o u ra b le  case, o n e -th ird  o f th e  G ly  ta k e n  u p  b y  th e  tissue  from  
th e  m ucosal so lu tio n  h a d  been tra n sp o rte d  in to  th e  serosal so lu tion  b y  th e  en d  
o f th e  1-h period  o f  ex p erim en t.

T he ex p e rim e n t conducted  w ith  D N P  an d  th o se  w ith  m an n ito l y ie lded  
resu lts  o f th e  sam e te n d e n c y : th e  specific in h ib ito r  (D N P ) reduced  Gly abso rp -
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F ig. 2. Comparison of the partial processes o f the bidirectional transport in the different experi
m enta l designs. A )  N a-containing mucosal solution; B )  M annitol-containing m ucosal solution. 

(D N P  =  2,4-dinitrophenol; N a lA  =  sodium iodoacetate)

t io n  to  th e  level o b ta in e d  w ith  m an n ito l (in  th e  m ucosal so lu tio n -to -tissu e  d irec
t io n  th is  decrease is s ig n ifican t (P  <  0.05) as com pared  to  th e  N a +-co n ta in in g  
so lu tio n ). N a lA  caused  a fu r th e r  decrease in  th e  tra n sp o r t  s tep s  p lay in g  a role 
in  a b so rp tio n . O nly  o n e -fo u rth  of th e  a c t iv i ty  o b ta in ed  in  th e  presence  o f N a + 
m o v ed  from  th e  m u co sa l in to  th e  serosal so lu tion  (in th e  m ucosal so lu tio n  —► 
tissu e  d irec tion : P  <  0 .01 ; in  th e  tissu e  —> serosal so lu tion  d irec tio n : P  •< 0.02).

T he N a +-d e p e n d e n t frac tio n  o f th e  G ly  accu m u la tin g  in  th e  tissu e  in 
c reased  w ith  th e  rise  o f  Zn co n cen tra tio n  o f th e  m ucosal so lu tion .

As regards th e  o sm otic  cond itions o f  th e  m edia an d  th e  changes in  th e  d ry  
m a t te r  an d  w a te r c o n te n t  o f th e  tissues, th e  follow ing fac ts  can  be  e s tab lish ed : 
th e  o sm o la rity  of th e  K o w arsk i’s so lu tio n s (330 m osm ol, a n d  331.5 a n d  336.0 
m osm ol in  Z n -co n ta in in g  solu tions) a n d  o f  th e  K R -H C 0 3 (327.7 m osm ol) was 
id e n tic a l w ith  th e  h y p o th e tic a l osm otic co n d itions of tissu e  cells. T h e  m an n ito l-  
c o n ta in in g  so lu tion  (350, an d  351.5 an d  356.0 m osm ol) w as s lig h tly  h y p e ro sm o t
ic as com pared  to  th e  tissue .

D u rin g  th e  1-h p e rio d  of in c u b a tio n , th e  in te s tin a l tissu e  to o k  u p  w a te r 
fro m  th e  in cu b a tio n  m ed ia , th u s th e  re la tiv e  d ry  m a tte r  c o n te n t o f th e  tissue 
d ecreased . E .g ., in  th e  g roup  w here a N a +-con ta in ing , Zn-free m ucosal so lu tion  
o f  p H  7.4 was u sed , th e  d ry  m a tte r  c o n te n t decreased from  18.08 to  14 .24% ; 
th is  m eans th a t  100 g tissu e  took  u p  a fu r th e r  26.96 g w a te r, w h ich  is 3 3 .6%  of 
th e  orig inal 81.92 g w a te r  co n ten t ( th u s , th e  percen tile  w a te r  c o n te n t of th e
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tissu e  rose to  85 .76% ). In  ex p erim en ts  w ith  N a-co n ta in in g  m ucosal so lu tions 
th e  increase o f w a te r  co n ten t, as re la te d  to  th e  in itia l w a te r  c o n te n t, w as b e 
tw een  20.9 an d  48 .2%  in  th e  d iffe ren t g roups; th e  change w as s ta tis t ic a lly  sig
n if ic a n t in  all g roups b u t one (see T ab le  IV ). I n  th e  g roups w here m a n n ito l w as 
u sed , w a te r  u p ta k e  was o f a lesser degree (betw een  0.7 an d  14 .0% ); h e re , w ith  
th e  ex cep tion  of tw o groups, th e  increase  w as n o t s ig n ifican tly  d iffe ren t from  0, 
a n d  n e ith e r  w as in  th e  D N P  an d  N a lA  groups.

T he m a jo rity  o f th e  flu id  en te red  th e  tissu e  from  th e  m ucosa. N am ely , 
th e  vo lum e of th e  2 m l serosal f lu id  decreased  m ax im u m  b y  20%  (as ca lcu la ted  
on th e  basis of re -m easu rem en ts an d  th e  ra d io a c tiv ity  of th e  w ash ing  flu id ), 
w h ich  can  acco u n t on ly  fo r a sm all frac tio n  o f  th e  increase in  th e  w a te r 
c o n te n t  o f th e  in te s tin a l tissue .

A ccording to  th e  ANOVA, th e  in flu x  o f  w a te r in to  th e  tissue  dep en d s on 
th e  presence of N a + in  th e  m ucosal so lu tio n  (P  <  0.001); i.e. th e  in f lu x  o f  w a te r  
is h ig h e r in  th e  presence of N a +, an d  also on p H  (P  <  0.01), since in  th e  p re s 
ence o f N a +, p ara lle l w ith  th e  p H  sh ift o f  th e  m ucosal so lu tion  in  th e  ac id  d irec
tio n  th e  in flu x  o f w a te r  in to  th e  in te s tin a l tissu e  decreases. T he in f lu x  o f  G ly 
fro m  th e  m ucosal so lu tion  in to  th e  in te s tin a l tissu e  (3H -G ly) w as in  co rre la tio n  
w ith  th e  p ercen tile  w a te r u p ta k e  (r =  0.536; n  =  80; P  <  0.001); th e  reg res
sion  is lin ea r: y  =  5 .6 0 х Ю “ 3х  — 7.30, w here x  =  3H -G ly  cpm /g d ry  m a tte r . 
T he overall q u a n ti ty  of G ly en te rin g  from  th e  m ucosal an d  serosal so lu tions 
(3H  -f- 14C-Gly) also co rre la ted  w ith  th e  p e rcen tile  w a te r  u p ta k e  (r =  0.459; 
n  =  80; P  <  0.001; lin ear reg ression : y  =  3 .1 9 x l 0 ~ 3x — 1.26, w here  x  =  
3H -G ly  -f- 14C-Gly cpm /g d ry  m a tte r ) . T he co rre la tion  w as s ig n ifican t even 
i f  ex am in ed  for groups b roken  dow n acco rd ing  to  th e  p H .

T h e  d ry  m a tte r  co n te n t o f th e  co n tro l tissu e  w as de te rm in ed  in  4 -1 0  seg
m en ts  o f th e  sm all in te s tin e  (je ju n u m ) ta k e n  from  each  of 8 pigs. T he d ev ia tio n  
b e tw een  d ifferen t in te s tin a l segm ents o f a given an im al an d  th e  m ethodo log ica l 
d e v ia tio n  w ere low  (the  m ean  coeffic ien t o f  v a r ia tio n  w as 4 .5 % ); on th e  o th e r

Table III

Dry m atter content of the intestinal (jejunal) tissue before the experim ent

Serial num ber 
of experiment al 

animals

N um ber of 
samples 

(■>)
D ry m atter/g  wet tissue 

(x ±  SD)

l 5 15.99 ± 0 .5 3
2 4 18.83 ±  1.07
3 4 18.85 ±  1.23
4 5 16.57 ±  0.64
5 9 19.53 ±  1.34
6 9 19.47 ±  0.47
7 10 19.50 ±  0.36
8 10 20.56 ±  0.68

Total: 8 56 19.00 ±  1.59
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Table IV

W ater uptake of intestinal tissue as compared to its water content measured before the experi
m ent, in %

N a+-containing mucosal solution M annitol-containing mucosal solution

0 50 200 0 50 200

mg/kg Zn mg/kg Zn

pH  7.4 33.6 ±  6.8 
P <  0.01

48.2 ±  10.3 
P <  0.01

21.7 ±  19.2 
N. S.

14.0 ±  8.0 
P  <  0.05

9.7 ± 4 . 0  
P <  0.02

4.4 ±  7.8 
N. S.

pH 6.8 30.3 ±  13.5 
P <  0.05

38.8 ±  10.6 
P  <  0.01

35.2 ±  22.1 
P <  0.05

15.3 ±  11.4 
N . S.

12.4 ±  9.3 
N. S.

5.2 ±  4.4 
N . S.

pH  5.8 27.8 ±  4.8 
P <  0.02

29.8 ±  10.3 
P  <  0.02

20.9 ±  3.5 
P <  0.01

5.5 ±  8.9 
N . S.

0.7 ±  8.0 
N. S.

3.0 ±  7.8 
N . S.

D N P : 12.3 ±  11.4; N . S.
N a lA : 6.6 ±  9.4; N . S.
N . S. =  not significant.

h a n d , th e re  w ere s ig n if ic a n t differences b e tw een  th e  an im als (even th e  lea s t 
d iffe rence, i.e. th a t  b e tw e e n  anim als no. 7 a n d  8, w as sign ifican t (P  <  0.001; 
T a b le  I I I ) .

Discussion

T h e considerab le  in d iv id u a l v a ria tio n  o bserved  a t  th e  beg inn ing  of th e  
e x p e rim e n t in th e  d ry  m a tte r  co n ten t of th e  in te s tin a l tissue (Table I I I )  can  be 
a t t r ib u te d , for th e  m o st p a r t ,  to  the  d iffe ren t w a te r  u p ta k e  due to  th e  ad  lib itu m  
w a te r  supp ly . H a rm e y e r  e t al. (1974) an d  M atth ew s an d  L as te r  (1965) e m p h a 
sized  th e  considerab le  v a r ia tio n s  ex isting  in  th e  tra n s p o r t  ra te  b e tw een  an im als 
in  ex p erim en ts  on in te s t in a l  am ino-acid  t ra n s p o r t .  T he la t te r  au th o rs  suggested  
t h a t  w a te r  m igh t h a v e  a role in  th e  tra n s p o r ta t io n  o f am ino acids accu m u la ted  
in  th e  cell. T herefo re , th e  physio logical w a te r  c o n te n t o f th e  tissues shou ld  be 
co n sid ered  in  a b so rp tio n  experim en ts.

In  stud ies of t r a n s p o r t ,  th e  question  o f th e  m o v em en t o f w a te r  b e tw een  
th e  m ed ium  (m edia) a n d  tissu e  cells a lw ays arises. D urin g  th e  60-m in in c u b a 
tio n  a considerable w a te r  in flu x  from  th e  m ucosa side w as observed , p rim a rily  
w h en  using  a N a +-co n ta in in g  K ow arsk i’s so lu tio n  w hich has n ea rly  id en tica l 
o sm o la rity  w ith  th e  tissu es . O n th e  o th e r h a n d , w a te r  inflow  in to  th e  cell from  
th e  serosal so lu tion  o f  s im ila r o sm olarity  w as neglig ib le as well as th a t  from  the 
s lig h tly  h y p erto n ic , m an n ito l-co n ta in in g  m ucosal so lu tion . W a te r  in flu x  in to  
th e  cell from  th e  D N P -c o n ta in in g  so lu tion  w h ich  h a d  th e  sam e o sm o la rity  as 
th e  N a-con ta in ing  m ucosal so lu tion  was also o f low  degree. A lthough  in th e  
ex p e rim en ts  of C h ris ten sen  e t al. (1967) th e  in f lu x  o f am ino acids w as n o t ac 
co m p an ied  by  a m a jo r  a lte ra tio n  in th e  in tra c e llu la r  w a te r co n ten t, organic
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fac to rs , am ino acids and  sugars are  know n  to  p rom ote  th e  t r a n s p o r t  o f w a te r 
an d  N a (H ellier e t ah , 1973). A lth o u g h  w a te r  is t ra n sp o r te d  p assiv e ly , its  t r a n s 
p o r t  is connected  w ith  th e  m o v em en t o f th e  to ta l  so lu te  (e.g. su g ar). A ccording 
to  B a rry  e t al. (1961), th e  w a te r  has tw o frac tio n s: a g lu co se -d ep en d en t an d  a 
g lucose-independen t. O ur d a ta  show  th a t  th e  am ino-acid  t r a n s p o r t  w as accom 
p an ied  b y  w a te r flu x , an d  th e re  w as a sign ifican t co rre la tio n  b e tw een  th e  w ate r 
an d  Gly co n ten t of th e  in te s tin a l tissue . In  th e  ex p erim en ts  o f M atth ew s and 
L a s te r  (1965) th e  tra n sp o r t  o f 0.8 m m ol/g  d ry  m a tte r /h  G ly w as follow ed by  
tra n s p o r t  o f 8.8 m l/g d ry  m a tte r /h  w a te r; th u s  th e  w a te r  m o v em en t observed  
b y  us can n o t he considered  un rea l.

As reg ard s th e  h igh  G ly c o n te n t o f  th e  m ed ia , o u r e x p e rim e n ta l design 
m ark ed ly  differed  from  th e  u su a l. T he am ino-acid  c o n cen tra tio n  o f th e  b a th in g  
flu id s  is u su a lly  a few mmol/1 (C hristensen , 1979; A l-Saleh  an d  W heeler, 1982; 
an d  o thers). The Gly tra n s p o r t  consists o f tw o  co m ponen ts: a t  a low er concen
tra t io n  of th e  ou tside m ed ium  an  ac tiv e , sa tu rab le  co m p o n en t, an d  a t  a higher 
co n cen tra tio n  (in th e  ex p erim en ts  o f R evsin  and  M orrow (1976) ab o v e  10 m mol) 
a n o n -sa tu rab le  com ponen t. T he la t te r  is tra n sp o rte d  th ro u g h  a sim ple  diffusion 
process (O xender an d  C hristensen , 1963). T he rise o f th e  o u ts id e  co n cen tra tio n  
increases th e  u p tak e  of m ost am ino acids. The so d iu m -in d ep en d en t flu x  in 
creases in  lin ea r p ro p o rtio n  to  th e  ex trace llu la r am ino-acid  c o n cen tra tio n , 
w hereas th e  sod iu m -d ep en d en t f lu x  increases in  a n o n -lin ea r m a n n e r  and  is 
sa tu ra b le . A t a Gly co n cen tra tio n  o f 10 m m ol, th e  re la tiv e  in f lu x  is on ly  18%  
(A l-Saleh an d  W heeler, 1982). A t such  co n cen tra tio n s th e  sa tu ra b le  processes 
c o n s titu te  on ly  a sm all p a r t  o f th e  w hole; th e  la rger p a r t  is m ad e  u p  b y  n o n 
sa tu ra b le  an d  sodium - an d  p H -in d e p e n d e n t processes. T he p re se n t stud ies 
y ie lded  sim ilar resu lts: w hen  th e  G ly co n cen tra tio n  of th e  m ucosal so lu tio n  was 
15 m m ol, 52 to  84%  of th e  tr a n s p o r t  from  th e  m ucosal so lu tio n  to w ard s  the  
tissu e  w as sod iu m -in d ep en d en t. A k in e tic  s tu d y  could d e te rm in e  th e  c h a ra c te r
istics of sa tu ra tio n  in  th e  m ucosal cell u n d e r th e  cond itions o f o u r ex p erim en ta l 
design.

U n d e rs tan d ab ly , th e  need  to  d iffe ren tia te  b e tw een  ac tiv e  a n d  passive 
processes has com pelled research ers  of tra n s p o r t  processes to  w o rk  w ith  low 
am ino-ac id  co n cen tra tio n s. In  th e  p re se n t ex perim en ts we a t te m p te d  to  sim u
la te  th e  p rac tica l cond itions b y  using  h igh  am ino-acid  c o n te n ts , lo n g er ab so rp 
tio n  period , an  acidic or slig h tly  basic  m ed ium  on th e  m ucosal side a n d  a sligh tly  
basic  one on th e  serosal side ( ta k in g  in to  acco u n t th a t  th e  p H  v a lu es  o f  th e  bile, 
cell, je ju n u m  and  blood are  5 .3 -7 .1 , 6.8, 7 .4 -8 .7  an d  7.4, re sp ec tiv e ly ). F o r the  
sam e reason  and  in  accordance  w ith  th e  pu rpose  of th e  e x p e rim e n t, N aC l was 
o m itte d  from  th e  m ucosal so lu tio n , w hile th e  serosal so lu tion  a lw ays con ta ined  
N aCl. T he sam e reason  ju s tif ie d  th e  use o f an  op tim u m  Zn c o n c e n tra tio n  (50 
p p m ; M észáros, 1973) an d  su p ra - an d  su b o p tim a l Zn c o n cen tra tio n s . In  acid 
m ed ia , K o w arsk i’s so lu tion  c o n ta in in g  ch lo ride as an ion  w as used  to  m ake Zn

Acta Veter inaria Hungarica 33, 1085



7 0 BOLDIZSÁR et al.

sa lts  soluble. I t  shou ld  be  m en tio n ed  th a t  th e  a d d itio n  o f 15 mmol/1 Gly to  th e  
so lu tions e lim ina ted  th e  tu rb id ity  o f  th e  so lu tions o f p H  6.8 an d  5.8, obviously  
d u e  to  th e  fo rm a tio n  o f  a Z n-g lycinate  com plex.

In  th e  p re se n t s tu d y , m ax im u m  o n e-th ird  o f  th e  a c t iv i ty  ta k e n  u p  by  
th e  tissue from  th e  m ucosa l so lu tion  got in to  th e  serosal so lu tio n  and  tw o -th ird s  
w ere re ta in ed  in  th e  tissu e . In  th e  ex p erim en ta l design  o f H arm ey er e t  al. 
(1974), 80%  of th e  a c t iv i ty  ta k e n  u p  from  th e  m ucosa  re m a in e d  in  th e  in te s tin a l 
tissu e . I t  is know n t h a t  th e  in itia l in flu x  o f G ly  does n o t in d ica te  in  ad v an ce  
th e  degree of s te a d y  s ta te  accu m u la tio n . The in f lu x  o f  G ly  is slow and  is in  lin ea r 
re la tio n sh ip  w ith  tim e  u n til  reach ing  a d is tr ib u tio n  o f  1 : 5; its  efflux  is even 
slow er, in d ica tin g  t h a t  th e  e n try  o f G ly in to  th e  cell an d  its  e x it from  th e re  are 
m ed ia ted  by  d iffe ren t m echan ism s. P ro b ab ly , th e  am ino  acids use th e  tra n s p o r t  
sy stem s in  a d iffe ren t degree d u rin g  th e ir  e n try  in to  th e  cell an d  during  th e ir  
e x it from  there . D ue to  th e  slow efflux  of G ly i t  can  becom e en riched  in  th e  cell. 
T h e  efflux  of G ly c a n n o t be a sim ple diffusion since am ino  acids of longer carb o n  
ch a in s  ex it m ore ra p id ly , an d  in  a sim ple d iffusion  th e  tr a n s p o r t  speed is th e  
sam e in  b o th  d irec tio n s (O xender an d  C hristensen , 1963).

O f th e  free am in o  acids G ly is p resen t in  th e  cell in  th e  h ighest co n c e n tra 
t io n ; th e  o ther am ino  acids o b ta in  th e  energy  req u ired  fo r th e ir  tra n sp o r t  
th ro u g h  th e  tr a n s p o r t  o f  G ly (E avenson  and  C hris ten sen , 1967). A lthough  Gly 
ta k e s  p a r t  in n u m ero u s  m etabo lic  reactions, c o n c e n tra tio n  changes due to  its  
m etabo lism  w hich co u ld  in fluence  th e  tra n sp o r t  need  n o t  be reckoned  w ith  a t  
th e  applied  c o n cen tra tio n s  of m edia.

B y com paring  th e  k in e tic  co n stan ts  o f t r a n s p o r t  across th e  b aso la te ra l 
m em b ran e  and  across th e  b ru sh -b o rd er, i t  w as fo u n d  fo r som e am ino acids th a t  
th e  lim iting  step  o f tra n s p o r t  ra te  was associa ted  w ith  th e  b aso la te ra l m em 
b ra n e  (M unck, 1981). A lso in  th e  exp erim en ta l design  ap p lied  b y  us, passage 
to w ard s  th e  serosal so lu tio n  has p rovetl to  be th e  lim itin g  com ponen t o f a b 
so rp tio n . A so d iu m -in d ep en d en t, equ ilib ra tin g  t r a n s p o r t  m echan ism  an d , for 
a lan in e , th ree  so d iu m -d ep en d en t m echanism s are  h y p o th es ized  to  ex ist in  th e  
p assage  across th e  b a so la te ra l m em brane (M unck, 1981). I ts  reg u la tio n  is in d e 
p e n d e n t of th a t  o f  th e  lu m in a l m em brane. A ccord ing  to  O x en d er an d  C hris ten 
sen  (1963) a p a r t  o f  th e  G ly efflux  is p H -sensitive  (sim ila rly  to  th e  in flu x  m e
d ia te d  b y  tra n sp o r t  sy s te m  A), w hereas a n o th e r p a r t  is m ed ia ted  b y  system  L. 
T h e  increased tissu e -to -se ro sa  efflux  m eans m o stly  exch an g e  processes an d  n o t 
a n e t  efflux . A lth o u g h  in  o u r ex p erim en t also th e  serosa l so lu tio n  co n ta ined  Gly 
in  a h igh c o n cen tra tio n , th e  serosa-to -tissue p assage  w as o f  low  degree, w hich 
w as in ag reem ent w ith  re su lts  o f th e  stud ies m en tio n ed  above.

The p H , N a +- a n d  Zn2+-co n ten t d e te rm in in g  th e  degree o f tra n sp o rt an d  
th e  electrical p o te n tia l  difference (PD ) m easu rab le  in  th e  in te s tin e  are in  a close 
re la tio n sh ip . T he P D  v a lu e  m easu red  in  v ivo in  r a t  je ju n u m  an d  ileum  w as 7.9 
a n d  4.4 mV, re sp ec tiv e ly , w hile in  v itro  3.9 a n d  4.4 m V  (H a jja r  e t al., 1969);
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in  ev e rted  sm all in te s t in a l  sacs of pigs H a rm ey e r e t al. (1974) m easu red  a P D  of 
3.9 mV. T he m ucosa l side is n egative  an d  th e  serosa l side p o sitive . T he P D  d e 
pends on th e  p resence  o f  ac tiv e ly -tran sp o rted  su g ars  on  th e  m ucosal side (L yon 
an d  C rane, 1966) a n d  on th e  N a + c o n te n t o f th e  m ed ium . In  th e  presence o f  
glucose th e  sh o rt-c irc u it c u rre n t is eq u a l to  th e  so d ium  tra n s fe r  o f th e  lu m in a l 
m edium  (C larkson  a n d  Toole, 1964). P re su m ab ly , am ino  acids can  also p lay  th e  
above role o f sugars, a t  le a s t in  p a r t .

A ccording to  K ow arsk i e t al. (1974), in  e v e r te d  in te s tin a l sac th e  t r a n s 
p o rt o f Zn is an  ac tiv e , N a  + -dependen t process, w h ich  ta k e s  p lace also ag a in s t 
th e  elec trochem ical p o te n tia l  g rad ien t. T he e n try  o f  Z n  in to  th e  in te s tin a l ep i
th e lia l cell is ra p id . A s com pared  to  th is , i t  p roceeds slow ly to w ard s th e  serosa 
(Saliag ian , 1967). I n  aqueous so lu tion  Zn form s ch e la tes  w ith  th e  am ino acids 
w hich increase th e  so lu b ility  of Zn sa lts  in acid so lu tio n s. In  o u r ea rlie r in  v ivo  
stud ies a Zn sa lt in je c te d  in to  an  iso la ted  in te s tin a l loop p ro m o ted  th e  d isap 
pearance  o f G ly fro m  th e  in te s tin a l lum en , an d  th e  Z n  sa lt p ro longed  th e  a b 
so rp tio n  o f an  am ino  ac id  m ix tu re  g iven p e r os; a ll th is  w as tru e  fo r th e  k inetics 
o f  Zn as well (S im on , 1978). The processes m en tio n ed  above w ere p resu m ab ly  
due to  m e ta l com plex  fo rm atio n . I t  has long been  kn o w n  th a t  th e  ab so rp tio n  of 
am ino  acids com es to  a s tan d still if  th e  -CO O H  or th e  -N H 2 rad ica l changes 
(W ilson, 1962). B ased  upon  our p resen t in  v itro  s tu d ies  an  increased  in flu x  from  
th e  m ucosa c a n n o t be  p roved , th e  passage in to  th e  serosal so lu tion  decreased, 
an d  s im u ltan eo u sly  th e  accum ulation  o f th e  N a +-d ep en d en t G ly frac tio n  in  th e  
in te s tin a l w all in c reased .

W ith  ris ing  Z n S 0 4 co ncen tra tions th e  m ucosal so lu tio n  becom es m ore an d  
m ore acidic (th e  p H  o f a 50 ing/kg Zn so lu tion  is 6.8, w hile th a t  of a 200 m g/kg 
Zn so lu tion  is 5.8). O u r resu lts  have  show n th a t  a sh if t in  th e  p H  o f th e  m ucosal 
so lu tion  in  th e  ac id  d irec tio n  decreases th e  t r a n s p o r t  from  th e  tissue  in to  th e  
serosal so lu tion .

T ra n sp o rt d em an d s  a carboxy l group  an d  an  a -am in o  or im ino  group , an d , 
in  th e  case o f n e u tra l  am ino acids, an  u n ch arg ed  side chain  (M unck, 1981). 
T he positive or n e g a tiv e  charge of th e  side chain  d e te rm in es th e  m ode of t r a n s 
p o rt, i.e. th a t  i t  ta k e s  place by  th e  m ed ia tion  o f a n e u tra l , ca tion ic  or anionic 
am ino acid  tra n s p o r t  system . W ith  th e  a lte ra tio n  o f  p H , am ino-acid  u p ta k e  
changes accord ing  to  th e  charge of th e  side chain  (C hristensen , 1979).

In  th e  E h rlich  ascites tu m o u r cell th e  tr a n s p o r t  system  o f G ly is sodiuin- 
d ep en d en t. In  p igeon  red  blood cells th e  tra n s p o r t  o f  G ly decreases w ith  th e  
d rop  of p H ; a t  p H  5.0 i t  is only 30%  of th e  v a lu e  fo u n d  a t  p H  7.4 (E avenson  
an d  C hristensen , 1967).

In  ou r ex p e rim en ts  th e  effect o f N a + on t r a n s p o r t  w as found  to  decrease 
w ith  ac id ifica tion . T h is  can  be exp la ined  b y  th e  o b se rv a tio n  o f C sáky (1969) 
accord ing  to  w hich  ev en  a sm all decrease o f th e  p H  is su ffic ien t to  in h ib it th e  
sodium  p u m p .
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C yto tox ic  su b stan ces  stro n g ly  in h ib it  th e  accu m u la tio n  o f G ly: D N P , Cu 
s a l t  a n d  N a lA  re su lted  in  an  in h ib itio n  o f 50, 65 an d  75% , re sp ec tiv e ly  (R cvsin  
a n d  M orrow , 1976). I n  N a-free so lu tio n s D N P  causes a fu r th e r  red u c tio n  of 
in f lu x  in  chicken in te s tin e , in d ica tin g  th a t  sources o th e r  th a n  th e  N a-g rad ien t 
a re  also  used  by  th e  cell as energy  sources of am ino-acid  m etab o lism  (M unck, 
1981). T ra n sp o rt is k n o w n  to  req u ire  also an  S H  group  (R evsin  a n d  M orrow, 
1976). N a lA  in h ib its  th e  en e rgy -p roduc ing  processes obviously  b y  b lock ing  th e  
S H -co n ta in in g  g ly cera ld eh y d e-3 -p h o sp h a te  dehydrogenase enzym e o f g lycoly
sis. N a lA  causes a m ore p ronounced  re d u c tio n  in  tra n s p o r t  th a n  D N P  (E aven- 
son  a n d  C hristensen , 1967) w hich, acco rd in g  to  our p resen t re su lts , holds tru e  
a lso  fo r  th e  porcine in te s tin e . In  a 150-m in s tu d y  o f ev e rted  in te s tin a l sac, 
H a rm e y e r  e t al. (1974) fo u n d  an  a p p ro x im a te ly  25%  red u c tio n  in  th e  u p ta k e  
a n d  o u tp u t  of am ino  ac ids due to  th e  effect of D N P . In  ou r ex p e rim en ts  th e  
e ffec t o f D N P  was o f a s im ila r m a g n itu d e . G ly u p ta k e  d ropped  to  th e  level found  
in  th e  absence of sod ium . N a lA  re su lte d  in  a fu r th e r  decrease o f G ly tra n sp o r t .

W hen  in te rp re tin g  th e  a lte ra tio n s  in  G ly tra n sp o r t  th a t  are  due to  changes 
o f  p H , N a + - and  Z n -c o n te n t and  P D , th e  follow ing processes shou ld  be con
sid e red : (1) The p ro p e rtie s  (se lec tiv ity , a ffin ity ) o f th e  tra n s p o r t  sy stem s used 
b y  G ly  undergo ch anges; (2) th e  co n fig u ra tio n  of G ly changes (p ro to n a tio n , 
b in d in g  o f Zn to  th e  am ino  acids in  d iffe ren t form s, co m p e titio n  betw een  
H  +/ N a +/Z n2+); (3) th e  p ro p o rtio n  of tra n s p o r t  system s used b y  G ly is m odified ; 
(4) d u e  to  ionic a lte ra tio n s  th e  p o te n tia l  d ifference (PD ) be tw een  th e  tw o  sides 
o f  th e  in te s tin a l tissu e  suffers a change.
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The effects o f carotene deficiency and additional beta-carotene supp lem entation  
on the postpartum  resum ption of ovarian cyclicity  were investigated . From the 20th  day  
before calving up to postpartum  days 6 2 -7 0 , 400 m g/anim al/day synthetic beta-carotene  
( RovimiX-/7-carotene 10%, H offm ann-L a R oche, Basel) w as m ixed in the fodder o f  12 
cows ( treated group) o f a stock that had been kept on a carotene-deficient diet for a long  
tim e. Further 11 cows served as control. B lood sam ples were collected from each anim al 
on 4 occasions (about 20 days before parturition and on days 1—5, 30—35 and 60—65 post 
partum ), and their beta-carotene, non-esterified fa tty  acid (N E F A ) and total cholesterol 
(TCh) concentrations were assayed. The postpartum  resum ption of cyclic ovarian a c t iv 
ity  was m onitored b y  regular clinical exam inations and b y  determ ination, b y  radio
im m unoassay (R IA ), o f the progesterone profiles o f m ilk sam ples collected tw ice w eek ly  
up to days 70-75  post partum. The anim als w ith  increased postpartum  lip id m obili
zation  (N E F A  concentration, days 1 -5: >  0.80 mmol/I, days 30—35: >  0.40 mmol/1) 
were excluded from  the evaluation.

D ata  for 10 treated and 11 control cows were evaluated. B y  day 70 post partum , 
the ovaries o f all cows had resumed cyclic  activ ity . In the treated group the lu tea l phase  
started , on the average, about 10 days earlier than in the control group; however, the d if
ference w as not significant. The treated  cow s were usually characterized by a low  in c i
dence of large ovarian cysts and relative ly  higher progesterone concentrations during 
their luteal phases.

A s shown by linear regression, correlations existed betw een the tim e of resum p
tion of ovarian ac tiv ity  and the N E F A  lev e l, and also betw een the integrate o f proges
terone concentrations and the N E F A  and beta-carotene levels.

The results have confirmed th a t carotene supply has an im portant, bu t as com 
pared to energy supply probably only a secondary, effect on the postpartum  resum ption  
of ovarian cyclicity .

Keywords. Beta-carotene, ovarian cyclicity , post partum , carotene d eficien cy ,
cow.

T h e physio log ica lly  possible soo n est p o s tp a r tu m  conception o f cow s is 
one o f th e  decisive fac to rs  in  an  econom ical fu n c tio n  o f c a ttle  b reeding . I n  th e  
bio logical sense, th e  len g th  of th e  serv ice period  is de te rm in ed  by  th e  r a te  o f 
in v o lu tio n  an d  b y  th e  p o s tp a rtu m  re su m p tio n  of cyclic ovarian  a c tiv ity .

O n th e  ovaries o f h ea lth y , non -su ck lin g  cows a lread y  a few d ay s  a f te r  
p a r tu r it io n  th e re  a rc  follicles exceeding 10 m m  in size, w hich are soon fo llow ed 
b y  th e  ap p ea ran ce  o f th e  firs t co rpus lu te u m  (CL) an d  a s im ultaneous rise  o f
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se ru m  an d  m ilk p ro g este ro n e  (M orrow e t a l., 1969; L am m ing  and B u lm an , 
1976; K a rg  a n d  S cha llenberger, 1983).

T he p o s tp a r tu m  re su m p tio n  of cyclic o v a rian  a c tiv ity  is in fluenced , b e 
sides num erous o th e r  fa c to rs , b y  feeding. F i r s t  o f  all th e  im p o rtan ce  o f a s a tis 
fa c to ry  energy  su p p ly  shou ld  be em phasized  (M orrow , 1970; P e te rs  and  R iley , 
1982; H a ra sz ti e t a l., in  press), b u t  a s im ila r ro le  o f ce rta in  deficiencies (m acro- 
a n d  m icroelem ents, v ita m in s)  m ay  also be hypo thesized .

T he rep roduc tive-b io log ica l s ign ificance o f  v itam in  A and  caro ten e  su p p ly  
is w ell-know n. T he ex is ten ce  of a specific, v i ta m in  А -independen t, physio logical 
e ffec t o f b e ta -ca ro ten e  on  th e  o v arian  a c t iv i ty  o f th e  cow a lread y  seem s to  be 
p ro v e d  (M eyer e t a l., 1975; L o tth a m m e r e t  a l., 1976; L o tth a m m e r an d  A hl- 
sw ede, 1977; Scham s e t  a l., 1977; A hlsw ede a n d  L o tth am m er, 1978). In  th e  
p re se n t w ork  th e  in flu e n c e  of caro tene d e fic ien cy  and  of b e ta -ca ro ten e  su p p le 
m e n ta tio n  of ca ro ten e -d e fic ien t c a ttle  on th e  p o s tp a r tu m  re su m p tio n  of cyclic 
o v a ria n  a c tiv ity  w as in v es tig a ted  u n d e r la rge-scale  m an ag em en t cond itions.

Materials and methods

F o r th e  ex p e rim e n t, a da iry  fa rm  w as chosen  w here th e  serum  b e ta -c a ro 
te n e  level of th e  d ry  cow s (a value re flec tin g  th e ir  supp ly  s ta tu s )  h ad  been found  
v e ry  low  (50-100 ^ug/dl) fo r several m o n th s .

In  ag reem en t w ith  th e  p ractice  com m on  in  H u n g ary , feeding w as based  
on co rn  silage co m p le ted  w ith  p o o r-q u a lity  a lfa lfa  h ay , fodder an d  m inera l 
p re m ix  (Table I). F eed in g  of green fo d d er (a b o u t 15 k g /an im al/d ay  m ix tu re  of 
fre sh ly  c u t w h ea t and  vetches) was s ta r te d  before  th e  end o f th e  ex p e rim en t, 
55—65 days a fte r  th e  cows h ad  calved. S im u ltan eo u sly , th e  da ily  dose o f corn  
silage w as reduced  to  15 kg ; th e  q u a n ti ty  o f  a lfa lfa  h ay , fodder and  m in era l 
p re m ix  rem ained  u n ch an g ed .

In  F eL ru ary , 23 h e a lth y , 3-10 y ea rs  o ld  H o lste in -F riesian  X H u n g a ria n  
F leck v ieh  F x cows o f b e t te r  th a n  average b o d y  cond ition  and  being  in  th e ir  2nd  
to  7 th  p regnancy  w ere selected  for th e  e x p e rim e n t. T heir calv ing w as ex p ec ted  
to  occur in th e  second  h a lf  o f M arch. T h e  an im als  were ran d o m ly  a llo tted  to  
tw o  g roups m a tch ed  fo r age and m ilk  p ro d u c tio n  (Table I I ) .  To th e  fo d d er 
r a t io n  of 12 cows ( tre a te d  group) a d a ily  dose of 400 m g sy n th e tic  b e ta -  
c a ro te n e  (R ovim ix-/?-carotene 10% , H o ffm a n n -L a  R oche, Basel) w as added  
fro m  ab o u t th e  2 0 th  d a y  before p a r tu r i t io n  u p  to  days 62-70  p o st p a r tu m . 
T h e  rem ain ing  11 cow s received no ca ro te n e  su p p lem en ta tio n  to  serve as co n 
tro l.

T he anim als w ere  k e p t u n d er s tr ic t  o b se rv a tio n . A fter p a r tu r itio n , th e  
s ta tu s  o f th e  g en ita l o rg an s was checked  b y  clin ical (rectal, vag inal) e x a m in a 
tio n  a t  10- to  14-day  in te rv a ls . O estrous cow s w ere in sem ina ted , b u t  no liorm o-
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Table I

Feeding of the experimental animals up to the beginning o f green feeding

D ry cow

W eeks 1-6 Weeks 7-8

Alfalfa hay, poor1 4 kg 5 kg
Corn silage, m edium  quality 20 kg 10 kg
D airy cotv diet2 1 kg 5 kg
Malt sprout — —

Bran 1 kg 1 kg
Neonatrophor prem ix 0.25 kg 0.25 kg

Lactating cow

4 kg 
25 kg

0.4 kg/1 m ilk3 
1 kg

0.15 kg

Remarks: 1 Soaked in swatch, heavily contam inated w ith weeds.
2 Composition: 30% barley groats, 68%  corn-grits, 1% A P-18 premix, 0.5% cow pre

m ix no. 21, and 0.5% fodder salt.
8 The dairy cow diet was given only for the part b y which daily m ilk production exceed

ed 10 1.

Table II

Parameters o f the treated (beta-carotene-supplem ented) and control groups (x ±  SD)

Treated 
(a  =  12)

Control 
(n =  11)

Age, years 5.6 ±  2.0 4.8 ±  1.6
Number of calvings 3.7 ±  1.6 2.9 ±  1.1
Milk production, 1

in the previous 300-day lactation 5300 ±  917 5096 ±  767
between days 30 and 60 of the lactation under study 27.7 ±  4.3 27.1 ±  4.9

u a l tr e a tm e n ts  w hich  could have in flu en ced  ovarian  a c tiv i ty  were p erfo rm ed . 
T he observed  p a th o lo g ica l a lte ra tio n s  a n d  necessary  tre a tm e n ts  w ere reco rd ed  
as well as th e  tim es of oestruses, in sem in a tio n s  and  concep tions. D a ta  co llection  
w as co n tin u ed  u p  to  d ay  150 p o st p a r tu m .

O n fo u r occasions, ab o u t 20 d ay s  b efo re  p a r tu r it io n  (i.e. in  th e  t r e a te d  
g roup  before th e  s ta r t  o f caro tene su p p le m e n ta tio n ), w ith in  5 days a fte r  p a r tu r 
itio n , an d  b e tw een  days 30-35 an d  6 0 -6 5  p ost p a r tu m , b lood  sam ples w ere 
ta k e n  from  th e  cows. T he b e ta -ca ro ten e  co n cen tra tio n  o f  th e  serum  w as d e te r 
m ined  as describ ed  b y  B ru b ach er a n d  Y u illeum ier (1974) an d  m od ified  b y  
S om orjai an d  P e th es  (1984). The n o n -e s te rified  f a t ty  ac id  (N E F A ) c o n c e n tra 
tio n  o f th e  se ru m  w as m easured  b y  D u n co m b e’s (1964) m e th o d , an d  its  to ta l  
cholestero l (TCh) co n cen tra tio n  acco rd ing  to  R a p p a p o rt a n d  E ich h o rn  (1960).

F ro m  p a r tu r i t io n  up  to  days 70 -75  p o s t p a r tu m  m ilk  sam ples w ere ta k e n  
tw ice w eekly  from  each  cow a t th e  end  o f  th e  m orning  m ilk in g  for p ro g este ro n e  
d e te rm in a tio n . T he sam ples were p rese rv ed  in  0 .1%  sod ium  azide, d e fa tte d  b y  
cen trifu g a tio n  a n d  s to red  a t - f4  °C u n ti l  an a ly sed . The p rogeste rone  co n cen tra -

Acta Veterinaria Hungarica 33, 1985



7 8 HUSZENICZA et al.

t io n  o f d e fa tted  m ilk  sam ples w as a ssay ed  b y  R IA , w ith o u t e x tra c tio n  as d e 
scrib ed  b y  O ltn e r a n d  E d q v is t (1981) a n d  m od ified  b y  us (P e th es  e t al., 1984; 
P e th e s  and  K u lc sá r, 1984). T he R P  7/7 a n tib o d y  p roduced  b y  Csernus (1981) 
w as used.

B ased u p o n  p rev io u s  experience (H a ra sz ti  e t al., 1982; H a ra sz ti e t  a l., 
in  p ress), d a ta  o f  an im als  show ing signs in d ic a tiv e  of in c reased  lip id  m ob iliza
tio n  (N E F A  c o n c e n tra tio n  w ith in  5 d ay s  a f te r  p a r tu r it io n : > 0 .8 0  mmol/1; 
be tw een  days 3 0 -3 5 : > 0 .4 0  mmol/1) w ere excluded  from  th e  evalu a tio n .

F rom  th e  re su lts , in d iv id u a l p ro g este ro n e  profile  cu rv es  w ere d raw n  fo r 
each  an im al u p  to  d a y s  70-75 p o s t p a r tu m . C onsidering a progesterone  level 
exceeding  1.6 nm ol/1 to  be in d ica tiv e  o f  lu te a l  fu n c tion , as p roposed  b y  O ltn e r  
a n d  E d q v is t (1981), th e  n u m b er o f co m m en ced  CL phases, th e  len g th  of co m 
p le te d  CL phases a n d  th e  m ax im u m  p ro g este ro n e  c o n cen tra tio n  m easu red  
d u rin g  th e  CL p h ases  fo r th e  period  u p  to  p o s tp a r tu m  d a y  70 w ere d e te rm in ed  
fo r  each an im al. A verages w ere ca lc u la ted  fo r  each group . S u b seq u en tly , th e  
in d iv id u a l p ro g este ro n e  co n cen tra tio n s m easu red  up  to  d a y  70 were in te g ra te d  
b y  th e  m ethod  o f H a ra sz ti  e t al. (in  p ress), ta k in g  in to  acco u n t th e  tim e  o f 
sam pling . T hus, th e  su m  of all p ro g este ro n e  co n cen tra tio n s m easu red  u n til  th e n  
fo r  th e  given a n im a l w as ch a rac te rized  b y  th e  area  u n d e r  th e  in teg ra l cu rv e  
d e te rm in ed  for th e  tim e  u n d er s tu d y , w ell re flec tin g  th e  re su m p tio n  of o v a rian  
fu n c tio n in g . T h is m e th o d  perm its  us to  cha rac te rize  th e  cyclic p o s tp a r tu m  
progeste rone  p ro d u c tio n  b y  a single in d e x  su itab le  for use in  an y  s ta tis tic a l 
p rocedure .

S ta tis tic a l e v a lu a tio n  of th e  d a ta  w as perfo rm ed  b y  S tu d e n t’s t te s t  an d  
a fou r-square  ta b le . C orrelations b e tw een  p a ra m e te rs  w ere exam ined  by  lin e a r  
regression.

Results

The d a ta  o f  tw o  tre a te d  cows w ith  in creased  lip id  m obiliza tion  w ere e x 
c lu d ed  from  th e  e v a lu a tio n . B o th  o f th e se  cows rap id ly  lo s t bodyw eigh t a f te r  
p a r tu r it io n : in  5 -6  w eeks’ tim e  th e y  lo s t a b o u t 20%  of th e ir  body  m ass. T h e ir  
p rogesterone  p ro file s  in d ica ted  th a t  n e ith e r  h a d  resum ed  cyclic  ovarian  a c tiv 
i ty  b y  p o s tp a r tu m  d a y  70.

As a re su lt o f c a ro ten e  feeding, th e  b e ta -c a ro te n e  level o f th e  tre a te d  cows 
slig h tly  rose up  to  th e  tim e  of ca lv ing , th e n  i t  becam e s tab le  a t  a level a ro u n d  
100 /Ug/dl. In  c o n tro l cows, th e  ca ro ten e  co n cen tra tio n  d ro p p ed  to  th e  h a lf  o r 
o n e -th ird  o f th e  in it ia l  value a t  ca lv ing , th e n  i t  ten d ed  to  rise  slowly. T he d if
ference betw een  th e  tw o  groups w as s ig n if ic a n t a t  calv ing  an d  betw een  p o s t
p a r tu m  days 30 a n d  35. The serum  b e ta -c a ro te n e  levels a rc  show n in F ig . 1.

In th e  p e r ip a r ta l  period th e  changes o f  th e  N E F A  an d  cholesterol levels 
show ed no in te r-g ro u p  difference an d  co rresp o n d ed  to  th e  physio logical con-
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t  L--------►
parturition beginning of green feeding

Fig. 1. B lood serum beta-carotene concentration ( o  — о beta-carotene (400 m g/day);
A  - - - A  control)

d itions. In  th e  f irs t  tw o p o s tp a r tu m  sam plings N E F A  c o n cen tra tio n s  close to  
th e  u p p e r lim it o f th e  physio log ical ran g e , a lthough  n o t pa th o lo g ica l, w ere 
m easured  fre q u e n tly  (days 0 -5 : 0 .60-0 .75  mmol/1; d ay s  3 0 -3 5 : 0 .30-0 .35  
mmol/1).

No re te n tio n  o f p lacen ta  occurred . A nim als receiv ing ca ro te n e  su p p lem en 
ta tio n  show ed a m ore ra p id  in v o lu tio n , w hich, in  th e  m orpho log ica l sense, h ad  
been com pleted  b y  days 28-35  as show n b y  rec ta l p a lp a tio n . In  co n tro l 
cows, in v o lu tio n  w as com pleted  a b o u t 10-14 days la te r. N o im p o r ta n t d iffe r
ence was fo u n d  b e tw een  th e  t re a te d  an d  th e  con tro l g roup  in  th e  n u m b er o f 
u te rin e  tre a tm e n ts  needed  d u rin g  th e  f ir s t  30 days of th e  p o s tp a r tu m  period . 
In  th e  tre a te d  g roup  on ly  one cow req u ired  u te rin e  t re a tm e n t a f te r  p o s tp a r tu m  
d a y  30, w hereas in  th e  co n tro l g roup  six  an im als h ad  to  be  tre a te d .

A fter calv ing , in  th e  period  o f serial p rogesterone m easu rem en ts , all o f 
th e  11 con tro l and  10 tre a te d  cows show ing no signs suggestive  o f pa tho log ica l 
lip id  m obiliza tion  resu m ed  cyclic o v a rian  a c tiv ity . U sually  1 to  3 CL phases p e r 
an im al passed  off up  to  p o s tp a r tu m  d a y  70; in  one o f th e  c o n tro l cows an d  in  
one tre a te d  cow 4 CL phases passed  o ff or com m enced d u rin g  th e  above period . 
In  th e  period  of o b se rv a tio n  a lto g e th e r 51 cycles (Table I I I )  w ere followed up  
in  th e  tw o groups. D a ta  ch a rac te riz in g  th e  f irs t, second a n d  th ird  p o s tp a r tu m  
CL phases are p re sen ted  in  T ab le  IV . T he 4 th  CL phase s ta r te d  on  d ay  70 in  b o th  
o f th e  observed  cases. T he m ost ch a ra c te ris tic  o v arian  a b n o rm ity  was th e  d e 
lay ed  (a fte r d ay  28) re su m p tio n  o f cyclic o v arian  a c tiv ity  (T ab le  Y). O f th e  
m etabo lic  p a ra m e te rs  d e te rm in ed , on ly  th e  N E F A  c o n c e n tra tio n  show ed a 
s ta tis tic a lly  s ig n ifican t co rre la tio n  w ith  th e  delayed  re su m p tio n  of o v a rian  
cyclic ity  (T able Y I). A lthough  th e  tre a te d  cows s ta r te d  cycling  ab o u t 10 day s 
earlie r on th e  average , due to  th e  large  in d iv id u a l v a r ia tio n  th e  difference w as 
n o t s ign ifican t. T h e  n u m b e r o f th e  o th e r  o v arian  d isorders o b se rv ed , excep t th e
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Table III

Distribution o f cycles examined clinically and by progesterone analysis

T reated1 Control
(n =  10) (n = 11)

T otal number of cycles exam ined 27 24

O f th is, completed cycles 18 14
cycles started but n o t completed until day 70 6 8
conception 3 2

Average number of cycles, x  Jr SD 2.2 ±  0.9 2.7 ±  0.6

Rem ark: 1 Data of the tw o cow s showing pathological lipid m obilization were excluded from the  
evaluation.

Table IV

Characteristics o f the first, second and third postpartum  CL cycles

F irs t CL phase Second CL phase Third CL phase

Maximum
B egin
ning1

D ura
tion*

progesterone Begin- 
concentra- ning1 

tion4

D ura
tion*

M ax. prog. 
cone.4

Begin
ning*

D ura
tion*

Max. prog. 
cone.4

day nmol/1 day nmol/1 day nmol/1

Control X 38.0 8.5 7.31 46.9 12.0 10.48 56.2 15.5 9.46
(n  =  11) ± S D 18.7 4.0 6.12 16.0 2.7 9.91 8.2 3.5 0.85

n 11 8 11 8 4 4 4 2 3

T reated1 X 27.9 8.7 10.12 44.6 9.0 11.63 58.8 13.0 19.68
(n =  10) ± S D 7.5 3.8 10.53 10.2 3.5 8.32 8.7 — 10.88

n 10 10 10 10 7 10 6 1 4

Remarks: 1 W ithout the data  of the two animals showing pathological lipid mobilization.
2 Based upon th e  data of all cows that had begun the g iven  CL phase.
3 Based upon th e  data of all cows th a t had completed the given CL phase.
4 Based upon the data of all cows th at had completed the given CL phase or had got 

beyond the 12th  day of the given CL phase.

Table V

T im es of beginning of the f ir s t  CL phase indicative o f the postpartum  resumption of ovarian
cyclicity

i a fter parturition
T reated1 
(n =  10)

Control 
(n =  11)

<^28 6 5
29-35 3
36-42
43-49 1 1
50-56 3
57-63 1
64-50 1

Remark: 1 W ithout the data o f  the two animals showing pathological lipid mobilization.
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Table VI

Correlations of certain metabolic parameters w ith the beginning o f the first postpartum  CL phases 
indicative o f the resumption of cyclic ovarian activ ity

Characteristics of the re- Treated* Control Total
gression line* 1 (n = 10) (a  = 1 1 ) (n = 23)

D ays 1 -5  post partum  

N E FA  A 0.303 0.428 0.382
В 0.010 0.003 0.006
Г 0.447* 0.310 0.512*

T otal cholesterol 1 AT . . .T. .  . ; Y о correlation Beta-carotene J can be established

D ays 30-35 post partum  

N E F A  A 0.231 0.225
В 0.002 0.003
Г 0.397* 0.393*

Total cholesterol "1 ... . . .T> ,  .  1- No correlation Beta-carotene J can be established

Remarks:
1 The characteristics o f the regression line are given only for r >  0.300 and tg: min. 

P <  0.05.
2 W ithout the data of the two cows showing pathological lip id  m obilization.
* r: significant (min. P  <  0.05).
Correlations were not found w ith any o f the parameters determ ined in samples taken  

around day 20 before calving and between days 60-65 post partum.

Table VII

Incidence of ovarian disorders

Treated Control
(n =  10) („  =  11)

(1) Disturbances o f  the CL phase  (progesterone > 1 .6 nmol/1)
Short CL phase2 10 6

Of this, 1st postpartum  CL phase 6 5
Corpus luteum  persistens3 1 —

(2) Ovarian cysts4
Follicle-theca cyst5 1 3
Follicle-lutein cyst6 — 2

(3) Other abnormities
Cessation of cycling7 2 1

Remarks:
1 W ithout the data of the two cows showing pathological lipid m obilization.
2 Duration: <^10 days.
3 Duration: ">20 days, in previously non-inseminated animals.
4 Formations of about />20 m m  in size, palpable for at least 15 days on the surface of  

the ovary.
5 Progesterone level <  1.60 nmol/1.
6 Progesterone level />1.61 nmol/1.
7 Progesterone concentration <  1.60 nmol/1 for at least 15 days, w ithout the simultaneous 

presence of cysts in animals which had already commenced cycling once.
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Calving
4

Calving

F ig . 2. Typical postpartum  progesterone profile curves o f healthy anim als and of those w ith  
pathological ovarian function; a)  P hysiological ovarian reactivation; the cow  did not conceive 
during the exam ination; b) Physiological ovarian reactivation; the cow conceived on day 34; 
c)  Corpus luteum  persistens; d )  follicle-lutein cyst; after its spontaneous regression the animal 
cam e into oestrus and conceived; e) cessation of the once resum ed ovarian a c t iv ity ; /!  delayed  
resum ption of cyclic ovarian activ ity ; a follicle-theca cyst is present during acyclia; g )  delayed  
resum ption of cyclic ovarian a ctiv ity  follow ed by CL hypofunction (progesterone m ax.: 1.6-4.0  
nmol/1). Abbreviations: A I =  artificial insem ination; Pr =  pregnancy; M =  m etritis; CLP =

corpus luteum  persistens

f req u en cy  of cows w ith  la rg e  o v a rian  cysts  (T able V II , F ig . 2), w as n early  id en 
tic a l in  th e  tw o g ro u p s ; cows rece iv ing  caro ten e  su p p le m e n ta tio n  developed 
la rg e  ovarian  cy sts  less f re q u e n tly . T h e  m ean  of in te g ra te s  o f p o s tp a r tu m  p ro 
gesterone  profiles d u rin g  th e  f irs t  30 day s p o st p a r tu m  w as p ra c tic a lly  iden tical 
in  th e  tw o g roups; th e re a f te r  th e  tre a te d  cows h ad  h igher m ean  values. The dif-
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beginning of green feeding

Fig. 3. Group averages o f integrates o f progesterone profile curves

ference b e tw een  th e  tw o groups in  th is  re sp e c t was sig n ifican t (P  <  0.05; F ig . 3) 
from  d a y  48 up  to  th e  beg inning  o f g reen  feeding. A fter th e  s ta r t  o f green feed 
ing , due  to  th e  h igher C L-phase p ro g este ro n e  values fo u n d  fo r som e co n tro l 
cows, th e  d ifferences w ere less m ark ed  fro m  d ay  59 onw ard s; on ly  a te n d e n c y  
rem ain ed  d em o n strab le  up  to  th e  en d  o f  th e  s tu d y .

Table VIII

Correlations of certain metabolic parameters w ith  the integrate o f progesterone concentration
measured up to  postpartum  day 58

Characteristics of the Treated* Control Total
regression line1 (n = 10) (n = 11) (n  =  23)

D ays 1 -5  post partum
N E F A  A 0.701

В -0 .0 0 1
r -0 .5 3 2 *

T otal cholesterol No correlation can be established
Beta-carotene A - 5 .9 0 8 1.677

в 0.718 0.527
г 0.608* 0.351*

D ays 30-35  post partum

N E F A  A 0.426 0.398
В -0 .0 0 1 - 0 .0 0 1
r -0 .5 6 1 * -0 .3 1 7 *r

T otal cholesterol I „  , . .г, . . ! IN о correlation can be establishedBeta-carotene J

Remarks: see Table VI.
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C orrelations o f  th e  in teg ra tes  ca lcu la ted  fo r d ay  58 ( th e  la s t  d ay  for w h ich  
th e re  were sign ifican t d ifferences b e tw een  th e  m ean  in te g ra te  of th e  tw o groups) 
w ith  m etabo lic  p a ra m e te rs  are show n in  T ab le  V II I .

A ll anim als cam e  in to  oestrus an d  w ere in sem in a ted  before  p o s tp a r tu m  
d a y  150. Of th em , 7 conceived  in each  o f th e  tw o groups.

A lthough  in  th e  t re a te d  group th e  b e ta -c a ro te n e  level o f  th e  p lasm a w as 
less th a n  physio logical in  sp ite  of ca ro ten e  su p p lem en ta tio n , th e  ra tio  o f cows 
conceived  upon f i r s t  in sem in a tio n  w as m ore  fav o u rab le  ( tre a te d  g roup: 6/7, 
c o n tro l g roup: 1/7) a n d , consequen tly , also th e  concep tion  in d ex  was b e t te r  
( tre a te d  group: 1.14 ^  0.35, con tro l g ro u p : 2.00 ±  0 .53). T h e  f irs t p o s tp a r tu m  
in sem in a tio n s w ere p e rfo rm ed  a fte r  a m ean  in te rv a l ap p ro x im a te ly  the  sam e 
in  th e  tw o g roups (c o n tro l: 65.5 i  35.7 d ay s, tre a te d :  64.4 ^  29.3 d ay s); 
nev erth e less , th e  t r e a te d  cows conceived b y  n ea rly  a cycle-leng th  earlier th a n  
th e  co n tro l ones (c o n tro l:  91.3 ^  35.6 d ay s , tre a te d :  72.1 ^  32.4 days).

D iscussion

A lthough  th e  400-m g caro tene  su p p le m e n ta tio n  re su lted  in  a sign ifican t 
in c rease  of serum  b e ta -c a ro te n e  c o n c e n tra tio n  in  th e  tre a te d  anim als (F ig . 1), 
th e  caro tene  level d id  n o t  reach  200 //g /d l, th e  co n cen tra tio n  regarded  as m in i
m a lly  desirable. A p ro b a b le  e x p lan a tio n  fo r th is  w as th e  severe ly  ca ro ten e-d e fi
c ien t feeding w hich h a d  been la s tin g  fo r a t  leas t 3 m o n th s. F eed in g  a daily  dose 
o f  400 mg b e ta -c a ro te n e , e ith e r as a sy n th e tic  p re p a ra tio n  o r a n a tu ra l feed , 
is n o t  sufficient to  co m p en sa te  for such  a p ro longed , severe deficiency, in  o u r 
ea rlie r experim en ts w ith  p o s tp a r tu r ie n t, h igh -p roduc ing  cows sim ilar scrum  
b e ta -ca ro ten e  co n c e n tra tio n s  (betw een  200 a n d  400 fj,g/dl) w ere achieved b y  
feed ing  sim ilar d a ily  doses of b e ta -c a ro te n e  (P e th es  e t a l., 1983; H uszen icza  
e t a l., 1984; P e th es  e t  a l., 1984).

A nim als c h a ra c te r iz e d  b y  h igh  p o s tp a r tu m  N E F A  levels were ex c luded  
fro m  th e  ev a lu a tio n  because  of th e  co rre la tio n  observed  betw een  increased lip id  
m ob iliza tion  an d  th e  d elayed  re su m p tio n  o f  o v arian  a c tiv ity  (H arasz ti e t  a l., 
in  press), and  b ecau se  of th e  con firm ed  re la tio n sh ip  be tw een  serum  N E F A  
a n d  caro tene  levels (H a ra sz ti e t al., 1984).

As a sign in d ic a tiv e  of th e  re su m p tio n  o f cycling, in  th e  serum  and  m ilk  
o f h e a lth y  m ilked cow s increased  p ro g este ro n e  co n cen tra tio n s  w ere m easu red  
fo r  a few  days a lre a d y  from  p o s tp a r tu m  day s 16-21 . H ow ever, th e re  is no co n 
s e n t in  th e  l i te ra tu re  as regards th e  m in im u m  d elay  of th e  f ir s t  p o s tp a r tu m  CL 
p h ase  w hich can he  considered  pa th o lo g ica l. A ccording to  K a rg  and  Schallen- 
b e rg e r (1983), a d e lay  o f  th e  f irs t p o s tp a r tu m  CL phase  b ey o n d  d ay  28, w hereas 
acco rd ing  to  o th e rs  b ey o n d  d ay  30 (V an de W iel e t a l., 1979), d ay  35 (E lsaesser 
e t  a l., 1979; L am m in g , 1980), day  45 (B all e t al., 1980) or p e rh ap s  d ay  50 (L a m 
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m ing and  B u lm an , 1976; B u lm an  an d  L am m ing , 1978; L am m in g , 1980) p o s t 
p a r tu m  can  bo considered  to  be a p ro longed  p o s tp a r tu r ie n t  ano estru s . T he 
above-c ited  a u th o rs  rep o rted  w ide v a ria tio n s  (betw een  5 an d  66% ) in  th e  
re la tiv e  inc idence  o f th is  cond itio n . In  th e  p resen t case, in  th e  tre a te d  g roup  
the f irs t p o s tp a r tu m  CL phase  began , on th e  average, b y  a b o u t 10 days earlie r 
th a n  in  th e  co n tro l g roup ; how ever, due to  th e  large in d iv id u a l v a ria tio n  th e  
difference w as s ta tis tic a lly  no n -sig n ifican t. No co rre la tio n  w as found  to  ex is t 
betw een  th e  b eg inn ing  of th e  f irs t  CL cycle an d  th e  se ru m  b e ta -c a ro te n e  level. 
A t th e  sam e tim e , a low , h u t  s ig n ifican t, neg a tiv e  co rre la tio n  was found  w ith  
th e  N E F A  level a t  p o s tp a r tu m  d ays 1 -5  an d  30-35 (T able  V I). A ll these  fac ts  
seem  to  su p p o rt th a t  th e  p o s tp a r tu m  re su m p tio n  of cyclic  o v a rian  a c tiv ity  is 
delayed b y  th e  re la tiv e  energy -deficiency  ch a rac te ris tic  o f h ig h -p roduc ing  cows 
(E ley  e t a l., 1981) an d  th e  re la te d  en h an cem en t of lip id  m o b iliza tion  (H a ra sz ti 
e t al., 1982; H a ra sz ti e t al., in  press).

A ccording to  th e  p rogesterone  p ro file  curves, th e  f i r s t  CL phase  w as b y  
som e days sh o rte r  th a n  th e  la te r  ones, an d  w as ch a rac te rized  b y  low er p ro g es
te rone  peaks (Tables IV  an d  V II) . T h is is in  ag reem en t w ith  li te ra ry  d a ta  (M or
row  e t al., 1969; Scham s e t a l., 1978; P e te rs  and  R iley, 1982). T he d u ra tio n  o f 
th e  f irs t CL p h ase  w as n o t in flu en ced  b y  th e  b e ta -c a ro te n e  su p p lem en ta tio n .

The tre a te d  cows ten d ed  to  h av e  h ig h er p rogesterone  p e a k  co n cen tra tio n s  
d u rin g  all th e  th re e  p o s tp a r tu m  CL phases exam ined  th a n  th e  con tro l cows 
(Table IV ); th e  d ifferences w ere n o t s ign ifican t. This p h en o m en o n , w hich, in 
con fo rm ity  w ith  th e  experiences of o th ers  (L o tth a m m e r e t a l., 1976; Jack so n  
e t al., 1981) h a d  a lre a d y  been  observed  b y  us, m ay  be ex p la in ed  b y  a p o s tu la te d  
d irec t role o f b e ta -c a ro te n e  in  p ro geste rone  syn thesis (P e th es  e t  al., 1984). T his 
h y po thesis  is ju s tif ie d  b y  th e  fac t th a t  c a ro ten e-su p p ly -d ep en d en t d ifferences 
w ere found  in  th e  in  v itro  p rogeste rone  secre tion , and  s tim u la tio n  th e re o f w ith  
HCG, of su rv iv in g  CL cell suspensions o b ta in ed  betw een  d ay s  10 and  12 of th e  
cycle from  cows k e p t on a ca ro ten e-d e fic ien t d ie t and  from  th o se  receiv ing b e ta -  
caro tene  su p p lem en ta tio n  (S om orjai e t ah , 1984; P e th es  e t ah , in  press). All 
th ese  fac ts  ex p la in  th e  sign ifican t d ifferences betw een  th e  tw o  groups in  th e  
in teg ra te  m eans o f p rogesterone  p ro file  cu rves from  p o s tp a r tu m  d ay  48 u p  to  
th e  beg inn ing  o f green feeding (F ig . 3). I t  should be m en tio n ed , how ever, 
th a t  th e  in te g ra te  va lues show ed a co rre la tio n  verifiab le  b y  lin e a r  regression less 
freq u en tly  w ith  th e  b e ta -ca ro ten e  level th a n  w ith  th e  N E F A  co n cen tra tio n  
(Table V II I ) .  These call th e  a tte n tio n , besides th e  im p o rta n c e  o f caro tene  su p 
p ly , to  th e  close re la tio n sh ip  ex isting  betw een  an ad eq u a te  en e rg y  supp ly  an d  
lu te a l functions.

The effect o f  ca ro ten e  su p p le m e n ta tio n  on th e  inc idence  of o v arian  d is
orders ch a rac te rized  b y  th e  d ev e lo p m en t o f large cysts  can  be  assessed m ore 
defin ite ly . F o llic le-theca  an d  fo llic le-lu tein  cysts  were o bserved  in  6 cases a lto 
g e th e r (Table V II , F ig . 2). T he d ifferences found  betw een  th e  tw o  groups agree
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w ith  th e  experiences o f  L o tth a m m e r e t  al. (1976) an d  L o tth a m m e r  and Ahl- 
sw ede (1977), w ho re p o r te d  an  increased  d isposition  fo r th e  d ev e lopm en t of 
la rg e  cysts in  cows fed  ca ro ten e -d e fic ien t d ie ts . A t th e  sam e tim e , our d a ta  are  
c o n s is te n t w ith  th e  o b se rv a tio n s  o f Z öldág  (1984) suggesting  th a t  cysts d iag 
n o sed  sh o rtly  a f te r  p a r tu r i t io n  have  a h ig h  ten d e n c y  fo r self-recovery .

The low n u m b e r a n d  incidence (T ab le  V II , F ig. 2) o f  th e  o th e r d isorders 
o b se rv ed  (corpus lu te u m  persis ten s , cessa tio n  o f  o v arian  cyclic ity ) do n o t ren d e r 
possib le  an ex ac t a sse ssm e n t of these  co n d itio n s. H ow ever, ca ro ten e  su p p ly  is 
u n lik e ly  to  have an  in flu e n c e  on th e ir  frequencies .

Because o f th e  low  n u m b er of an im als  used an d  th e  in su ffic ien t basic 
ca ro te n e  supply  s ta tu s ,  th e  p resen t in v es tig a tio n s  c a n n o t he considered con
c lusive . H ow ever, b a se d  up o n  th e  ag reem en t o f th e  p re se n t experiences w ith  
th e  conclusions o f o u r  p rev io u s  s tud ies i t  seem s to  be p lau sib le  th a t  th e  a d d i
tio n a l  b e ta -ca ro ten e  su p p le m e n ta tio n  used  in  ca ro ten e-d e fic ien t cows has a 
fav o u rab le  effect on p o s tp a r tu m  o v arian  fu n c tio n s, p r im a rily  b y  decreasing th e  
n u m b e r  of cows w ith  c y s tic  ovaries an d  b y  enhanc ing  th e  p rogesterone  secre
tio n  o f the  CL. H o w ev e r, as com pared  to  th e  m etabo lic  d is tu rb an ces  re su lting  
fro m  insufficien t e n e rg y  sup p ly , p ro b a b ly  th e  above e ffec t can  h a rd ly , or n o t 
a t  a ll, m anifest itse lf.
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The lipid m etabolism  of eight healthy ewes kept and fed under the conditions o f  
large-scale m anagem ent technology was studied in the periparturient period.

Blood param eters characterizing lipid m etabolism  were m onitored from the last 
third of pregnancy up to the third postpartal week. The lipid com position of the tr ig ly
ceride (TG) and free fa tty  acid (F F A ) fractions of the blood plasm a was exam ined by  
gas chrom atography. A t the beginning o f the experim ent and one week after parturition  
the total lipid (TL) content and fa tty  acid com position of liver biopsy specim ens were 
determined. Sam ples of adipose tissue were taken on three occasions and analysed for 
fa tty  acid com position.

Since a half o f the sheep proved to be tw in-pregnant, it  was possible to compare 
the data of ewes delivering one lam b w ith those of twinning ewes.

The decrease of the blood glucose level and the increase o f its  F F A  concentration  
indicated that by the end of pregnancy the ewes, and particularly the tw in-pregnant 
ones, had got into an energy-deficient status. As opposed to  dairy cows, in sheep the  
lower plasma triglyceride level was measured during pregnancy. In the fa tty  acid com 
position of triglycerides the proportion of palm itic acid increased while that o f stearic 
acid decreased.

The F FA  com ponents were characterized by a change o f stearic acid and oleic 
acid in the opposite direction.

The sheep developed a m ild fa tty  liver during pregnancy. W ithin the lipids the  
proportion of stearic acid decreased whereas that o f oleic acid increased after lam bing.

No im portant change occurred in the fa tty  acid com position of the adipose tissue.

Keywords. Lipid m etabolism , pregnant ewe, periparturient period.

D uring  p reg n an cy  and  in th e  period  a round  lam b in g  th e  d a m ’s organism  
is exposed  to  an increased  m etabo lic  load . S im ilarly  to  t h a t  o f th e  d a iry  cow 
(H a ra sz ti e t al., 1982a, b) ,  th e  energy  an d  lip id  m etabo lism  o f th e  ewe undergoes 
m a jo r changes in th is  period , w ith  th e  difference th a t  in  sheep  these  changes 
occu r du ring  la te  p reg n an cy , n o t in  th e  p o s tp a rta l period  (H errim an  e t al.,
1976).

Two fac to rs can  be held  responsib le  fo r th e  energy -deficiency  developing 
in  ewes. D ue to  th e  m ore an d  m ore freq u en t incidence o f tw in -p reg n an cy  th e  
en erg y  req u irem en t o f th e  fetuses increases. A ccording to  R o b in so n  e t al. (1978), 
energy-deficiency can  be fu r th e r  a g g ra v a te d  b y  in ap p e ten ce  w hich  usually  a c 
com panies pregnancy .

O f th e  m etabo lic  changes occu rrin g  during  p reg n an cy , besides th e  de
creased  lip id  syn thesis  in  adipose tissues, V ernon e t al. (1981) observed en 
h a n ced  lip id  m obiliza tion . T his process is in d ica ted  b y  changes in  th e  concen tra-
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tio n  o f ce rta in  b lood p la sm a  m etab o lites . W hen  th e  b lood  glucose level d rops, 
th e  to ta l  lip id  (TL) c o n c e n tra tio n  show s a rise . A ccording to  C hristie  (1979) and  
N oble  e t al. (1971) th e  decisive p ro p o rtio n  o f th is  rise can  he a t tr ib u te d  to  th e  
in crease  of th e  F F A  a n d  trig ly ce rid e  (TG) co n cen tra tio n . R eid  an d  H inks (1962) 
fo u n d  th a t  in  la te  p re g n a n c y  th e  F F A  co n cen tra tio n  o f th e  b lood  p lasm a was 
d ire c tly  p ro p o rtio n a l to  th e  to ta l  m ass o f th e  fetus(es). A ccord ing  to  th e  stud ies 
o f  G ill and  H a r t  (1980) th e  p e a k  o f lip id  m obiliza tion  m ay  be  estim a ted  to  occur 
on  g es ta tio n  d ay  135; b u t  th is  enhanced  lip id  m ob iliza tion  con tin u es up  to  th e  
e n d  o f th e  th ird  p o s tp a r ta l  w eek, i.e. d u rin g  th e  period  o f h ig h  m ilk  p rod u c tio n . 
D u rin g  th is  period  la rg e  am o u n ts  o f k e to n e  com pounds a re  p roduced  in  th e  
o rg an ism ; accord ing  to  L eng  (1965) p rim arily  th e  level o f  /S -hydroxybutyric 
ac id  rises.

N oble e t al. (1971) observed  in  th a t  period  c h a ra c te ris tic  differences also 
in  th e  fa t ty  acid co m p o sitio n  of th e  b lood  p lasm a: th e  decrease of th e  p ro p o r
t io n  o f sa tu ra te d  f a t ty  ac id s , especially  s tea ric  acid, an d  th e  increase of th a t  of 
u n s a tu ra te d  f a t ty  ac id s, w ere ty p ica l.

In  ewes, th e  T L  c o n te n t o f th e  liv e r, th e  organ  h av in g  a p a ra m o u n t im 
p o rta n c e  in  energy  a n d  lip id  m etabo lism , also increases d u rin g  p regnancy  as it 
w as d em o n stra ted  b y  G aá l an d  F ek e te  (1982). This is co n n ec ted  w ith  th e  in 
creased  F F A  c o n c e n tra tio n  of th e  b lood  p lasm a (P a tte rso n , 1964). A ccordingly, 
S m ith  and  W alsh  (1975) fo u n d  th a t  th e  p ro p o rtio n  o f oleic ac id  increased  and  
t h a t  o f stearic  ac id  d ecreased .

S im ilarly  to  f a t  d a iry  cows, in  obese ewes th e  lip id  m o b iliza tion  processes 
a re  m uch  m ore exp ressed  an d  can  lead  to  m ore severe m e tab o lic  changes (S te rn  
e t  a l., 1978) th a n  in  n o rm a l ewes.

In  th e  p re sen t w o rk  th e  d a ta  co llected  on changes in  th e  lip id  m etabo lism  
o f ew es in  th e  p e rio d  o f la te  p reg n an cy  an d  early  la c ta t io n  are  rep o rted . W e 
in v e s tig a te d  th e  reg u la ritie s  an d  in te ra c tio n s  th a t  ex ist be tw een  som e lip id -m e t
abo lic  p a ram ete rs  o f th e  b lood  p lasm a  an d  th e  fa tty -a c id  com position  o f a d i
pose tissue and  liv e r p a re n c h y m a  (th e  o rgans hav ing  a m a jo r role in lip id  m e ta b 
olism ) in  the  ab o v e-m en tio n ed  period .

M aterials an d  m ethods

E ig h t a r tif ic ia lly  in sem in a ted , 4 -5  y ea rs  old, M erino ewes w ith  an average 
b o d y  m ass of 60 k g  w ere  used. F o u r o f th e  ewes delivered  tw in  lam bs.

The sheep w ere fed  accord ing  to  th e  usual techno logy  o f th e  farm . The daily  
r a t io n  of a ewe co n sis ted  of 1 kg  a lfa lfa  h ay  o f m ed iu m  q u a lity , 0.5 kg ewe 
d ie t  an d  0.5 kg  b a r le y  straw . T he ewe d ie t co n ta in ed  6 8 %  corn-g rits, 20%  
sem olina, 10%  a lfa lfa  m eal, 0 .5 %  m inera l sup p lem en t, 1 %  p rem ix  su p p lem en t 
a n d  0 .5%  fodder sa lt.

A ccording to  ca lcu la tio n s, th is  ra tio n  was su ffic ien t to  ensure o p tim um

Acta Vcterinaria Hungarica 33, 1935



LIPID METABOLISM IN EWES 91

d ry  m a tte r , energy  an d  d igestib le  c rude  p ro te in  c o n te n t in  th e  la te  p regnancy  
period  and  for suck ling  one lam b .

Follow -up of blood  p a ra m e te rs  ch a rac te riz in g  th e  lip id  an d  energy  m e ta b 
olism  w as s ta r te d  6 w eeks before th e  te rm  (in th e  la s t th ird  o f p regnancy). 
Sam ples w ere ta k e n  w eekly  up to  th e  th ird  p o s tp a r ta l  week. T he glucose level 
o f th e  b lood and  th e  to ta l  lip id  (TL), tr ig lyceride  (TG ), free  f a t ty  acid  (F F A ) and  
to ta l  cholesterol (TCh) levels as well as a sp a r ta te -am in o tra n sfe ra se  (AST) a c tiv 
i ty  o f th e  b lood p lasm a w ere de te rm in ed . K eto n es w ere d e m o n s tra te d  by  th e  
Ross te s t. The m eth o d s app lied  in  th e  p re sen t ex p e rim e n t w ere th e  sam e as 
those  used  an d  described  earlie r (F lu sv é th  e t a l., 1982).

To d e te rm in e  th e ir  fa tty -a c id  com position , p la sm a  lip id  com ponen ts were 
sep a ra te d  b y  th in - la y e r  ch ro m a to g rap h y . A fte r th e  e x tra c tio n  of lip ids a 5%  
so lu tion  w as p rep a red  from  the  sam ples w ith  benzene. T w o-m l sam ples of th is  
so lu tion  were app lied  in  a b an d  on th e  p re p a ra tiv e  th in - la y e r  ch ro m ato g rap h ic  
p la te  m ade b y  us (1 m m  th ic k  K ieselgel-G  on  a 2 0 x 2 0  cm  glass p la te ). 
A 50 : 30 : 20 : 1 m ix tu re  of n -h e p ta n e , 40%  p e tro leu m  e th e r, d ie th y l e th e r  and  
acetic  acid w as used  as so lven t. T he sp ray in g  re a g e n t w as a 0 .5 %  so lu tion  of 2’, 
7’-d ich lorofluorescein  in  e th an o l. T he frac tio n s w ere d e tec ted  u n d e r an  u l t r a 
v io le t lam p  of 254 n m  w avelen g th . A fter sc ra tch in g  off, th e  frac tio n s were 
e x tra c te d  w ith  benzene, e v a p o ra te d  and , a f te r  re -m easu rem en t, 5 %  benzene 
so lu tions were m ade from  th em . T ran ses te rif ica tio n  w as carried  o u t as described 
p rev io u sly  (H u sv é th  e t al., 1982).

The changes in  th e  p ro p o rtio n  of f a t ty  acids o f TG  an d  F F A  frac tions 
w hich p resu m ab ly  p lay  a decisive role in  th e  a lte ra tio n  o f lip id  com position  
w ere s tud ied  b y  a g a s-ch ro m ato g rap h ic  p rocedure  (H u sv é th  e t a l., 1982).

O n tw o occasions, a t  basic  sam pling  a t  th e  beg in n in g  of th e  exp erim en t 
(A) an d  one w eek a fte r  lam b in g  ( + 1 )  ab o u t 100 m g liv e r  tissue  w as o b ta in ed  by 
p e rcu tan eo u s needle b iopsy . T he T L  c o n te n t o f th e  sam ples w as de te rm in ed  by  
a chem ical m eth o d  (A tk inson  c t ah , 1972). In  the  e x tra c te d  lip ids th e  p ropo rtio n  
of in d iv id u a l f a t ty  acids w as s tu d ie d  b y  gas ch ro m a to g ra p h y .

A dipose tissue  sam ples w ere ta k e n  from  th e  su b cu tan eo u s  connective  tis 
sue o f th e  ta ilh ead . A t th e  beg inn ing  of th e  ex p e rim e n t (A), one w eek before 
(— 1) an d  a fte r  lam b in g  ( + 1 )  a b o u t 500 m g fa t  w as excised  on each  occasion 
(Jo h n so n  e t a l., 1977). T he fa tty -a c id  com position  of ad ipose tissue  lip ids was 
an a lysed  sim ilarly  to  th a t  o f th e  liv e r sam ples.

O ur re su lts  w ere an a lysed  b y  s ta tis tic a l m e th o d s (A n ta l e t al., 1978). 
D a ta  o b ta in ed  6 an d  one w eek before an d  one w eek a fte r  p a r tu r it io n  were 
su b jec ted  to  sign ificance and  lin e a r  regression ca lcu la tio n s. T h is approach  
w as chosen because, as com pared  to  th e  basic  sam ples, th e  m ost s trik ing  
changes occurred  a t  th e  above tim es.

B lood p a ra m e te rs  ex am in ed  a t  th e  above th re e  tim es (A, — 1, + 1 )  in  
ewes delivering  one lam b  were com pared  w ith  tho se  o f th e  tw in -p re g n a n t ewes.
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R esults
A n a ly s is  o f  blood sam ples

R esults of th e  an a ly s is  o f b lood  sam ples are  show n in  T ab le  I.
One week before p a r tu r i t io n  th e  b lood glucose level d ro p p ed  s ig n ifican tly , 

b y  a b o u t 20% . In  th e  f i r s t  w eek of la c ta tio n  i t  ap p ro x im a te d  th e  low er lim it of 
th e  physiological level fo u n d  a t  th e  beg inn ing  of th e  e x p e rim en t an d  m easu red  
b y  u s  in  n o n -p reg n an t ew es (F ig . 1).

T he TL , TG  a n d  F F A  levels o f the  blood p lasm a  rose d u rin g  th e  s tu d y .
B y  week — 1 th e  T L  h a d  reach ed  a level one an d  a h a lf  tim es as h igh as 

th e  b ase  value, an d  re m a in e d  a t  th e  sam e level a f te r  lam bing .
TG  co n cen tra tio n  w as well below  th e  physio logical range  d u rin g  p re g n a n 

c y ; how ever, by  one w eek  before p a r tu r it io n  i t  h ad  increased  b y  30%  an d  con
t in u e d  to  rise even a f te r  lam b in g . In  th e  th ird  w eek o f la c ta tio n  i t  exceeded  th e  
b a se  level a lready  b y  8 0 % .

A t th e  beg inn ing  o f  th e  ex p e rim e n t th e  F F A  level w as 0.42 mmol/1, w hich 
co rresp o n d s to  th e  u p p e r  lim it o f th e  physio logical ran g e . B y  one w eek before 
la m b in g  it  had  in creased  b y  a fu r th e r  30%  and  d ro p p ed  to  th e  m ean  level in  th e  
th i r d  week of la c ta tio n .

TCh was low  th ro u g h o u t th e  period  of s tu d y  (it w as m o stly  a ro u n d  2.6 
m m ol/1). A t the  f irs t  sam p lin g  an d  im m ed ia te ly  a f te r  lam b in g  i t  decreased  b y  
a fu r th e r  20% .

AST ac tiv ity  re m a in e d  w ith in , o r s ligh tly  above, th e  physio log ica l range 
th ro u g h o u t th e  p e rio d  o f  s tu d y .

O f th e  blood p a ra m e te rs , s ig n ifican t d ifferences w ere d e m o n s tra te d  in 
g lucose, F F A  and  T C h levels be tw een  un iparous an d  tw in n in g  ewes (F ig . 2). 
T h e  glucose co n c e n tra tio n  o f th e  basic  sam ple w as 30%  low er, an d  one w eek 
b e fo re  lam bing  F F A  lev e l w as 60 %  h igher in  th e  tw in n in g  ewes.

Fig. 1. Changes in blood glucose level a t the three tim es studied (values indicated w ith  the sam e 
le tter  differ significantly [A , B: P  <  0.001]; A  — basic sam pling; —1: one week before parturi

tion; -f-1 : one week after parturition)
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Table I

Changes in total lipid, triglyceride, free fa tty  acid, total cholesterol levels and AST activ ity  of the blood plasma

Base — 5 —4 — 3 —2 — 1 + 1  + 2  + 3

W e e k s  b e f o r e  p a r t u r i t i o n Weeks after parturition

T L ,g /l X 1.98AB 2.03 2.06 2.03 2.60 *2.96a P A R T Ü R - 2.94B 2.19 2.38
±8 ± 0 .3 1 ± 0 .2 5 ± 0 .2 8 ± 0 .2 7 ± 0 .5 5 ± 0 .8 5  I T I O N ± 0 .6 2 ± 0 .3 1 ± 0 .3 5

TG, mmol/1 X +. + +0.144°. ° 0.140 0.139 0.134 0.134 0.178c 0.195° 0.230 0.256
±8 ± 0 .0 3 9 ± 0 .0 6 0 ± 0 .0 4 8 ± 0 .0 3 4 ± 0 .0 2 3 ± 0 .0 2 1 ± 0 .0 4 3 ± 0 .0 4 4 ± 0 .0 3 5

FFA , mmol/1 X 0.42E 0.48 0.37 0.37 0.44 *0.56E 0.45 0.44 0.35
i s ± 0 .0 5 ± 0 .1 6 ± 0 .0 9 ± 0 .0 7 ± 0 .0 9 ± 0 .1 7 ± 0 .0 6 ± 0 .0 9 ± 0 .1 4

TCh, mmol/1 X +2.16c 2.84 2.71 2.60 2.80 2.67c> ° 2 .12° 2.19 2.64
i s ± 0 .4 8 ± 0 .8 0 ± 0 .8 6 ± 0 .9 7 ± 1 .0 6 ± 0 .3 9 ± 0 .5 0 ± 0 .4 9 ± 0 .4 0

AST, U/l X ++30.3 51.7 52.6 51.2 42.0 37.0 47.3 52.9 67.7
i s ± 4 .3 ± 1 2 .6 ± 1 9 .2 ± 1 3 .6 ± 1 0 .6 ± 1 0 .0 ± 1 7 .5 ± 1 5 .9 ± 2 3 .1

* Positive correlation: r =  0.74; P  <  0.05; +, + + N egative correlation: + r =  —0.71; P <  0.005; + + r =  —0.78; P  <  0.05. Param eters 
ind icated  w ith the same letter in the horizontal lines differ significantly: A, B: P  <  0.001; C, D: P  <  0.05; E: P  <  0.01.

Table II

Changes in the proportion of free fa tty  acid (FFA ) components in the blood plasma

FFA, mmol/1
Pentadecanoic 

acid 
C15 : 0

Palmitic 
acid 

C16 : 0

Palmitoleic 
acid 

C16 : 1

Stearic 
acid 

C18 : 0

Oleic 
acid 

C18 : 1

Linoleic 
acid 

C18 : 2

Arachidonic 
acid 

C20 : 0

Linolenic 
acid 

C18 : 3

A X 0.42+>1 0.54 22.381 2.66 35.42 27.56 7.43 0.74 3.33
± S ± 0 .0 5 ± 0 .2 7 ± 2 .2 0 ± 0 .5 5 ± 3 .7 1 ± 3 .7 2 ± 1 .1 7 ± 0 .5 7 ± 0 .9 8

- 1  X 0.56*-+ 0.91 22.08 2.73 33.21 28.67* 6.45 0.48 2.57
± S ± 0 .1 7 ± 0 .5 0 ± 2 .6 7 ± 1 .0 7 ± 2 .5 6 ± 5 .8 2 ± 3 .2 1 ± 0 .2 1 ± 0 .5 9

± 1  X 0.45 0.66 21.40 3.86 33.49 31.40 7.39 0.55 2.02
± 8 ± 0 .0 6 ± 0 .4 9 ± 2 .9 4 ± 3 .7 1 ± 2 .8 3 ± 4 .9 0 ± 1 .0 0 ± 0 .5 2 ± 0 .5 1

A: Basic sampling; —1: one week parturition; + 1 :  one week after parturition; 1: positive correlation (r =  0.90; P <  0.01); 2: positive  
correlation (r =  0.88; P  <  0.01); +  : significant difference P  <  0.01.

L
IP

ID
 M

E
T

A
B

O
L

ISM
 IN

 E
W

E
S



94 MAGDUS et al.

Fig. 2. Differences in blood parameters between uniparous and tw inning ewes (white colum ns: 
uniparous ew es, striated columns: tw inning ewes; X : P <  0.05)

In  th e  basic  sam p les , th e  TG and  TC h level and  th e  TG  level and  A ST 
a c tiv i ty  were in n e g a tiv e  correlation  w ith  one a n o th e r. One week before lam b in g  
a po sitiv e  co rre la tio n  w as found betw een  T L  an d  F F A  (T able I).

O f th e  F F A  co m p o n en ts , th e  p ro p o rtio n  o f s tea ric  acid  ( 0 8 :0 )  decreased , 
w hereas th a t  o f oleic ac id  ( 0 8 :1 )  increased  d u rin g  th e  experim en t. In  th e  basic  
sam ples a positive  c o rre la tio n  was estab lish ed  b e tw een  th e  F F A  level an d  th e  
p ro p o rtio n  of p a lm itic  ac id  ( 0 6 :0 ) .  A t one w eek before p a r tu r itio n , on th e  o th e r  
h a n d , th e  F F A  leve l w as in  a close co rre la tio n  w ith  oleic acid (Table I I ) .

In  th e  TG  f ra c tio n  o f th e  blood p lasm a  th e  p ro p o rtio n  o f pa lm itic  ( 0 6 : 0 )  
a n d  palm ito leic ac id  ( 0 6 : 1 )  increased, a n d  th a t  o f s tea ric  acid ( 0 8 : 0 )  de-
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creased  one w eek a f te r  lam bing . T he changes w ere s ta tis t ic a lly  sign ifican t. 
As com pared  to  th e  hase  value , th e  p ro p o rtio n  of lino lcic  acid (C18:2) w as 
s ig n ifican tly  h ig h er a lread y  before p a r tu r i t io n  (T able I I I ) .

A n a ly s is  o f  liver sam ples

The resu lts  o b ta in e d  b y  th e  analysis o f  liv e r sam ples are  show n in F ig . 3. 
A t th e  b eg in n in g  o f th e  la s t th ird  of p reg n an cy , th e  T L  co n cen tra tio n  of 

th e  liv e r w as, on th e  av erag e , 77 g/kg. As co m p ared  to  th is , T L  show ed an a b o u t 
3 0 % , s ta tis tic a lly  s ig n if ican t (P  <  0.05), decrease a f te r  lam b in g .

p < 0.05 p < 0.05
X 0:53l 0.43 120.67 23.15 3.49 3.48 34.24l28.78 25.39 28.45 11.97] 11.84 0.78] 0.78 3.01 1 3.09

i s 0.1710.08 1 1.44 1.32 0.68 1 0.33 5.38 2.75 2.57! 3.50 3.391 1.42 0.69 10.26 1.32 1 0.75

Fig. 3. T otal lipid concentration  of liver biopsy specim ens and proportions o f the different fa tty  
acids (white columns: B aseA =  77 14.4 g/kg; striated colum ns: + 1 A =  53.6 i  5.8 g/kg;

A: P  <  0.05)

As regards th e  f a t ty  acid com position  o f h ep a tic  lip id s , in  th e  basic  
sam ples stearic  acid  (34 .34% ), oleic acid (25 .39% ), p a lm itic  ac id  (20.67% ) an d  
linoleic acid (11.97% ) w ere p resen t in  th e  h ig h est p ro p o rtio n s .

A t w eek + 1  (one w eek a fte r p a r tu r itio n )  stea ric  ac id  an d  oleic acid w ere 
p re sen t in  th e  liv e r sam ples in  n ea rly  id en tica l p ro p o rtio n s  (28.74 and  28 .45% , 
respectively ), in d ic a tin g  th a t  th e  p ro p o rtio n  o f stea ric  ac id  h a d  decreased w hile 
th a t  o f oleic acid  h a d  increased . T he p ro p o rtio n  o f p a lm itic  acid also show ed 
a sligh t rise (23 .15% ).

H ep atic  T L  show ed  no corre la tion  w ith  an y  o f th e  f a t ty  acids te sted .

Acta Veterinaria Hungarica 33,1985



Acta Veterinaria H
ungarica 33, 1985

to
O )

Tabic III

Changes in the proportion of fa tty  acid components o f triglycerides in the blood plasma

TG, mmol/1 C15 : 0 C16 : 0 C16 : 1 C18 : 0 C18 : 1 C18 : 2 C20 : 0 C18 : 3

A 

- 1  

+  1

X

i s
X

i s
X

i s

0.144A>B 
± 0 .0 3 9

0.1 78a 
± 0 .0 2 1

0.195B
± 0 .0 4 3

1.81
± 0 .6 2

2.61
± 1 .5 7

2.49
± 1 .0 9

24.92e
± 2 .8 7

26.87
± 2 .8 0

28.70e
± 4 .2 2

5.21A 
± 1 .4 1

7.09
± 3 .7 7

7.54a
± 2 .6 9

35.21A
± 6 .8 1

32.03 
— 9.30

27.16a
± 3 .9 1

22.27
± 2 .0 6

22.65
± 3 .3 2

23.92
± 4 .8 2

4.18A>B 
± 1 .6 2

6.11A
± 1 .0 6

5.95B
± 1 .5 2

1.08
± 0 .7 0

0.76
± 0 .1 9

0.63
± 0 .1 6

4.55e
± 1 .4 5

1.79e
± 0 .2 2

3.20
± 1 .5 7

A: Basic sampling; — 1: one week before parturition; + 1 :  one week after parturition. The values indicated w ith the same letter wit hin 
a column differ significantly from one another: A, B: P  <  0.005; C: P <  0.01.

Table IV

F a tty  acid composition of adipose tissue in the period studied

C14 : 0 C15 : 0 C16 : 0 C16 : 1 C18 : 0 C18 : 1 C18 : 2 C20 : 0 C18 : 3

A X 3.18 0.54 26.34 2.62 22.96 39.42 3.06 0.47 1.20
± S ± 0 .6 3 ± 0 .1 3 ± 1 .7 7 ± 0 .8 3 ± 4 .9 9 ± 4 .8 1 ± 0 .5 5 ± 0 .2 8 ± 0 .3 0

- 1 X 3.20 0.68 26.22 2.47 24.13 38.94 2.84 0.47 1.04
±s ± 0 .4 9 ± 0 .2 4 ± 2 .3 3 ± 0 .5 6 ± 6 .9 9 ± 5 .8 9 ± 0 .2 5 ± 0 .1 0 ± 0 .2 0

+  1 X 2.93 0.43 25.85 2.63 23.05 40.12 3.14 0.62 1.06
±s ± 0 .2 5 ± 0 .2 0 ± 2 .3 3 ± 0 .5 8 ± 4 .5 0 ± 4 .1 0 ± 0 .5 4 ± 0 .2 0 ± 0 .2 7

N.S. N.S. N.S. N.S. N.S. N.S. N .S. N.S. N.S.

A: Basic sampling; — 1: One week before parturition; + 1 :  one week after parturition.
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A n a ly s is  o f  subcutaneous fa t

F o r resu lts  o f th e  analysis o f su b cu tan eo u s  fa t, see T ab le  IV .
N ine f a t ty  acids were se p a ra te d  from  th e  ad ipose tissue . In  th e  basic  

sam ples th ree  f a t ty  acids, viz. oleic ac id , p a lm itic  acid an d  stearic  ac id  (in  th e  
o rd e r of th e ir  p ro p o rtio n ) were p resen t in  th e  h ighest p ro p o rtio n . T he p ro p o r
tio n  o f th e  rem ain in g  f a t ty  acids w as negligible, a t  m ost a few per cen t. F a t ty  
ac id  com position  rem ain ed  p rac tica lly  u n a lte re d  th ro u g h o u t an d  no s ig n ifican t 
d ifference from  th e  basic sam ple w as observed .

Discussion

T he lip id  m etabo lism  of ewes k e p t  u n d e r large-scale  m an ag em en t a n d  fed  
as u su a l w as in v es tig a ted  in  th e  perio d  o f p reg n an cy . C erta in  blood p a ra m e te rs  
ch a ra c te ris tic  of lip id  m etabo lism  a n d  th e  com position  o f h ep a tic  an d  ad ipose  
tissu e  w ere m o n ito red  from  th e  beg in n in g  o f th e  la s t th ird  o f p reg n an cy  u p  to  
th e  p e a k  of la c ta tio n . F o u r of th e  e ig h t ewes delivered  tw in  lam b s, th u s , i t  w as 
possib le  to  com pare th e  resu lts  o b ta in ed  in  u n ip a ro u s  an d  tw inn ing  ewes.

T he resu lts  allow ed us to  conclude th a t ,  d esp ite  th e  fa c t th a t  th e  c a lcu la 
tio n s  in d ica ted  a su ffic ien t energy  su p p ly , b y  th e  end , an d  p a rtic u la rly  in  th e  
la s t w eek, o f p reg n an cy  th e  ewes h a d  developed  an  energy -deficien t s ta tu s  as 
in d ic a te d  b y  th e  decreased  blood glucose an d  increased  F F A  levels. U n like  G ill 
a n d  H a r t  (1980), we could  n o t d e m o n s tra te  a rise  o f th e  F F A  level in  th e  th ird  
w eek o f  la c ta tio n . N e ith e r th e  ewes p re g n a n t w ith  one fe tu s  n o r th e  tw in -p re g 
n a n t  ones show ed a pa tho log ica l in crease  o f k e to n e  co n cen tra tio n ; h ow ever, 
th e  s ig n ifican tly  low er blood glucose an d  h ig h er F F A  level o f tw in -p re g n a n t 
ewes in d ica ted  a h ig h er energy  re q u ire m e n t o f tw in  fe tu ses from  th e  d a m ’s 
o rgan ism , in  accordance  w ith  th e  o b se rv a tio n s  o f R ob inson  et al. (1978). O n ly  
a t  w eek — 1 an d  w eek -|-1 d id  th e  T L  c o n te n t of th e  b lood  p lasm a exceed , b y  
a b o u t 5 0 % , th e  1 .63-2 .24  g/1 level re p o rte d  b y  G arto n  a n d  D u n can  (1964) to  be 
physio logical in  sheep . A t th e  beg in n in g  o f th e  ex p e rim en t, th e  TG  c o n c e n tra 
tio n  w as su b n o rm al, th e n  i t  rose co n tin u o u sly . T h is fin d in g  is in co n sis ten t w ith  
th e  o b serv a tio n s m ade in  c a ttle ; n am e ly , in  n o n -la c ta tin g  cows th e  TG  leve l o f 
th e  b lood  p lasm a is alw ays h igher th a n  in  la c ta tin g  ones (H enricson  e t a l., 1977).

T he neg a tiv e  co rre la tion  estab lish ed  betw een  TCh an d  TG  m ay  be d u e  to  
th e  fa c t th a t  in  th e  adv an ced  stage  o f p reg n an cy  th e  c a p ac ity  o f th e  liv e r  is 
d ev o ted , w ith in  lip id  m etabo lism , p r im a rily  to  TG  fo rm a tio n  (P upp ione, 1978). 
In  c a ttle , th e  d rop  o f  TCh c o n cen tra tio n  can  be a t t r ib u te d  to  its  d is tu rb e d  
h e p a tic  syn thesis  (B ru m b y  e t ah , 1975), w hich holds tru e  also for sheep. I t  is 
c h a rac te ris tic  th a t  before p a r tu r it io n  th e  g re a te s t in flu en ce  on b lood p la sm a  
T L  is ex e rted  b y  th e  rise  of F F A  c o n c e n tra tio n , since in  th is  period , due to  th e  
increased  lip id  m ob iliza tion , F F A  a t ta in s  to  an  im p o r ta n t ro le (C hristie , 1979).
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In  th e  period  s tu d ie d , a lte ra tio n s in  th e  f a t ty  acid com position  o f b lood 
p la sm a  lip ids can  h e  ch a rac te rized  b e tte r  b y  th e  p ro p o rtio n s  o f f a t ty  acids 
c o n s titu tin g  TG  an d  F F A ; therefo re , in s te a d  o f  th e  analysis o fT L , o n ly T G  an d  
F F A  w ere su b jec ted  to  g a s-ch ro m ato g rap h ic  analysis.

T he p ro p o rtio n  o f  p a lm itic  acid w ith in  F F A  was co n sis ten t w ith  th e  r e 
su lts  o f W est an d  A n n iso n  (1964). A dipose tissu e  con ta in s m o stly  oleic ac id ; 
th u s ,  as a consequence o f  th e  increased p re p a r tu r ie n t  lipo lysis i t  w as n a tu ra l 
t h a t  w ith in  p lasm a F F A  p rim arily  th e  p ro p o rtio n  of oleic ac id  increased  (N oble 
e t  a l., 1971). T he c o n c e n tra tio n  changes o f s te a ric  acid and  oleic acid  w ere o p 
p o s ite  in  ewes, s im ila rly  to  w h a t was o b se rv ed  fo r cows (H u sv é th  e t al., 1982).

T he com position  o f  T G  was ch a rac te rized  b y  an  increase in  th e  p ro p o rtio n  
o f p a lm itic  acid a n d  a  decrease  in  th a t  o f  s te a ric  acid.

I n  sheep, en d o g en o u s fa t  depots e x h ib it  a h igh  a c tiv ity ;  how ever, d u ring  
ra p id  an d  considerab le  lip id  m obilization  th e  su b cu tan eo u s f a t  has th e  m ost 
im p o r ta n t  p a r t  (In g le  e t  a l., 1972). T h erefo re , th e  su b cu tan eo u s fa t  o f th e  ta il-  
h e a d  a rea , from  w here  sam ples of fa t  c an  b e  ta k e n  easily  a n d  in  large m asses, 
w as considered to  be  m o s t  su itab le  for f a t  sam p lin g . No ap p rec iab le  change was 
fo u n d  in  th e  co m p o sitio n  o f adipose tissu e , in d ica tin g  th a t  a f te r  lipolysis f a t ty  
ac ids o f d ifferen t C a to m  num bers en te red  th e  b lood  c ircu la tion . B ecause o f th e  
absence  o f g ly cero k in ase , no re-syn thesis o f  lip ids occurs in  th e  ad ipose tissue  
(K h a c h a d u rian  e t  a l., 1967).

H ep a tic  T L  d id  n o t  exceed 100 g/kg, th e  level considered  to  be th e  u p p e r 
lim it  o f th e  physio log ica l range in  th e  p e r ip a r ta l  period  in  cows. H ow ever, th e  
m ean  value m easu red  befo re  p a r tu r itio n  w as m ore th a n  1.5 tim es th e  v alue  
fo u n d  for n o n -p re g n a n t anim als (M agdus e t  ah , u n p u b lish ed  o b serv a tio n ). 
I n  th e  liver o f sheep  su ffering  from  p re g n a n c y  to x aem ia , b y  a h isto log ical 
m e th o d  P a tte rso n  (1966) m easured a lip id  c o n te n t of 9 to  2 5 % . C om paring th e  
in d iv id u a l values to  th o se  of the  tab le  e la b o ra te d  for c a ttle  to  allow  com parison  
o f  h isto log ical a n d  b iochem ica l d a ta  (G aà l e t  al., 1983), i t  can  be estab lished  
t h a t  th e  h isto log ical re s u lt  ind icates a m ild  f a t ty  liver. In  th e  p re sen t ex p e ri
m e n t, a lthough  p re g n a n c y  toxaem ia  d id  n o t  develop, a m ild  lip id  accu m u la tio n  
w as d em o n stra ted  in  th e  liver on th e  basis  o f th e  chem ical ex am in a tio n . T his 
phenom enon  is s im ila r  to  th e  p o s tp a r tu r ie n t  f a t ty  liv er develop ing  in  high- 
p ro d u c in g  d a iry  cow s, w ith  th e  difference t h a t  in  ewes th e  f a t ty  liv er developed 
b efo re  lam bing .

In  th e  h e p a tic  tis su e , of th e  f a t ty  ac id s w ith  a long carb o n  chain  th e  de
crease  of stearic  ac id  a n d  th e  increase o f  oleic acid w ere co n sis ten t w ith  th e  
f in d in g s of S m ith  a n d  W alsh  (1975). T hese changes are id en tica l w ith  tho se  o b 
serv ed  in  d a iry  cows a f te r  p a rtu r itio n  (H u sv é th  e t al., 1982). S im ilar d ifferences 
w ere m easured  in  th e  degree of changes o f  p la sm a  F F A , s tea ric  acid  an d  oleic 
ac id  values. In  sheep , how ever, th e  p ro p o rtio n  of stearic  acid  decreased  m ain ly  
in  T G  and  th a t  o f  o leic acid  rem ained  p ra c tic a lly  u n a lte red .
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U nlike o th e r in v es tig a to rs  (P a tte rso n , 1964) we cou ld  n o t con firm  any  
co rre la tion  betw een  h e p a tic  T L  a n d  blood  p lasm a F F A  c o n c e n tra tio n . T h is can  
be exp la ined  b y  th e  fa c t th a t  in  th e  p resen t case no  sev ere  lip id  accum ula tion  
occurred  in  th e  liver.

A ccording to  th e  p a ra m e te rs  s tu d ied , th e  lip id  m e tab o lism  of ewes u n d e r
goes changes, s im ilarly  to  th o se  fo u n d  for d a iry  cows (H a ra sz ti e t al., 1982; 
H u sv é th  e t al., 1982). T his occurs also in  th e  case o f an  en e rg y  supp ly  considered 
suffic ien t, and reaches a p a r tic u la r ly  severe degree in  tw in -p re g n a n t ewes. 
In  ewes, how ever, m etabo lic  changes reach  th e  p eak  in  th e  w eek im m ed ia te ly  
preceding  p a r tu r it io n .
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EFFECT OF FONG-TERM DEHYDRATION ON THE BODY 
WEIGHT, BODY TEMPERATURE AND PACKED CELL 

VOLUME IN BUFFALO*

У. Ramkrishna  and R . P . Sa iga l+

D epartm ent o f V eterinary A natom y and H istology, Punjab Agricultural U niversity,
Ludhiana-141004, India

(R eceived A ugust 3, 1984)

In order to study the effect o f dehydration on body w eight (b. w t.), body tem 
perature (b. tem p.) and packed cell volum e (PCV) in buffalo, 6 buffalo calves kept under 
normal conditions and 9 kept on long-term  dehydration, all aged 1 to 1.5 years, were 
used. The anim als at long-term  dehydration clinically  showed cachectic and soporous 
behaviour, shrunken eyes, anorexia, eye discharge, hard faeces and uncoordinated gait. 
The buffalo calves survived m axim um  15 days o f dehydration. The values o f b. tem p, 
and PCV in norm al buffalo calves ranged betw een 37.9 and 39.0 °C and betw een 28 and 
43% , respectively . There was significant (P  <  0.01) reduction in b. w t., increase in  PCV  
and fall in  b. tem p, from day 3, 6, and 12 onwards, respectively.

There was significant (P  <  0.05) negative correlation betw een PCV and relative  
hum id ity  (rel. hum .) and between PCV and b. tem p., and positive correlation betw een  
b. w t. and b. tem p. Multiple correlation studies showed significant (P  <  0.01) correlation  
of b. w t. w ith  PCV, rel. hum. and b. tem p ., and of PCV w ith  b. w t., rel. hum. and b. tem p. 
I t  is apparent th at also the rel. hum . in  the sheds played an im portant role in the regu la
tion  of w ater m etabolism .

Keywords. Dehydration, body weight, body tem perature, packed cell volum e, 
buffalo.

T he clin ica l sym ptom s ap p earin g  due to  d e h y d ra tio n  have been rep o rted  
in  th e  cam el (G hoshal et al., 1973), cow an d  horse (D u n can  an d  P rasse , 1977) 
an d  in  dom estic  an im als in general (B lood e t a l., 1979). T he d a ta  d u rin g  lo n g 
te rm  d e h y d ra tio n  are  availab le on th e  v a rio u s physio logical changes in  c a ttle  
(W eeth  e t a l., 1967, 1970; Schalm  et a l., 1976; B lood e t al., 1979), sheep  
(S chm id t-N ie lsen , 1956) and  cam el (S chm id t-N ie lsen , 1956; G hoshal e t al.,
1973). No such  reco rd  is availab le  in  th e  buffa lo , an  an im al of g rea t im p o rtan ce  
as h igh  m ilk  y ie ld e r. Therefore, th e  p re sen t w ork  w as u n d ertak en .

Acta Veterinaria Hungarica 33 ( l —2 ) , pp .  101 —106 (1985)

M aterials and  m ethods

F ifteen  h e a lth y  m ale buffalo  calves aged 1 to  1.5 years w ere used . Six 
co n tro l an im als w ere k ep t u n d er ideal fa rm  co n d itions w ith in  closed shed , fed  
on green berseem , m aize choff fodder an d  w a te r  ad lib itu m  for a t  le a s t 7 d ay s.

* Editor's note: The present article is published w ith all due reserves as regards the  
m ethods used b y  the authors. The Editorial Board deem  it necessary to express their d isap
proval o f the applied m ethods, w ith regard to reasons of anim al protection. H owever, for the  
lack of relevant data on long-term  dehydration in buffalo, the publication of this paper has been 
considered justifiab le.
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N in e  ex p erim en ta l an im als  w ere in itia lly  k e p t  fo r a t  leas t 2 day s u n d e r sim ilar 
co n d itio n s to  acc lim atize . S u b seq u en tly , w a te r  w as com pletely  w ith d ra w n  an d  
o n ly  d ry  w h ea t s tra w  w as g iven  to  in d u ce  lo n g -te rm  d eh y d ra tio n . As reco rded  
on  tw o  buffalo  ca lves, th e y  could n o t su rv iv e  th e  15 th  d ay  o f d eh y d ra tio n . 
T h is  served  as la n d m a rk  fo r le th a l s tag e  o f  d e h y d ra tio n  an d  hence, on o th e r 
an im a ls  th e  o b se rv a tio n s  w ere reco rded  fo r 12 to  14 days of d e h y d ra tio n .

T he body  w eig h t (b . w t.), b o d y  te m p e ra tu re  (b. tem p .) an d  p ack ed  cell 
v o lu m e  (PCY) w ere reco rd ed  in  n o rm al an im als  an d  on days 1, 3, 6, 9 an d  12 of 
d e h y d ra tio n  in  e x p e rim e n ta l anim als. C linical sy m p to m s in  th ese  an im als an d  
th e  re la tiv e  h u m id ity  (re l. hum .) o f th e  an im a l shed  w ere reco rded  d u rin g  th e  
e n tire  period  of s tu d y . T h e  d a ta  be tw een  an im als  an d  betw een  d ays o f  d e h y d ra 
tio n  w ere s ta tis tic a lly  an a ly sed  (Sncdecor an d  C ochran, 1967). T he co rre la tio n  
b e tw een  b . w t., b . te m p ., PCY and  rel. h u m . an d  m u ltip le  co rre la tio n  o f b . w t. 
v e rsu s  b . tem p ., PCV  a n d  rel. hum ., an d  o f PC V  versus b. w t., b . te m p , an d  rel. 
h u m . w ere also ca lcu la ted .

R esults

T he clinical sy m p to m s of th e  n o rm a l an d  th e  ex p erim en ta l bu ffa lo  calves 
o n  th e  1st d ay  o f e x p e rim e n t inc luded  b r ig h t eyes, soft sk in  of n o rm a l tu rg o r, 
m o is t m uzzle, n o rm a l g a it  an d  soft faeces. C linical sym p to m s reco rd ed  on ex 
p e rim e n ta l an im als d u rin g  to ta l  d ep riv a tio n  o f  w a te r  w ere: (a) g rad u a l ano rex ia  
fro m  d ay  4; (b) sh ru n k e n  eyes from  d a y  3; (c) cachectic  an d  soporous b eh av io u r

Table I

Mean and range (in parentheses) values of body w eights, packed cell volume and body tempera
ture in buffalo calves and o f relative hum idity on different days of long-term  dehydration,

in comparison w ith control animals

Days of observation
R elative hum idity 

(%)
Body weight

(ke)
Packed cell volume 

(%)
Body tem perature

(°C)

Control animals 71.00 94.00 32.33 38.36
(59.00-85.00) (66.00-154.00) (38.00-43.00) (37.88-39.00)

1 67.55 93.77 35.33 38.95
(51.00-85.00) (81.00-110.00) (28.00-47.00) (37.88-39.22)

3 70.05 79.11 37.44 38.29
(54.50-85.00) (64.00-98.00) (30.00-47.00) (37.77-39.44)

6 70.58 72.00 38.44 38.33
(59.33-85.00) (58.00-82.00) (32.00-48.00) (37.66-39.22)

9 67.85 66.11 39.56 38.03
(57.00-85.00) (54.00-76.00) (33.00-48.00) (37.22-38.77)

12 67.96 61.33 40.33 37.75

CD between parameters on
(55.33-85.00) (49.00-71.00) (32.00-59.00) (36.80-38.44)

different days at the P  < 0.05 level 2.92 2.36 0.43
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Table II

Analysis o f variance for body weight, packed cell volum e and body temperature in buffalo calves

Source of variation df MS

Body weight Between days 4 1446.4667**
Between animals 8 441.2000**
Error 32 9.2417

PCV Between days 4 34.2778**
Between animals 8 176.1722**
Error 32 6.0403

Body temperature Between days 4 0.7300*
Between animals 8 0.4727*
Error 32 0.2005

* Significant at the P  <  0.05 level.
** Significant at the P  <  0.01 level.

Table III

Correlation and m ultiple correlation coefficients between variables in dehydrated buffalo calves

Variables Correlation
coefficient

Variables
Multiple

correlation
coefficient

b. wt. vs PCV - 0 .1 7 8 2 b. wt. vs PVC, 0.3955**
rel. hum. 
and
b. temp.

b. wt. vs b. temp. 0.3820* PCV e b. w t., 0.4481**
rel. hum. 
and

PCV vs b. temp. -0 .2 0 5 2 *
b. temp.

PCV vs rel. hum. -0 .4 5 8 9 *

b. temp, vs rel. hum. 0.1350

* Significant at the P  <  0.05 level. 
** Significant at the P  <  0.01 level.

from  d a y  2 to  8; (d) eye discharge an d  sligh t f ro th in g  a t  the  m o u th  from  d a y  4 
to  10; (e) h a rd  faeces from  d ay  4; (f) s t if f  an d  u n co o rd in a ted  g a it w ith  re c u m 
ben cy  from  d ay  10.

T h e  m ean  and  range values o f b . w t., b . te m p ., and  PCY in  co n tro l an im als  
an d  in  ex p e rim en ta l an im als d u rin g  th e  d e h y d ra tio n  period  an d  th e  re la tiv e  
h u m id ity  in  th e  shed  are p resen ted  in  T ab le  I . T he analysis o f v a rian ce  o f  th e  
d a ta  on b . w t., b . tem p , and  PCY (T able I I )  in d ica ted  sign ifican t d ifferences 
b e tw een  day s as w ell as betw een  e x p e rim e n ta l an im als (P  <  0.01). S ig n ifican t 
red u c tio n  (P  <  0.01) in  b . w t. w as observed  from  d ay  3 onw ards. B o d y  te m 
p e ra tu re  decreased  sign ifican tly  (P  <  0.05) from  d ay  12 onw ards an d  PC V  in 
creased  (P  <  0.01) from  day  6 onw ards (T able I).
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T he d a ta  h a v e  show n negative  n o n s ig n if ic a n t co rre la tio n  b e tw een  b . w t. 
a n d  РСУ, РСУ a n d  b . tem p , and a s ig n if ic a n t n eg a tiv e  co rre la tio n  betw een  
PC V  and  rel. h u m . A sign ifican t positive  c o rre la tio n  ex isted  betw een  b . w t. an d  
b . te m p ., while a p o s itiv e  n o n sign ifican t c o rre la tio n  ap p eared  be tw een  b. w t. 
an d  rel. hum . a n d  also  betw een  b. te m p , a n d  rel. h um . (Table I I I ) .

T he m u ltip le  co rre la tio n  of b. w t. v e rsu s  b . tem p ., PCV an d  rel. hum . and 
o f PCV  versus b . w t.,  b . tem p, and  re l. h u m . w as h igh ly  sign ifican t (P  <  0.01; 
T ab le  I I I ) .

Discussion

The clin ical sy m p to m s show n b y  th e  co n tro l an d  ex p erim en ta l buffalo  
ca lves were s im ila r to  th o se  described in  cam el (G hoshal e t al., 1973), cow an d  
ho rse  (D uncan  a n d  P ra sse , 1977) an d  in  o th e r  dom estic  an im als (B lood e t al., 
1979). The flu id  c o n te n t  of th e  b o d y  is d e p e n d e n t upon  a delica te  ba lance  
b e tw een  in tak e  a n d  o u tp u t .  H ow ever, th e  sen sa tio n  o f th irs t  seem s to  be re la te d  
w ith  th e  e lec tro ly te  co n cen tra tio n  o f th e  se ru m  or in trace llu la r  flu id . B ianca  
e t  al. (1965) an d  M ac F a rla n e  et al. (1961) fo u n d  th a t  to ta l  d e p riv a tio n  o f w a te r  
cau sed  an  in itia l in c rea se  of p lasm a a n d  e x tra c e llu la r  vo lum e w ith  a decrease 
d u rin g  la te r  period  a lo n g  w ith  p lasm a p ro te in s . A sign ifican t rise in  PCV values 
d u rin g  progressive d eh y d ra tio n  in  cows h as  been  re p o rte d  b y  S chalm  e t al. 
(1976); how ever, H en sch e l (1964) d id  n o t  observe  an y  change in  haem ocon- 
c e n tra tio n  d u rin g  lo n g -te rm  d e h y d ra tio n . T he p lasm a volum e is increased  
th ro u g h  th e  a b so rp tio n  of w ater from  th e  g a s tro in te s tin a l t r a c t  lead in g  to  
h a rd en in g  of faeces, w h ich  is ev iden t in  b u ffa lo  calves from  d ay  4. Also th e  d if
fu sion  of ex tra c e llu la r  f lu id  in to  blood v o lu m e  m u st h av e  re su lted  in  th e  d ryness 
o f  sk in  and  sh rin k in g  o f  the eyeball. T h e  s t if f  an d  u n co o rd in a ted  g a it w ith  re 
cu m b en cy  from  d a y  10 suggests an  in c rease  in  th e  e lec tro ly te  c o n c e n tra tio n  
lead in g  to  acidosis a n d  stiffening of th e  m uscles.

The increased  co n cen tra tio n  of p la sm a  e lec tro ly tes  m igh t h av e  s tim u la te d  
con tin u o u sly  th e  h y p o th a la m ic  cen tres , re su ltin g  in  ano rex ia . C onsequen tly , 
a red u c tio n  of m e tab o lism  and  b. w t. re su lte d . In  buffalo  calves s ig n ifican t re- 
d u c tio n  of b. w t. a n d  increase  in  PCV a p p e a re d  fro m  d a y  3 an d  6, re sp ec tiv e ly . 
T h e  sign ifican t v a r ia t io n  in the  b. w t. am o n g  th e  v a rious days o f s ta rv a tio n , 
p a r tic u la rly  d u rin g  th e  la te r  days, is in d ic a tiv e  o f th e  fac t th a t  b o d y  m e ta b 
o lism  responsible fo r h e a t  p roduction  h as  b een  reduced  to  m in im um  due to  s to p 
page o f n u tr ie n ts  to  ex p erim en ta l an im als . A t th e  sam e tim e  b o d y  reserve  fa t  
w as u tilized  to  g e n e ra te  h ea t and to  m a in ta in  th e  b . tem p , of th e  ex p e rim en ta l 
an im als. I t  fav o u rs  th e  decline in b. w t. o f th e se  an im als. T he decline c o n tr ib u t
ed a b o u t 33.4 to  3 9 .5 %  loss of b. w t. in  e x p e rim e n ta l an im als. A lso, i t  w as o b 
se rv ed  th a t  a loss o f 38 %  b. w t. was fa ta l  in  d e h y d ra te d  an im als. A n an im al d ied  
on th e  15th  d ay  a f te r  a tta in in g  a s tage  o f  3 8 %  loss in  b . w t. w hen  th e  rel. h um .
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w as 72 .0% , w hile a n o th e r  anim al died w ith  a loss o f 3 5 .6%  b . w t. w hen th e  re l. 
h um . w as 4 2 % . So i t  could be concluded th a t  day s o f  s ta rv a tio n  c o n tr ib u te d  
s ig n ifican tly  (P  <  0.01) to  progressive loss of b . w t. be tw een  th e  days (Table I I ) .  
T he loss of b . w t. be tw een  th e  ex p erim en ta l an im als w as sign ifican t (P  <  0.01) 
due to  in d iv id u a l differences in  genetic  p o te n tia l (T able  I I ) .  S chm idt-N ielsen  
(1956) in d ica ted  30 %  loss in  b . w t. d u rin g  su m m er to  be fa ta l  in  M erino sheep  
an d  cam els. H o u p t (1970) and  Blood e t al. (1979) in d ic a te d  10 to  12%  re d u c tio n  
in  b. w t. d u rin g  severe  d eh y d ra tio n  in  dom estic  an im als . W eeth  e t al. (1967, 
1970), how ever, re p o r te d  16%  loss in  b . w t. in  c a ttle  a f te r  4 d ays of d eh y d ra tio n . 
T here  w as a s ig n ifican t (P  <  0.05) decrease in  b . te m p , in  th e  ex p erim en ta l 
an im als from  d ay  12 onw ards. This decrease ap p ears  to  be  due to  m ost u n fa 
v o u rab le  cond itions in  te rm s of n o n -av a ilab ility  o f n u tr ie n ts , dysfunction  o f  th e  
n eu ro h u m o ra l m ech an ism  resu lting  in  a considerab le  decrease  or com plete ces
sa tio n  of h ea t g en e ra tio n  from  cell m etabo lism  d u rin g  la te r  stages of d e h y d ra 
tio n . Also th e  e n v iro n m e n ta l h ea t, w a te r re s tr ic tio n  an d  rel. hum . m ight re su lt 
in  th e  low ered b. te m p , as suggested b y  R o sen m an n  a n d  M orrison (1967) iu  
re indeer. In  cam el, S chm idt-N ielsen  (1965) an d  G hoshal e t al. (1973) re p o rte d  
a v a r ia tio n  of 6 °C a n d  1 °C in  b. tem p , d u rin g  su m m er due to  d eh y d ra tio n .

T he above fa c ts  are fu r th e r  su p p o rted  b y  th e  p re se n t s tu d y  in d ica tin g  
a sig n ifican tly  p o sitiv e  co rre la tion  betw een  b . w t. an d  b . te m p , and  a sign ifican t 
n eg a tiv e  co rre la tio n  betw een  PCY an d  b . te m p ., an d  b e tw een  РСУ and  rel. 
hum . F u rth e rm o re , w hile no sign ifican t co rre la tio n  w as fo u n d  betw een b . w t. 
an d  PCV and  b e tw een  b . tem p , and  rel. h u m ., th e re  ex is ted  sign ifican t m u ltip le  
co rre la tio n  coeffic ien ts o f b. w t. w ith  PCY, rel. h u m . an d  b . tem p ., and of PC V  
w ith  1). w t., rel. h u m . an d  b. tem p.

T hus, i t  is e v id e n t th a t  du ring  d e h y d ra tio n , b . w t., b . tem p , as w ell as 
PCV are affected , a n d  PCV  values are well co rre la ted  w ith  changes in b o th  th e  
b. tem p , and  rel. h u m ., w hile th e  la t te r  tw o a re  n o t in te rd e p e n d e n t.
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EFFECT OF MYCOPLASMA CONTAMINATION OF BULL 
SEMEN ON FERTILIZATION

B. K i s s i , S . J u h á s z * and L. S t i p k o v it s

Veterinary Medical Research In stitu te , H ungarian A cadem y of Sciences, H -1581 B udapest,
P. O. B o x  18, H ungary

(R eceived Septem ber 7, 1984)

Sem en sam ples from bulls were tested  for m ycoplasm a by culturing. R eproduc
tive-biological indices (ratio o f n ot fertilizing to successfully fertilizing sem en doses 
calculated for the conceived heifers; the sam e ratio for the whole heifer stock; ratio of 
heifers conceived after more than one insem ination to  those conceived at the first a t
tem pt; ratio of non-conceived heifers to conceived ones; ratio o f sem en doses failing to  
fertilize upon the first attem pt to those successfully fertilizing at the first a ttem p t, in  the  
conceived group; the same ratio for the whole heifer stock) for tw o bulls w ith  m ycoplas
m a-negative sem en were com pared to those of 4 m ycoplasm a-excreting bulls, in  four 
farm s. Statistical evaluation of the results w as performed b y  the chi-squared (y 2) test. 
In  addition, a comparison was m ade betw een heifers insem inated w ith  m ycoplasm a- 
infected and uninfected sem en by fittin g  (y2 contingency) in respect o f their distribution  
according to the number of insem ination attem pts. The relative incidence of sem en doses 
resulting in acyclia was also com pared. The results are suggestive o f the aetiological role 
o f m ycoplasm a infection and the econom ic losses due to  the use of infected  bull sem en.

Keywords. Bull sem en, Mycoplasma,  fertilization.

T h e p ro f ita b ility  of c a ttle  b reed in g  la rg e ly  depends on re p ro d u c tiv e  p e r
fo rm an ce , w hich  is in fluenced  b y  severa l fac to rs , v iz. genetic  p ro p ertie s , feed ing , 
m a n a g em en ta l hygiene, sem en q u a lity , c o n ta m in a tio n  of sem en w ith  in fec tio u s 
ag en ts , e tc . B o th  th e  in v estig a tio n s co n d u c ted  in  H u n g a ry  (S tip k o v its  e t  a l., 
1983) a n d  foreign  d a ta  in d ica te  th a t  th e  bu ll sem en used  in  th e  p rac tice  f re 
q u e n tly  co n ta in s  m ycoplasm a.

F ro m  th e  bovine gen ita l t r a c t  M ycoplasm a  o rganism s w ere f ir s t  iso la ted  
in  1947 (E d w a rd  e t a l., 1947). T he iso la tes  belonged  to  tw o g roups: a p a th o g en ic  
(P) a n d  a sap ro p h y tic  (S) group . L a te r  on th e  P  s tra in s  w ere id en tified  as M yco
p la sm a  bovigenitalium , while th e  S s tra in s  as Acholeplasm a la id law ii. S u b se
q u e n tly , o th e r  M ycoplasm a  species w ere also found  to  occur in  th e  u ro g e n ita l 
t r a c t  o f b o th  cows an d  bulls as w ell as in  b u ll sem en. F o r lack  o f ex ten s iv e  e x 
p e rim e n ta l s tu d ies , th e  role of m ost o f  th e se  species in  u ro g en ita l d iso rders has 
rem a in ed  u nclear. R ecen t s tud ies h a v e  rev ea led  th e  p a th o g en ic ity  o f ce rta in  
M ycoplasm a  species. In  ad d itio n  to  th e ir  ro le p lay ed  in  th e  aetio logy  o f bov ine  
u ro g e n ita l diseases, these  species h av e  b een  in c rim in a ted  as possible ca u sa tiv e  
ag en ts  o f  rep roductive-b io log ica l d iso rders.

*to whom  reprint requests should be addressed
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M ore th a n  10 M ycoplasm a  species a re  k n o w n  to  h av e  a role in  bov ine  
u ro g e n ita l m ycop lasm a in fec tion . The fo llow ing  species occur m ost f re q u e n tly : 
M . bovigenitalium , M . bovis, A . la id law ii, an d  U reaplasm a d iversum . W ith  th e  
e x c e p tio n  of A . la id la w ii, all th ese  species h a v e  b een  p ro v ed  to  be pa th o g en ic . 
A lth o u g h  A . la id law ii is fre q u e n tly  iso la ted  (H o a re , 1969; P a n  an d  O g ata , 1969), 
i ts  p a th o g en ic ity  is u n c e r ta in  (G ourlay  an d  H o w ard , 1979). M ycoplasm as w ere 
c u ltu re d  from  th e  p re p u c e , u re th ra  an d  sem en  o f hu lls v e ry  fre q u e n tly  (T aylor- 
R o b in so n  e t al., 1969; O n o v iran  e t al., 1975; L an g fo rd , 1983; Ju rm a n o v a  an d  
M azu ro v a , 1978; J u rm a n o v a  e t al., 1983). O f th e se  M ycoplasm a  species M . bovi
g en ita liu m , M . bovis a n d  U. diversum  a re  o f  o u ts ta n d in g  im p o rtan ce . M yco
p la sm a s  can su rv ive  in  frozen  sem en fo r m o n th s  (H ir th  e t a l., 1967). H ow ever, 
m y co p lasm a  in fec tio n  o f  th e  sem en an d  o f  th e  low er gen ita l t r a c t  is n o t alw ays 
acco m p an ied  by  c lin ica lly  a p p a re n t d isease. In fe c tio n  o f th e  u p p e r g en ita l t r a c t  
b y  M . bovigenitalium  a n d  M . bovis u sua lly  re su lte d  in  sem inal vesicu litis  an d , 
less fre q u e n tly , in  e p id id y m itis  (E rn 0  and  B lom , 1972). E x p e rim e n ta l in d u c tio n  
o f  th e  disease was successfu l e ith e r b y  in je c tin g  th e  above M ycoplasm a  species 
in to  th e  sem inal vesicle  (P arsonson  e t a l., 1974; P a n a n g a la  e t al., 1982) or b y  
e x p e rim e n ta l in fec tio n  w ith  u reap lasm as (W aelch li-S u ter e t al., 1982; L a 
F a u n c h e  and M cE n tee , 1982). In fec tio n  o f th e  g en ita l t r a c t  u su a lly  d id  n o t 
a l te r  sperm atogenesis, how ever, th e  m a tu ra t io n  process of sp erm ato zo a  w as 
d is tu rb e d  by  th e  p resen ce  of m ycop lasm as in  th e  sem en. T his w as in d ica ted  b y  
an  in c reased  n u m b e r o f  dead  or m orpho log ica lly  ab n o rm al sp erm ato zo a  in  th e  
in fe c te d  semen sam ples (H o lzm ann  e t al., 1982), a reduced  m o tility  o f sp e rm a 
to z o a , p a rticu la rly  a f te r  deep-freezing (Ju rm a n o v a  an d  S te rb o v a , 1977; P a n a n 
g a la  e t al., 1982), a n d  b y  a low er g lu tam ic  ac id , ty ro s in e  an d  to ta l  p ro te in  co n 
t e n t  o f  th e  sem en ( Ib ra h im  e t al., 1984). E a c h  o f th ese  fac to rs  m ay  serve as a 
so u rce  of rep roductive-b io log ica l d is tu rb an ces . I n  th e  p resen t w ork , we in v e s ti
g a te d  th e  re la tio n sh ip  b e tw een  th e  m y co p la sm a-co n tam in a tio n  of th e  sem en 
u sed  fo r in sem ina tion  a n d  th e  concep tion  o f  heifers.

M aterials and  m ethods

S traw s, each c o n ta in in g  a sem en sam ple  from  one bu ll, w ere opened  in 
a s te rile  m anner, a n d  th e ir  co n ten ts  w ere in o cu la ted  in to  2 m l liqu id  B E G  or 
L iv in g s to n ’s m ed ium  (E rn 0 and  S tip k o v its , 1973; L iv ingston , 1972). T he cu l
tu re s  w ere in cu b a ted  a t  37 °C for 10 days. O n th e  2nd , 5 th  an d  10 th  days o f in 
c u b a tio n  subcu ltu res w ere m ade on solid m ed ia  o f th e  sam e ty p e . T he ag a r 
p la te s  were in c u b a te d  a t  37 °C in  th e  p resence  of 5 %  C 0 2. E v e ry  tw o days, 
th e  p la te s  were e x a m in e d  for th e  presence o f  classical m ycop lasm as an d  urea- 
p la sm a s  under a co lo n y -co u n tin g  m icroscope. As m ycop lasm a colonies h a d  a p 
p e a re d , agar blocks a p p ro x im a te ly  5 x 1 0  m m  in  size w ere tra n sfe rre d  in to  a
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liq u id  m edium  fo r fu r th e r  passage. T he resu ltin g  su b c u ltu re s  were f ilte re d  
th ro u g h  a 450-nm  f il te r , cloned, an d  th e  c u ltu ra l an d  b iochem ical p ro p erties  
(glucose- and  u re a -sp littin g  and  arg in in e-h y d ro ly sin g  c a p a c ity , p h o sp h a tase  
p ro d u c tio n , tr ip h e n y lte tra z o liu m  chloride (TTC) re d u c tio n , film  and  sp o t 
p ro d u c tio n ; S tip k o v its , 1977) of th e  s tra in s  w ere s tu d ie d . I n  ad d ition , th e  c las
sical m ycop lasm as w ere exam ined  b y  th e  g ro w th -in h ib itio n  te s t. A n tise ra  
p ro d u ced  in  th is  la b o ra to ry  aga in st th e  17 bovine M ycop lasm a  and  Acholeplas- 
m a  s tra in s  (S tip k o v its  an d  V arga, 1974) w ere used.

Sem en sam ples from  18 bulls w ere exam ined . T h e  b u lls  w ere k ep t a t  d if
fe re n t a rtif ic ia l in sem in a tio n  (A. I .) s ta tio n s ; all of th e m  w ere  clinically h e a lth y  
an d  show ed sa tis fa c to ry  sem en p ro d u c tio n .

Six B lack a n d  W h ite  H o lste in -F riesian  bulls w ere u sed  fo r the  ev a lu a tio n  
o f rep ro d u c tiv e-b io lo g ica l resu lts; th e  sem en o f 4 of th e se  b u lls  con tained  m y co 
p lasm as, w hereas fro m  th a t  o f th e  tw o  rem ain in g  b u lls  w e failed  to  cu ltu re  
m ycop lasm a.

E v a lu a tio n  o f th e  hulls was p erfo rm ed  on th e  hasis  o f  conception  d a ta  for 
heifers in sem in a ted  in  d ifferen t fa rm s, ta k in g  in to  a c c o u n t th e  num ber o f in 
sem in a tio n s p er h e ife r an d  w h e th e r th e  sem en did or d id  n o t  con ta in  m yco
p lasm a . T he sem en doses applied  in  each heifer o rig in a ted  fro m  the  sam e bu ll.

T he follow ing rep roduc tive-b io log ica l indices w ere u sed :
(1) th e  ra tio  o f n o t fertiliz ing  to  successfully  fe rtiliz in g  sem en doses (a) 

ca lcu la ted  for heifers h av in g  conceived, an d  (b) th e  sam e ra t io  calcu lated  for th e  
w hole stock ;

(2) th e  ra tio  o f  heifers conceived a fte r  m ore th a n  one a tte m p t to  tho se  
conceived a t  th e  f i r s t  a tte m p t;

(3) th e  ra tio  o f non-conceived  to  conceived heifers;
(4) th e  ra tio  o f  sem en  doses failing  to  fertilize  a t  f i r s t  a t te m p t  to  those su c 

cessfully  fertiliz ing  a lre a d y  a t  th e  f ir s t  a t te m p t  (a) fo r he ifers hav in g  conceived, 
an d  (b) th e  sam e ra tio  fo r th e  whole s tock ;

(5) th e  ra tio  o f  sem en doses re su ltin g  in acyclia to th o se  resu lting  in fe r
tiliz a tio n  for th e  conceived  heifers; and

(6) th e  d is tr ib u tio n  of heifers conceived a fte r  one, tw o , th ree , etc. a t 
te m p ts .

S ignificance ca lcu la tio n s were perfo rm ed  fo r all p a ra m e te rs  by  the  te s t .
T he above ind ices w ere form ed to  allow  an  easy  im p le m e n ta tio n  of th e  %2 

te s t ;  therefo re , th e y  s lig h tly  differ from  th e  indices u su a l in  ca ttle  b reeding  
(p reg n an cy  index , fe rtiliz a tio n  in d ex , concep tion  % , e tc .).

T he role of m yco p lasm a infection  w as s tu d ied  b y  co m p arin g  th e  re p ro 
ductive-b io logical re su lts  o f in fected  and  u n in fec ted  h u lls ; fo r  th is  purpose, th e  
in sem in a tio n s w ere perfo rm ed  on th e  sam e fa rm , w ith in  fa rm  in  th e  sam e u n it 
an d  a t  th e  sam e tim e .
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R esults

T h e  com parison  w as m ade on fo u r d ifferent farm s.

Progeny-testing results o f  infected and  uninfected  bulls

T h e d a ta  w ere co llec ted  fro m  sire  catalogues of A. I .  s ta tio n s . T ab le  I  
show s th a t  the  in fec ted  h u lls  w ere in fe rio r  to  th e  un in fected  ones as regards th e  
n u m b e r  o f p ro g en y -te s ted  offsp ring  a n d  m ilk  and  b u t te r fa t  p ro d u c tio n ; th e re  
w e re  no  differences in  th e  o th e r p a ra m e te rs .

Table I

Progeny-testing results o f the bulls used in the study

D esignation of bull N um ber of 
heifers

D ays of 
lactation

Milk, kg
Butterfat

kg %
Qualifica

tion
M ycoplasma

A (—) 53 288 4767 181.3 3.8 h i —

C( +  ) 31 293 4277 155.3 3.64 h i +
B (+ ) 28 273 4071 150.9 3.9 h i +
D ( - ) 62 282 4485 171.8 3.83 —
*E(+) +
*F(+ ) +

* No data were available.

A n n u a l fluc tua tions in  the reproductive-biological indices

T he yearly  f lu c tu a tio n s  o f th e  rep roduc tive-b io log ica l ind ices for an  u n in 
fe c te d  bull were co m p ared  on heifers k e p t  in  th e  sam e fa rm . T he d a ta  o f th is  
b u ll , A (—), are show n in  T ab les I I ,  I I I  an d  IV. The rep ro d u c tiv e-b io lo g ica l 
in d ice s  of even th e  sam e bu ll show  considerab le  v a ria tio n , p ro b a b ly  depend ing  
on  th e  com position , m an ag em en t tech n o lo g y  and  feeding o f th e  heifer s to ck  in  
w h ic h  th e  sem en doses a re  be ing  u sed . S im ilar v a ria tio n s  w ere observed  for 
b u ll  D (—).

C om parison o f  reproductive-biological data fo r  infected and  uninfected  bulls

F arm s I I I  and  I .  In  fa rm  I I I  a lto g e th e r 3 bulls w ere co m p ared  (Tables V 
a n d  V I). The p a ra m e te rs  o f th e  tw o  n eg a tiv e  bulls were s im ila r; th e  te s t  show ed 
no  s ign ifican t d ifferences. T here  w ere no differences b e tw een  p a ram e te rs  of 
b u lls  A (—) and  C(-)-) e ith e r. B etw een  b u lls  D (—) and  C( +  ) s ig n ifican t d iffer
ences were found  in  th e  ra tio  of fa ilu re  to  success in  re sp ec t o f th e  w hole sto ck
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Table II

Distribution of heifers according to the number o f insem ination attem pts in different years

Nl 11 a t mp 5

A(—) Farm  I I I

1981 1982 1983

1 179 71 48
2 61 10 4

+  3 25 2 —
4 5 —
5 1 — —
6 1 — —

Number of heifers 272 83 52
Semen doses ( * ) 407 (56) 97 (8) 5 6 (1 )

1 32 80 55
2 31 15 17
3 9 3 1

— 4 
5

5
- —

Number of heifers 77 98 73
Semen doses 141 119 92

Total number of heifers 349 181 125
Total number of semen doses 548 216 148

(*) In parentheses: the number of semen doses resulting in acyclia.

Table III

Reproductive-biological indices of bulls in annual distribution in farm III

Indices
A(—) Farm  I I I

1981 1982 1983

Acta Veterinaria Hungarian 33, №85

(1) Ratio of not fertilizing to successfully fertilizing 
semen doses
(a) in the conceived heifer group 0.50 0.17 0.08
(b) in the whole stock 1.01 1.60 1.85

(2) Ratio o f heifers conceived after more than one 
insem ination to those conceived at the first
attem pt 0.52 0.17 0.08

(3) Ratio o f non-conceived to conceived heifers 0.28 1.18 1.40

(4) Ratio of semen doses not fertilizing at the first 
attem pt to those successfully fertilizing at the first 
attem pt
(a) in the conceived heifer group 1.27 0.37 0.17
(b) in the whole stock 2.06 2.04 2.08

(5) Ratio o f semen doses resulting in acyclia to 
successfully fertilizing semen doses in the conceived
heifer group 0.16 0.09 0.02
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Table IV

Annual comparison of reproductive-biological indices o f bull A (—) (farm III) by the chi-squared
( f  ) test

Indices com pared
P  values*

1981 1982 1983

(1A) Number of not fertilizing and successfully 
fertilizing semen doses in the conceived 
heifer group 1981-1983

< 0 .0 0 1

< 0 .0 0 1

—

(IB ) Number of not fertilizing and successfully 
fertilizing semen doses in  the whole stock 1981-1983

< 0 .0 1
< 0 .0 1

—

(2) Number of heifers conceived after m ultiple 
inseminations and at the first attem pt 1981-1983

< 0 .0 0 1
< 0 .0 0 1

—

(З) Number of non-conceived and conceived 
heifers 1981-1983

< 0 .0 0 1
< 0 .0 0 1

—

(4A) Number of semen doses failing to fertilize 
at the first attem pt and successfully 
fertilizing at the first attem pt in the 
conceived heifer group 1981-1983

< 0 .0 0 1

< 0 .0 0 1

(4B ) Number of sem en doses failing to fertilize 
at the first attem pt and successfully 
fertilizing at the first attem pt in the whole 
stock 1981-1983

(5) Number of sem en doses resulting in acyclia  
and that of successfully fertilizing semen 
doses in the conceived heifer group 1981-1983

—

< 0 .0 5

—

(6) Distribution according to the number of 
insemination attem pts 1981-1983

—
<0.001

—

* P  >  0.05.

(P  <  0.05), in  th e  ra t io  of noil-conceived to  conceived  heifers (P  <  0.001), an d  
in  th e  ra tio  of fa ilu re s  a t  f irs t a t te m p t  to  successful fe rtiliza tio n  a t  th e  f ir s t  
a t te m p t  (P  <  0 .05).

In  farm  I  o n ly  tw o  hulls were av a ilab le  fo r com parison  (Tables IV  a n d  V). 
In  th is  case, m o st p a ra m e te rs  of th e  m y co p lasm a-p o sitiv e  bu ll were in fe rio r to  
th o se  of th e  n e g a tiv e  one. O nly in  th e  ra tio  o f non-conceived  to  conceived  
heifers was th e  u n in fe c te d  sire in fe rio r (P  <  0.001). T here  w as a s im ila rly  sig
n if ic a n t (P  <  0.001) difference in  th e  ra tio  o f sem en doses fa iling  to  fe rtilize  a t  
th e  f irs t  a tte m p t in  th e  conceived he ife r g ro u p , w hile no d ifference w as fo u n d  
in  th e  sam e ra tio  as regards th e  w hole s to ck . T here  w as no difference in  th e  
ra tio  of sem en doses resu lting  in  acyclia  to  tho se  re su ltin g  in  fe rtiliz a tio n , 
w hereas s ig n ifican t (P  <  0.05) d ifferences w ere fo u n d  in  th e  rem ain ing  ind ices 
in c lu d in g  th e  d is tr ib u tio n  accord ing  to  th e  n u m b e r of in sem in a tio n  a t te m p ts .

Farm s I I  and  I V .  In  farm  I I  th e  ind ices o f 2, w hile in  farm  IV  th o se  of 
3 bu lls were ex am in ed . In  farm  I I  th e  ind ices o f th e  m y cop lasm a-positive  bu ll
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Table V

D istribution of heifers according to the number o f insemination attem pts in farms I I I  and I

Conception N um ber of insemination 
attem pts

Farm  I I I

A (-) D ( - ) C (+ )

Farm  I

A( ) B ( + )

71
10
2

57
6

32
7

82
21

3
2

107
45
13

2
2

7 — — — — 1

Number of heifers 83 63 39 108 170
Semen doses (*) 97 (8) 69 (5) 46 (5) 141 (17) 261 (25)

1 80 47 64 63 46
2 15 10 6 16 12
3 3 2 — 6 5

— 4 — 
5 — — -

3 1

Num ber of heifers 98 59 70 88 64
Sem en doses 119 73 76 125 89

T otal number of heifers 181 122 109 196 234
T otal number o f semen doses 216 142 122 266 350

(*) In  parentheses: the number of sem en doses resulting in acyclia.

Table VI

Reproductive-biological indices o f bulls in farms II I  and I

Farm  I I I F arm  I
Indices

A(-) D ( - ) C(+) A(-) B(+)

(1) R atio o f not fertilizing to successfully fertilizing
sem en doses
(a) in  the conceived heifer group 0.17 0.10 0.18 0.31 0.54
(b) in the whole stock 0.60 1.25 2.13 1.46 1.06

(2) R atio o f  heifers conceived after more than one
insem ination to those conceived at the first
attem pt 0.17 0.11 0.22 0.32 0.59

(3) R atio o f non-conceived to conceived heifers 1.18 0.94 1.79 0.81 0.38

(4) R atio o f semen doses failing to fertilize at the
first a ttem p t to those successfully fertilizing at
the first attem pt
(a) in the conceived heifer group 0.37 0.21 0.44 0.72 1.44
(b) in  th e  whole stock 2.04 1.49 2.81 2.24 2.27

(5) R atio o f  semen doses resulting in acyclia to
successfully fertilizing semen doses in the
conceived heifer group 0.09 0.08 0.12 0.14 0.11
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Table VII

D istribution of heifers according to the number o f insem ination attem pts in farms II and IV

Farm  I I  Farm  IV

attem pts C(+) A(—) D ( - ) E(+) F (+ )

1 46 39 61 66 66
2 19 4 4 23 22
3 1 1 — 13 6

+  4
5
6

7
2
1

— —
2

-

Number of heifers 76 44 65 104 94
Semen doses (*) 131 (18) 50 (12) 69 (1) 159 (29) 128 (16)

1 14 17 32 34 48
2 8 3 6 14 19
3 1 1 — 9 3

— 4
5
6

3
2
1

1
—

3

—

Number of heifers 29 22 38 60 70
Semen doses 61 30 44 101 95

Total number o f heifers 105 66 103 164 164
Total number o f sem en doses 192 80 113 260 223

(*) In parentheses: th e  number of semen doses resulting in acyclia.

Table VIII

R eproductive-biological indices of bulls in farms II and IV

Farm  I I Farm  IV
Indices

q+) A(—) D ( - ) Щ+) F(+)

(1) R atio  of not fertilizing to successfully fertilizing
sem en doses
(a) in the conceived heifer stock 0.72 0.14 0.06 0.53 0.36
(b) in the whole stock 1.53 0.82 0.74 1.50 1.37

(2) R atio o f heifers conceived after more than one
insem ination to those conceived at the first
attem pt 0.65 0.13 0.07 0.58 0.42

(3) R atio  of non-conceived to  conceived heifers

(4) R atio  o f semen doses n o t fertilizing at the first

0.38 0.50 0.58 0.58 0.74

attem pt to those successfully fertilizing at the
first attem pt
(a) in the conceived heifer group 1.85 0.28 0.13 1.41 0.94
(b) in the whole stock 3.17 1.05 0.85 2.94 2.38

(5) R atio o f semen doses resulting in acyclia to
successfully fertilizing sem en doses 
ceived heifer group

in the con-
0.16 0.32 0.01 0.22 0.14
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Table IX

Comparison of reproductive-biological indices o f  bulls in farms II and IV b y  the chi-squared
(X2) test

P values* Farm  I I p values* F arm  IV

C( + ) A(—) D ( - ) E ( + )  F ( + )

(1A ) Number of not fertilizing and succe99- < 0 .0 0 1  < 0 .0 5
fully  fertilizing sem en doses in the con-
ceived heifer group < 0 .0 1 D - F < 0 .0 1

(IB ) Number of not fertilizing and success- < 0 .0 0 1  —
fully fertilizing semen doses in the
whole stock < 0 .0 5 D - F < 0 .0 0 1

(2) Num ber of heifers conceived after < 0 .0 0 1  < 0 .0 0 1
m ultiple inseminations and at the first
attem pt < 0 .0 1 D - F < 0 .0 0 1

(3) Number of non-conceived and conceived — ___

heifers D - F —
(4A) Number of semen doses failing to < 0 .0 0 1  —

fertilize at the first attem pt and success-
fully  fertilizing at the first attem pt in
the conceived heifer group < 0 .0 0 1 D - F < 0 .0 0 1

(4B ) Number of semen doses failing to fer- < 0 .0 0 1  —
tilize at the first attem pt and success-
fully  fertilizing at the first attem pt in
the whole stock < 0 .0 0 1 D - F < 0 .0 0 1

(5) Num ber of semen doses resulting in < 0 .0 0 1
acyclia and that o f successfully fertiliz-
ing semen doses in the conceived heifer
group < 0 .0 1 D - F < 0 .0 1

(6) Distribution according to the number < 0 .0 0 1  -
o f insem ination attem pts < 0 .0 0 1 D - F < 0 .0 0 1

* P  >  0.05.

w ere considerab ly  w orse th a n  those  o f  th e  n eg a tiv e  one. In  fa rm  IV  th e  indices 
fo r th e  tw o m ycop lasm a-in fected  bu lls w ere also sign ifican tly  d iffe ren t from  
th o se  fo r th e  n eg a tiv e  bulls (Tables V II , V I I I  an d  IX ).

D iscussion

T he successful c u ltu rin g  of m y co p lasm as from  sem en sam ples deep-frozen  
in  s tra w s  in d ica tes  th a t  m ycoplasm as a re  o f  considerable re s is tan ce  to  d eep 
freezing , a fac t th a t  has been u n a m b ig u o u sly  p roved  by  la b o ra to ry  ex p erim en ts  
an d  d a ta  of th e  lite ra tu re . T heir v ia b ili ty  is n o t in fluenced  b y  th e  a n tib io tic s  
p re se n t in  th e  sem en d iluen t.

P ro g en y -te s tin g  resu lts  o f th e  h u lls  inc luded  in  our s tu d y  in d ic a te  th a t  
th e  m ilk  an d  b u t te r fa t  p ro d u c tio n  o f  th e  he ife rs  in sem ina ted  w ith  m y co p la sm a
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p o sitiv e  sem en a n d  th e  n u m b er of p ro g e n y -te s te d  o ffsp ring  w ere low er th a n  th e  
sam e p a ram e te rs  o f  th e  heifers in sem in a ted  w ith  th e  un in fec ted  sem en.

In  th e  sam e fa rm , th e  sem en ta k e n  from  th e  v e ry  sam e bull re su lte d  in  
v a ry in g  concep tion  ra te s  in  d ifferen t y ea rs . T h is can  be a t t r ib u te d  to  n u m ero u s 
causes th e  m ost im p o r ta n t  o f w hich are  th e  a lte ra tio n s  in  th e  com position  o f th e  
he ife r s tock  and  in  feed in g . This fa c t em phasizes t h a t  th e  rep ro d u c tiv e -b io lo g 
ical indices of d iffe ren t sires can  be co m p ared  on ly  in  th e  sam e heifer s to ck .

W hen  co m p arin g  th e  sam e bu lls in  d iffe ren t fa rm s, u su a lly  th e  indices o f 
m y cop lasm a-in fec ted  b u lls  were s ig n ifican tly  in fe rio r as com pared  to  th o se  o f 
th e  un in fec ted  ones. T h is  fac t stresses th e  ro le o f  m ycop lasm es, in  acco rdance  
w ith  d a ta  of th e  l i te ra tu re  (Saed an d  A l-A ubaid i, 1983; S ta lhe im  and  P ro c to r , 
1976; H ir th  e t a l., 1970). N a tu ra lly , th e  w eig h t o f  th e  in d iv id u a l p a ram e te rs  is 
d iffe ren t. The rep ro d u c tiv e-b io lo g ica l d a ta  shou ld  be re la te d  to  th e  conceived  
heifers , since th e  c a te g o ry  of non-conceived  ones in c ludes a n u m b er of ae tio log i- 
ca l fac to rs  n o t n ecessa rily  in d ica tiv e  o f  b u ll sem en  q u a lity  (e.g. co n cep tiv itiy  
of th e  heifers, te c h n iq u e  of in sem in a tio n , in su ffic ien t n u m b e r of in sem in a tio n s, 
e tc .).

T he indices ap p lie d  b y  us are v e ry  close to  th e  p a ra m e te rs  generally  u sed  
in  an im al b reed ing . T h e ir  use is ju s tif ie d  b y  th e  easier im p lem en ta tio n  o f th e  %2 
te s t  fo r th e  s tu d y  o f  freq u en cy  d is tr ib u tio n .

To a ce rta in  e x te n t ,  our d a ta  re n d e r  p e rcep tib le  th e  m ag n itu d e  of econom 
ic losses in flic ted  b y  m ycop lasm a in fec tio n . A lth o u g h  th e  num erica l m easu re 
m e n t o f econom ic losses was b eyond  th e  scope o f th is  s tu d y , we should  like to  
in d ic a te  th e ir  m a g n itu d e  by  p resen tin g  th e  o b ta in e d  d a ta . F o r th e  m y co p lasm a
po sitiv e  bulls, th e  ra tio  of n o t fe rtiliz in g  to  successfu lly  fertiliz ing  sem en doses 
w as u sua lly  low er th a n  fo r th e  n eg a tiv e  sires. P a r tic u la r ly  large differences w ere 
observed  in  the  ra tio  o f  sem en doses n o t  fe rtiliz in g  to  th o se  successfully fe r tiliz 
ing  a lread y  a t  th e  f i r s t  a tte m p t. E conom ic  losses s tem  from  increased sem en  
d em an d  and  from  th e  fa c t  th a t  in  case o f h ig h e r ind ices th e  heifers m u st be k e p t  
th ro u g h o u t severa l o es tro u s  cycles. T he ra tio  of cows conceived a fte r m ore th a n  
one a tte m p t to  th o se  conceived a t  f i r s t  a t te m p t  is tw ice as h igh for th e  m y co 
p lasm a-in fec ted  b u lls  as fo r th e  n o n -in fec ted  sires. F o r th e  sam e reason , th e  
ra tio  o f sem en doses re su ltin g  in  acyclia  also deserves a tte n tio n . This in d e x  
show s th a t  econom ic losses arise n o t on ly  fro m  th e  su rp lu s  use-up of sem en a n d  
from  conception  fa ilu re s  b u t also from  a p ro longed  d ioestru s (according to  o u r 
d a ta  d ioestrus can  be  as  long as 3 m o n th s). I n  th e  la t te r  case th e  heifers u su a lly  
re q u ire d  u te rin e  tr e a tm e n t .  T hus, econom ic losses are  increased  by  th e  e x te n 
sion  o f  th e  service p e rio d  and  b y  t r e a tm e n t  costs. I n  ad d itio n , th e  la t te r  in d e x  
suggests th a t  th e  use o f  m y co p lasm a-co n ta in in g  sem en for in sem ina tion  in i t i 
a te s  a pa tho log ica l p rocess in  th e  u te ru s , le ad in g  to  a p ro longation  of th e  d i
o estru s .
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ISOLATION OF A BOVINE ADENOVIRUS FROM FALLOW 
DEER ( D A M A  D A M A )

G . B o r o s 1, Z. G r a f 2, M ária B e n k ő 3 and A. B a r t h a 3*

‘D epartm ent of P athology, University o f Veterinary Science, H -1400 Budapest, P. O. B o x  2; 
2Veterinary Office o f the Budapest Veterinary Station  at the B udapest Zoo, H-1146 B udapest, 
Állatkerti út 6/12; and 3Veterinary Medical Research Institu te o f the Hungarian A cadem y of 

Sciences, H-1581 B udapest, P. O. B ox 18, H ungary

(R eceived October 22, 1984)

A ty p e  6 bovine adenovirus of subgroup II was isolated in  calf testicle cell culture  
from the lungs and trachea of a succum bed fallow  deer (D a m a  dam a),  which had been  
kept in the B udapest Zoo, in a group of fallow  deers showing m ild respiratory sym ptom s. 
Convalescent sera of the surviving anim als contained no antibodies to infectious bovine  
rhinotracheitis (IB R ), respiratory syn cytia l (R S) and parainfluenza-3 (PI-3) viruses; 
however, antibodies to type 2 and 6 bovine adenoviruses were detectable. Based upon  
the characteristic gross pathological and histopathological changes, the dem onstration  
of virus-neutralizing antibodies in the convalescent sera and the isolation of adenovirus 
it can be postu lated  that the primary cause of the respiratory disease was the ty p e  6 
bovine adenovirus.

Keywords. Bovine adenovirus, isolation , fallow deer ( D am a dama),  respiratory  
disease.

Soon a f te r  th e  iso lation  and  c h a ra c te riz a tio n  of bo v in e  adenoviruses from  
h e a lth y  c a ttle  (K le in  e t al., 1959), th e se  v iru ses  w ere b ro u g h t in to  causal re la 
tio n sh ip  w ith  th e  so-called p n eu m o en te ritis  o f calves, a disease m an ifesting  
itse lf  in  re sp ira to ry  an d  digestive sy m p to m s (B a rth a  a n d  Á ldásy , 1964; Á ld ásy  
e t a l., 1964; D a rb y sh ire  e t al., 1965). A fte r  several a u th o rs  h ad  rep o rted  th e  
w orldw ide p rev a len ce  o f adenov irus in fee tion  o f ca ttle , B é lák  and  P álfi (1974) 
e s tab lished  th e  cau sa tiv e  role of ty p e  2 bo v in e  adenov irus in  th e  p n eu m o en te ri
tis  o f sheep. M ore recen tly , B aber an d  C ondy (1981) iso la ted  ty p e  3, 4 a n d  8 
bov ine  aden o v iru ses  from  th e  n asa l secre tions of free-liv ing , h ea lth y  C affre 
buffaloes (S yn ceru s cnffer). The in fec tio n  o f o th e r an im a l species has been  
d em o n stra ted  b y  resu lts  of serological su rveys; e.g. E la z h a ry  e t al. (1981) 
d em o n stra ted  v iru s-n eu tra liz in g  an tib o d ies  to  bovine ad en o v iru s  in  a ca rib o u  
( R angifer tarandus caribou) herd  in C anada.

In  th e  p re se n t p ap er iso lation  o f a ty p e  6 bov ine  adenov irus from  the; 
o rgans of a fa llow  deer died of re sp ira to ry  disease is re p o rte d .
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M aterials an d  m ethods

In  th e  B u d a p e s t Zoological an d  B o ta n ic  G ardens fo u r an im als  in  a fallow  
d ee r g roup  consisting  o f n ine  an im als h ad  to  be im m obilized fo r blood sam pling . 
Im m o b iliza tio n  w as c a rr ie d  o u t using  a co m b in a tio n  of 1.5 m g/kg  bo d y  m ass 
x y laz in e  and  1 m g /k g  b o d y  m ass k e ta m in e  sh o t in to  th e  an im als  w ith  a g u n ; 
in  ad d itio n , each a n im a l received  10 to  20 m g a trop ine  su lp h a te . D urin g  th e  
v e te r in a ry  in te rv e n tio n  i t  w as observed  th a t  th e  non-im m obilized  an im als 
f re q u e n tly  coughed, p a r tic u la r ly  i f  th e y  w ere forced to  ra p id  m ovem en t or 
flee ing . The w et, n o t p a in fu l, coughing  o ccu rred  1 to  2 tim es p e r m in. O f th e  im 
m obilized  anim als an  old s tag  also show ed  a strong , f re q u e n t coughing an d  
sw allow ed th e  coughed-up  phlegm . T hree  h o u rs  a fte r th e  b eg in n in g  o f im m o b il
iz a tio n  th is  an im al s to o d  u p , and  n e x t m o rn in g  he was fo u n d  d ead  in  th e  p ad - 
do ck . T he rem ain ing  fallow  deers co n tin u ed  to  show m ild cough ing  for a fu r th e r  
3 w eeks; o ther c lin ica l sy m p to m s ( in ap p e ten ce , d iarrhoea) w ere n o t observed . 
In  th e  preceding m o n th s  th e  an im als e x h ib ite d  no sy m p to m s in d ica tiv e  o f 
d isease .

T he old fallow  d eer s tag  h av in g  d ied  o f  re sp ira to ry  d isease was su b jec ted  
to  d e ta iled  gross pathological exam ination . P ieces o f th e  tra c h e a , lungs, liv er, 
k id n ey s , b ronchi an d  p e rib ro n ch ia l ly m p h  nodes were fixed  in  3.33 mol/1 (10% ) 
fo rm a lin , th e n  em b ed d ed  in  p a ra ffin . T he sec tions were ex am in ed  a fte r  s ta in in g  
w ith  haem alau n  an d  eosin .

Virological exam ina tion . O rgan  ho m o g en ates  were p re p a re d  in  a ten fo ld  
v o lu m e  of H a n k s’s so lu tio n  from  p a r ts  o f  th e  patho lo g ica lly -a ltered  organs 
(lu n g s, trach ea  a n d  th e  associa ted  ly m p h  nodes). The h o m ogenates w ere p ro 
cessed in  th e  u su a l w ay  an d  w ere in o c u la te d  in to  tu b e  cu ltu re s  of p rim a ry  or 
seco n d ary  calf k id n e y  o r  ca lf tes tic le  cell cu ltu res . The cell cu ltu re s  in c u b a te d  
a t  37 °C in  th e  s ta t io n a ry  w ay  w ere ex am in ed  daily  for c y to p a th ic  effects (C P E ). 
F ro m  the  cu ltu res in  w hich  no C PE  w as o bserved  up to  th e  7 th  d ay  of in c u b a 
tio n , five  b lind  p assages w ere m ade.

V irus iden tifica tion . Cell cu ltu res  ex h ib itin g  C PE  a n d  th o se  before p a ss 
ag in g  w ere fixed  in  m e th a n o l and  s ta in ed  w ith  haem alau n  an d  eosin. The iso la te  
w as exam ined  for se n s itiv ity  to  ch lo ro fo rm  tre a tm e n t. T ype  d e te rm in a tio n  w as 
p erfo rm ed  b y  th e  v iru s -n e u tra liz a tio n  te s t  using  g rad e -II reference sera p ro 
d u ced  in  co n v en tio n a l ra b b its .

Serological exam ina tions. No p a ired  se ra  were av a ilab le  from  th e  fallow  
deers  show ing re sp ira to ry  sy m p to m s, since th e  blood sam ples w ith d raw n  from  
th e  4 im m obilized an im als  w ere ta k e n  a n d  used for a n o th e r  purpose. B lood 
sam p les  were ta k e n  o n ly  a fte r  6 w eeks fro m  th e  4 co n tac ts  o f  th e  fallow  deer 
s ta g  th a t  died o f re sp ira to ry  d isease; th e  b lood  sam ples w ere exam ined  fo r 
an tib o d ies  to  ad en o v iru ses , IB R , RS a n d  P I-3  v iruses. A n tibod ies to  ad e n o 
v iru se s , IB R  an d  R S  v iruses w ere d e m o n s tra te d  b y  th e  v iru s -n e u tra liz a tio n
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Fig. 1. The bronchial epithelial cells are detached, the mucous membrane contains extensive  
haemorrhages and serous-haem orrhagic infiltration. H. and E ., X appr. 80

Fig. 2. Acute interstitial pneum onia; note the “ sm udge” cell (arrow) am ong the infiltrating
cells. H. and E ., X appr. 250
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(V N ), while th o se  to  P I-3  v irus b y  th e  h aem ag g lu tin a tio n -in h ib itio n  (H I) te s t .  
In  th e  VN te s t  100 T C ID 50 v iru s, w hile fo r th e  H I te s t  4 H A  u n its  o f th e  v iru s  
w ere used.

Results

A t necropsy , th e  m ucous m em brane of th e  la ry n x , tra c h e a  and b ro n ch i 
w as m arked ly  re d d en ed  and its  surface w as covered b y  a m ucous coating  co n 
ta in in g  fib rin  sh red s. T he m ucous m em b ran e  co n ta in ed  p etech iae  and lin e a r  
haem orrhages. T h e  ap ica l lobes an d  th e  a n te r io r  o n e -th ird  o f th e  m ain  lobes o f 
th e  lungs were d a rk  g rey ish-red  in  co lour an d  o f slig h tly  co m p ac t consistency ; 
a c a ta rrh a l-p u ru le n t m a te ria l could be squeezed o u t o n to  th e  cu t su rface . 
In  th e  m arg inal p a r ts  of th e  p a th o log ica lly  a lte red  lu n g  p o rtio n s  th e  cu t su rface  
w as d a rk  red  and  o f  m eat-like consistency . In  o th e r p a r ts  o f  th e  lungs p a th o 
logical changes in d ic a tiv e  of acu te  p u lm o n a ry  em p h y sem a  were observed . 
T he p erib ro n ch ia l ly m p h  nodes show ed acu te  swelling.

B y ligh t-m icroscop ic  h istopa th o lo g ica l ex am in a tio n , severe h y p eraem ia  
of th e  m ucous m em b ran e  of th e  tra c h e a  and  b ro n ch i, a n d  ex tensive  m ucosal 
haem orrhages w ere seen. D e tach m en t of ep ith e lia l cells o ccu rred  p ra c tic a lly  
everyw here, an d  a m ild ly m p h o cy tic  in f il tra tio n  was o b serv ed  in the  m ucous 
m em brane  (Fig. 1.). In  large areas of th e  lu ngs, th e  lu m in a  o f bronchioles a n d  
alveoli were filled  w ith  m asses o f n eu tro p h ilic  g ran u lo cy tes  em bedded  in  a s u b 
stan ce  th a t  s ta in ed  hom ogeneously  p in k  w ith  eosin ; th e  a lv eo la r ep ithe lia l cells 
w ere necro tic , an d  d e tach ed . In  th e  m arg ina l p a r ts  o f a reas  show ing th e  ab o v e  
patho log ica l a lte ra tio n s  no patho log ica l c o n ten ts  w ere fo u n d  in  th e  lum ina  o f  
a lveoli; how ever, th e  in traa lv eo la r  sep ta  becam e w idened  an d  were in f iltra te d  
b y  large n u m b ers  o f  h istiocy tes an d  ly m p h o cy tes . In  th e  w idened  in te rs titia l 
sep ta  sm all n u m b ers  o f g igantic so-called “ sm udge”  cells w ith  hom ogeneously  
d a rk -s ta in in g  nucle i an d  of ind efin ite  s tru c tu re  were o b serv ed  (Fig. 2.).

In  th e  p e rib ro n ch ia l ly m p h  nodes en la rg em en t o f germ inal cen tres , 
h y p erp lasia  of re tic u lu m  cells and  m ild in f iltra tio n  b y  n e u tro p h ilic  and eosino
ph ilic  g ranu locy tes w ere seen. In  o th e r organs of th e  carcase  no im p o rta n t p a 
tho logical changes w ere found, n e ith e r  b y  gross pa th o lo g ica l no r b y  h is to p a 
tho log ica l ex am in a tio n .

A n adenov irus w as isolated from  th e  lung  and  th e  reg ional lym ph  n o d e  
of th e  fallow  deer s ta g  died  of re sp ira to ry  d isease. B ased u p o n  th e  resu lts o f th e  
v iru s -n e u tra liz a tio n  te s t , th e  iso la te  desig n a ted  DS/84 p ro v ed  to  be a ty p e  6 
bov ine  adenov irus o f subgroup  I I .  T he C PE  o f th e  v iru s  ap p eared  firs t in  th e  
fo u rth  passage, on th e  5 th  day  in  in o cu la ted  ca lf  te s tic le  cell cu ltures. I t  w as 
cha rac terized  b y  th e  ap p earan ce  o f d iffu se ly -d is trib u ted , en larged , re frac tile , 
ro u n d ed  cells w ith  sh a rp  ou tlines in  th e  m ono layer cell cu ltu re s . The C PE  oc
cu rred  co n sis ten tly  d u rin g  th e  passages; how ever, i t  d id  n o t  ex ten d  to  all cells
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o f th e  cu ltu res b y  th e  1 4 th  day . T h e  v iru s  t i t r e  reached  103. T h e  iso la te  could 
n o t  be  p ro p ag a ted  a n d  caused  no C P E  in  ca lf  k idney  cell cu ltu re s .

In  sta ined  p re p a ra tio n s , eosinoph ilic-am phophilic  in tra n u c le a r  inclusion 
b o d ies  of regu lar, ro u n d  shape an d  sh a rp  o u tlin e  were seen, u su a lly  m ore th a n  
one p e r nucleus. T h e  v iru s  w as re s is ta n t  to  chloroform  tr e a tm e n t.

T he serum  sam p les  from  th e  4 fa llow  deers co n ta in ed  no  an tibod ies to  
I B R , RS and  P I-3  v iru ses . On th e  o th e r  h a n d , th e  sera o f all th e  four an im als 
c o n ta in e d  an tibod ies to  th e  ty p e  6 b o v in e  adenov irus iso la ted , and  tw o sera 
also  to  ty p e  2 bo v in e  adenov irus.

Discussion

F orm erly  ad en o v iru ses  h a d  b een  regarded  as s tr ic t ly  species-specific 
v iru se s , i.e. v iruses t h a t  do n o t cross th e  bo rders be tw een  species. H ow ever, i t  
w as soon found th a t  adenov iruses can  o ccu r also in  o th e r species; fu rth e rm o re , 
th e y  can cause a s im ila r pa tho log ica l co n d itio n  and  disease in  th e se  o th e r species 
as in  th e  species co nsidered  to  be th e  c h a ra c te ris tic  host o f th e  v iru s. T he f irs t, 
m o s t classical ex am p le  w as in fec tio u s can ine  h ep a titis  (R u b a r th ’s disease), 
a d isease caused b y  ad en o v iru s . In i t ia l ly  th e  disease h a d  b een  considered  to  
o ccu r only in dogs; h ow ever, i t  soon tu rn e d  o u t th a t  foxes a n d  bears  m ay  also be 
fa ta l ly  affected.

B élák an d  P á lf i  (1974) w ere th e  f i r s t  to  rep o rt th e  occurrence  o f bovine 
adenov iruses in  species o th e r  th a n  c a tt le . T hey  es tab lish ed  th a t  th e  ty p e  2 
b o v in e  adenovirus w as th e  cau sa tiv e  a g e n t o f an econom ically  im p o r ta n t re s
p ira to ry  and  d ig estiv e  disease o f y o u n g  sheep. Several a u th o rs  p ro v ed  th e  
in fec tio n  of sheep b y  serological ex am in a tio n s . Specific an tib o d ie s  to  bovine 
adenov iruses w ere fo u n d  also in  th e  c a rib o u  ( Rangifcr tarandus caribou; E laz- 
h a ry  e t al., 1981). R ecen tly , ty p e  3, 4 a n d  8 bovine aden o v iru ses  h av e  been 
iso la te d  from  h e a lth y  free-liv ing  C affre buffaloes ( Syncerus caffer ; B ab e r and  
C o n d y , 1981).

In  th e  lig h t o f  th e  above fac ts , th e  iso lation  of a bov ine  aden o v iru s  from  
fa llo w  deer is n o t  su rp ris in g . I t  h as  to  be  estab lished , how ever, w h e th e r th e  
v iru s  can be b ro u g h t in to  causal re la tio n sh ip  w ith  the  severe re sp ira to ry  disease 
o f  f a ta l  outcom e. A lth o u g h  in  th e  p re se n t case com p ara tiv e  serological ex a m in a 
tio n  o f paired  sera  w as n o t ca rried  o u t, b ased  upon th e  p resence  of aden o v ira l 
an tib o d ie s  in, and  absence  of an tib o d ie s  to  IB R , RS an d  P I-3  v iruses from , th e  
fo u r  blood sam ples ta k e n  6 weeks a f te r  th e  disease had  passed  off, th e  cau sa tiv e  
ro le  o f bovine aden o v iru ses  in  th e  re sp ira to ry  disease o f fallow  deer can  be 
p o s tu la te d . This h y p o th es is  is co n firm ed  a n d  supp o rted  b y  th e  successful v iru s 
iso la tio n  and th e  c h a ra c te ris tic  h is to p a th o lo g ica l changes (acu te  tra c h e itis , 
a c u te  in te rs titia l p n eu m o n ia , p resence  o f  “ sm udge”  cells in  th e  lungs), w hich

Acta Vclerinaria Hungarica 33,1985



ISOLATION OF A BOVINE ADENOVIRUS FROM FALLOW DEER 123

are  s im ila r to  those  observed  earlie r in  calves and  lam b s affected  b y  a d en o v ira l 
re sp ira to ry  disease.

T h e  re sp ira to ry  disease passed  o ff  in  a “ b en ig n ”  m an n er: in  th e  g roup  of 
fallow  deers none o f th e  an im als show ed  clin ical sy m p to m s a fte r  3 w eeks. I n  o u r 
op in ion , th e  d ea th  o f th e  fallow  deer s ta g  ex h ib iting  re sp ira to ry  sy m p to m s w as 
due to  th e  stress c o n s titu te d  by  a n a e s th e s ia  and  im m obiliza tion .
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EXPERIMENTAL INFECTION OF LAYING HENS WITH 
AN ADENOVIRUS ISOLATED FROM DUCKS SHOWING

EDS SYMPTOMS

A. BARTHA and J .  MÉSZÁROS

Veterinary M edical Research In stitu te , H ungarian A cadem y o f Sciences, H-1581 B udapest,
P. O. B ox  18, H ungary

(R eceived Novem ber 26, 1984)

Forty ISA -V edette laying hens were infected w ith  the K.T/80 virus isolated from  
ducks showing E D S sym ptom s, and another forty  w ith  adenovirus 127 of chicken origin. 
B oth  groups responded to infection sim ilarly and showed an equal decrease o f egg  
production. No difference was observed in egg quality and seroconversion betw een the  
groups.

Keywords. E gg drop syndrom e, adenovirus, lay in g  hen, duck, experim ental 
infection.

Since th e  egg d ro p  syndrom e (ED S-76) o f lay in g  hens w as f irs t described  
in  W este rn  E u ro p e  (V an E ck  e t al., 1976) an d  its  aetio logy  w as e lu c id a ted  
(M cF erran  e t al., 1978), th e  incidence an d  ep izootio logical ch arac teris tics  o f th e  
disease have  been  s tu d ie d  in  several coun tries. A lth o u g h , accord ing  to  M cFer- 
r a n ’s su pposition , th e  d uck  is th e  n a tu ra l  h o st o f th e  p a th o g en , an  av ian  a d en o 
v irus o f u n iq u e  p ro p e rtie s , m ost au th o rs  h av e  a d o p te d  th e  view  th a t  a disease 
cha rac terized  by  m ark ed ly  d ropped  egg p ro d u c tio n  an d  ty p ic a l egg a lte ra tio n s  
develops only  in  ch icken  flocks, while in  o th e r b ird  species in fec tion  passes o ff 
sym ptom lessly .

T his v iew  has been  su p p o rted  also b y  re p o rts  on th e  successful d e m o n s tra 
tio n  of an tib o d ies  to  E D S  v irus in  h e a lth y  in d iv id u a ls  o f several o th e r b ird  
species; fu rth e rm o re , s im ilar v iru s s tra in s  h av e  been  iso la ted  from  h e a lth y  
ducks as well (B ax en d a le , 1978; Schloer, 1980; V illegas e t al., 1979; Zsák e t a l., 
1982; B a rth a  e t a l., 1982). S tud ies on th e  p a th o g e n ic ity  o f a h aem ag g lu tin a tin g  
av ian  adenov irus iso la ted  in  th e  U n ited  S ta te s  fro m  a h e a lth y  duck  rev ea led  
th a t  no decrease o f egg p ro d u c tio n  occurred  in  th e  su scep tib le  lay ing  hens ex 
p e rim en ta lly  in fec ted  w ith  th is  v iru s (B rugh  e t al., 1984).

R ecen tly  a case o f d ropped  egg p ro d u c tio n  h a s  been  observed  in  a su s
cep tib le  duck  flock  (B a r th a , 1984). Since E D S  ad en o v iru s  w as supposed  to  p la y  
a role in  the  ae tio logy  of th is  cond ition , th e  p a th o g e n ic ity  of th e  K T/80 v iru s  
s tra in  iso la ted  from  th is  duck  flock was exam ined  an d  com pared  w ith  th e  
p a th o g en ic ity  of th e  adenov irus reference s tra in  127 in  suscep tib le  lay ing  hens.

E ig h ty  in d iv id u a lly  m arked , 19 weeks old IS A -V edette  pu lle ts  w ere 
p laced  in  tw o iso la ted  room s. No E D S h ad  occurred  in  th e  flock  of origin an d  all
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Fig. 1. E gg production of hens infected w ith  adenovirus 127 (x  .....x ) or w ith  duck adenovirus
KT/80 ( ( ) • • •  -0)

la y e rs  h ad  been sero n eg a tiv e . T he p u lle ts  s ta r te d  to  lay  eggs a t th e  age of 22 
w eeks, an d  egg p ro d u c tio n  reached  th e  p e a k  in  th e  27 th  w eek (80% ). In  th e  28 th  
w eek, th e  hens w ere in fec ted  ora lly  w ith  0.5 ml duck  em bryo  a llan to ic  flu id  
c o n ta in in g  a v iru s q u a n t i ty  of 106 m ed ian  em bryo  infec tive  dose ( E ID 50). 
F o r ty  lay ers  were in fe c te d  w ith  a d en o v iru s  127, while th e  o th e r fo r ty  w ith  th e  
K T /8 0  v iru s  of d uck  orig in .

E gg  p ro d u c tio n  w as reco rded  a n d  egg q u a lity  w as assessed daily . One 
w eek  a fte r  infection  hen s o f b o th  g roups s ta r te d  to  lay  th in -sh e lled , soft-shelled  
or shell-less eggs, a n d  co n tin u e d  to  la y  such  eggs for th ree  w eeks th e re a fte r . 
E gg  p ro d u c tio n  is show n  in  Fig. 1.

F o r th e  d e m o n s tra tio n  o f h a e m a g g lu tin a tio n -in liib itio n  (H I)  an tibod ies, 
th e  m ic ro tite r  m e th o d  w as used , th e  H A  an tig en  consisted  o f ad en o v iru s  127.

In  th e  p resen t e x p e rim en t th e  su scep tib le  lay ing  hens in fec ted  w ith  th e  
K T /80  v iru s s tra in  iso la ted  from  d u ck s an d  w ith  adenov irus 127 o f  chicken 
o rig in  responded  to  in fec tio n  s im ila rly . A n equal decrease o f egg p ro d u c tio n

Table I

H I antibody titres of hens before and after exposure to EDS avian adenovirus isolated from
duck and chicken

N um ber of 
pullets

Infected with D ay of sampling
N um ber of sera with reciprocal H I antibody titre  of

after challenge 8 8 16 32 64 128 236

40 duck adenovirus
KT/80 0 40

14 l l 4 10 24
35 l 2 3 7 19 8

40 chicken (fowl)
adenovirus 127 0 40

14 1 4 2 9 24
35 2 4 4 20 10
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w as seen in  b o th  groups, no difference w as observed  in  egg q u a lity , an d  se ro 
conversion  w as also sim ilar in th e  tw o  g roups (T able I).

T hese resu lts  lack  con fo rm ity  w ith  th o se  o f B rugh  et al. (1984), who fa iled  
to  p ro d u ce  in lay ing  hens d ropped  egg p ro d u c tio n  w ith  th e  h aem ag g lu tin a tin g  
ad en o v iru s  iso la ted  from  a h e a lth y  d u ck  flock . I t  is suggested  th a t  these  co n 
tra d ic to ry  resu lts  are  due to  genetic  d ifferences in  p a th o g en ic ity  betw een  th e  
v iru s s tra in s  used.
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A BOVINE HAEMAGGLUTININ OF BORDETELLA 
BRONCHI SEPT ICA RESPONSIBLE FOR 

ADHERENCE

G. S e m j é n 1 and T . M a g y a r

Veterinary Medical R esearch Institute, H ungarian Academ y of Sciences, H-1581 B udapest,
P.O. B ox 18, H ungary

(Received January 18, 1985)

Bordetella bronchiseptica strains freshly isolated from swine herds w ith atrophic rhinitis 
(A R ) showed a similar haem agglutination pattern  including agglutination of calf erythrocytes  
(calf-positive strains). A fter several passages these strains lost the ability  to agglutinate calf 
and horse red blood cells (R BC s) but retained haem agglutinating a ctiv ity  on RBCs from other  
anim al species (calf-negative strains). Phase II I  strains failed to agglutinate calf RBCs; neither  
did th ey  agglutinate sheep erythrocytes. In  the in  vitro experim ent, calf-positive strains 
attached to the cilia o f  epithelial cells, whereas calf-negative variants failed to do so. It is 
postulated that th is new  typ e  of haem agglutinin in  B. bronchiseptica strains m ay act as an 
adhesin and as a virulence factor in the pathogenesis o f  A R  in swine.

Keywords. Bordetella bronchiseptica, haem agglutination spectrum , adherence, virulence
factor.

T he ab ility  o f  Bordetella  species to  ag g lu tin a te  e ry th ro cy te s  from  various 
m am m als an d  fow l w as f irs t described b y  K eogh  e t al. (1947). This observa tion  
w as confirm ed b y  G oodnow  (1980). T he h aem ag g lu tin in  (H A ) produced  b y  
Bordetella pertussis  h as  been ex ten siv e ly  in v e s tig a te d  over th e  p a s t 20 y ea rs  
an d  as a re su lt o f  th e se  w orks i t  is k n o w n  th a t  th is  species e labora tes tw o  
d is tin c t HAs (A rai a n d  S ato , 1976; M orse an d  M orse, 1976; Iro n s an d  M acLen- 
n a n , 1979; A rai a n d  M unoz, 1979). O ne o f th e m  is associa ted  w ith  th e  fim b riae , 
is non tox ic , seem s to  be  p ro tec tiv e , a n d  h as  filam en to u s  s tru c tu re , th e re fo re , 
i t  is called fim b ria l haem ag g lu tin in  (F -H A ). T he o th e r h aem agg lu tin in  (ly m 
pho cy to sis-p ro m o tin g  fac to r, L P F -H A ) is associa ted  w ith  a tox ic  p ro te in  
ap p earin g  as sp h erica l s tru c tu re s  in  th e  e lec tro n  m icroscope, has a re la tiv e ly  
low  h a e m a g g lu tin a tin g  a c tiv ity , p roduces a v a r ie ty  of bio logical effects in c lu d 
ing  leukocytosis, h is ta m in e  h y p e rsen s itiv ity , an d  le th a lity . This su bstance  is 
also referred  to  as p e rtu ssig en  (M unoz a n d  B erg m an , 1977). T he recen t s e p a ra 
tio n  an d  p u rific a tio n  o f  th e  HAs from  B . pertussis  (S ato  e t ah , 1983) m ay  
c o n trib u te  to  a b e t te r  u n d e rs tan d in g  o f th e  ro le o f th e se  tw o HAs in  th e  
pathogenesis and  im m u n o p ro p h y lax is  o f w hoop ing  cough. Bordetella bronchisep
tica, one of th e  su p p o sed  causative  ag en ts  o f  a tro p h ic  rh in itis  (AR) o f sw ine, 
has m any  s im ilarities to  B . pertussis. T h is b a c te riu m  species also ag g lu tin a tes

1 Present address: D ivision of M icrobiology, D epartm ent of Pharm acology and T oxi
cology, U niversity o f Veterinary Medicine, H -1400, B udapest, P.O. B ox 2, Hungary.
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130 SEMJÉN and MAGYAR

th e  e ry th ro c y te s  o f  vario u s an im als , b u t  L P F -H A  has been  found  o n ly  in  
c u ltu re s  o f B . pertussis  an d  n o t in  th o se  o f  B . bronchiseptica (P it tm a n , 1979). 
S a to  e t  a l. (1979) h av e  proposed  th a t  th e  F -H A  o f B . pertussis  is derived  from  
th e  f im b ria e  on th e  b a c te ria l su rface , a n d  a  f im b ria -p rep ara tio n  from  a s tra in  
o f B . bronchiseptica  lias been show n to  ag g lu tin a te  chicken e ry th ro c y te s  (B lom  
e t a l., 1983).

I t  is well know n  th a t  f im b riae  (pili) p la y  an  im p o rta n t ro le in  th e  b a c te 
r ia l adherence  to  th e  h o st cells a n d  th e re b y  in  th e  co lon ization  o f m ucosal 
su rfaces , w hich is genera lly  th e  f i r s t  s te p  o f  in fection  (Isaacson , 1983; O fek 
a n d  B eachey , 1980). T here  is a close co rre la tio n  betw een  p ilia tio n  an d  haem ag- 
g lu tin a tio n , hence th e  sim ple a n d  inex p en siv e  h aem ag g lu tin a tio n  te s t  h as  
b een  w idely  used  to  explore th e  fim b ria -p ro d u c in g  an d  ad h erin g  ca p a b ility  o f 
s tra in s  o f  Escherichia coli (Sem jén a n d  M agyar, 1983). A lth o u g h  h ae m a g g lu ti
n a tio n  b y  B . bronchiseptica  has b een  recognized b y  severa l au th o rs , ou r 
know ledge is ra th e r  s c a n ty  in  th is  f ie ld . T he single th o ro u g h  in v es tig a tio n  b y  
B em is an d  P lo tk in  (1982) on th e  h a em ag g lu tin a tio n  o f B . bronchiseptica  d id  
n o t  m ak e  clear th e  ro le  o f HAs in  th e  a t ta c h m e n t of B . bronchiseptica to  re sp i
r a to ry  cells. Y okom izo an d  S him izu  (1979) described th a t  phase  I  B . bron
chiseptica  a t ta c h e d  to  th e  cilia o f  sw ine n a sa l ep ithe lia l cells, w hereas ph ase  
I I I  v a r ia n ts  did n o t. More re c e n tly  T u o m an en  e t al. (1983) d e m o n s tra te d  
d ifferences in  th e  adherence  o f Bordetella  species to  c ilia ted  cells from  h u m a n  
b e ings an d  tho se  from  various la b o ra to ry  an im als. In  p re lim in ary  p u b lica tio n s  
(S em jén  e t al., 1983; M agyar e t  a l., 1983) we rep o rted  th a t  som e B . bron
chiseptica  s tra in s  o f  porcine origin a g g lu tin a te d  calf red  b lood  cells (RBCs) 
a n d  a d h e red  well to  c ilia ted  ep ith e lia l cells from  pigs. A d e ta iled  acco u n t on 
th e  to p ic  is p resen ted  in  th is  p ap er.

Materials and methods

Bacteria l strains

A  to ta l  o f 16 B . bronchiseptica s tra in s  w ere used. F resh ly -iso la ted  s tra in s  
o r ig in a te d  from  n a sa l sw abs of p igs a t  d iffe ren t farm s w ith  m ild  or m o d e ra te  
c lin ica l A R . The iso la tio n  w as m ade on M acConkey ag ar co n ta in in g  pen icillin  
(20 mg/1) an d  n itro fu ra n to in  (20 mg/1), a n d /o r on G20G m ed ium  described  b y  
S m ith  an d  B askerv ille  (1979). T he id e n ti ty  of B . bronchiseptica w as con firm ed  
b y  b iochem ical te s ts  a n d  h y  slide a g g lu tin a tio n  te s t w ith  an tise ru m  p re p a re d  
in  ra b b its  b y  in tra v e n o u s  in jec tions o f  B . bronchiseptica. E ach  s tra in , in v e s ti
g a ted  in  th is  w ork , rep resen ted  one fa rm  a n d  was designated  w ith  th e  in itia ls  
o f th e  fa rm ’s nam e. A ll fresh ly -iso la ted  s tra in s  were phase I  o rganism s, ex cep t 
one (31Ch), w hich w as iso la ted  from  a p ig  o f  a herd  w ith o u t clinical sy m p to m s 
o f A R . T h is s tra in  an d  a ty p e  s tra in  o f  B . bronchiseptica ЛТС.С (received from
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th e  A m erican  T y p e  C ulture C ollection , R ockville , M ary lan d , U. S. A.) show ed 
p h ase  I I I  co lony  m orphology. T he fresh ly -iso la ted  s tra in s  w ere m a in ta in ed  on 
D o rse t’s egg y o lk  slan ts  th ro u g h o u t th e  experim en t. S u b cu ltu res , o b ta in ed  b y  
passag ing  severa l tim es on M acC onkey ag ar, were d es ig n a ted  w ith  th e  p re f ix  
“ p ”  an d  th e  n u m b e r  of passages.

H aem agglutination test

The s tra in s  w ere cu ltiv a ted  fo r 24 or 48 h  on B lood  A gar Base (B A B ) 
m ed ium  (O xoid) w ith  or w ith o u t 5 p e r  cen t sheep blood  a t  37 °C and  on B A B  
m edium  w ith  5 p e r  cen t sheep b lo o d  a t  20 °C. In  genera l, h aem ag g lu tin a tio n  
te s ts  w ere p e rfo rm ed  b y  slide a g g lu tin a tio n  using 5 p e r c e n t RBC suspensions 
in  p h o sp h a te -b u ffe red  saline (P B S ), p H  7.2, from  calf, ho rse , sheep, gu inea-p ig , 
p ig , dog, ra b b i t ,  chicken, an d  ty p e -A  h u m a n  blood. A  p o rtio n  of b a c te r ia l 
g ro w th  was p ick ed  off w ith  a s tra ig h t inocu la ting  needle  an d  m ixed  w ith  a 
d rop  (0.025 m l) o f  RBC suspension  from  th e  a p p ro p ria te  species on a glass 
slide a t  room  te m p e ra tu re . A fte r m ix in g  b y  ro ta tio n  o f  th e  slide for 2 m in , 
th e  re su lts  w ere recorded  as fo llow s: а re a c tio n  w as th e  qu ick  an d
com plete  a g g lu tin a tio n  of all R B C s; lesser degrees o f h aem ag g lu tin a tio n  w ere 
reco rd ed  as +  +  +  , +  +  , +  or n e g a tiv e . F o r in v es tig a tin g  th e  effect o f h e a t 
a n d  fo rm alin  on h aem ag g lu tin a tio n , w hole b ac te ria l cell suspensions from  24-h 
b lood  ag ar cu ltu re s  were p rep a red  in  P B S  an d  a d ju s te d  to  con ta in  a p p ro x i
m a te ly  109 colony-form ing u n its  (C FU ) p er m l. These suspensions were t re a te d  
w ith  fo rm alin  (0 .5% ) a t  37 °C o v e rn ig h t or h ea ted  to  60 °C in  w a te rb a th  for 
1 h . One drop  o f  tre a te d  b ac te ria l suspension  was m ixed  w ith  an  equal vo lum e 
o f R BC suspension  on slide an d  th e  re a c tio n  w as scored as m en tioned  above.

F o r d e te rm in in g  h aem ag g lu tin a tio n  t i t re , th e  te s t  described b y  B em is 
an d  P lo tk in  (1982) w as used in  som e cases.

Adherence test

T he b a c te r ia  were h a rv es ted  a f te r  in cu b a tio n  a t  37 °C for 24 h on 5 p er 
c en t sheep b lood  ag a r, suspended in  P B S , an d  s tan d a rd ized  sp ec tro p h o to m ctri-  
ca lly  to  co n ta in  a b o u t 109 C FU /m l. C ilia ted  nasa l ep ith e lia l cells were co llected  
b y  scrap ing  th e  m ucosa of th e  n a sa l conchae o f pig lets w ith  a scalpel. T he cells 
w ere suspended  a n d  w ashed 3 tim e s  in  P B S  an d  a d ju s te d  to  co n ta in  a p p ro x i
m a te ly  106 cells p e r  m l. W ith  all s tra in s , one m l b ac te ria l suspension  w as m ixed  
to  one m l ep ith e lia l cell suspension, in c u b a te d  a t 37 °C for 20 m in, an d  su b se 
q u e n tly  th e  m ix tu re s  were w ashed  3 tim es. A fter each w ash ing  th e  suspensions 
w ere cen trifuged  a t  500 rp m  fo r 10 m in . The la s t sed im en t was ex am in ed  
u n d e r a p h ase -co n tra s t m icroscope. T he b ac te ria l cells a tta c h e d  to  20 ep ith e lia l 
cells were c o u n ted , an d  th e  m ean  a n d  th e  s ta n d a rd  e rro r  o f th e  m ean  w ere 
ca lcu la ted  b y  S tu d e n t’s t te s t for a ll s tra in s .
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Results

Fresh ly -iso la ted  s tra in s  behaved  in  th e  h aem ag g lu tin a tio n  te s t  u n ifo rm 
ly : th e y  agg lu tin a ted  R B C s of all th e  species te s te d , th e  in te n s ity  of ag g lu tin a 
t io n , how ever, show ed species-to-species v a ria tio n s . F o r exam ple , ag g lu tin a 
tio n  o f calf, horse, dog , an d  sheep e ry th ro c y te s  was s tro n g e r th a n  th a t  o b 
ta in e d  w ith  h u m an  A , ra b b it  and  gu inea-p ig  RBCs, an d  th e re  w as very  sligh t 
ag g lu tin a tio n  w ith  ch ick en  RBCs. T he h aem ag g lu tin a tio n  w as n o t in fluenced  
b y  th e  d u ra tion  (24 o r 48 h) o f in cu b a tio n . T he m ost re m ark ab le  find ing  w as 
t h a t  m ost stra ins w h ich  w ere passaged  sev era l tim es an d  re ta in e d  th e ir  S co
lo n y  m orphology, fa iled  to  ag g lu tin a te  ca lf  an d  horse e ry th ro c y te s  (calf-nega
t iv e  stra in s), while th e ir  beh av io u r ag a in s t R B C s from  o th e r  species rem ain ed  
u n a lte re d .

The h a em ag g lu tin a tin g  spectrum  o f s tra in  В А К рЗб  w as th e  sam e as 
b efo re  passages, in d ic a tin g  th a t  in  th is  case 36 tran sfe rs  w ere n o t enough to  
cau se  an y  a lte ra tio n  in  h aem ag g lu tin a tin g  a c tiv ity . T he geom etric  m eans of 
t i t r e s  ob ta ined  w ith  c a lf  an d  sheep b lood  cells in  te s ts  re p e a te d  4 to  6 tim es 
w ere  betw een 22.6 a n d  64 for the  d iffe ren t s tra in s . C om paring  th e  geom etric 
m ean s  of h aem ag g lu tin a tio n  t itre s , no sign ifican t d ifferences were fo u n d  
b e tw een  calf and  sheep  R B C s in  th e  degree o f  ag g lu tin a tio n , an d  th e  calf-nega
tiv e  v a rian ts  gave n e a r ly  as strong  a g g lu tin a tio n  w ith  sheep  RBCs as d id  th e  
ca lf-positive  p a re n t s tra in s .

The tw o phase-111 s tra in s  (ATCC a n d  31Ch) did n o t ag g lu tin a te  calf, 
h o rse , and  sheep R B C s. T he ch arac te ris tic  h aem ag g lu tin a tio n  p a tte rn  o f th e
B . bronchiseptica s tra in s  is sum m arized  in T ab le  1.

Table I
H aem agglutination patterns o f B . bronchiseptica strains

Strains

M H13
DK2
FGT
BIO
CE
CF
FG5
B Á B
B A K
ATCC
31Ch
CEp27
CFp61
FG5p35
B Á B P37
В А К рЗб

A gglutination with RBCs from

calf horse sheep pig guinea-pig

Acla Veter inaria Hungarica 33, 1985
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T able I I  show s th e  effect o f fo rm alin  an d  h e a t t r e a tm e n t  an d  of ce rta in  
cond itions of c u ltu r in g  on th e  h aem ag g lu tin a tio n  o f ca lf-positive  and  neg a tiv e  
s tra in s . W hen ca lf-positive  an d  n eg a tiv e  s tra in s  w ere grow n a t 20 °C o r on 
B A B  m edium  w ith o u t b lood, no ag g lu tin a tio n  o f R B C s from  ca lf occurred  h u t  
th e  reac tio n  w ith  R B C s from  o th e r  an im al species rem a in ed  unchanged . H e a t 
t re a tm e n t a t  60 °C ex erted  a reverse  in fluence  on h aem ag g lu tin a tio n . F o r 
m alin  tre a tm e n t o f  ca lf-positive s tra in s  to ta lly  abo lished  a ll th e  h aem agg lu ti- 
n a tin g  ac tiv ity . M annose , glucose, galactose, m alto se , a n d  lactose in  a con
c e n tra tio n  of 0.5 p e r  cen t, N -acety l-g lucosam ine a n d  a -m ethy l-m annoside  
(0.25 M) h ad  no in flu en ce  on th e  h aem ag g lu tin a tio n  o f  ca lf  RBCs.

In  th e  in  v i tro  adherence ex p erim en ts  all th e  fresh ly -iso la ted  calf-posi
tiv e  B . bronchiseptica  s tra in s ad h ered  well to  th e  cilia  o f  cilia ted  ep ithe lia l 
cells o f th e  nasa l m u co sa  (Table I I I ) .  On th e  o th e r h a n d , n e ith e r  th e  ATCC a n d  
31Ch stra in s of R  co lony  ty p e  n o r th e  sub cu ltu res  th a t  h a v e  lo st th e  a b ility  to  
ag g lu tin a te  ca lf a n d  horse RBCs ad h ered  to  ep ithe lia l cells (excep t for acc iden 
ta l  adherence o f one o r tw o b a c te r ia l cells on a few ep ith e lia l cells).

D iscussion

T he h a e m a g g lu tin a tin g  a b ility  o f B . bronchiseptica  an d  B. pertussis  has 
b een  know n for a lo n g  tim e. R ecen tly  o u r know ledge concern ing  B . pertussis  
H A s has w idened . H ow ever, re la tiv e ly  few , m ostly  ta n g e n tia l , d a ta  are  avail-

ТаЫе II

E ffect of cultural conditions and treatm ent on haem agglutination by calf-positive and
calf-negative strains

Cultural conditions und treatm ent
A gglutination with RBCs from

calf P'g guinea-pig

Live suspensions from B A B b with CP + + +
5% sheep blood, cultivation  at
37 °C CN — + +

Live suspension, cu ltivation  at 20 UC CP — + +
CN — + +

Formalin treatment CP — — —

CN — + +
H eat treatment CP + — —

CN — — —
Live suspensions from B A B  without CP — + +

blood CN — + +

a CP =  calf-positive strains, CN =  calf-negative strains 
bBAB =  blood agar base (Oxoid)
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Table III

Comparison of haem agglutinating and adhesive 
properties o f B. bronchiseptica

Strains
N um ber of bacteria adhered 

to  epithelial cells 
(m ean ±  SEM 1)

Agglutination 
with RBCs from 

calf

MH13 29.21 (± 1 .4 2 ) + + + +
DK2 17.05 (± 1 .2 3 ) + + ±  +
FGT 15.36 (± 1 .1 9 ) + + + +
BIO 15.00 (± 0 .9 3 ) + +  +  +
CE 14.80 (± 1 .2 9 ) + + + +
CF 17.05 (± 1 .7 6 ) + + + +
FG5 20.00 (± 1 .0 8 ) + + +  +
BÁB 18.70 (± 1 .0 6 ) + + + +
BAK 17.10 (± 1 .2 0 ) + + + +
ATCC 0.35 (± 0 .1 8 ) —
31Ch 0.85 (± 0 .3 3 ) —
CEp27 0.38 (± 0 .1 6 ) —
CFp61 0.10 (± 0 .1 0 ) —
FG5p35 0.65 (± 0 .2 3 ) —
BÁ B P37 0.65 (± 0 .2 8 ) —
ВАКрЗб 14.35 (± 1 .0 2 ) + + + +

1 Standard error o f the mean

ab le  on  th e  h aem ag g lu tin a tio n  o f  B . bronchiseptica  s tra in s  p la y in g  an  aetio logi- 
ca l ro le  in  A R , an d  n e ith e r  th e  p ro p e rtie s  o f th e  HAs n o r th e ir  role a n d  re la 
tio n sh ip  w ith  adherence a re  know n  su ffic ien tly . Jo u b e rt e t al. (1960) rep o rted  
t h a t  a porcine s tra in  a g g lu tin a te d  sheep  an d  hum an  ty p e  О R B C s b u t  n o t 
h o rse  RBCs. K ang  e t al. (1970) o b serv ed  th a t  only one o f 12 B . bronchiseptica 
s tra in s  from  pigs a g g lu tin a te d  horse R B C s. C on trarily , B cm is an d  P lo tk in  
(1982), who were th e  f i r s t  to  s tu d y  th e  h aem ag g lu tin a tio n  sp ec tru m  and  
re la t iv e  po tency  of B . bronchiseptica  s tra in s  iso la ted  from  pigs a n d  dogs, found  
t h a t  10 o f 11 porcine s tra in s  (91% ) gave positive  reac tio n  w ith  horse, sheep, 
do g , p ig , and  guinea-p ig  R B C s. T hese a u th o rs  did n o t use c a lf  b lood ; n e ith e r  
d id  th e y  s tu d y  th e  effect o f  seria l passages.

In  th e  p resen t s tu d ie s , th e  s tra in s  fresh ly  iso la ted  fro m  herds affec ted  
w ith  A R  ag g lu tin a ted  th e  RBCs o f all species s tu d ied , inc lu d in g  calf. H ow ever, 
a f te r  d ifferen t num bers o f  passages on M acC onkey agar p la te s  a ll su b cu ltu res  
b u t  one lo st th e ir  a b ility  to  a g g lu tin a te  ca lf  an d  horse R B C s, an d  d id  n o t 
re g a in  th is  ab ility  even  a fte r  m u ltip le  sub cu ltu res  on b lo o d  agar. As th e  
a g g lu tin a tio n  of horse a n d  ca lf  R B C s ra n  para lle l in  o u r h a n d , we supposed  
t h a t  th e  reaction  w ith  R B C s from  th ese  tw o  species w as e lic ited  b y  th e  sam e 
m ech an ism . S trains ag g lu tin a tin g  b o v in e  RBCs were d es ig n a ted  calf-positive 
s tra in s , while th e  su b stan ce  responsib le  fo r eliciting a g g lu tin a tio n  w as called 
b o v in e  H A . No p h en o ty p ic  m a n ife s ta tio n  o f  ca lf-positiv ity  w as observed  a t  
low  te m p e ra tu re , on B A B  or M acC onkey ag a r cu ltu res w ith o u t b lood. This is
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n o t su rp rising  since  in  b ac te rio logy  th e re  are  severa l exam ples th a t  u n d er 
adverse  co n d itions certa in  en e rg y -in ten siv e , n o n -essen tia l func tions becom e 
repressed . A t te m p e ra tu re s  below  20 °C E . coli fails to  p ro d u ce  K 88 fim b ria ; 
th u s , such cu ltu re s  do n o t a g g lu tin a te  sheep  RBCs (S tirin  e t a l., 1967).

A fter fo rm a lin  tre a tm e n t, ca lf-positive  s tra in s  a g g lu tin a te d  th e  R B C s 
o f none of th e  species stud ied . A fte r h e a t t r e a tm e n t, o n ly  th e  bovine H A  re 
m ained  in ta c t. C o n tra rily , fo rm alin  h ad  no  effect on ca lf-negative  s tra in s , b u t  
h e a t t re a tm e n t d ep riv ed  th em  from  th e ir  a g g lu tin a tin g  ab ility . The re su lts  
o b ta in ed  for th e  ca lf-positive s tra in s  are  in  sh a rp  c o n tra s t w ith  those  re p o rte d  
b y  B em is and  P lo tk in  (1982). H ow ever, th e  re su lts  a re  n o t com parab le , since 
th e  la t te r  au th o rs  te s te d  th e  H A  o f on ly  one p a ir  o f s tra in s  iso la ted  from  dogs 
(110 H : p ilia ted  a n d  110 N H : n o n -p ilia ted ) ag a in s t sheep RBCs.

P hase  I I I  ATCC an d  31Ch s tra in s  d id  n o t ag g lu tin a te  calf, horse, an d  
sheep RBCs. É liá s  e t al. (1982) m ad e  s im ila r observ a tio n s. T he fa c t th a t  also 
ph ase  I I I  s tra in s  ag g lu tin a te  th e  R B C s o f p igs, dogs, an d  som e o th e r species 
allow s us to  conclude  th a t  B . bronchiseptica  s tra in s  possess m ore th a n  one H A . 
T he h a cm ag g lu tin a tio n  spectrum  o f th e  s tra in s  is in fluenced  also by  th e  cu ltu re  
m ed ium  and  co n d itio n s  of cu ltu rin g . T h is exp la in s th e  c o n trad ic to ry  re su lt 
re p o rte d  earlier.

T he m ost im p o r ta n t  conclusion o f o u r in v estig a tio n s is th a t  we h av e  
rev ea led  a re la tio n sh ip  betw een th e  calf-H A  o f th e  s tra in s  an d  th e ir  adherence 
to  c ilia ted  e p ith e lia l cells. B ased up o n  th e  p re se n t s tu d ies  we m ay  p o s tu la te  
th a t  calf-H A  fu n c tio n s  also as an  adhesin  an d  co n trib u te s  to  th e  v iru lence  of 
B . bronchiseptica.

This p o s tu la tio n  can serve as a w o rk ing  hyp o th esis  for fu r th e r  in v e s tig a 
tio n s  needed to  o b ta in  conclusive evidence.
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INVESTIGATION OF ADHESIVE AND 
NONADHESIVE B O R D E T E L L A  B R O N C H I S E P T I C A  

STRAINS IN  A SUCKLING-MOUSE MODEL
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Bordetella bronchiseptica strains isolated from pigs affected w ith  atrophic rhinitis (AR ), 
each agglutinating calf red blood cells (calf-positive strains), and calf-negative variants derived  
from the fresh isolates by serial passages were studied in a suckling-m ouse model.

Calf-positive strains produced rhinitis o f varying severity , in  som e instances accom 
panied b y  a pronounced turbinate atrophy. On the other hand, calf-negative variants either 
failed to induce pathological changes or caused only m ild inflam m ation .

Keywords. Bordetella bronchiseptica, virulence, m ouse m odel.

A troph ic  rh in itis  (A R ) of swine, a disease causing  h e a v y  econom ic losses, 
has becom e th e  su b jec t o f  m ore an d  m ore in ten s iv e  re sea rch . H ow ever, its  
ae tio logy  has still rem a in ed  a question  o f  m uch co n tro v e rsy .

F o r a long tim e , Bordetella bronchiseptica  h a d  been  reg a rd ed  as th e  p r i
m ary  aetio logical a g e n t o f  A R  (Shim izu e t ah , 1971; K em en y , 1972), b u t  
recen tly  th e  im p o rtan ce  o f  Pastcurclla m ú lto d d á  has com e to  th e  fore (de Jo n g  
e t ah , 1980), a lthough  c e r ta in  Jap an ese  a u th o rs  s till a re  o f  th e  opposite  op in ion  
(S aw ata  e t ah , 1984). T h e  m ost p ro b ab le  e x p lan a tio n  is t h a t  to x in -p ro d u c in g  
P . m ú lto d d á  s tra in s a re  responsib le  for in d u c in g  severe c lin ica l sy m p to m s, b u t  
v iru le n t B . bronchiseptica s tra in s  also p la y  an  im p o r ta n t  ro le  in th e  d eve lop 
m en t o f in itia l lesions. T h is  h y po thesis  w as su p p o rte d  b y  th e  in v estig a tio n s 
of P edersen  and  R arfod  (1981) and  R u tte r  (1983), w ho, b y  in fec tin g  pigs w ith  
B . bronchiseptica follow ed b y  th e ir  in o cu la tio n  w ith  to x in -p ro d u c in g  P . m últo
d d á , w ere able to  p ro d u ce  sym ptom s co rrespond ing  to  th o se  o f n a tu ra l A R . 
A ccording to  recen t in v es tig a tio n s  o f P edersen  an d  E lling  (1984), th e  effect o f 
B . bronchiseptica can be s im u la ted  by  chem ical i r r i ta tio n  w ith  m ild  acetic  acid . 
U nder fie ld  conditions, how ever, i t  seem s m ore p ro b ab le  t h a t  B . bronchiseptica, 
a b a c te riu m  causing re sp ira to ry  disease in  severa l an im al species an d  c h a ra c 
te rized  b y  a high a ff in ity  to  th e  m ucous m em b ran e  o f  th e  re sp ira to ry  t r a c t ,  
is in v o lved  in  in itia tin g  th e  disease process.

B ased  upon all th e se  fac ts , in v es tig a tio n s  in to  th e  bio logical p ro p erties  
o f B . bronchiseptica an d  in to  fac to rs d e te rm in in g  th e  v iru len ce  o f th e  s tra in s

2 Present address: D iv ision  o f M icrobiology, D epartm ent o f Pharm acology and Toxi 
cology, U niversity o f Veterinary Science, H -1400 B udapest, P.O. B o x  2, H ungary.
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a re  essen tia l. The suck ling -m ouse  te s t  described  b y  S aw a ta  a n d  K u m e (1982) 
seem s to  be an in  v ivo m odel app licab le  fo r th is  purpose . T hese a u th o rs  found  
t h a t  w hile infection  o f y o u n g  m ice w ith  phase  I  B . bronchiseptica  o rganism s 
re su lte d  in  tu rb in a te  a tro p h y , th e  phase  I I I  s tra in  failed  to  p ro d u ce  such  le 
s ions.

In  th e  accom pany ing  p a p e r  (Sem jen an d  M agyar, 1985; see p p . 129 — 136 
in  th e  p resen t volum e) w e re p o r t  th a t  B . bronchiseptica possessed  a t  leas t tw o 
d is t in c t  haem agglu tin ins (H A s), o f w hich  th e  bovine H A  w as responsib le  fo r 
ad h e ren ce  to  c ilia ted  n a sa l ep ith e lia l cells. In  th e  p re sen t w o rk  th e  effect o f  
ca lf-p o sitiv e  and ca lf-n eg ativ e  s tra in s  on in tra n a sa lly -in o c u la te d  suck ling  m ice 
w as in vestiga ted .

M ateria ls an d  m ethods

E xperim en ta l anim als

N ine litte rs , each  consisting  o f 10 suckling  m ice o f s tra in  C F L P  (L A T I, 
G ödöllő), were used. A ll an im als w ith in  a l i t te r  w ere in o c u la te d  w ith  th e  
sa m e  B . bronchiseptica s tra in  on th e  second d ay  o f life. N ne  l i t te r  served  as 
u n tre a te d  control.

B . bronchiseptica strains

Calf-positive B . bronchiseptica  s tra in s  (CF, FG 5, CE, F G T ), ca lf-negative  
v a r ia n ts  (CFp61, F G 5p35 , C Ep27) an d  a phase I I I  s tra in  (31Ch) w ere used  
(fo r th e ir  descrip tion , see th e  accom pany ing  p ap e r; Sem jen  a n d  M agyar, 1985). 
I n  b rie f, calf-positive s tra in s  w ere iso la ted  from  cases o f c lin ica l A R , w hereas 
ca lf-n eg ativ e  v a ria n ts  w ere  derived  from  th e  fresh  iso la tes b y  seria l passages 
on  M acConkey agar. S tra in s  C F, FG 5, CE a n d  FG T  a g g lu tin a te d  ca lf  red  b lood  
cells (RBCs) and  a d h e red  to iso la ted  n asa l ep ithe lia l cells, w hile s tra in s  C Fp61, 
F G 5 p 3 5 , CEp27 an d  31Ch h a d  lo st th e ir  ca lf-p o sitiv ity  a n d  ad hesive  p ro p e rty .

Inocula tion  o f suckling mice

B . bronchiseptica s tra in s  in c u b a te d  a t  37 °C fo r 24 h  on  5 %  sheep blood  
a g a r  p la te s  were su sp en d ed  in  p h o sp h a te -b u ffe red  saline (P B S ). T he c o n c e n tra 
t io n  o f the suspensions w as a d ju s te d  to  a p p ro x im a te ly  108 co lony-fo rm ing  u n its  
(C F U ) per ml b y  p h o to m e try . T he in fec tive  dose w as 3 p i, co n ta in in g  a p p ro x i
m a te ly  3.3 X 105 CF U. T h e  m ice w ere in o cu la ted  in tra n a sa lly , using  a H am ilto n  
p rec ision  syringe.

Light-microscopic exam ination

Mice were k illed  18 day s p o st-in o cu la tio n  (P I). T he n a sa l reg ion  was fixed  
in  10%  form alin, p rocessed , em bedded  in  p a ra ffin  an d  sec tio n ed  accord ing  to  
th e  ro u tin e  p rocedure. T h e  sections w ere s ta in ed  w ith  h a e m a to x y lin  an d  eosin .
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R esu lts

A ll m ice su rv iv e d  th e  infection . T h e  sev erity  of th e  lesions caused b y  th e  
d iffe ren t B . bronchiseptica  s tra in s is show n in  T able I .  T he m ost p ronounced  
differences o ccu rred  am ong mice in fec ted  w ith  s tra in  CF a n d  tho se  in o cu la ted  
w ith  s tra in  C F p61; therefo re , these  are  described  in  d e ta il. T he  mice in o cu la ted  
w ith  B . bronchiseptica  s tra in  CF show ed differences in  g ro w th  ra te . T he sev e r
i ty  o f lesions w as co rre la ted  w ith  th e  degree of re ta rd a tio n  in  grow th . O f th e  
10 m ice in fec ted  w ith  s tra in  CF, 4 show ed severe, 3 m o d era te , an d  3 m ild  
h is to p a th o lo g ica l changes.

C o n tra rily , th e  m ice in ocu la ted  w ith  B . bronchiseptica  su b cu ltu re  CFp61 
ex h ib ited  no lesions an d  th e ir  h is to p a th o lo g ica l p ic tu re  co rresponded  to  t h a t  
o f th e  u n tre a te d  con tro ls  (Figs 1, 3 an d  5). T he m ice in fec ted  w ith  s tra in  C F 
developed lesions charac terized  b y  in flam m atio n  o f th e  n a sa l m ucosa a n d  
tu rb in a te  a tro p h y  (F ig . 2). The o lfac to ry  ep ithe lium  w as in f il tra te d  b y  in f la m 
m a to ry  cells, p rim a rily  neu tro p h il g ran u lo cy tes  (Fig. 4). T he re sp ira to ry  e p ith e 
lia l cells u n d e rw e n t degeneration  an d  lo s t th e ir  c iha. P o ly m o rp h o n u c lea r 
leucocytes w ere p re se n t in  th e  ep ithe lium  (F ig . 6), som etim es form ing m icro- 
abscesses (F ig . 7). T h e  ep ithelium  w as h y p e rp la s tic  in  som e places, p a r t ic u 
la rly  on th e  scrolls o f  th e  dorsal tu rb in a te  (F ig . 8). In  th e  n a sa l m ucosa o f m ice 
show ing m ore severe  lesions, th e  lam in a  p ro p ria  was in f i l t ra te d  b y  n eu tro p h ils  
an d  m ononuclear in fla m m a to ry  cells (F ig . 9). L arge q u a n tit ie s  o f in f la m m a 
to ry  ex u d a te , c o n ta in in g  num erous p o ly m o rp h o n u c lea r a n d  few er m o n o n u 
clear cells, a c c u m u la ted  in th e  nasa l c a v ity  (Figs 4 an d  8).

Tabic I

H istopathological lesions in the nasal cav ity  o f suckling m ice inoculated  
intranasally with Bordetella bronchiseptica strains

Strain
Nasal lesion scoresО

0 1 2 3

CF 0 3 3 4*
CFp61 10 0 0 0
FG5 0 4 5 1
FG5p35 6 4 0 0
CE 4 3 3 0
CEp27 7 3 0 0
FGT 0 4 4 2
31Ch 8 2 0 0

□ 0 =  no lesion
1 =  m ild or moderate inflam m ation w ithout any sign o f atrophy
2 =  m oderate or severe inflammation with initial signs of atrophy
3 =  apparent atrophy

* Each experim ental group included 10 mice.
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In  mice in fec ted  w ith  th e  o th e r B. bronchiseptica  s tra in s , p ronounced  
a tro p h y  of tu rb in a te s  w as observed  o n ly  occasionally . T hese s tra in s  p ro d u ced  
m o stly  in flam m ato ry  chan g es o f v a ry in g  sev erity . H a rd ly  m ore th a n  a h a lf  
o f  th e  anim als in o c u la te d  w ith  s tra in  CE developed h is to p a th o lo g ica l lesions, 
w hile  in  th e  rem ain ing  m ice no lesions o ccu rred  a t  all.

D iscussion

B . bronchiseptica is  know n  to  be th e  cause o f re sp ira to ry  diseases in  n u 
m erous anim al species. In  m ice, h ith e r to  o n ly  S aw ata  an d  K um e (1982) w ere 
ab le  to  produce tu r b in a te  a tro p h y  b y  ex p e rim en ta l in fec tio n  w ith  B. bron
chiseptica. In th e  p re se n t w ork, we h av e  succeeded in  p ro d u c in g  th e  disease 
in  m ice; however, as re g a rd s  th e  in fec tiv e  dose, we o bserved  considerab le  d if
ferences from th a t  r e p o r te d  b y  S aw ata  a n d  K um e (1982). In  our ex p e rim en t, 
th e  20 CFU /m ouse dose used  b y  these  a u th o rs  failed to  give rise  to  an y  lesion 
w ith  e ither of th e  s tra in s  app lied . B ased  up o n  th e  re su lts  o f several e x p e ri
m e n ts , 3.3 X 105 C F U /m ouse  w as selected  as th e  in fec tive  dose o f  choice. T h is is 
in  accordance w ith  th e  re s id ts  rep o rted  b y  M artineau  e t al. (1982), who s tu d ied  
in  gnotobio tic  p ig le ts  th e  in fection  p re ssu re  needed to  in d u ce  th e  disease 
w ith  B . bronchiseptica. A ccord ing  to  th e m , th e  m in im um  in fective  dose w as 
З х Ю 5 CFU/m l w hen  0.5 m l o f th e  b a c te r ia l suspension w as in o cu la ted  in to  
each  nostril. None o f  th e  ty p ic a l lesions developed  a t low er in fec tive  doses.

T he differences fo u n d  in  th e  in fec tiv e  dose m ig h t be a t tr ib u te d  to  th e  
fa c t  th a t  the  s tra in  u se d  b y  S aw ata  a n d  K u m e (1982) w as m u ch  m ore v iru le n t 
th a n  those app lied  in  o u r ex p e rim en t, o r perhaps o u r ex p erim en ta l m ice 
w ere  m ore re s is ta n t to  in fec tion . E x p e rim e n ta l in fec tion  w ith  the  ca lf-posi
t iv e  B . bronchiseptica s tra in s  used  b y  us re su lted  in  tu rb in a te  a tro p h y  on ly  in  
p a r t  o f the  m ice; in  m o st in stan ces  th e y  produced  o n ly  rh in itis  o f v a ry in g  
se v e rity , w ithou t signs o r w ith  only  in i t ia l  signs, o f a tro p h y . S tra in  CE failed  
to  cause any lesion in  fo u r m ice. On th e  o th e r  han d , in  som e cases m ild in f la m 
m a to ry  changes d ev e lo p ed  also a fte r  in fec tio n  w ith  s tra in s  th a t  h ad  lost th e ir  
ad h esiv e  p ro p erty . T h is , a t  least w ith  th e  re la tiv e ly  h igh  n u m b er of b a c te ria  
u se d  for infection , in d ic a te s  th a t  fa c to rs  o th e r  th a n  adhesive  ab ility  m ig h t 
p la y  an  im p o rta n t ro le  in  inducing  th e  process. In  a n y  case, fu r th e r  s tu d ies  
a re  needed to  a rriv e  a t  a b e tte r  u n d e rs ta n d in g  of th is  p rob lem .

Saw ata an d  K u m e  (1982) re p o rte d  th a t  a p p ro x im a te ly  20%  of th e  m ice 
in fec ted  w ith p h ase  I  B . bronchiseptica m icroorganism s succum bed  to  p n e u m o 
n ia . On the o ther h a n d , in  our ex p e rim en t all th e  m ice su rv iv ed  th e  in fec tio n , 
th e  only patho log ica l fin d in g  being t h a t  m ice in fec ted  w ith  B . bronchiseptica 
s tra in s  possessing ad h esiv e  p ro p e rty , show ed  differences in  g row th  ra te . R e 
ta rd e d  grow th was in  p o sitiv e  co rre la tio n  w ith  th e  sev erity  o f h istopath o lo g ica l 
lesions. The general p ic tu re  o f th e  n a sa l c a v ity  was id e n tic a l w itli th a t  found
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b y  th e  above-c ited  au th o rs . T he h is to p a th o lo g ica l lesions observed  in  th e  
m ucous m em b ran e  w ere sim ilar to  those  re p o rte d  for th e  ex p erim en ta l in 
fection  o f p ig le ts w ith  B . bronchiseptica  (M iniats an d  Jo h n so n , 1980; e tc .).

H a n a d a  e t al. (1979) e s tab lished  th a t  a cell-free son icated  e x tra c t  o f 
tox in -p ro d u c in g  B . bronchiseptica s tra in  gave rise to  developm ent o f A R  in 
p ig le ts. T h is fac t in d ica tes  th a t th e  liea t-lab ile  exo tox in  is responsib le  fo r 
tu rb in a te  a tro p h y  in  pigs.

T he p re lim in a ry  resu lts  o f o u r c u rre n t in v estig a tio n s suggest th a t  o u r 
calf-positive  B . bonchiseptica  s tra in s  an d  ca lf-negative  v a rian ts  differ n o t o n ly  
in adhesive  a b ility  b u t  also in  to x in -p ro d u c in g  c a p a c ity  (our un p u b lish ed  d a ta ) . 
This fac t in d ica te s  th a t  to x in -p ro d u c in g  a b ility  also decreases d u rin g  serial 
passages. F u r th e r  s tud ies are need ed  to  d e te rm in e  th e  degree to  w hich  th e  
p ro p ertie s  lost b y  th e  s tra in s (adhesive ab ility  an d  tox in -p ro d u c in g  c a p a c ity )  
c o n tr ib u te  to  v iru lence .

In  su m m ary , for th e  p ra c tic a l ap p licab ility  o f th e  m ouse m odel i t  is 
essen tia l ( i )  to  s tu d y  th e  v iru lence  fac to rs  of B . bronchiseptica by  o th e r te s ts , 
and  ( i i )  to  o b ta in  a deeper u n d e rs ta n d in g  of d ifferences in the su sc e p tib ility  
o f m ice to  B . bronchiseptica in fec tion .
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Fig. 1. Transversal section of the nasal cavity from a m ouse infected with B. bronchiseptica 
strain CFp61. No pathological changes are seen. H .-E . stain, X 16

Fig. 2. Transversal section of the nasal cav ity  from a mouse infected w ith B. bronchiseptica 
strain CF. A trophy o f the dorsal turbinate. H .-E ., X l6



F ig. 3. Olfactory epithelium  from  a mouse infected w ith B. bronchiseptica strain CFp61. 
No pathological changes are seen. H .-E ., X 140

Fig. 4. Olfactory epithelium  from a mouse infected w ith  B. bronchiseptica strain CF. The 
epithelium  is infiltrated by neutrophil granulocytes; the nasal cavity contains inflam m atory

exudate and cells. H .-E ., X 140



Fig. 5. Nasal respiratory epithelium  from a mouse infected w ith  B. bronchiseptica strain C Fpól. 
No pathological changes are seen. H .-E ., X 140

%» <§ * •  #

% m

" V
Fig. 6. Nasal respiratory epithelium  from a mouse infected w ith B. bronchiseptica strain CF. 
Note the degeneration of epithelial cells, loss o f cilia, and accum ulation in the nasal cavity  

of inflam m atory exudate containing m ainly polym orphonuclear cells. H .-E ., X 140



F ig .  7. Nasal respiratory epithelium from a mouse infected with B . b r o n c h is e p tic a  strain CF. 
A microabscess is seen in the epithelium devoid of cilia. H.-E., X 140

F ig .  8 , Nasal respiratory epithelium from a mouse infected with B . b r o n c h is e p tic a  strain CF. 
Epithelial hyperplasia on the scrolls of the dorsal turbinate. Inflammatory cells in the nasal

cavity. H.-E., X 140



Fig. 9. Nasal respiratory epithelium  from a m ouse infected w ith B. bronchiseptica strain CF. 
The epithelium  and the lam ina propria are infiltrated by neutrophils and mononuclear inflam 

m atory cells. H .-E ., X 140
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COLONIZATION OF INFANT MICE BY K99< 
ESCHERICHIA COLI AND LACK OF 
COLONIZATION BY STREPTOCOCCUS 

FAECIUM  M74

B . N a g y  and T e n d a i C. U s h e *

Central Veterinary Institute, H -1581 Budapest 1, P.O. B ox 2, Hungary 

(Received April 9, 1985)

Intragastrically inoculated infant m ice were colonized by enterotoxigenic Escherichia 
coli (ETEC) 0101 : K 30, K 99 : NM strains but not by nonenterotoxigenic E . coli 08 : K50 : NM  
strain. Adhesion of the K 99 + ETEC strain to the sm all intestinal epithelium  of mice was de
m onstrated by im m unofluorescence and by transm ission electron m icroscopy.

Streptococcus faecium  M74 did not colonize the small in testine of infant mice and did 
not prevent, colonization b y  K 9 9 + ETEC.

Keywords. Colonization, infant m ice, Escherichia coli, K 9 9 +, Streptococcus faecium  M74.

C olonization o f  th e  bovine and porcine sm all in te s tin e  b y  en tero tox igen ic  
Escherichia coli (E T E C ) possessing tlie  adhesive an tig en  K 99 is w idely recog
n ized  (M oon et ah , 1977; Moon e t ah , 1976; Moon e t ah , 1980; 0 rsk o v  e t ah , 
1975). I t  has also been  rep o rted  th a t  K 9 9 + ETEC  could colonize th e  sm all in 
te s tin e  o f new born  m ice (K éty i e t ah , 1978; Moon e t a h , 1979a). H ow ever, 
m orphological ev idence  o f the  K 99-m ed ia ted  co lonization  is s till lack ing  in  
in fa n t mice.

One w ay to  p re v e n t th is  co lon ization  is th e  im m u n iza tio n  of th e  dam  b y  
vaccines co n ta in in g  K 99 to  prov ide specific  colostral im m u n ity  for th e  new 
b o rn  (Acres e t ah , 1979; N agy, 1980). O th e r w ays w ould  he  to  block adliesin  
recep to rs  in  th e  sm all in te s tin e  or in h ib it th e  g row th  o f E T E C  b y  com petitive  
in te s tin a l b ac te ria  (D av idson  an d  H irsh , 1975; U n d erd ah l e t ah , 1982; W a d 
s trö m , 1984).

T h is p ap e r describes experim en ts a im ed to  in v e s tig a te  th e  m orphology 
o f th e  sm all in te s tin a l colonization  o f in fa n t mice b y  K 9 9 + E T E C  and  to  p re 
v e n t  th is  co lon ization  b y  a possib ly  co m p etitiv e  b a c te ria l s tra in  Streptococcus 
fa ec iu m  M74 (P o tsu b a y , 1983; W ad strö m , 1984).

Materials and methods

A n im a ls . CF-1 (C arw orth  F a rm s) an d  C F L P  (L A T I Co., H u n g ary ) 
m ice o f  e ith e r sex , 2 to  4 days o ld, w ere used for th e  ex p erim en ts . The in fa n t 
m ice w ere sep a ra te d  from  th e ir  m o th e r a fte r  being in o cu la ted , an d  were k e p t 
a t  37 °C unless o therw ise  s ta te d .
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Bacterial strains. E . coli 431 an d  613 (bo th : 0101 : K 30 : NM : K 9 9 +, 
S T +) were used as K 9 9 + E T E C  s tra in s , E . coli 124 (08 : K 50  : NM) was used 
as n o n en te ro p a th o g en ic  E . coli (N E E C ). Streptococcus fa ec iu m  M74 (N C IB  
1181, k ind ly  p rov ided  b y  M onopharm  Co., H ungary ) w as used in  try p tic a se  
soy  b ro th  (TSB) c u ltu re  o r as a re h y d ra te d  m ilk grown p ro d u c t (M onospray) 
fo r  com petitive  co lo n iza tio n  tr ia ls  “ A ”  a n d  “ B ” , resp ec tiv e ly .

M ode o f infection. A ll s tra in s  o f b a c te r ia  were in o cu la ted  in tra g a s tr ic a lly  
v ia  a  stom ach tu b e . B a c te r ia l  suspensions w ere grow n a t  37 °C in  T SB , unless 
o th erw ise  s ta ted . T he d r ie d , m ilk  grow n strep tococcus c u ltu re  w as re h y d ra te d  
a d d in g  5 g dry m a te r ia l to  40 m l P B S .

Competitive colonization experim ents. Mice w ere in o c u la te d  (p re trea ted ) 
w ith  log 8.11 b ac te ria  o f  Streptococcus fa ec iu m  M74 grow n in  T SB  (experim en t 
“ A ” ) or w ith  log 7.38 Streptococcus fa e c iu m  M74 in r e h y d ra te d  m ilk grown 
p ro d u c t  (experim ent “ B ” ). C ontrols w ere left w ith o u t p re tre a tm e n t. B o th  
p re tre a te d  and co n tro l m ice were k e p t a t  37 °C for 12 h , a n d  in o cu la ted  w ith  
K 9 9 + ETEC  613 (log 6.43 an d  6.15 b a c te ria , re sp ec tiv e ly ). Mice o f b o th  
g ro u p s in  b o th  ex p e rim en ts  were k e p t fu r th e r  for a n o th e r 12 h  a t 37 °C before 
e u th a n a s ia  and rem o v a l o f  th e  sm all in te s tin e .

B acteria l co u n ts  o f  th e  inocu la  a n d  sm all in te s tin e  w ere te s ted  b y  
s ta n d a rd  m ethods. E n t i r e  m urine  sm all in te s tin e  was p laced  a n d  v o rtex ed  in  
50 m l cold PB S (U n iv e rsa l L a b o ra to ry  A id, T ype 309) a t  ap p ro x im ate ly  
10,000 rpm  for 5 m in  a n d  colony-form ing  u n its  (CFU) w ere co u n ted  in 0.1 m l 
o f  ap p ro p ria te  ten fo ld  d ilu tio n s , on b lo o d  agar for E . coli a n d  on E d w ard s’ 
b lo o d  ag ar for S. fa e c iu m .

Statistical ana lysis. A  m eth o d  o f “ t ”  s ta tis tic s  for tw o  m eans was used to  
a n a ly se  th e  d a ta .

Morphology. Im m u n o flu o re scen t (association  index ) s tu d ies  were p e r
fo rm ed  on c ry o sta te  sec tio n s of th e  sm all in te s tin e  u sin g  F IT C -co n ju g a ted  
a n t i  0101 : K30 : K 99 a n d  a n ti  08 : K 50  serum , as described  earlier (N agy 
e t  a l., 1976). T ran sm issio n  e lectron  m icroscopy  of u ltra tliin  sec tion  of th e  sm all 
in te s tin e  was also done b y  earlie r m e th o d s (N agy e t ah , 1976). F o r  these  stud ies 
log  9.0 E . coli/m ouse o f  K 9 9 + E TEC  431 and  N EEC  124 w ere in ocu la ted  and 
m ice w ere kep t a t a p p ro x im a te ly  25 °C fo r 24 h before sam p lin g .

Results

Six mice in o c u la te d  w ith  K 9 9 + E T E C  431 show ed h ig h  (m ean 4) asso
c ia tio n  index; large n u m b e rs  o f flu o rcsce ina ting  b ac te ria  w ere d e tec ted  on th e  
sm a ll in te stin a l villi a n d  v e ry  few in  th e  lum en (F ig. 1), w hile no b ac te ria  
co u ld  be detected  in  th e  sm all in te s tin e  o f an o th e r six m ice in ocu la ted  w ith  
N E E C  124, resu lting  in  an  association  in d e x  of 1. In  u ltra tl i in  sections of th e
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sm all in te s tin e  of a m ouse colonized b y  th e  K 9 9 + E T E C , th e se  b a c te ria  were 
d e te c te d  n ea r th e  in ta c t  m icrovilli, w ith  several fu zzy  su rface  appendages
(F ig . 2).

F u r th e r  co lon ization  s tu d ies  w ere perform ed using  K 9 9 + E T E C  613, 
N E E C  124 an d  S . fa ec iu m  M74 b a c te r ia , inocu la ting  24, 24 a n d  12 m ice w ith  
l°g io  6.45, 6.74 an d  6.32 b a c te r ia , resp ec tiv e ly , as described  in  th e  m ethods. 
M ean C FU  of th e  sm all in te s tin a l b a c te r ia  o f th e  in o cu lu m  are  p re sen ted  on 
F ig . 3. T h e  sm all in te s tin a l co u n t o f K 9 9 + ETEC  was s ig n if ican tly  (P  <7 0.001) 
g re a te r  th a n  th a t  o f  N E E C . A lso th e  la t te r  was s ig n if ic a n tly  (P  <  0.001) 
h ig h er th a n  th a t  o f S . fa ec iu m  M74.

R esu lts  o f th e  co m p e titiv e  co lon iza tion  ex p erim en ts  a re  p re sen ted  in  
T ab le  I .  A ccording to  these  d a ta , th e  sm all in te s tin a l n u m b e r o f K 9 9 + E T E C  
in  b o th  th e  s trep to co ccu s-trea ted  a n d  in  th e  n o n tre a te d  g roups w as p ra c ti
ca lly  th e  sam e (in ex p erim en t A ), o r v e ry  sim ilar (in ex p e rim e n t B). T he sm all 
in te s t in a l  coun t of S . fa ec iu m  co lonies w as ab o u t one log  below  th a t  o f K 99 + 
E T E C , in  b o th  ex p erim en ts.

Discussion

C olonization o f in fa n t m ice b y  K 8 8 + ETEC  an d  co m p e titiv e  blocking 
o f  K 88 recep to rs in  th e  m urine  sm all in te s tin e  was in d ire c tly  d em o n stra ted  
b y  D av id so n  an d  H irsh  (1975). P rev io u s  find ings (K é ty i e t a l., 1978; Moon 
e t a l., 1979a )  also in d ica ted  th a t  th e  sm all in testin e  o f n ew b o rn  m ice can  be
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Fig. 3. Mean colony forming units (CFU) of K 9 9 + ETEC (0101 : K30 : K 99), N E E C  (08 : KS0) 
and of S. faecium  M74 bacteria in the entire sm all intestine of newborn m ice 12 h post-inocula

tion. Bar represents standard deviation
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Tabic I

T otal small intestinal colony-form ing units (CFU) of K99 + ETEC and of S. faecium  M74 in 
m ice w ith  and without S. faecium  pretreatm ent

Number 
of mice 
tested

CFU of 
the  inocula 

(log 10)

CFU of the small intestine (log 10)

Experi
m ent

Strains of the  inocula K99+ ETEC S. faecium*

5 Sx X Sx

A S. faecium  (in T SB ) ±
+  E. coli 0101 : K 30 : K99

10 8.11
6.43

7.39 ± 0 .4 9 6.26 ± 0 .7 5

E. coli 0101 : K30 : K 99 10 6.43 7.42 ± 0 .9 2 6.35 ± 0 .7 7

В S. faecium  (in m ilk) ±
+  E. coli 0101 : K 30 : K99

5 7.38
6.15

6.39 ± 0 .0 8 5.04 ± 0 .0 4

E. coli 0101 : K30 : K 99 5 6.15 5.76 ± 0 .0 2 4.76 ± 0 .0 2

* S. faecium -like colonies; x  =  mean; Sx =  standard deviation .

colonized b y  ETEC  c a rry in g  K 99. T he p re sen t m orpho log ica l observations on 
th e  s tro n g  association  o f  K 99  + E TEC  to  th e  m u rin e  sm all in te s tin a l ep ithe lium  
are  sim ilar to  those  d esc rib ed  for K 9 9 + E T E C  in  p igs ea rlie r (Moon e t a l., 
19796,- Moon et a l., 1977), a n d  suggest th a t  th is  co lon iza tion  is also m ed ia ted  
b y  th e  antigen K 99. R u n n e ls  e t al. (1980) re p o rte d  th a t  K 9 9 + ET E C  adhered  
to  th e  in tes tin a l e p ith e lia l cells o f in fa n t m ice in  v itro . T h is w ork  d em o n stra ted  
t h a t  th e  sam e occurs in  v iv o  as well. In  v iew  of th e  ad hesive  n a tu re  of coloni
za tio n  of m ouse in te s t in e  b y  K 9 9 + E T E C  d e m o n s tra te d  in  th is  w ork, K 99 
E T E C -infected  in fa n t m ice  ap p ea r to  he an  a p p ro p ria te  m odel to  s tu d y  pilus- 
m ed ia ted  colonization  a n d  disease caused  b y  E T E C .

S. faecium  M74 w as th o u g h t to  com pete  w ith  th is  K 99-m ed ia ted  coloni
z a tio n  e ither b y  ad h esio n  to  th e  sm all in te s tin a l ep ith e liu m  o r by  some an ti-  
E . coli ac tiv ity  as d e sc rib ed  fo r porcine E T E C  s tra in s  b y  U nd erd ah l e t al. 
(1982) and  for h u m a n  E T E C  s tra in s  b y  W ad strö m  (1984).

The experim en ts re p o r te d  here  d e m o n s tra te d  th a t  th e  s tra in  S. faecium  
M74 did  n o t in ten s iv e ly  colonize th e  sm all in te s tin e  o f  n ew b o rn  mice. P re tre a t
m e n t w ith  S. faec ium  d id  n o t  in h ib it co lonization  of K 9 9 + E T E C .

S . faecium  M74 is o rig in a ted  from  th e  in te s tin a l flo ra  o f  a h ea lth y  child . 
T herefo re, i t  could h a v e  adhesion  fac to rs  th a t  m a tc h  w ith  recep to rs on th e  
sm all in testin e  of h u m a n  a n d  possib ly  o f som e an im al species o th e r th a n  th e  
m ouse, like th e  s tra in  S . fa ec iu m  C-68 re p o rte d  b y  U n d e rd a h l e t al. (1982). 
I t  m ay  also he th a t  th e  a p p ro p ria te  in  v ivo p ro p a g a tio n  o f S . faecium  M74 re 
qu ires o ther inocu lum  s u b s tra te s  th a n  app lied  here. T hese an d  o th e r aspects  
w ere te s ted  using n e w b o rn  pigs (Uslie an d  N agy , 1985).
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Fig. 1. Fluorescein antibody conjugated frozen section from the ileum  of an infant m ouse 
24 h after intragastric inoculation w ith K 9 9 + ETEC. Notice a h eavy  bacterial layer on the  

villi and alm ost no bacteria in the lum en. Approximate m agnification: X 1000

Fig. 2. Transm ission electron microscopic picture from the ileum  of an infant mouse 24 h 
after intragastric inoculation w ith K 99+ ETEC. Bacteria with fu zzy  surface appendages near 

the microvilli. A pproxim ate magnification: X 27,000
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DEMONSTRATION OF CELL SURFACE ANTIGENS 
OF NORMAL AND VIRUS-TRANSFORMED 

CHICKEN LYMPHOCYTES BY THE 
PEROXIDASE-ANTIPEROXIDASE METHOD

Cs. N. D r é n  and I .  N é m e t h

Veterinary M edical Research Institute, H ungarian A cadem y o f Sciences, H-1581 B udapest,
P.O. B ox  18, H ungary

(R eceived March 1, 1985)

R abbit antisera produced against chicken thyinus (T), bursa (B ), MDCC-HP2 cells 
expressing Marek’s disease tum our-associated surface antigen (MATSA) and against the h eavy  
chain of chicken IgM (ji) stained 99% of T , 91% of B , 100%  o f M DCC-HP2 and 7% o f В or 
5% of spleen cells, respectively , by  the indirect im m unofluorescence m ethod on living cells. 
Dubious fluorescence w as obtained on cells prefixed in buffered formol acetone, but well- 
delineated m em brane-type reaction was observed on 90, 85, 93 and 2% o f T, B , M DCC-HP2 
and В as well as spleen cells, respectively, w hen the peroxidase-antiperoxidase m ethod was 
used. W ith anti-B  cell serum  67%  and 77% , whereas w ith  anti-// heavy chain serum less than  
1% and 5%  of cells o f a В lym phoblastoid cell line (LSCC-CU10) showed positive staining by  
the indirect im m unofluorescence m ethod on living cells and b y  th e  peroxidase—antiperoxidase  
m ethod on fixed  cells, respectively . These results indicate th a t characteristic cell surface m ar
kers o f normal and virus-transform ed chicken lym phocytes, dem onstrable by the indirect 
im m unoflourescence m ethod  on living but not on fixed  cells, can be consistently detected by  
the peroxidase-antiperoxidase procedure even on properly fix ed  smeared cells.

Keywords. Chicken, cell surface antigens, detection , T lym phocytes, В lym phocytes, 
T and В lym phom a cells, im m unofluorescence test, im m unoperoxidase test, comparison.

A lthough  im m unofluorescence  (IF ) m e th o d s a re  re liab le  techn iques for 
th e  d em o n stra tio n  o f  surface an tigens of ch icken  ly m p h o cy tes  (A lhini a n d  
W ick, 1974; Cooper e t  a l., 1974; H udson  an d  P a y n e , 1973; Ik u ta  e t al., 1981; 
N azerian  an d  S h arm a , 1975; P ay n e  an d  R enn ie , 1975; Pow ell e t a l., 1974; 
W itte r  e t a l., 1975), th e re  has been  considerab le  in te re s t in  app ly ing  im m u n o 
perox idase p rocedures to  im in u n o h is to ch em istry  (S te rn b erg er, 1979; T ay lo r, 
1978). N am ely , som e o f th e  lim ita tio n s  o f th e  I F  m eth o d s (im perm anence  an d  
poor m orphology  o f p re p a ra tio n s , req u irem en t fo r liv ing  cell suspensions an d  
an expensive fluorescence  m icroscope, an d  in c o m p a tib ility  w ith  th e  ro u tin e  
h isto log ical p rocedures) can  he e lim in a ted  b y  using  th e  u n labe lled  a n tib o d y  
enzym e m eth o d  (pero x id ase—an tip e ro x id ase  sy stem , P A P ) of S te rn h erg er e t  al. 
(1970). W ith  th is  p ro ced u re  M ason e t al. (1975, 1977) d e m o n s tra te d  su rface  
and  cy top lasm ic  im m unog lobu lin s, as well as o th e r  cellu lar an tigens on p ro p e rly  
fixed h u m an  leucocy tes, w hereas Bross e t al. (1978) could  d e tec t surface a n t i 
gens on ly  on liv ing , b u t  n o t on fix ed  ly m p h o cy tes . H offm ann-F ezer an d  
H offm ann  (1980) s tu d ie d  th y m u s  (T) an d  b u rsa  (B) cell d is tr ib u tio n  in  c ry o s ta te -  
sectioncd  an d  ace to n e-fix ed  M arek’s disease v iru s  in d u ced  lesions w ith  th e  
P A P  m ethod .
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The purpose  o f  th e  p re sen t ex p e rim en ts  was to  in v es tig a te  w h e th e r su r
face  an tigens o f n o rm a l ch icken  T  a n d  В cells, as well as o f ly m p liob lasto id  
cell line cells from  M arek ’s disease (M D) an d  ly m p h o id  leukosis tu m o u rs , 
d em o n strab le  on liv in g  cells w ith  th e  m em b ran e  I F  m eth o d , can  be d em o n 
s tr a te d  on p re fixed  sm eared  cells w ith  th e  I F  an d /o r w ith  th e  P A P  m eth o d . 
T h is  rep o rt describes th e  resu lts  o f te s tin g  ra b b it  an tise ra  ag a in s t c h a ra c te r
is tic  surface an tig en s o f  n o rm al a n d  v iru s-tran sfo rm ed  ch icken  ly m p h o cy tes  
sim u ltan eo u sly  in  th e  in d ire c t I F  a n d  P A P  procedure . T he se n s itiv ity  o f b o th  
tech n iq u es  has been  co m p ared  b y  s ta in in g  live an d  p re fix ed  cells o f id en tica l 
sam ples. The resu lts  in d ica te  th a t  th e se  an tig en s were co n sis ten tly  d e tec ted  on 
f ix e d  cells w ith  th e  P A P  m ethod , w hile th e  resu lts  o b ta in e d  w ith  th e  I F  
te c h n iq u e  were e ith e r  n eg a tiv e  or inconclusive .

M aterials an d  m ethods

Lym phoblasloid cell lines

M DCC-HP2 (Pow ell e t al., 1974) an d  M DCC-RP1 (N azerian  e t a l., 1977), 
tw'O lym ph o b lasto id  cell lines expressing  MD tu m o u r-asso c ia ted  su rface a n ti
gen  (MATSA; W itte r  e t  ah , 1975), w ere o b ta in ed  th ro u g h  th e  co u rtesy  of 
P . C. Powell (H o u g h to n  P o u ltry  R esea rch  S ta tio n , H o u g h to n , E n g lan d ), 
an d  LSCC-CUIO, a В ly m p h o b la s to id  cell line (C alnck e t ah , 1978), from  B. W. 
C alnek  (Cornell U n iv e rs ity , I th a c a , U. S. A .). T he В an d  th e  MD ly m p h o 
b la s to id  cell lines w ere grow n in H a h n ’s m ed iu m  (H ah n  e t ah , 1977) an d  in R P M I 
1640 supp lem en ted  w ith  10%  new born  ca lf  serum  an d  10%  try p to se  p h o sp h a te  
b ro th , respective ly . T h e  cells w ere su b c u llu rc d  a t  48-h in te rv a ls .

Preparation o f  cell suspensions

T hym us, b u rsa  o f  F ab ric iu s or sp leen  cell suspensions w ere p rep a red  by  
g e n tly  teasing  a p a r t  m inced  organs in  ice-cold p h o sp h a te -b u ffe red  saline 
(P B S , 0.01 M, p H  7.2), con ta in in g  10%  bov ine  serum . T he re su ltin g  cell su s
pensions were f ilte re d  th ro u g h  a sta in less-s tee l m esh and  w ashed  w ith  ice-cold 
P B S  th ree  tim es b y  cen trifu g a tio n . T he p ro p o rtio n  of v iab le  cells was es tim a ted  
b y  try p a n  blue exclusion , an d  th e  suspension  was a d ju s ted  to  a fin a l concen
t r a t io n  of 2 -4  X l O7 cells/m l.

Production o f  a n li-T  cell and a n ti-B  cell rabbit im m une sera

A nti-T  cell a n d  a n ti-B  cell sera  w'ere p roduced  in  ra b b its  accord ing  to  
H u d so n  and  P ay n e  (1973). Two groups o f  5 ra b b its  received  tw o  in trav en o u s  
in jec tio n s of ab o u t 109 liv ing  th y m u s  o r b u rsa  cells from  3 w eeks old S P F  
W h ite  Leghorn ch ickens w ith  a tw o w eeks’ in te rv a l, an d  b led  one w eek a fte r  
th e  la s t inocu la tion . T h e  ob ta in ed  a n tise ra  were in a c tiv a te d  a t  56 °C for
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45 m in an d  consecu tive ly  abso rbed  w ith  w ashed and  p ack ed  chicken red  blood 
cells, g lu tara ldehydc-in so lub ilized  chicken liver hom ogenate , chicken serum  
g lobulin  an d  bov ine  serum . T he an ti-T  cell serum  was fu r th e r  ab so rb ed  w ith  
В cells an d  th e  an ti-B  cell serum  w ith  T  cells from  4 -6  w eeks old S P F  W h ite  
L eghorn  chickens.

Production o f  a n ti-M A T S A  rabbit im m une scrum

This an tise ru m  was p roduced  in  ra b b its  against M D CC-H P2 cells a c c o rd 
ing to  Pow ell e t  al. (1974). The an tise ru m  w as absorbed  w ith  chicken re d  b lood  
cells, chicken liver hom ogenate , ch icken  serum  globulin an d  bovine se ru m , as 
w ell as w ith  th y m u s , bu rsa  and  spleen cells of 6 -8  weeks old S P F  W hite  L eghorn  
chickens u n til it  becam e com plete ly  non reac tiv e  w ith  no rm al ch icken  ly m 
p h o cy tes .

Production o f  anti-chicken Ig M  rabbit im m une serum

R ab b its  w ere in jec ted  in tra d e rm a lly  w ith  ch icken IgM  in a dose o f 
25 pg /kg  body  m ass em ulsified  in  200 pi incom plete  F re u n d ’s a d ju v a n t five  
tim es fo rtn ig h tly . Six weeks a fte r  th e  la s t inocu la tion , ra b b its  w ere b o o sted  
w ith  th e  sam e an tig en  dose an d  b led  10-14 days la te r.

L in k in g  antiserum

A n ti-ra b b it IgG  sheep im m u n e  serum , used as lin k in g  a n tib o d y  fo r th e  
P A P  m eth o d , w as p rep ared  as described  prev iously  (N em eth , 1972).

Preparation o f  peroxidusc-antipcroxiduse complex

Soluble com plex  of p erox idase  an d  ra b b it  an ti-p ero x id ase  a n tib o d y  w as 
p re p a re d  an d  charac terized  as described  by  S te rn b erg er (1979), using S igm a 
ty p e  V I ho rse-rad ish  perox idase w ith  RZ values betw een  2.8 an d  3.1 (S igm a 
C hem ical Co., S t. Louis, M issouri, U. S. A .). I t  con ta ined  3.3 m g/m l o f p ro te in , 
a n d  h a d  a p erox idase  : an tip e ro x id ase  m ole ra tio  o f ap p ro x im a te ly  2 : 1 .

P urifica tion  o f  chicken immunoglol>ulins

Ig G  was p u rified  from  egg yolk . E gg  yo lk  globulin , sep a ra ted  as describ ed  
(Jen sen iu s  c t ak , 1981), was d ia lysed  aga in st 0.05 M Tris-H C l -)- 0.06 M 
NaCl, p H  7.5, b u ffe r and  app lied  to  a D E A E -S ephacel (P h arm ac ia  F in e  C hem 
icals A B, U ppsa la , Sweden) co lum n eq u ilib ra ted  w ith  th e  sam e bu ffe r. T he 
IgG  frac tio n  th a t  passed  s tra ig h t th ro u g h  th e  colum n w as fu r th e r  p u rif ie d  b y  
agarose gel electrophoresis (Jo h an sso n , 1972).

IgM , as p rep a red  from  a d u lt ch icken  serum  (B ened ic t, 1967; Leslie a n d  
B ened ic t, 1968), w as found  to  be c o n ta m in a te d  w ith  IgG , IgA  an d  sev era l 
o th e r  serum  p ro te in s . T herefore th e  f in a l p u rifica tio n  w as m ade on an  im -
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m u n o ad so rb en t co lu m n  p rep a red  by  coup ling  chicken IgM  class-specific ra b b it  
an tib o d ies  to  C N B r-a c tiv a te d  Sepharose 4B .

IgA  was iso la te d  fro m  bile (W atan ab e  a n d  K obayaslii, 1974) and  fu r th e r  
p u rified  by  im m u n o a ff in ity  ch ro m ato g rap h y  using  a ch icken  IgA  class-specific 
r a b b i t  IgG  an tib o d y -c o u p le d  C N B r-ac tiv a ted  Sepharose 4B colum n.

The im m un o g lo b u lin  p rep ara tio n s w ere fo u n d  to  be p u re  w hen te s ted  a t  
5 -1 0  m g/m l c o n c e n tra tio n  b y  agarose gel e lectrophoresis (Johansson , 1972) 
a n d  tw o-d im ensional im m unoclec trop lio resis  (Crowle, 1977) ag a in st a p o ly v a 
le n t ra b b it an tise ru m  to  ch icken serum .

Im m unoadsorhents
F or th e  rem o v a l o f  u n w an ted  an tib o d ies  from  ra b b it  an tise ra , im m unoad- 

so rb en ts  were p re p a re d  from  bovine se rum , ch icken  liver hom ogenate , chicken 
se ru m  globulin, egg y o lk  globulin and  ch ick en  bile IgA  b y  polym eriza tion  of 
p ro te in s  w ith  g lu ta ra ld e h y d e . Im m u n o ad so rp tio n  was perfo rm ed  according to  
th e  b a tc h  p rocedure  (T ern y n ck  and  A v ram eas , 1976).

Ind irect haem agglutination
Passive h a e m a g g lu tin a tio n  was p e rfo rm ed  on m ic ro titra tio n  p la te s  

(T ak á tsy , 1955). G lu ta ra ld eh y d e -fix ed  ta n n e d  sheep red  b lood  cells were p re 
p a re d  and  coated  w ith  ch icken  IgG , IgM  o r IgA  as described  b y  B ing e t al. 
(1967).

Preparation o f  cell sm ears
Cell suspensions fro m  th y m u s, b u rsa  a n d  spleen o f 4 -6  weeks old S P F  

W h ite  L eghorn ch ick en s an d  from  ly m p h o b la s to id  cell lines were w ashed  
th re e  tim es b y  c e n tr ifu g a tio n  in ice-cold P B S , co n ta in in g  0 .02%  E D T A  an d  
0 .2 %  bovine se rum  a lb u m in . Six drops o f  a b o u t 5 m m  in  d iam ete r of th e  cell 
suspensions w ere p la c e d  o n to  a clean m icroscope slide b y  m eans o f a 200-jul 
G ilson p ip e tte . E xcess f lu id  was w ith d raw n  to  leave on ly  a v e ry  th in  film  of 
cell suspension. T h e  sm ears  were a ir-d ried  u n d e r a fan , fix ed  in  buffered  
fo rm ol acetone for 30 sec a t  room  te m p e ra tu re  (M ason e t a l., 1975), or in  ice- 
co ld  acetone for 15 m in , rin sed  in  d istilled  w a te r , an d  e ith e r  processed im 
m ed ia te ly  accord ing  to  th e  I F  or P A P  m e th o d , or a ir-d ried  an d  s to red  frozen 
on silica gel a t  — 70 °C fo r la te r  use.

Im m unofluorescence s ta in in g

M em brane in d ire c t I F  s ta in ing  of in ta c t  liv ing  cells was perfo rm ed  acco rd 
ing  to  H udson a n d  P a y n e  (1973). S ta in ing  o f  fix ed  cell sm ears was carried  o u t 
as described (G o ld m an , 1968). F luo resce in -iso th io cy an ate-co n ju g a ted  sw ine 
a n ti- ra b b it  IgG  (SEY A C , P rag u e , C zechoslovakia) was used  a t  1 : 20 d ilu tion . 
A ll observations w ere m ad e  w ith  in c id en t l ig h t illu m in a tio n  on a F luoval-2  
m icroscope (Carl Zeiss, J e n a , G D R ).
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P A P  sta in ing  procedure

S ta in in g  acco rd ing  to  th e  P A P  sy s tem  was ca rried  o u t as described  b y  
B ocnisch (1980). A s d iluen t, 0.05 M T ris-H C l -f- 0.15 M NaCl, p H  7.6 b u ffe r, 
co n ta in in g  1 %  n o rm a l sheep serum  w as used , an d  th e  p la in  buffer se rved  fo r 
w ashing . P re f ix e d  cell sm ears w ere s ta in e d  w ith  p rim a ry  an tise ru m , sheep  
a n ti- ra b b it  Ig G  lin k in g  an tise ru m  an d  r a b b it  P A P , an d  th e  peroxidase re a c tio n  
developed  w ith  D A B  su sb stra te , consisting  of 0 .05%  3,3’-d iam inobenzid ine 
te tra b y d ro c h lo r id e  an d  0 .01%  H 20 2 in  0.05 M T ris-H C l, p H  7.6, b u ffe r. 
N o rm al sheep se ru m  was used to  b lock  non-specific  b in d in g  before a d m in is tra 
tio n  o f th e  p r im a ry  an tise rum . T he slides w ere e ith e r  co u n te rs ta in ed  b y  th e  
M ay -G riinw ald -G iem sa  m ethod  or m o u n te d  in  buffered  g lycerol (7 : 3 m ix tu re  
o f g lycerol an d  g lycine buffer, p H  8.6). T he P A P  com plex  an d  the  link ing  a n t i 
bo d y  w ere p rev io u sly  t i t r a te d  on a b ro a d  ran g e  of p r im a ry  an tise ru m  d ilu tio n s , 
an d  th e y  w ere  f in a lly  se t a t  1 : 20 w ork ing  d ilu tion . To check sp ec ific ity , 
s ta in in g  o f each  ty p e  of ta rg e t cells w as perfo rm ed  b y  sequen tia lly  rep lac in g  
p rim a ry  a n tis e ra , link ing  a n tib o d y  a n d  P A P  com plex  w ith  d ilu ting  b u ffe r  
d u rin g  th e  p ro ced u re . S ta in ing  w ith  D A B  su b s tra te  alone served  as a d d itio n a l 
co n tro l. B ecause  th e re  was no s ta in in g  in  a n y  case w ith  D A B  su b s tra te  a lone  
a f te r  b lock ing  endogenous perox idase  a c t iv i ty  an d  no ev idence of non-specific  
b in d in g  o f e ith e r  link ing  a n tib o d y  or P A P  com plex to  an y  of th e  ta rg e t  cells 
u sed , n o rm a l r a b b i t  serum  a t a ten fo ld  d ilu tio n  was ro u tin e ly  used as co n tro l 
th ro u g h o u t th e  fu r th e r  experim en ts.

E xperim en ta l design
A n ti-T  cell, an ti-B  cell, an ti-M A T SA  an d  a n ti-p  h eav y  chain  r a b b i t  

im m une  sera  w ere  c h essb o a rd -titra ted  on T , B , spleen a n d  LSCC-CUIO cells, 
as well as on M A TSA -positive M D CC-H P2 a n d  M D CC-RP1 cells w ith  th e  I F  
m e th o d  on liv e  cell suspensions. F ro m  th e  sam e cell suspensions several fix e d  
cell sm ears w ere  p rep a red  and  s ta in ed  accord ing  to  th e  I F  and /o r to  th e  P A P  
m e th o d . P ro p o rtio n s  of positive  cells w ere e stim a ted  b y  counting  150-200  
leucocytes p e r  p re p a ra tio n .

lies ults
Characterization o f  a n ti-T  cell scrum

R esu lts  o f  a rep re sen ta tiv e  t i t r a t io n  a re  show n in  F ig . 1. A fte r fo u r 
ab so rp tio n s w ith  В cells, an ti-T  cell se ru m  d ilu ted  1 : 20 sta ined  a b o u t 100, 
78 a n d  16%  o f  T , spleen and  В cells, re sp ec tiv e ly , w hile th e  1 : 40 d ilu tio n  o f  
th e  sam e se ru m  gave ring- an d /o r c rescen t-sh ap ed  m em b ran e  fluorescence on 
84, 82 an d  n il %  o f T , spleen an d  В cells, respective ly , b y  I F  s ta in ing  on  live 
cell su spensions. T h y m u s-d ep en d en t a n tig e n  of M D CC-H P2 cells could  also 
be d e m o n s tra te d  on ab o u t 72%  o f cells w ith  1 : 10 serum  d ilu tion , b u t  in  th is  
case 35%  o f В cells were also p o sitive . W hen  sm eared  cells were fixed  in  buf-
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Antiserum dilutions

Fig. 1. Titration of anti-T  cell rabbit im m une serum  b y  the IF  and P A P  m ethods. Percentage 
o f positive thym us (□ ) , bursa (o), spleen (д ) and MDCC-HP2 (* )  cells stained by th e  IF  
m ethod on live cell suspensions (continuous line) and b y  the PAP m ethod on formol acetone-

fixed cell smears (broken line)

fered  form ol ace tone  o r in  ice-cold ace to n e , th e  resu lt o f I F  s ta in in g  w as 
e ith e r  negative or equ ivocal, even if  th e  h ig h est an tise ru m  co n cen tra tio n  
(1 : 5 d ilu tion) w as u sed .

P refixed  sm ea red  cells were co n s is te n tly  sta ined  b y  th e  P A P  m eth o d . 
T h e  in ten s ity  of specific  s ta in ing  w as o p tim a l w ith  buffered  form ol ace tone  
f ix a tio n . A t 1 : 10 a n tise ru m  d ilu tion , 90, 16, 50 and  62%  of T , B , M D CC-H P2 
a n d  spleen cells, re sp ec tiv e ly , show ed s ta in in g  (F ig. 1). T he reac tio n  p ro d u c t 
developed  m ain ly  a t  th e  cell p e rip h ery  as a  sm oo th  d a rk -b ro w n  ring  leav ing  
th e  cell cen ter over th e  nucleus m ore or less tra n sp a re n t. Such  a ring  p a tte rn  
o f  s ta in in g  is co nsidered  as ty p ica l m em b ran e -ty p e  reac tio n  (F ig. 2). A fte r 
f ix a tio n  in  p lain  ace to n e , positive P A P  s ta in in g  was observed  on ly  on T cells. 
T h e  reaction  p ro d u c t deposited  over th e  cell surface was h a iry  or villous an d  
also  th e  cy top lasm  show ed  diffuse in ten se  b row nish  s ta in in g  (F ig . 3). T here  
w as no  sta in ing  a t  a ll on  cells sm eared  in  p la in  PB S an d  fix ed  w ith  e ith e r 
f ix a tiv e .

M onospecific a n ti-T  cell serum  gave a  ty p ica l d ilu tion  p la te a u  b y  b o th  
th e  I F  an d  P A P  m e th o d , a lthough  th e  la t te r  w as som ew hat low er (F ig. 1).
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Antiserum dilutions

Fig. 4. T itration o f anti-B  cell rabbit im m une serum by the IF  and P A P m ethods. Percentage  
of IF -positive  bursa (o), thym us (E3)i spleen (д ) and LSCC-CUIO (□ )  cells on live  cell suspen
sions and that o f  P A P-positive bursa ( • ) ,  spleen (a ) and LSCC-CU10 (И) cells on formol

acetone-fixed cell smears

Characterization o f  a n ti-B  cell serum

R esu lts  o f t i tra t io n  ex p erim en ts  on В , T, spleen a n d  LSCC-CU IO  cells 
are  g iven in  F ig . 4. This an tise ru m  a t  a d ilu tion  of 1 : 4 gave ch a ra c te ris tic  
g ra n u la r  m em brane fluorescence on a b o u t 90, 43, 67, 2.5 a n d  n il %  o f B , 
sp leen, LSCC-CU IO , T  and  M D CC-H P2 cells, respective ly , w ith  I F  s ta in in g  
on liv in g  cells. F ix ed  cells w ere n eg a tiv e , as i t  was observed  w ith  an ti-T  cell 
serum .

W hen  buffered  form ol aceto n c-fix ed  cells were su b jec ted  to  P A P  s ta in in g , 
ex ten siv e  cross-reaction  w ith  T  cells w as observed. On fu r th e r  ab so rp tio n  w ith  
T  cells, insolubilized  bovine serum  an d  ch icken serum  g lobulin  im m u n o ad so r- 
b e n ts , T  cell re a c tiv ity  d isap p eared . T he a c tiv ity  o f  th e  an tise ru m  b ecam e, 
how ever, even w eaker, and  i t  could  be used only  a t  a tw ofo ld  d ilu tio n . I t  
s ta in ed  85%  o f B , 28%  of spleen a n d  77%  o f LSCC-CU IO  cells. R eac tiv e  В 
cells show ed a dark -b ro w n  ring  lin e a r  or p a tc h y  p a t te rn  o f  su rface s ta in in g  
(F ig . 5). No s ta in in g  was observed  a fte r  fix a tio n  o f  sm ears w ith  ice-cold 
ace to n e , or w hen  cells were sm eared  in  p la in  PB S.

D ilu tion  p la te a u  was observed  b y  t i t ra t io n  o f an tise ru m  w ith  th e  I F  
m e th o d . I t  shou ld  be no ted , how ever, th a t  e ith er th e  I F  or P A P  m eth o d  w as 
used , re su lts  o f s ta in in g  w ith  a n ti-T  cell serum  an d  an ti-B  cell se ru m  w ere
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Antiserum dilutions

Fig. 6. Titration of anti-M ATSA rabbit im m une serum by the IF  and P A P m ethods. Percen
tage of positive M DCC-HP2 (□ ), MDCC-RP1 (o) and thym us, bursa, spleen, LSCC-CU10 (д )  
cells stained by the IF  m ethod  on live cell suspensions (continuous iine) and by the PA P  

m ethod on formol acetone-fixed cell smears (broken line)

c lear-cu t on ce n tra l T  an d  В cells, resp ec tiv e ly , b u t  w ith  p erip h era l T  an d  В 
cells th e  n u m b er o f p o sitiv e  cells an d  th e  in te n s ity  o f s ta in in g  progressively  
decreased  w ith  in c rea s in g  cell num bers (h igher th a n  2 X Ю6) used  for sta in in g .

Characterization o f  a n t i-M A T S A  serum

Fig. 6 show s th e  resu lts  of t i t r a t io n  w ith  T , B , sp leen, LSCC-CU 10 cells 
an d  M A TSA -positive M D CC-H P2 and  M D C C -R P1 cells. This an tise ru m  sta in ed  
a b o u t 100%  of liv in g  M DCC-HP2 a n d  M D CC-RP1 cells b y  th e  IF  m eth o d , 
b u t  th e re  was no s ta in in g  on T , B , sp leen  a n d  LSCC-CU10 cells. No reac tio n  
w as seen on M A TSA -positive sm eared cells a f te r  f ix a tio n  w ith  c ith e r fix a tiv e .

W hen buffe red  fo rm ol acetone-fixed  cell sm ears w ere s ta in ed  by  th e  
P A P  m ethod , a b o u t 9 0 %  o f M DCC-HP2 cells show ed ring-shaped  dark -b row n  
g ran u la r  deposition  o f  th e  reaction  p ro d u c t over th e  cell su rface , a ty p ica l 
m em b ran e-ty p e  re a c tio n  (F ig. 7). No s ta in in g  w as found  on cells sm eared  in  
p la in  PB S  or on ace to n e-fix ed  cell sm ears.

Characterization o f  anti-chicken  ft heavy chain antiserum

A nti-cliicken IgM  im m une serum , o b ta in e d  b y  im m u n iza tio n  of rab b its  
w ith  p u re  IgM , h e a v ily  cross-reacted  w ith  IgG  an d  IgA  (F ig . 8A). To ren d er
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th e  an tise ru m  IgM  class-specific, i t  w as rep ea ted ly  abso rbed  w ith  g lu ta r-  
a ldehyde-po lym erized  egg yo lk  g lobu lin  an d  bile IgA  im m u n o ad so rb en ts . T he 
sp ec ific ity  w as in itia lly  checked b y  im m unodiffusion  ag a in st a w ide c o n c e n tra 
tio n  ran g e  o f ch icken  IgG  an d  IgA . T he fin a l check was m ade b y  tw o -d im e n 
sional im m unoelec trophoresis  an d  passive  h aem ag g lu tin a tio n . The an tise ru m  
w as considered  IgM  class-specific (fi h ea v y  chain  specific) w hen i t  developed  
a single p re c ip ita tio n  loop w ith  a d u lt  ch icken  serum  u p o n  tw o-d im ensional 
im m unoelec trophoresis  (F ig. 8B) an d  becam e com plete ly  n o n h aem ag g lu ti-  
n a tin g  ag a in s t sheep red  b lood  cells coa ted  w ith  th e  hetero logous class of 
im m unog lobu lin s.

T his an tise ru m  was fu r th e r  te s te d  b y  b o th  I F  an d  P A P  techn iques on live 
and  fix ed  cells used prev iously  fo r th e  ch a rac te riza tio n  o f  th e  o th e r a n tise ra . 
Cell surface IgM  was d e m o n s tra te d  on ab o u t 7%  o f B , 5 %  o f sp leen, b u t  on 
less th a n  1%  o f LSCC-CU10 cells b y  th e  I F  m ethod  on liv ing  cells, u s in g  an 
a n tise ru m  d ilu tio n  of 1 : 40. T he re su lt w ith  buffered  form ol ace to n e-fix ed  
cells w as equ ivocal, b u t th e  p e rcen tag e  o f  positive  cells show ing s tro n g  c y to 
p lasm ic  fluorescence a fte r ace tone  f ix a tio n  w as v e ry  close to  th a t  o b ta in e d  
w ith  in ta c t  liv ing  cells.

On P A P  sta in in g  o f buffe red  form ol acetone-fixed  cell sm ears, a b o u t 
2 %  o f В an d  spleen cells show ed a m ore or less com plete  d a rk -b ro w n  ring  
a ro u n d  th e  cell perip h ery  (F ig . 9), w hile in  th e  case o f ab o u t 5%  re ac tiv e  
LSCC-CU10 cells, th e  dark -b ro w n  re a c tio n  p ro d u c t covered a lm ost th e  w hole 
cell (F ig . 10). A fte r acetone f ix a tio n , th e  ty p ica l m em b ran e-ty p e  s ta in in g  p a t 
te rn  o f В a n d  spleen cells sw itched  to  a ty p ic a l cy to p lasm ic-ty p e  re a c tio n , i.e. 
th e  reac tio n  p ro d u c t covered th e  cy to p lasm ic  b u t no t th e  n uc lear area (F ig . 11).

Controls

C ontro l p rep ara tio n s , in  w hich  n o rm a l ra b b it se rum  or u n re la ted  a n tise ra  
w ere su b s titu te d  for specific p rim a ry  a n tise ra , were com pete ly  neg a tiv e  b y  b o th  
s ta in in g  tech n iq u es irrespec tive  o f  th e  se ru m -ta rg e t cell co m b ina tion . O nly  
am ong  ace tone-fixed  spleen and b u rsa l cells w ere th e re  a v e ry  few cells (ab o u t 
0 .4 -0 .6 %  o f th e  cells in  som e p re p a ra tio n s )  show ing a diffuse an d  p a le  c y to 
p lasm ic reac tio n  a fte r P A P  s ta in in g .

D iscussion

U sing th e  in d irec t m em b ran e  I F  m eth o d , our an ti-T  cell a n d  an ti-B  
cell an tise ra  s ta in ed  conclusively  h ig h  percen tag e  o f live th y m ic  an d  b u rsa l 
cells, resp ec tiv e ly . H ow ever, w hen  spleen cells were used as ta rg e t, th e  p ro p o r
tio n  o f reac tiv e  cells and  th e  in te n s ity  o f sta in in g  depended  on th e  n u m b e r 
o f  cells used , p resum ab ly  because o f th e  low specific a n tib o d y  c o n te n t o f  the
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a n tise ra . A possible re a so n  for th is  m ay  be t h a t  ra b b its  used for im m u n iza tio n  
resp o n d ed  m ainly  a g a in s t surface an tigens o f  ce n tra l T  or В cells an d  poorly  
a g a in s t those p resen t on  p e rip h era l or on b o th  cen tra l and  p erip h era l ly m p h o 
cy te s . A lte rna tive ly , so m e of th e  specific an tib o d ie s  reac tin g  aga in st com m on 
su rface  an tigens o f c e n tra l  an d  periphera l T  o r В cells (S chauenste in , 1979) 
w ere rem oved d u rin g  th e  absorp tion  p ro ced u re , as e ry th ro c y te  suspensions 
u sed  for an tiserum  a b so rp tio n  were never d ep le ted  of p e rip h era l leucocytes. 
S im ilar resu lts w ere o b ta in e d  by  H udson a n d  P a y n e  (1973) w ho rep o rted  th a t  
som e o f th e ir  an ti-T  ce ll sera  reac ted  exclusively  w ith  ce n tra l th y m u s cells. 
N evertheless, our a n tis e ra  can  be used for th e  id e n tific a tio n  o f T  an d  В ly m 
p h o cy te s .

O ur anti-M A TSA  an tise ru m  reac ted  w ith  a h igh p e rcen tag e  of MATSA- 
p o sitiv e  cells (Powell e t  a l., 1974; W itte r  e t a l., 1975) b y  b o th  th e  IF  m ethod  
on live  cells and th e  P A P  m ethod  on fix ed  sm eared  cells.

T he an ti-p  h e a v y  c h a in  an tiserum , sc ru p u lo u sly  te s te d  for specific ity  b y  
a v a r ie ty  of im m u n o ch em ica l m ethods, re a d ily  d e tec ts  m em brane-bound  and 
cy top lasm ic  IgM  b y  th e  I F  an d  th e  P A P  m e th o d . In  c o n tra s t to  a p rev ious 
re p o r t  (Schat e t a l., 1982), 5%  of LSCC-CU10 cells were IgM -positive. This 
cell line was e s tab lish ed  (Calnek e t al., 1978) from  O lson’s tra n sp la n ta b le  
ly m p h o id  leukosis tu m o u r  (Olson, 1941), a n d  th ere fo re  m ost of th e  cells should  
be IgM -positive un less th e y  have  lost th e ir  IgM -producing  c a p ac ity  during  th e  
in  v itro  passages. W e o bserved  a re la tiv e ly  low  p ercen tage  of IgM -positive 
cells am ong n o rm al b u rs a  and  spleen cells (N eum ann  an d  W itte r , 1979), 
p re su m ab ly  because o f  th e  rea l c lass-specificity  o f our an tise ru m . T ru ly , th e  
d ec la ra tio n  of m o n o sp ec ific ity  of an an ti-im m unog lobu lin  an tise ru m  depends 
on th e  sensitiv ity  o f th e  te s t  system  (H ijm an s e t al., 1969; P re u d ’H om m e and  
L ab au m e , 1975).

I t  is w orth  n o tin g  th a t  we failed to  iso la te  im m unochem ically  pu re  
IgM  b y  th e  com m only  u se d  physicochem ical m eth o d s (B ened ict, 1967; Leslie 
a n d  B enedict, 1968). A s i t  is well know n (L eb acq , 1979), th e  ra b b it  an tise ru m  
p ro d u ced  against p u re  IgM  strongly  cross-reacts  w ith  th e  o th e r classes o f 
ch icken  im m unog lobu lin s, w hich coidd be co m p le te ly  e lim inated  by  rep ea ted  
ab so rp tio n  w ith  in so lu b ilized  egg yolk IgG  a n d  bile IgA  im m u n o ad so rb en ts .

Im m u n o p ero x id ase  techn iques have  seldom  been used for th e  v isu a liza 
tio n  o f cell surface a n tig e n s  on chicken ly m p h o cy tes  (H offm ann-F ezer and  
H o ffm an n , 1980). Tt is c lea r from  th e  re su lts  o f th e  p resen t experim en ts th a t  
th e  P A P  techn ique  is a re liab le  and  rep ro d u c ib le  m ethod  in  detec tin g  im m u 
nog lobu lin  and o th e r  an tig en ic  m arkers on n o rm al and  neop lastic  chicken 
ly m p h o id  cells. T here  w as no  background co louring , and  co n tro l p rep a ra tio n s , 
ex c e p t a ra th e r  few b u rs a l  an d  spleen cells, w ere consis ten tly  n eg a tiv e  w h a tev er 
th e  sam ple under s tu d y . B esides, the resu lts  o f chessboard  ti tra tio n s  of specific 
p r im a ry  an tisera  a g a in s t b o th  hom ologous an d  hetero logous cells p roved  un-
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F ig . 3. Acetone-fixed thymus cells stained with anti-T cell serum by the PAP method. Positive 
cells show villous surface and intense cytoplasmic staining

F ig . 2 . Buffered formol acetone-fixed thymus cells stained with anti-T cell serum by the PAP 
method. Positive cells stained in rings; no nuclear counterstaining



F ig .  5 . Bursal cells labelled with anti-B cell serum by the PAP method on buffered formol 
acetone-fixed cell smear. Positive cells show patchy pattern of surface staining;: no nuclear

counterstaining

F ig . 7. MDCC-HP2 cells stained for MATSA by the PAP method on buffered formol acetone- 
fixed cell smear. Positive cells show more or less complete ring-staining of the cell periphery



A В

F ig . 8 . Two-dimensional immunoelectrophoresis of anti-chicken IgM (A) and anti-chicken // 
heavy chain (B) rabbit antiserum against normal chicken serum. Antiserum concentration: 
10 /Л per cm2 of gel. In the first dimension 2 /Л  of pooled normal chicken serum was separated 
at 7 V cm-1 for 50 min. Anod to the right. Second dimension electrophoresis was performed at

2 V cm-1 for 20 h. Anod at the top

F ig . 9 . PAP staining of buffered formol acetone-fixed spleen cells for IgM. Note positive cell 
showing intense ring-staining of the cell surface; no nuclear counterstaining



F ig .  1 0 . PAP staining of buffered formol acetone-fixed LSCC-CU10 cells for IgM. Note the two
positive cells stained diffusely

F ig .  11. PAP staining of acetone-fixed spleen cells for IgM. Note a cell showing strong diffuse
cytoplasmic staining
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d o u b ted ly  th e  sp ec ific ity  o f th e  sta in in g . The reasons fo r th e  fa in t diffuse 
cy top lasm ic s ta in in g  o f som e b u rsa l an d  spleen cells in  con tro l p rep a ra tio n s  
reac ted  w ith  n o rm a l r a b b it  serum  in s tead  of specific p r im a ry  an tise ra  w ere 
n o t fu lly  explored. I t  seem s p ro b ab le , how ever, th a t  th is  ty p e  of sta in in g  arose 
from  non im m unolog ic  b in d ing  o f  som e ra b b it  im m unog lobu lin s to  ce rta in  
u n know n  chicken ce llu la r co m p o n en ts , th o u g h  th e  p resence  of an tibod ies o f 
u nknow n  specificities w ith in  th e  se ru m  used, in c lu d in g  n a tu ra lly  occu rring  
F o rssm an -ty p e  an tib o d ies  re a c tin g  ag a in st chicken tissu e  co n stitu en ts , c a n n o t 
be excluded.

W e have n o t conduc ted  d e ta iled  stud ies on th e  su ita b ility  of a la rge  
p an e l o f d ifferen t f ix a tiv e s  for P A P  sta in ing . Of th e  tw o  fix a tio n  m eth o d s 
em ployed, b rie f f ix a tio n  o f cell sm ears w ith  buffered  fo rm ol acetone accord ing  
to  Mason et al. (1975) p ro v id ed  b e tte r  resu lts . The specific P A P  stain ing  p a t te rn  
o f  each ty p e  o f bu ffered  form ol acetone-fixed  ta rg e t cells w as a d is tin c tiv e  
m em brane-labelling : th e  visib le cell surface was c learly  de linea ted  by  a d a rk - 
brow n m argin  c o n tra s tin g  w ith  a pale  cy toplasm . T he single exception  w as 
rep resen ted  b y  LSCC-CU10 cells s ta in ed  for IgM . T hese  В lym ph o b lasto id  
cells s ta in ed  d iffusely , i. e. th e  pero x id ase  reaction  p ro d u c t covered th e  w hole 
cell includ ing  th e  n u c lea r a rea , u n like  o th e r IgM -positive b u rsa l an d  spleen 
cells, w here cell su rface  or cy to p lasm ic  localization  of IgM  w as easily d iffe ren ti
a te d  depending on th e  choice o f f ix a tiv e . Such p a t te rn  o f  s ta in ing  has been  
p rev iously  observed  on h u m an  h a iry  leukaem ia a n d  B u rk i t t ’s ly m p h o m a 
cells and  said  to  be a ty p e  o f cell surface im m unoglobu lin  s ta in ing  (L a u re n t 
e t ah , 1982). Fo llow ing  acetone f ix a tio n , specific cell su rface  d e te rm in an ts  
w ere d e tec tab le  exclusively  on c e n tra l T  ly m phocy tes. T h e  s ta in ing  p a t te rn  
differed , how ever, from  th e  c h a ra c te ris tic  sta in ing  p a t te rn  seen a fte r bu ffered  
form ol acetone f ix a tio n . In  c o n tra s t, cy toplasm ic IgM  w as read ily  d e tec ted , 
in d ica tin g  th a t  cold acetone  is n o t a p ro p e r f ix a tiv e  if  an tig en ic  surface m ark ers  
are  to  be v isualized , b u t  i t  is su itab le  fo r th e  fix a tio n  o f  cy top lasm ic IgM . I t  
shou ld  be n o ted  th a t  th e  specific P A P  sta in ing  v a ried  in  in te n s ity  from  cell 
to  cell according to  th e  n u m b er o f  an tig en s  on th e  cells a n d  th e  an tib o d y  t i t r e  
o f  th e  an tise ru m  used , th o u g h  recogn ition  of a p o sitive  reac tio n  was a lw ays 
possible.

The p ro p o rtio n  o f P A P -p o sitiv e  lym phocy tes te n d e d  to  be som ew hat low 
er th a n  th a t  revealed  b y  IF  s ta in in g  o f v iab le  cells, th o u g h  th e  P A P  tech n iq u e  
h as  been rep o rted  to  be 100 to  1000 tim es m ore sensitive  (S te rnberger, 1979). 
S tu d y in g  th e  p resence o f im m unoglobu lins on p e rip h e ra l h u m an  leucocy tes, 
M ason e t al. (1977) also observed  th a t  th e  P A P  tech n iq u e  d e tec ts  ab o u t 50%  
less IgM -positive cells th a n  th e  I F  m eth o d . T hey  suggested , w ith  no exp erim en 
ta l  proof, how ever, t h a t  th e  te ch n iq u e  de tec ted  only a su b -se t o f IgM -bearing  
В cells. T he in te rp re ta tio n  o f th e ir  re su lts  is com plicated  b y  th e  fac t th a t  s u r 
face Fc recep to rs p re se n t on h u m an  leucocy tes m ay b in d  an im a l im m unoglobu-
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lin  m olecules (for rev iew , see T ay lo r, 1978; S ternberger, 1979). H ow ever, th e  
F c -m ed ia ted  b in d in g  o f  im m unog lobu lin s c a n n o t be th e  source o f  d iscrepancy  
in  o u r system , as ch ick en  F c  recep to rs  do n o t  b in d  ra b b it  Ig G  (N ow ak e t a h , 
1978; M orton e t a l., 1980). I t  has been  d e m o n s tra te d  th a t  p re f ix a tio n  of cells 
is lik e ly  to  reduce th e  s e n s itiv ity  o f a n y  m e th o d  of im m u n o -s ta in in g  as a resu lt 
o f  fix a tio n -in d u ced  a lte ra tio n  o f an tig en s  (T aylor, 1978; S te rn b erg e r, 1979; 
L a u re n t e t ah, 1982). I t  is h ig h ly  p ro b ab le , therefo re , th a t  som e or m ost of th e  
surface-exposed  a n tig e n s  on a ce rta in  p ro p o rtio n  of cells w ere destroyed , and  
th e  few  in ta c tly  su rv iv e d  ones w ere n o t  su ffic ien t in  n u m b e r to  be dem on
s tra b le  w ith  our a n tis e ra . W ell-con tro lled  ad d itio n a l ex p e rim en ts  are needed , 
how ever, to  c larify  w h e th e r  th e  d ifference in  th e  p ro p o rtio n  o f  reac tive  cells 
in  th e  tw o im m u n o -s ta in in g  p rocedures is due  to  th e  adverse  effects of th e  used 
f ix a tiv e  on an tigens o r  to  o th e r  fac to rs .

In  conclusion, a lth o u g h  th e  P A P  m e th o d  is re la tiv e ly  tim e-consum ing  
a n d  ted ious to  p e rfo rm , its  h igh se n s itiv ity  m akes it  a v e ry  usefu l tool for th e  
v isu a liza tio n  o f m e m b ran e -b o u n d  a n d  cy top lasm ic  IgM , as w ell as o f o th e r 
an tig en ic  surface m a rk e rs  o f n o rm a l a n d  v iru s-tran sfo rm ed  ch icken ly m p h o 
cy te s  on p roperly  f ix e d  cell sm ears.
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REACTION OF THE THYMUS AND THE BURSA 
OF FABRICIUS IN CHICKENS INOCULATED 

WITH CORY N E  BACTERIUM P A R V U M

R o d ic a  G i u k g e a  and D . Co p k e a n

Biological Research Centre, 3400 Cluj-Napoca, 
str. Clinicilor 5 -7 , Rom ania

(R eceived Decem ber 13, 1984)

Rock-Cornish chickens aged 5 days were inoculated subcutaneously w ith 0.1 ml Cory- 
nebacterium parvum  suspension (0.25 m g dry m atter o f heat-killed bacterial cells) in a single 
dose. M odifications were followed at 1, 3, 8, and 15 days after adm inistration in the bursa of 
Fabricius and the thym us (total protein, R N A , D N A  and glycogen contents as well as organ 
w eight), the adrenals (ascorbic acid and glycogen contents) and th e  blood (serum gam m a  
globulin and leucocyte counts).

Our results show a stim ulation o f both lym phoid organs, occurring earlier in the bursa 
o f Fabricius than in the thym us. An increase o f serum gam m a globulin content also occurs, 
parallelled by an increase in the num ber of leucocytes, indicating im m unostim ulation. Long- 
lasting  m odifications in the adrenals were not observed.

Keywords. Corynebacterium parvum , chicken, experim ental in fection , thym us, bursa of  
F abricius, im m unostim ulation.

Corynebacterium parvum  is a nonspecific  im m u n o stim u la tin g  agen t 
(H a lp e rn  e t al., 1963; H a lp e rn , 1975; W oodruff, 1975) h av in g  an tito x ic  and  
an tib a c te ria l actions (G elencsér e t a l., 1980; P ad án y i e t a l., 1980) an d  a s tim u 
la tin g  effect on m acrophages (F au v e , 1975; R é th y  e t al., 1978; T o d o ru tiu  e t al., 
1981).

S ta rtin g  from  these  d a ta , in  th is  in v estig a tio n  we tr ie d  to  get evidence on 
th e  effects o f Corynebacterium p a rvu m  a d m in is tra tio n  on th e  ce n tra l ly m p h a tic  
o rgans of th e  chicken.

M ateria ls and  m ethods

E x p erim en ts  w ere perfo rm ed  on R ock-C ornish (R o b ro  69) chickens, 
aged  5 days a t  th e  beg inning  o f th e  experim en ts. T he b ird s  w ere k ep t u n d er 
a p p ro p ria te  zoohygienical co n d itions a n d  fed a co n c e n tra ted  fodder su ited  to  
th e ir  age. Access to  food an d  w a te r  w as ad  lib itum .

T he chickens w ere d iv ided  in to  tw o  groups: co n tro l (C) an d  tre a te d  (T). 
E a c h  chicken in  G roup T w as in o cu la ted  subcu tan eo u sly  w ith  a single dose of 
0.1 m l suspension o f  C. p a rvu m  (0.25 m g d ry  m a tte r  o f h ea t-k illed  b ac te ria l 
cells), a p ro d u c t o f th e  “ C an tacu z in o ”  In s t i tu te , B u ch ares t. G roup C chickens 
w ere in jec ted  w ith  th e  sam e vo lum e o f saline, con ta in ing  0.2°/00 fo rm aldehyde 
a n d  1 : 10,000 sodium  m erth io la te . T he b ird s su rv ived  th is  t re a tm e n t in  good 
h e a lth .
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E ig h t chickens o f each  g roup  w ere d ecap ita ted  a t  1, 3, 8, and  15 days 
a f te r  in jec tion , re sp ec tiv e ly . T he b lood, th e  b u rsa  of F ab ric iu s , th e  th y m u s an d  
th e  ad renals were im m e d ia te ly  processed. F ro m  th e  b lood , leucocy te  coun ts 
a n d  th e  con cen tra tio n s o f  se rum  gam m a globulin  w ere d e te rm in ed  (G ornall 
e t  a l., 1949; W olfson e t a l., 1948). T he b u rsa  o f F ab ric iu s a n d  th e  th y m u s were 
w eighed , and  to ta l p ro te in  (G ornall e t a l., 1949), R N A  an d  D N A  (Spirin , 1958) 
a n d  glycogen (M on tgom ery , 1957) w ere d e te rm in ed  in  th e m . T he ascorbic acid 
c o n te n t  o f the  left a d re n a l (K lim ov , 1957) an d  th e  g lycogen co n ten t of th e  
r ig h t  one (M ontgom ery , 1957) were also m easured .

S ta tis tica l p rocessing  inc luded  com parison  of th e  m ean  values based on 
S tu d e n t’s t te s t, a n d  c a lcu la tio n  of p ercen tage  d ifferences ag a in s t C values 
(D % ). The m eans w ere p rev io u sly  checked for hom ogeneity , using  C hauvenet’s 
c r ité r iu m ; ab e rra n t v a lu es  w ere e lim inated .

R esults

A ll values are  c a lc u la te d  for fresh  tissue  w eigh t.
B ursa o f  F abric ius  (T able I).

Tabic I

T o t a l  p ro te in  (T P ), R N A , D N A  a n d  g ly c o g e n  (G ) c o n c e n tr a t io n s  in  t h e  b u r sa  o f  F a b r ic iu s  a n d  
t h e  w e ig h t  o f  th is  org a n  ( B W )  in  c h ic k e n s  in o c u la te d  w ith  Corynebaclerium parvum  (C =  co n tro l;  
T  =  t r e a te d  b irds; x  =  m e a n  v a lu e ;  ±  S E  =  s ta n d a r d  error; D  %  =  p e r c e n ta g e  d ifferen ce s  

a g a in s t  g ro u p  C; P  =  s t a t is t ic a l  s ig n if ic a n c e )

Days 1 3 8 15

T P x  ±  S E C 2 2 1 .9 4 = 1 1 .8 2 2 9 .2 ± 8 .2 2 1 2 .9 ± 4 .9 2 3 0 .7 ± 2 3 .8
( m g /1 0 0  g) T 2 0 0 .2  ± 5 . 6 2 8 8 .1 ± 1 8 .8 2 2 0 .8 ± 5 .3 2 0 9 .3 ± 1 1 .7

1) ° / —  10 ± 2 5 ± 4 — 10
P — < 0 .0 1 — —

R N A x  ±  S E c 5 .3  ± 0 . 3 4 .4  ± 0 .1 4 .0  ± 0 . 4 5 .4 ± 0 .5
(m g /g ) T 3 .9 ± 0 . 3 4 .3  ± 0 . 6 3 . 9 ± 0 . 3 4 .6  ± 0 .3

D % —  26 — 3 __2 - 1 6
P < 0 .0 1 — — —

D N A .x ±  S E c 4 .1  ± 0 . 4 5 . 0 ± 0 . 4 6 . 0 ± 0 . 6 9 .8  ± 1 .0
(m g /g ) T 5 .8  ± 0 . 4 5 .3  ± 0 . 4 1 0 .5  ± 0 . 9 8 .9 ± 0 .5

1) ° //О ± 4 0 +  5 ± 7 4 — 10
P < 0 .0 2 — < 0 .0 0 1 —

G x  ±  S E c 0 .8 8 ± 0 .1 1.1 ± 0 . 5 1 .2  ± 0 . 4 1.1 ± 0 .4
O tg /m g ) T 0 .8 1  ± 0 .0 7 0 .8  ± 0 .2 0 .8 ± 0 . 1 1.0 ±  0.5

1) °1 '  /0
p

— 8 -  24 — 31 — 8

B W X ±  S E c 7 1 .3  ± 2 . 3 176 .1  ± 2 0 .8 3 1 1 .1  ± 3 5 . 7 5 2 0 .6 ± 7 1 .0
(m g ) T 1 0 0 .0 ± 7 .0 U 3 . 8 ± 1 5 . 6 2 5 4 .0 ± 1 1 .5 4 4 9 .3 ± 3 1 .5

1) ° ± 4 0 — 36 — 19 — 14
P < 0 .0 0 1 < 0 .0 5 — —
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T o ta l p ro te in  co n cen tra tio n  show ed a 25%  increase b y  clay 3 (P  <  0.01). 
R N A  show ed a 26%  decrease (P  <  0.01) one d ay  a fte r  th e  in je c tio n ; la te r  i t  
r e tu rn e d  to  th e  co n tro l level. D N A  c o n cen tra tio n  increased  b y  4 0 %  (P  ■< 0.02) 
an d  7 4 %  (P  <  0.001) as te s te d  on d a y  1 an d  8, re sp ec tiv e ly . T he glycogen 
co n c e n tra tio n  ran  p ra c tic a lly  to g e th e r in  th e  two groups.

T he w eight o f th e  organ  show ed an  increase one d a y  a f te r  b a c te riu m  
a d m in is tra tio n  (+- 4 0 % ; P  <  0.001), a re la tiv e  decrease b y  d a y  3 ( — 3 6 % ; 
P  -< 0.05), and  no s ig n ifican t difference a t  o th e r in te rv a ls .

T h ym u s  (Table 11)

A 33%  increase (P  <[ 0.02) o f to ta l  p ro te in  as com pared  to  th e  C values 
w as seen 3 days a f te r  inocu la tion . R N A  co n cen tra tio n  increased  b y  29%  
(P  <  0.05) and  67%  (P  <C 0.02) b y  d ay  3 an d  8, re spec tive ly . G lycogen con
c e n tra tio n  underw en t no  m od ifica tion  a t  a n y  of th e  in te rv a ls  s tu d ied .

T h y m u s w eight show ed an  increase  (-)- 72% ; P  <[ 0.01) one d ay  a fte r  
th e  a d m in is tra tio n  o f  C. p a rvu m , a re la tiv e  decrease b y  d a y  3 (— 24% ; 
P  <[ 0 .05), and  no s ig n ifican t difference w as observed a t  th e  o th e r  in te rv a ls  
s tu d ie d .

Table II

Total protein (TP), RN A, D N A  and glycogen (G) concentrations in the thym us, and the weight 
of the thym us (TW) in chickens inoculated w ith Corynebacterium parvum  (for other explanations

see Table I)

Days I 3 8 15

TP
(m g/100

x ± S E  C 
g) T 

D %
P

262.2 +  7.3 
240 .4± 11 .1

— 9

2 7 4 .5 ± 1 3 .5  
367.7 ± 3 2 .9  

+  33 
< 0 .0 2

272.0 +  7.0 
2 3 8 .2 + 7 .3  

— 13 
< 0 .0 1

335.5 +  69.4 
261.0 +  13.9 

— 23

r ín a X ±  SE C 5 .3 ± 0 .4 3.5 +  0.3 2.1 ± 0 .2 4.7 ± 0 .7
(m g/g) T 4.3 ± 0 .4 4.5 ± 0 .4 3.5 +  0.4 3 .6 + 0 .4

I' % — 18 +  29 +  07 — 23
P — < 0 .0 5 < 0 .0 2 —

DN A ï  ±  SE C 8.1 ± 0 .8 9.4 +  1.7 6.6 ± 1 .9 9.4 ± 2 .5
(m g/g) T 7 .8 ± 1 .0 8.0 +  0.8 10.9 +  1.3 8.2 +  1.3

»  % — 5 — 15 + 6 5 — 13
P — — < 0 .0 5 —

G 5  ±  SE C 1.08 ± 0 .1 2.1 ± 0 .9 1.7 ± 0 .4 0 .8 + 0 .2
0*g/m g) T 1 .0 5± 0 .1 2.7 ± 1 .7 1 .4 + 0 .1 1 .1 + 0 .2

D % 
P

— 4 +  24 — 18 +  28

TW X ±  SE C 105 .7± 13 .5 205.5 +  16.2 378 .0 + 4 1 .0 555.4 +  33.2
(mg) T 182.6±23 .1 158.0 +  13.0 378.1 +  29.2 521.6 +  95.9

И % +  72 — 24 +  0 — 6
P < 0 .01 < 0 .0 5 — —
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A drena ls  (Table I I I )

No sign ifican t m od ifica tio n  o f  th e  ascorb ic acid  c o n te n t was seen a t  an y  
o f th e  s tud ied  in te rv a ls , as com pared  to  th e  C va lues. A 50 %  increase (P  -< 0.02) 
o b serv ed  one d ay  a f te r  b ac te riu m  a d m in is tra tio n  w as th e  only  s ign ifican t 
ch an g e  in  th e  glycogen co n ten t.

Blood  (Table I I I )

S ignifican t increases of th e  serum  gam m a g lobu lin  co n ten t ( +  2 2 % ; 
P  <  0.01) as w ell as o f  th e  leucocy te  co u n ts  (-j- 6 4 % ; P  <  0.001) occurred  
o n ly  15 days a fte r in o cu la tio n .

D iscussion

Two w ays h a v e  been  described  in  the  l i te ra tu re  fo r th e  im m u n o stim u - 
la t in g  effect of Corynebacterium p a rv u m : fac ilita tio n  o f  a n tib o d y  fo rm atio n  b y  
a genera l s tim u la tio n  o f  th e  re ticu lo -h is tio cy te  sy s tem  (B ach , 1976), an d  e n 
h an cem en t o f m acro p h ag e  fu nc tion  (B aldw in  and  B yers, 1979; F a lk  an d  
M cG regor, 1976; F u d e n b e rg e r e t a l., 1980; P e te rs , 1978; S liffel e t a l., 1977; 
T o d o ru tiu  et a l., 1981; T o d o ru tiu  e t a l., 1982). On th e  o th e r  h an d , i t  is well 
know n  th a t  th e  th y m u s  and  th e  b u rsa  o f F ab ric iu s  o f  th e  chicken possess a 
specific  role in  th e  h u m o ra l and ce llu la r im m u n ity , re sp ec tiv e ly  (Bell an d

Tabic III

Serum gamma globulin (Gg) concentrations and leucocyte counts (L) in the blood, and ascorbic 
acid (AA) and glycogen (G) concentrations ill the adrenals in chickens inoculated w ith Coryne

bacterium parvum  (for other explanations see Table I)

Days 1 3 8 15

Gg x i S E c 10.7 ± 0 .5 7 .7 ± 0 .3 1 0 .4 ± 0 .2 6.2 ± 0 .4
(m g/m l) T 10.6 ± 0 .2 8.2 ± 0 .3 10.8 ± 0 .4 7 .6 ± 0 .3

I) ° / ± 0 ± 6 ± 3 ± 2 2
I> — — — < 0 .01

L к ,fc SE c 24,512±3165 28 ,050±3365 34,428 ± 3 2 5 9 22,085±2518
(cells/m nf ’) T 28,825 ±3321 28 ,750±2335 29,137 ± 3 5 0 0 36,312±2150

D  % ± 2 1 ± 3 ± 1 3 ± 6 4
P — — — < 0 .0 0 1

AA к ±  SE c 2.1 ± 0 .1 3.3 ± 0 .1 3 .9 ± 0 .1 3.1 ± 0 .1
(,«g/mg) T 1.9 + 0.1 3.3 ± 0 .4 3 .3 ± 0 .4 3 .0 ± 0 .1

u  %
P

— 11 ± 0 — 15 — 1

G X ±  SE c 2.2 ± 0 .2 2.2 ± 0 .4 5 .9 ± 1 .7 0 .8 ± 0 .3
fug/m g) T 3.3 ± 0 .4 2.7 ± 0 .8 7.1 ± 1 .7 1 .2 ± 0 .3

Г) 0 /
u  /0 ± 5 0 ± 2 4 ± 1 8 ± 4 6
p < 0 .02 — — —
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F reem an , 1971). T hus, an  in v o lv em en t o f b o th  th e  b u rsa  of F ah ric iu s an d  th e  
th y m u s  in  th e  C. pa rvu m -e lic ited  im m u n o stim u la tio n s  w as expected . O ur 
re su lts  show  th a t  th is  is a c tu a lly  th e  case.

T he reac tio n  o f th e  b u rsa  o f F ah ric iu s  ta k e s  p lace  earlie r th a n  th a t  of 
the  th y m u s. This m ay  he  due to  a fa s te r on to g en e tica l m a tu ra tio n  o f th e  b u rsa  
o f F ah ric iu s , as re flec ted  in  th e  m odifications o f som e p a ram e te rs  o f b o th  
organs in  con tro l an im als (G iurgea, 1977; S tcfoni e t ah , 1971), a fac t su sta in ed  
also b y  llie con tro l d a ta  in th is  p ap e r (Tables I ,  I I  an d  I I I ) .

T he role o f C. p a rvu m  as an  a d ju v a n t in  a n tib o d y  p ro d u c tio n  (G elencsér 
e t ah , 1980; G éresi e t a l., 1980; P a d á n y i e t al., 1980) is m an ifested  in  our ex p e r
im en ts  p ro b ab ly  b y  th e  increase  o f th e  serum  gam m a globulin  co n ten t. E v en  
if  th is  occurs on ly  15 day s a fte r  in ocu la tion , i t  m ay  re flec t an  increased  re s is t
ance o f th e  organism  to  v a rious infections.

T he co n s ta n tly  o bserved  increase o f leucocy te  coun ts m ay  also re flec t 
a p ositive  effect o f C. p a rv u m , w hich a c tiv a te s  phagocy tosis  (H alpern , 1975; 
M orland a n d  M orland, 1977; T o d o ru tiu  e t ah , 1981).

O ur resu lts  show  th a t  th e  effect o f C. p a rvu m  upon  b o th  ly m pho id  organs 
la s ted  a b o u t 8 days. T h is m ig h t su p p o rt th e  u su a l clin ical ap p lica tio n  o f th is  
b a c te riu m  in cancer, w hen  2 o r 3 ad m in is tra tio n s  p e r w eek are  con tinued  d u r 
ing  a longer period .

A drenal fu n c tio n  seem s n o t to  be a ffec ted  b y  long -lasting  m odifica tions 
elic ited  b y  C. p arvum  t r e a tm e n t.
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DEMONSTRATION IN HUNGARY OF Q FEVER 
ASSOCIATED WITH ARORTIONS IN CATTLE AND

SHEEP

M arietta R á d y , R. Glávits and Gy . N agy

Central V eterinary In stitu te , H-1581 Budapest, P . O. B ox  2,
Hungary

(R eceived March 29, 1985)

In the present paper, dem onstration in H ungary of Q fever associated w ith bovine and 
ovine abortions is reported.

In bovine abortions, the pathological picture was characterized by severe, acute, m ostly  
haemorrhagic and necrotic p lacentitis, while in sheep, in addition to sim ilar lesions o f the  
placenta, proliferative and in flam m atory changes ind icative o f propagation of the causative  
agent were also observed in  certain organs of the fetus.

Coxiella burnetii was dem onstrated by light m icroscopy in sm ears prepared from the  
placenta and, occasionally, from  fetal stom ach contents and the feta l vernix, it  was isolated  
by inoculation of guinea-pigs, and its structure was studied by electron m icroscopy. Specific 
Coxiella antibodies were dem onstrated in  the sera of aborted dam s b y  the com plem ent fix a 
tion  (CF) test.

Keywords. Q fever, Coxiella burnetii, R ickettsia , abortion, cow , sheep.

Q fever, caused b y  Coxiella burnetii, is a zoonosis k n o w n  for several dec
ades an d  w idespread  a ll over th e  w orld  (D errick , 1937; R o m v á ry , 1979). O f th e  
dom estic  an im als, i t  occurs m ost freq u en tly  in  sheep , c a tt le  an d  g o a ts; th e  
m ost conspicuous clin ica l sy m p to m  is ab o rtio n . H u m an s a re  h ig h ly  suscep tib le ; 
in fec ted  dom estic  an im als  a c t as p rim a ry  sources o f  in fec tio n .

E arlie r, th e  a t te n tio n  w as called to  th e  occurrence o f  Q fever in  H u n g a ry  
b y  cases am ong a b a tto ir  w orkers. T he aetio logy  of th e  d isease was clarified  
b y  F a rk a s  e t al. in  1950, b ased  upon  th e  clin ical sy m p to m s an d  positive  
com plem ent fix a tio n  (CF) te s t . R o m v áry  (1957a) c o n d u c ted  serological su rveys 
on a d a iry  fa rm , w here, s im u ltan eo u sly  w ith  num ero u s bo v in e  ab o rtio n s, m ass 
occurrence o f disease w as observed  am ong hu m an s as w ell. B y  th e  CF te s t ,  
he d em o n stra ted  an tib o d ies  to  C. burnetii in  34 .1%  o f th e  stock .

T he serological su rv ey s  co n d u c ted  in  1979 b y  R o m v á ry  e t  al. in  Sou th - 
E a s t H u n g a ry  revealed  in fec tio n  b y  th e  Q fever a g en t in  severa l c a ttle  an d  
sheep pop u la tio n s. T hese a u th o rs  in te n tio n a lly  selec ted  fa rm s w here th e  
incidence o f ab o rtio n s a n d  s tillb ir th s  o f u nknow n  ae tio lo g y  w as h igher th a n  
average . In  c a ttle  s tocks 4 0 %  or m ore, w hereas in  sheep  flocks 12 to  23%  o f 
th e  an im als w ere seropositive .

W e d iagnosed Q fev e r accom pan ied  b y  ab o rtio n  in  F e b ru a ry  1983 for 
th e  f irs t  tim e  b y  d e m o n s tra tin g  th e  cau sa tiv e  ag en t; since t h a t  tim e  th e  cond i
tio n  has been  d iagnosed  on  severa l occasions w hile ex am in in g  ovine and  
bovine fetuses an d  p la c e n ta e  in  th e  C en tra l V e te rin a ry  In s t i tu te .
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O ur o b serv a tio n s an d  experiences concern ing  th e  incidence o f the  
d isease  and  th e  f i r s t  H u n g a ria n  iso la tion  of C. burnetii a re  rep o rted  in  the  
p re se n t paper.

M ateria ls and  m ethods

The fetuses a n d  p lacen tae  w ere sub jec ted  to  gross pa tho log ica l and  
h istopath o lo g ica l ex am in a tio n .

Histopathological exam ination . Sam ples w ere ta k e n  from  the  spleen, liver, 
k id n e y , lungs, m esen te ric  ly m p h  n ode  o f th e  fe tuses, fro m  th e  p lacen ta , as 
w ell as from  th e  ab o v e-lis ted  o rgans and  llie b ra in  o f th e  in o cu la ted  guinea- 
p ig s . The sam ples w ere  fixed  in  10%  fo rm alin , and  frozen  o r em bedded  in 
p a ra ff in . Sections w ere  s ta in ed  w ith  h aem ato x y lin  an d  eosin . In  ad d itio n , 
p a th o lo g ica lly -a lte red  p la c e n ta l p a r ts  w ere s ta in ed  acco rd ing  to  th e  PA S 
re a c tio n , while liv e r a n d  k id n ey  sec tions w ith  L e v a d iti’s s ilver im preg n a tio n  
te c h n iq u e , to  exclude ab o rtio n  of lep to sp ira l origin.

The smears a n d  im pression preparations  m ade o f th e  sp leen , liver, lungs, 
k id n e y , stom ach c o n te n ts , p la c e n ta  an d , occasionally , th e  fe ta l v e rn ix  were 
s ta in e d  according to  S tam p  an d  K ö s te r , and exam ined  in  a lig h t m icroscope. 
C ulturing  o f  bacteria and  fu n g i  w as a tte m p te d  from  th e  sam e organs on com 
m o n  an d  blood ag a r p la te s , D rig a lsk i’s an d  S a b o u rau d ’s m ed ia , u n d e r aerobic 
a n d  anaerobic co n d itio n s, a t  37 °C.

Electron m icroscopy. E lec tron-m icroscop ic  ex am in a tio n s  w ere perfo rm ed  
as described  earlier (G láv its  e t a l., 1982), w ith  sam ples from  a sheep ’s p lacen ta  
a n d  th e  spleen a n d  lu n g s of an  ex p erim en ta lly -in fec ted  gu inea-p ig .

Serology. A n tib o d ies  to  C. burnetii w ere d e m o n s tra te d  in  th e  ab o rted  
d a m s’ sera by  th e  co m p lem en t f ix a tio n  (CF) te s t. The CF a n tig e n  was p rep ared  
b y  D r. József N agy, fro m  th e  p h a s e - I I  v a r ia n t  o f s tra in  N ine-M ile o f C. burnetii. 
T h e  s tra in  was k in d ly  p ro v id ed  b y  th e  In s t i tu te  o f V iro logy , S lovak  A cadem y 
o f  Sciences. C om plem ent f ix a tio n  o b ta in ed  w ith  sera  o f  1 : 20, or h igher, 
d ilu tio n  was considered  positive .

Isolation o f  C. burnetii w as a tte m p te d  b y  e x p e rim e n ta l inocu la tio n  o f 
gu inea-p igs. As in o cu lu m , a m a te r ia l p rep ared  from  th e  o rg an s an d  p lacen ta  
o f  ov ine fetuses t h a t  h a d  p ro v ed  p o sitiv e  for Q fever b y  o th e r  exam in a tio n s 
w as used , d ilu ted  1 : 10 w ith  saline. E ach  of 5 guinea-p igs w as in o cu la ted  in tra -  
p e rito n ea lly  w ith  3 m l o f  th is m a te ria l.

The guinea-pigs w ere k illed  3 w eeks a fte r  in o cu la tio n . Sm ears p rep a red  
fro m  th e ir  spleens a n d  lungs w ere exam ined  for th e  p resence  o f Coxiella, and  
th e  hom ogenate  p re p a re d  from  th e ir  spleens w as used  fo r in o cu la tin g  fu r th e r  
tw o  guinea-pigs. A th i r d  passage w as perfo rm ed  in  a s im ila r m an n er.
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Results

Tn th is  In s t i tu te , Q fever was d iagnosed for 9 ovine an d  4 bovine ab o rtio n s 
from  7 large-scale farm s of 5 coun ties of H u n g a ry  b e tw een  F e b ru a ry  1983 an d  
J u n e  1984. Case h istories an d  on -tb e-sp o t in v estig a tio n s ind ica ted  th e  o ccu r
rence o f  spo rad ic  abo rtions in  th e  c a ttle  stocks; in  th e  sheep flocks, on th e  o th e r 
h a n d , la rg e  num bers of ab o rtio n s occurred  w ith in  a sh o rt tim e.

T he ovine fetuses exam ined  w ere a b o rte d  in th e  la s t weeks of p reg n an cy . 
In  a b o rtio n s  o f tw ins an d  tr ip le ts , occasionally  one o f th e  fetuses w as m u m m i
fied . In  c a ttle , ab o rtion  to o k  place in  th e  la s t m o n th  o f p regnancy .

A t gross pathological exam ina tion , th e  liver of ovine fetuses was a p p a re n tly  
sw ollen a n d  hyperaem ic , th e  lungs were d a rk e r red  th a n  norm al, co m p ac t to  
th e  to u c h , an d  a te lec ta tic . T he abom asal an d  ru m en  c o n ten ts  w ere dark -g reen  
an d  co n ta in ed  large flocculcs. T he h aze lnu t-sized  co ty ledons of p lacen tae  w ere 
d a rk  re d  an d  covered in som e places by  a con tinuous f ib rin  slough, w hile in 
o th e r  areas b y  a fine fib rin o u s coating  (F ig. 1). T he in flam m ato ry  lesions of 
in te rc o ty le d o n a ry  areas w ere also ch a rac te ris tic .

In  bov ine  abortions p la c e n ta l lesions p red o m in a ted ; a haem orrhag ic  
or nec ro tic  in flam m atio n  w as observed  (F ig . 2).

Histopathological exam ination  o f ovine p lacen tae  revealed  an  acu te  serous, 
fib rin o u s, here  an d  th e re  p u ru le n t, in flam m atio n  accom pan ied  b y  d egenera tion  
and necrosis o f th e  ep ith e lia l cells o f co ty ledons. In  cases o f necro tic  p la c e n titis , 
p a r t  o f  th e  b lood  vessels show ed an in flam m atio n  accom pan ied  b y  th ro m b u s  
fo rm a tio n  (F ig . 3). Som e co ty led o n ary  ep ith e lia l cells w ere sw ollen and  
th e ir  cy to p la sm  con ta ined  m icroorganism s a rran g ed  in  groups or com ple te ly  
filling  th e  cy top lasm  an d  pu sh in g  th e  nucleus to  th e  cell m em brane . Such 
cells becam e  de tached  in som e places (F ig. 4). Electron microscopy o f these  
cells rev ea led  p o lym orphous, coccoid an d  ro d -sh ap ed  organism s 0.2 to  1, 
som etim es 2, pm  in size. B en ea th  th e  cell m em b ran e , freq u en tly  u n d u la to ry , 
a p lasm a  m em brane , and  w ith in  th e  la t te r  a n e t-lik e , filam en to u s s tru c tu re  
o f v a ry in g  e lec tro n -d en sity , co n ta in in g  ribosom es, w as found  (F ig . 5).

In  th e  liver of som e ovine fetuses an  in c ip ien t, or a p ronounced , serous 
h e p a titis  w as observed. T his w as accom pan ied  b y  in te rs ti t ia l  in f iltra tio n  b y  
m on o n u clear cells, signs o f expressed  ery th ro cy to p o iesis , an d  ac tiv a tio n  an d , 
in  som e p laces, focal p ro life ra tio n  of th e  R H S  cells. H aem orrhages an d  d y s tro 
p h y  o f  c ircum scribed  areas occurred  in  th e  liver p a ren ch y m a . In  th e  lungs, in  
ad d itio n  to  hy p eraem ia  an d  an  in te rs titia l oedem a, an  in c ip ien t c a ta rrh a l-  
p u ru le n t p n eu m o n ia , while in  th e  tra c h e a  in filtra tio n  o f  th e  m ucous m em b ran e  
b y  m ononuclear cells was seen. R e ticu lo cy te  p ro life ra tio n  and  haem o rrh ag es 
w ere o bserved  in  th e  red  pu lp  o f th e  spleen, an d  ly m p h o b las t p ro life ra tio n  in  
llie  M alpighian  bodies. In  th e  ly m p h  nodes no a lte ra tio n  o th e r  th an  h y p e raem ia  
was fo u n d .
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In  th e  ex am in ed  organs o f bov ine  fe tu ses lesions sim ilar to , b u t  m ostly  
less p ronounced  th a n ,  th o se  in  ovine fe tu ses w ere found , w hile in  th e  p lacen tae  
signs in d ica tive  o f a n  ex ten siv e  in f la m m a to ry  process accom pan ied  b y  n ec ro 
sis w ere p resen t. G ro u p s o f Coxiella w ere recogn izab le  in  the  v a s t  m a jo r ity  of 
th e  ep ithe lia l cells o f  co ty ledons.

B y light m icroscopy o f  the smears, Coxiella organism s w ere d e m o n s tra te d  
in  ov ine  p lacen tae , fe ta l  s to m ach  c o n ten ts  a n d , occasionally , in  th e  fe ta l v e rn ix  
co vering  th e  b o d y  su rface . In  bov ine  a b o rtio n s , Coxiella w as p re se n t in  la rg e  
n u m b e rs  in  p la c e n ta l sm ears m ad e  o f th e  su rface o f co ty ledons an d  th e  
fib rin o u s  ex u d a te  in v o lv in g  th e  in te rc o ty le d o n a ry  areas. T he m icroscopic  
f in d in g s  were c h a ra c te ris tic  and  sim ilar in  b o th  an im al species: h e te ro m o rp h o u s, 
f in e  coccoid and  ro d -sh a p e d  form s, som etim es sh o rt th re a d s , p re se n t in  e x tre 
m ely  large n u m b ers  even  w ith in  one v isu a l f ie ld  w ere seen. T he organ ism s 
w ere G ram -nega tive , s ta in e d  red  w ith  b o th  K ö s te r’s an d  S ta m p ’s s ta in , and  
w ere m ostly  in  in tra c e llu la r  position , in  p liagocy tosed  s ta te ;  on ly  few o f th em  
w ere  found  d ispersed  in  th e  ex trace llu la r space (Fig. 6).

In  th e  cases m en tio n ed  above, th e  bacteriological exam ination  o f fe ta l 
o rg an s an d  p lacen tae  fo r  B rucella , C h lam yd ia , and  o th e r specific  agen ts ab le 
to  ind u ce  ab o rtio n  w as co n sis ten tly  n eg a tiv e , w ith  th e  excep tion  of one 
b o v in e  and  tw o o v in e  p lacen tae  from  w hich  fungi (A spergillus fu m ig a tu s  
a n d  M ucor spp.) g rew  o u t s im u ltaneously . E x a m in a tio n  o f th e  livers an d  k id 
ney s fo r L ep to sp ira  a lso  gave n eg a tiv e  re su lts .

B y  serological exam in a tio n , an tib o d ies  to  C. burnetii w ere d em o n stra ted  
u p  to  th e  1 : 40 d ilu tio n  in  serum  sam ples ta k e n  sim u ltan eo u sly  w ith  ab o rtio n  
from  th ree  of th e  a b o r te d  cows. F o u r  w eeks a f te r  th e  f irs t ex am in a tio n  th e  
se ra  o f these dam s w ere p ositive  up  to  th e  sam e ti t re , o r up  to  1 : 20. 
F iv e  o f th e  te n  o th e r  cows p ro v ed  p o sitiv e  as well. F ro m  ewes, no p o si
t iv e  serum  was o b ta in e d  b y  ran d o m  sam pling . H ow ever, th e  an tig en  p re- 
p a re d  from  p a th o lo g ica lly -a lte red  a reas  o f  ovine p lacen tae , a b u n d a n t in  
C oxiella organism s, a n d  th a t  p re p a re d  from  th e  fib rinous ex u d a te  covering 
th e ir  surface gave a p o sitiv e  CF re a c tio n  w ith  Q fever p o sitiv e  serum  up  
to  th e  d ilu tion  o f  1 : 40 , b u t  d id  n o t  w ith  B rucella- an d  C hlam yd ia-posi
t iv e  sera.

Large m asses o f  Coxiella w ere p re se n t in  th e  spleen an d  lungs o f guinea 
p igs in fec ted  w ith  th e  p ositive  inocu lum  a n d  ex san g u in a ted  a fte rw ard s . T he 
gross pa tho log ica l a n d  h is to p a th o lo g ica l ex am in a tio n  o f th e se  guinea-pigs 
rev ea led  an  in te rs ti t ia l  h e p a titis  accom pan ied  b y  in filtra tio n  b y  m ononuclear 
cells, as well as a su b a c u te , p ro life ra tiv e  in fla m m a tio n  accom pan ied  b y  ly m 
p h o id  h yperp lasia  a n d  p ro life ra tio n  o f p lasm a  cells in  th e  sp leen  (Fig. 7). In  
th e  lungs, th e re  w as a focal, in tra lo b u la r , in te rs ti t ia l  in flam m atio n  w ith  th e  
presence  of m o n o n u c lea r cells (F ig . 8), w hile in  th e  ly m p h  nodes fo llicular 
lym p h o id  h y p erp lasia  w as observed.
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L arge n u m b ers  o f Coxiella w ere d e m o n s tra te d  b y  m icroscopy in  th e  
spleen, lungs an d  tra c h e a  of th e  second-passage guinea-p igs (F ig. 9). T heir 
gross pa tho log ica l an d  h istopa th o lo g ica l ex am in a tio n  revea led  sim ilar lesions 
as tho se  found  in  an im als in fec ted  w ith  th e  inocu lum  p rep a red  from  th e  ovine 
p lacen tae ; how ever, th is  tim e  th e  lung  lesions w ere jo in ed  h y  p e rivascu la r an d  
perib ro n ch ia l ly m p h o id  h y perp lasia  an d , in  som e places, b y  in traa lv eo la r  
p seudo -ep ith e liza tio n . No patho log ica l lesions w ere found  in  th e  h ra in .

B y  e lectron  m icroscopy, th e  pa th o g en ic  ag en t w as found  in  re ticu lu m  
cells o f th e  spleen an d  in  b ro nch io la r ep ith e lia l cells o f  th e  lungs o f th e  infected  
exp erim en ta l an im als.

B acterio log ical exam in a tio n  of organs an d  ly m p h  nodes o f th e  inocu la ted  
and  ex san g u in a ted  guinea-pigs for B rucella  an d  o th e r  specific pa thogens 
gave neg a tiv e  re su lts .

Discussion

O ur p resen t re su lts  u n an im ously  in d ica te  th e  in v o lv em en t o f C. burnetii 
in  th e  ae tio logy  o f th e  observed ab o rtio n s, an d  p ro v e  th a t  Q fever associated  
w ith  ab o rtio n s in  c a tt le  and  sheep, s im ila rly  to  o th e r  coun tries (B abud ieri, 
1953; K ap lan  and  B e rtag n a  1955; O rm sbee, 1965; T hiel, 1982; Schaal, 1983), 
occurs also in  H u n g a ry .

P rev iously , o th e r  H u n g a rian  au th o rs  (R o m v áry , 1957a, b; R o m v áry  
e t al., 1979) h ad  concluded  to  th e  occurrence o f Q -fever-induced  ab o rtions from  
th e  sero p o sitiv ity  o f  sheep an d  c a ttle  s tocks; how ever, th e  pa thogen ic  agen t 
has n o t been  d e m o n s tra te d  in  H u n g a ry  so far.

T he 13 cases rep o rted  b y  us rep resen t the  f irs t  d em o n stra tio n , iso lation  
an d  id en tifica tio n  o f  C. burnetii in H u n g a ry  d u rin g  th e  d iagnostic  ex a m in a 
tio n  o f fetuses.

T he o rgan ism , w hich w as easy  to  observe in  th e  lig h t m icroscope, w as 
p resen t in  large m asses m o stly  in in tra c e llu la r  p o sitio n , an d  s ta in ed  red  w ith  
S ta m p ’s and  K eister’s s ta in , w as d e m o n s tra te d  also h y  elec tron  m icroscope in  
the  p lacen tae  an d  in  th e  spleen and lungs o f ex p erim en ta lly -in o cu la ted  guinea- 
pigs. B ased upon  its  m orphology  and  o th e r p ro p ertie s , th e  d em o n stra ted  p a th o 
gen was id en tified  as C. burnetii.

M icroscopically , th e  organism  ex h ib ited  a p ronounced  p leom orph ism . 
Coccoid form s sized 0.2 to  0.4 pm  occurred  to g e th e r  w ith  la rger, rod -shaped  
or som etim es th read -lik e , e longated  form s o f 0.5 to  1, or ap p ro x im atin g  even 2, 
pm  in leng th  w ith in  th e  sam e v isual fie ld .

Two m orphologically  w ell-d istingu ishab le  form s o f  C. burnetii h av e  been 
d iffe ren tia ted  b y  A m erican  an d  C anad ian  au th o rs  (M cCaul an d  W illiam s, 1981; 
M ariassy  e t a l., 1984; v a n  D reum el e t a l., 1984). O ur p resen t u ltra s tru c tu ra l 
find ings arc in good ag reem en t w ith  th e  re su lts  re p o rte d  b y  these  au th o rs .
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T he gross pa tho log ica l and  h is to p a th o lo g ica l lesions seen in  th e  fe ta l 
o rg an s an d  p lacen tae  w ere also co n sis ten t w ith  tho se  described  b y  o th ers  
(M ariassy  et ah , 1984; S te lzner, 1984; v a n  D reum el e t ah , 1984). Also in  th e  
cases rep o rted  b y  us, p lacen titis  w as accom pan ied  b y  v acu o la r  d eg enera tion  
a n d , som etim es, diffuse necrosis o f th e  ep ith e lia l cells o f  co ty led o n s. These 
lesions w ere d irec tly  a ttr ib u ta b le  to  th e  presence o f th e  m icroorganism s.

C erta in  differences w ere n o te d  b e tw een  th e  p lacen titis  occu rring  in  sheep 
and  th a t  found  in c a ttle . W hile in  sheep  m ain ly  serous-fib rinous an d , occasion
a lly , p u ru le n t p lacen titis  was observed , in  bov ine  abo rtions m o stly  th e  h aem o r
rh ag ic  or necro tic  lesions p red o m in a ted .

Also, th e re  w as a d ifference betw een  the  tw o species as reg a rd s  th e  lesions 
found  in  th e  fe ta l o rgans. In  th e  liv e r  an d  spleen of ovine fe tu ses, a c tiv a tio n  
an d , in  som e places, focal p ro life ra tio n  o f  th e  R H S cells as w ell as th e  p resence 
o f  fe ta l haem opoietic  cell colonies in  a re la tiv e ly  large size an d  n u m b e r w ere ob 
se rv ed , accom panied  by  p ro life ra tio n  o f  ly m p h o b lasts  in  th e  M alp ighian  b o d 
ies o f  th e  spleen an d  a c a ta rrh a l-p u ru le n t pneum on ia . In  bov ine  fetuses these  
lesions w ere less p ronounced  or co m p le te ly  ab sen t, p re su m ab ly  because , due 
to  th e  m ore severe p lacen ta l d am ag e , ab o rtio n  had tak en  p lace w ith in  a 
s h o r te r  tim e  th a n  in sheep.

F ro m  th e  d iagnostic  p o in t o f v iew , th e  lesions observed  in  th e  fe ta l o rgans 
c a n n o t be considered specific since s im ila r changes can  be p ro d u ced  b y  o th e r 
ab o rtio n -in d u c in g  agen ts as well (G láv its  e t al., 1982). H ow ever, in  ag reem en t 
w ith  th e  observations o f o thers, v a c u o la r  degenera tion  of th e  ep ith e lia l cells 
o f  co ty ledons as well as th e  presence o f th e  pa thogen ic  ag en t in  th e  cy to p lasm  
o f th e se  cells are  v a lu ab le  d iagnostic  proofs. I t  seem s th a t  in  th e  p re se n t cases
C. burnetii ex e rted  its  pa th o g en ic  effect th ro u g h  its  e s tab lish m en t an d  p ro p a g a 
tio n  in  th e  p lacen ta , im pairing  fe to m a te rn a l connection  an d  re su ltin g  in  th e  
d e a th  of th e  fe tu s. A t th e  sam e tim e , th e  lesions found  in  ov ine fetuses 
in d ic a te d  th a t  th e  path o g en ic  ag en t h a d  m u ltip lied  in  th e  fe tu s  as well.

D urin g  th e  la b o ra to ry  d iagnosis o f ab o rtio n s, in  c a tt le  th e  ab o rtio n s 
caused  b y  C. burnetii h av e  to  be d iffe re n tia ted  from  tho se  due to  brucellosis, 
w hereas in  sheep from  ab o rtio n s in d u ced  b y  Brucella ovis a n d  C hlam ydia  
p sitta c i  infections.

In  th e  p resen t cases, Q -fever-associated  ab o rtio n s w ere o f spo rad ic  
o ccu rrence  in  c a ttle  s tocks; how ever, in  sheep flocks large n u m b ers  o f ab o rtio n s  
o ccu rred  w ith in  a sh o rt tim e . A bortions due to  Q fever w ere d iagnosed  b o th  in 
th e  w in te r  an d  in  th e  sum m er period , in d ica tin g  th a t  tran sm issio n  b y  a r th ro 
pode v ec to rs  is no t th e  only  m ode o f tran sm issio n  for C. burnetii. On th e  farm s 
in c lu d ed  in  th e  s tu d y  an d  in  th e ir  v ic in ity  we conducted  o n -th e -sp o t in v e s tig a 
tio n s to  assess th e  incidence of tick s . A ll th e  areas w here th e  ex am in ed  sam ples 
h a d  com e from  w ere found  to  be in fe s ted  b y  ticks. W ith  reg a rd  to  th e  h igh  
re s is tan ce  o f C. burnetii and  to  th e  fa c t th a t  it m a in ta in s  its  in fe c tiv ity  even
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F ig . 2 . Fibrinous, haemorrhagic placentitis caused by C . b u r n e t i i  in cattle

F ig .  1 . Ovine placenta from C o x ie lla  b u r n e t i i-induced abortion. Note the fibrinous coating on 
the surface of the reddened, swollen cotyledons



F ig. 3. Acute placentitis. N ote  the throm bus in the lumen of the blood vessel. H .-E ., X 160

F ig . 4. Placentitis accom panied by necrosis o f the epithelium of cotyledons in sheep. Masses 
of Coxiella (arrow) are present in m ost o f the epithelial cells; note the clumps of Coxiella 

(arrow) in the detached cells. H .-E ., X 400



F ig . 6 . Light microscopic picture of C. b u r n e t i i  in a smear prepared from a bovine placenta. 
Large numbers of Coxiella fill the detached epithelial cells (arrow) and are present in the 

extracellular space (arrow). Stamp’s stain, X 1000

Fig. 5. U ltra s tru c tu re  o f Coxiella burnetii. E lec tro n  m ic ro g rap h , X 68,000



7. Proliferation of plasm a cells (arrow) in the red pulp of spleen from a guinea-pig experi
m entally infected w ith  C. burnetii. H .-E ., X 400

8. Focal interstitial inflam m ation characterized by infiltration by mononuclear cells in the 
lungs from a guinea-pig experim entally infected with C. burnetii. H .-E ., X 160



F ig . 9 . Coxiella organisms in the cytoplasm of reticulum cells in a smear prepared from the 
spleen of an experimentally infected guinea-pig. Roster’s stain, X 1000
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in  th e  d ried  faeces of tick s  (B ab u d ieri, 1953; O rm sbee, 1965; T hiel, 1982), a 
possible ro le o f a rth ro p o d e  vecto rs c a n n o t be excluded .

In  th e  affected  farm s, econom ic losses due to  Q fever arose from  th e  re 
duced n u m b e r of offspring an d  from  th e  b ir th  an d  su b seq u en t d e a th  o f  w eak  
calves a n d  lam bs. T o ta l losses a m o u n t to  5 to  15% .

M an is know n to  be h igh ly  suscep tib le  to  C. burnetii (B abud ieri, 1953; 
F a rk a s  e t  a l., 1950; K ap lan  and  B e rta g n a , 1955; M arm ion e t al., 1984; O rm sbee, 
1965; T h iel, 1982). T herefore, in fec tio n  o f  an im al popu la tio n s b y  th e  Q fever 
agen t c rea tes  a p o te n tia l h a z a rd  to  h u m an s, p a r tic u la r ly  to  tho se  w ork ing  
w ith  an im als  an d  an im al p ro d u c ts .

In  th e  farm s w here C. burnetii-induced  ab o rtio n s were d e m o n s tra ted , 
s im u ltan eo u sly  no h u m an  cases d iagnosed  as Q fever occurred . H ow ever, in  
o th e r areas h u m an  cases of Q fev er orig in  d id  occur (M ikola e t a l., 1982), 
in d ica tin g  th a t  th e  occurrence of Q fever in  H u n g a ry  should  he reckoned  w ith . 
The h igh ly  in fectious n a tu re  and  g rea t public  h e a lth  significance o f Q fever 
an d  th e  econom ic losses in flic ted  p o in t to  th e  necessity  to  conduct in v e s tig a 
tions a im ed  a t  its  dem o n stra tio n  an d  su rv ey  o f its  incidence, and  to  e lab o ra te  
effective co n tro l m easures.
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JUDGMENT OF CASTRATION-INDUCED 
ABSCESSES IN  PIGS AT MEAT INSPECTION

I . S z á z a d o s *

V eterinary and Food Inspection Station  of B aranya  
County, H -7623 Pécs, M egyeri út 48, H ungary

(R eceived January 3, 1985)

In the literature no data  are available on the m eat-inspectional judgm ent of long- 
existing abscesses that develop as a result o f infection  of the castration wound and remain 
unnoticed up to the tim e o f m eat inspection in norm ally slaughtered pigs. A total o f 131 pigs 
w ith post-castration abscesses were exam ined. M eat pH  was determ ined and the boiling test 
as well as com plem entary bacteriological exam ination o f the m eat were performed. From the  
131 pigs pathogenic agents were isolated on 150 occasions (these included 80 isolates o f Coryne- 
bacterium pyogenes, 52 beta-haem olysing streptococci, 7 strains belonging to  the Streptococcus 
viridans  group, 3 strains o f each of Staphylococcus aureus and Pasteurella m últoddá, and 1 
strain o f Salmonella choleraesuis). From  each of 66 post-castration abscesses, a single bacterium  
grew out in pure culture; m ixed cultures o f two and three bacterial strains grew out from 36 
abscesses and 1 abscess, respectively. The diseased anim als frequently developed bacteraemia  
(37 cases =  28.34% ) and septicaem ia (14 cases =  10.69% ). The boiling te st  revealed sapraemia 
in 28 cases. Meat pH  reached 6.6 or higher values in 15 cases. The final jud gm en t was based on 
a com bination of the above-listed partial data. The m eat o f  only 56 pigs (42.75% ) was found 
to be unconditionally suitable for consum ption. T he m eat o f 10 pigs (7 .63% ) was qualified to 
be o f reduced nutritional value and lowered palatab ility  due to the presence of mild abnormal 
odour. The m eat o f 50 pigs (38.16% ) was judged to  be conditionally su itab le for consum ption  
(conditionally admissible). Of the la tter , 7 pigs (5.37% ) were assigned to  th is category because 
of high m eat pH , 6 pigs (4.58% ) because of the contam ination of the m uscles w ith  low numbers 
o f saprophytic bacteria, whereas th e  remaining 37 anim als (28.24% ) due to  bacteraem ia. F if
teen pigs were judged to  be u n fit for hum an consum ption; 14 of them  (10.65% ) because of 
septicaem ia, and 1 (0.66% ) because o f extrahepatic occurrence of Salm onella. Based upon the  
present results it  is clear th a t post-castration abscesses deserve more a tten tion  at the m eat 
inspection of pig carcases.

Keywords. Castration, post-castration abscess, m eat inspection, judgm ent, high ratio 
o f objectionable m eat, m ixed infections, frequency, septicaem ia, bacteraem ia, sapraemia.

In  recen t years, m ea t in sp ec tio n  specia lists  have p a id  g re a t a tte n tio n  to  
disease en titie s  caused b y  pyogenic b a c te r ia  ( Corynebacterium pyogenes, 
Streptococcus an d  Staphylococcus spp.) in  n o rm a lly  s lau g h te red  pigs.

A m ong o th e r lesions, abscesses (Jo n es, 1980; E n g v a ll a n d  Schw ann, 
1983), a r th r it ic  lesions (T u rn er e t al., 1980), decub itus u lcers (N ouw s et ah, 
1981), a n d  ta il  necroses (V an den  B erg e t  a h , 1981) h av e  b een  sub jec ted  to  
m eat-inspection  ju d g m e n t.

H ow ever, no references h av e  been m ade in  th e  l i te ra tu re  to  m eat inspec
tion  p roblem s associated  w ith  th e  abscesses occurring  in  n o rm a lly  s laugh tered  
pigs as a consequence o f w ound  infection  follow ing c a s tra tio n  (h ere in after re-

* Address of the author: Dr Im re Százados, H -7624  Pécs, Zója u. 1/A , H ungary.
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fe rre d  to  as p o s t-c a s tra tio n  abscesses). Therefore, we feel ju s tif ie d  to  re p o rt 
o u r observations co n cern in g  th is  su b jec t.

M aterials and  m ethods

N orm ally s la u g h te re d  b arrow s w ith  a favourab le  re su lt o f th e  p rev ious 
an te -m o rtem  e x a m in a tio n  were used . T he pigs w ere 180 to  200 days old m eat- 
ty p e  hybrids, w ith  a m ean  s lau g h te r w eight o f 95 to  100 kg . A fte r m ea t in sp ec 
tio n , individuals w ith  p o s t-c a s tra tio n  abscesses w ere sen t fo r lab o ra to ry  e x a m 
in a tio n . The fin a l ju d g m e n t w as m ade 48 h la te r , w hen  th e  resu lts  o f  la 
b o ra to ry  exam in a tio n s h a d  a lread y  been  ob ta ined .

The co m p lem en ta ry  la b o ra to ry  exam ina tion  consisted  o f th e  follow ing
p a r ts :

(1) D eterm ination o f  meat p H ,  using  a n itraz in e  yellow  in d ica to r.
(2) Boiling test fo r  abnormal odour w as carried  o u t on  sam ples ta k e n  from  

m eat p rev io u sly  k ep t in  th e  re frig era to r for 24 h . T he sam ples w ere 
classified in to  one o f th e  follow ing categories: n eg a tiv e , mild a b n o r
m al odour, s tro n g  ab n o rm al odour.

(3) In  th e  com plem entary bacteriological meat inspection  th e  follow ing 
m edia a n d  m e th o d s  w ere used : O f th e  organs o f p igs, sam ples from  
the  spleen, liv e r , k id n ey s, tw o m uscles, th e  p rae scap u la r  an d  th e  
c o n tra la te ra l p o p litea l ly m p h  nodes as well as from  pa tho log ica lly - 
a ltered  a re a s  w ere in o cn la ted  in to  n u tr ie n t m ed ia . P u ru le n t e x u d a te  
ob ta ined  fro m  th e  p o s t-c a s tra tio n  abscess w ith  a s terile  c o tto n  sw ab 
was p ro cessed  in  all cases.

To prepare th e  n u tr ie n t  m ed ium , we digested  w ith  p ap a in  and  pepsin  a 
m a te r ia l  con ta in ing  so y b ean  e x tra c t,  d e fib rin a ted  bo v in e  b lood, an d  a 4 : 1 
m ix tu re  of bovine h e a r t  an d  liver, a n d  added  p ep to n e  an d  y e a s t e x tra c t to  th e  
d ig ested  suspension. F ro m  th e  basic  m edium  a b ro th  o f  p H  7.4, ag ar p la te s  
co n ta in in g  10%  b o v in e  b lood, a n d  a m edium  c o n ta in in g  5 %  bovine serum  
w ere  prepared.

F o r th e  iso la tio n  of Salm onella, P reuss’s b ro th  co n ta in in g  p o tassiu m  
te tra th io n a te  w as u se d  besides th e  d irec t in o cu la tio n  o f  D rigalsk i’s ag ar 
p la te s . O bligate an ae ro b ic  b ac te ria  w ere c u ltu red  in  T a k á c s -N a ra y a n ’s sem i
solid  m edium , fu n c tio n in g  on th e  p rincip le  of su lph ite  red u c tio n .

B ro th  cu ltu res  w ere sp read  on b lood agar p la te s  in  all cases; th u s , b o th  
th e  d irectly  in o c u la te d  b lood ag ar p la te s  an d  th e  su b c u ltu re s  on b lood ag ar 
p la te s  inoculated  w ith  th e  b ro th  cu ltu res  were ava ilab le  fo r ju d g m en t.

Cases w hen th e  sam e pa thogen ic  b ac te riu m  was iso la ted  from  tw o sam ples 
(in  m ost cases fro m  th e  p o s t-ca s tra tio n  abscess an d  from  a n o th e r organ) w ere 
classified  as bacteraemia, while septicaem ia  was th e  d iagnosis if  m ore th a n  tw o 
(3 to  8) sam ples w ere positive .
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Results

B r ie f  description o f  pathological-anatom ical lesions

C astra tio n -in d u ced  abscesses w ere observed  in  th e  perineal region (regio 
p e r in ealis) o f pigs, in  a location  correspond ing  to  th e  c a v ity  of th e  sc ro tu m , 
u sua lly  on one side, less freq u en tly  on b o th  sides, as ro u n d , elastic m asses th e  
size o f a w a ln u t or a ch ild’s h ead . T he sm all abscesses w ere usually  co m p ac t 
to  th e  to u ch , w hile th e  large ones w ere occasionally  s lig h tly  u n d u la to ry  w hen  
p a lp a te d . F re q u e n tly  th e  sm all c a s tra tio n  abscesses em b ed d ed  in  th e  ad ipose  
tissue o f th e  perin ea l region were n o t v isib le  and  could  be observed on ly  on th e  
su rface of th e  sp lit carcase. The abscesses were u su a lly  a tta c h e d  to  th e ir  e n v i
ro n m e n t; th e ir  w all consisted  o f a 3 to  5 m m  th ick , g rey ish -w hite , to u g h  co n 
n ec tiv e  tissue . T h ey  con ta ined  a v iscous, cream -like, yellow ish or g reen ish , 
u su a lly  ill-sm elling, p u ru le n t ex u d a te  freq u en tly  c o ag u la tin g  like th e  y o lk  o f  a 
bo iled  egg. In  som e cases n o t on ly  one b u t  tw o or th re e  abscesses w ere fo u n d  
to w ard s  th e  in te rn a l inguinal ring . In fre q u e n tly  large abscesses were acco m p a
n ied  b y  a m ild  sc ro ta l an d  p re p u tia l oedem a.

Lesions o th e r  th a n  th e  cas tra tio n -in d u ced  abscess occurred  in  23 cases 
(17 .56% ). These inc luded  ren a l d eg en era tio n  (4), h e p a tic  an d  renal d egene
ra tio n  (3), d e rm a titis  (3), swelling o f  th e  spleen (2), re n a l haem orrhages (1), 
p u lm o n a ry  abscess (1), b ronch o p n eu m o n ia  (2), p u ru le n t n ep h ritis  (1), p a ro n y 
ch ia  (1), an d  s ligh tly  im perfec t b leed ing  (1).

Com plem entary bacteriological meat inspection

D uring  th e  15-m onth  period  b e tw een  1 J a n u a ry  1983 an d  31 M arch 1984, 
o u t o f  545,798 n o rm ally  s laugh te red  pigs 131 (0 .024% ) w ere found to  h av e  
c a s tra tio n -in d u ced  abscesses.

D uring  th e  period  o f s tu d y , 1300 pigs (0 .24%  o f th e  s laugh tered  pigs) 
w ere su b jec ted , fo r d ifferen t reasons, to  co m p lem en ta ry  bacterio log ical m e a t 
in spec tion . T he 131 c a s tra tio n -in d u ced  abscesses c o n s titu te d  10.07%  o f  th e  
pigs sen t fo r co m p lem en tary  bacterio log ical m ea t in sp ec tio n .

E x u d a te  p re se n t in  th e  abscesses w as exam ined  on  113 occasions a l to 
g e th e r; in  18 cases (13.74% ) th e  e x u d a te  was n o t ex am in ed  due to  sam p lin g  
p rob lem s. T en  sw abs (8 .84%  of th e  sw abs exam ined) y ie lded  no p a th o g en ic  
b ac te ria  on cu ltu rin g .

O f th e  131 pigs w ith  castra tio n -in d u ced  abscesses, pathogen ic  b a c te r ia  
belonging  to  a to ta l  o f seven species o r g roups were iso la ted  on 150 occasions 
(T able I). M ost o f th e m  were Corynebacterium pyogenes a n d  be ta -haem olysing  
s trep tococci, while th e  rem ain ing  b a c te r ia  w ere m em bers o f th e  Streptococcus 
viridans  g roup , Staphylococcus hyicus , Staphylococcus aureus, Pasteurella m ú l
to d d á  an d  Salm onella choleraesuis.
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Tabic I

T ype, number and percentile proportion of bacterial strains among the 150 isolates cultured from  
the 131 pigs exam ined because o f castration-induced abscesses

B acterial strain Number %

Corynebacterium pyogenes 80 53.33
Beta-lm em olysing streptococci 52 34.66
Streptococcus viridans 7 4.66
Staphylococcus hyicus 4 2.66
Staphylococcus aureus 3 2.00
Pasteurella m últoddá 3 2.00
Salmonella choleracsuis 1 0.66

T otal 150

The c a s tra tio n a l abscesses of 66 pigs (58 .4% ) yielded p a th o g en ic  b a c te ria  
in  p u re  cu ltu re ; th o se  o f  36 pigs (31.85% ) y ie lded  a m ixed c u ltu re  consisting  
o f tw o  b ac te ria , w h ile  from  one pig (0 .88% ) a m ixed cu ltu re  o f  th ree  b ac te ria  
w as o b ta ined  (T able I I ) .

A cting as a focus o f  in fection , th e  cas tra tio n -in d u ced  abscess resu lted  in  
th e  developm ent o f  b a c te ra em ia  in 37 p igs, w hile in 14 pigs sep ticaem ia  occu r
red . O f these, 6 cases o f  b ac te raem ia  a n d  one case of sep ticaem ia  were o b 
se rv ed  in  pigs w hose abscess was n o t ex am in ed  bacterio log ically .

W ith  a few e x cep tio n s , during  b a c te ra em ia  and  sep ticaem ia  s ta rlin g  from  
th e  m ixed  m icro flo ra  o f  th e  cas tra tio n -in d u ced  abscesses n o t  all b u t  usually  
o n ly  one co m ponen t o f  th e  b ac te ria l f lo ra , in  m ost cases s trep to co cc i, d issem i
n a te d  in  the  o rg an ism .

M eat-inspectional ju d g m e n t o f  pigs w ith  castration-induced abscesses

The resu lts  o f  m e a t inspection  o f th e  1321 pigs ex am in ed  because o f 
cas tra tio n -in d u ced  abscesses are show n in  T ab le  I I I .

The m eat o f  56 p igs (42.75% ) w as considered  to  be u n co n d itio n a lly  su i
ta b le  for co n su m p tio n .

The m eat o f  10 an im als  (7.63% ) p ro v e d  to  be of reduced  n u tr itio n a l v a lu e  
a n d  p a la ta b ility  due  to  the  presence o f a m ild  abnorm al o dour o f ou tside source 
(an  odour resem bling  th e  sm ell o f carious te e th , u rine, sex u a l odour, or th e  
co m bina tion  o f th e se ) . These m eats w ere sold in fresh s ta te  in  official b u t 
c h e r’s shops.

The m eat o f 50 p igs (38.16% ) w as ju d g e d  to  be co n d itio n a lly  adm issib le, 
p a r t ly  because o f  th e  low  m eat p H  due to  abn o rm al rip en in g , p a r tly  because 
o f  th e  presence o f  low  n u m b ers  of sa p ro p h y tic  b ac te ria  (m icrococci, m em bers o f 
th e  E n te ro b a c te ria c e a e  fam ily , or ae ro b ic  spore-form ing b ac te ria  o f th e  
B acillus  genus) w h ich  occurred  as a re su lt o f  th e  an im als’ im p a ired  resistance , 
o r because of b a c te ra e m ia  caused b y  p a th o g en ic  b ac te ria . T hese m eats w ere
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Tabic II

Bacteria present in the castrational abscesses and those involved in bacteraemia and septicaemia
starting from the abscesses

Bacterial content in the Number 
exudate of the abscess °  cases

Bacteraemia starting  from  Septicaemia starting 
the abscess the abscess

from

Not examined 18 C. pyogenes 2 C. pyogenes l
Beta-haemolysing

str. 2
Beta-haemolysing

str. -f- Staph.
hyicus 1

Beta-haemolysing
str. -f- Str. v iri-
dans 1

Saprophytic bacteria 10

One patho- Cory neb aderium  pyogenes 43 C. pyogenes 10 C. pyogenes 3
gen was Beta-haemolysing str. 15 Beta-haem. s. 7 Beta-haem. s. 4
present Streptococcus viridans 2 Str. viridans 1
in the Staphylococcus hyicus 1
abscess Staphylococcus aureus 2 Staph, aureus 1

Pasteurella m últoddá 2
Salmonella choleraesuis 1

Two patho- C. pyogenes -j- beta-haem. str. 29 Beta-haem. s. 5 Beta-haem. s. 4
gens were C. pyogenes +  Str. viridans 3 Str. viridans 1
present C. pyogenes -j- St. aureus 1 Staph, aureus 1
in the Beta-haem. str. +  Str. viridans! 1 Beta-haem. s. 1
abscess Beta-haem. str. +  Pasteurella

m últoddá 1
Beta-haem. str. +  Staphylo-

coccus hyicus 1 Staph, hyicus 1

Three patho-• Beta-haemolysing streptococci
gens were +  C. pyogenes -f- Staph.
present in hyicus 1 Staph, hyicus 1
the ah-
scess

Total 131 37 14

sold in  official b u tc h e r’s shops a fte r  h ea t t re a tm e n t b y  boiling . I t  shou ld  be 
m en tioned  th a t  a lth o u g h  p H  values of 6 .6  or h igher o ccu rred  on 15 occasions, 
on ly  in  7 cases d id  th e  adverse  p H  va lu e  in  itse lf  a c t as th e  sole cause of re g a rd 
ing  th e  m eat as co n d itio n a lly  adm issib le.

T he m ea t o f  15 an im als (11.45% ) w as ju d g e d  to  be  u n f i t  for co nsum ption . 
In  14 pigs sep ticaem ia  caused  b y  path o g en ic  b a c te r ia , w hile in  one an im al th e  
occurrence o f Salm onella  choleraesuis ou tside  th e  liv e r (in th e  ex u d a te  o f th e  
castra tio n -in d u ced  abscess) was observed.
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Table III

M eat-inspectional judgm ent o f the 131 pigs exam ined because of castration-induced abscesses

Judgment

U nconditionally suitable for 
consum ption

R educed nutritional value and  
palatability  because o f m ild  
abnorm al odour

n

56

10

%

42.75

7.63

Positive
boiling

test

10

High pH
Pathological 
lesions in 

other organs

7

О

Conditionally admissible
(J) H igh pH (above b.b)
(2) Viscera and muscles contam i

nated with low num bers of

7 5.34 2 7 1

saprophytic bacteria 6 4.58 4 1 О

(3) Bacteraemia 37 28.24 9 6 7

U n fit  for consumption
(1) Septicaemia
(2) Extrahepatic occurrence of

14 10.68 3 1 4

Salmonella 1 0.76 — — —
T otal 131 99.98 28 15 23

D iscussion

In  pigs, th e  m o st fre q u e n t surg ical in te rv en tio n  is em ascu la tio n  o f  m ale 
a n im a ls  (castra tion). A lth o u g h  th e  o p e ra tio n  is sim ple, co m p lica tions are  n o t 
in f re q u e n t. These in c lu d e  h aem orrhage, p ro lap se  of th e  in te s tin e  an d  o m en tu m , 
accu m u la tio n  of c lo tte d  b lo o d  or serum , abscess fo rm ation , p u ru le n t fun icu litis , 
su p p u ra tio n  of th e  in g u in a l ly m p h  n o d e , te ta n u s , an d  c y s t o f th e  vag inal 
m e m b ra n e  (Tam ás a n d  F e lln er, 1960). O f th e  above-listed  com plica tions, th e  
c a s tra tio n -in d u ced  abscess developing as a re su lt o f w ound  in fec tion  is one of 
th e  m o st frequen t a n d  sig n ifican t lesions (S chuster, 1982); th is  is th e  lesion 
m o s t frequen tly  e n c o u n te re d  also in  n o rm a lly  s laugh te red  p igs.

O ptim ally , c a s tra t io n  should  be p erfo rm ed  on p ig le ts ; how ever, for d if
f e re n t  reasons, m a n y  p igs are c a s tra te d  a t  3 to  4, or, in  fa rm s p ro duc ing  
b re e d in g  anim als, as la te  as a t  6 m o n th s  o f  age. D elayed  c a s tra tio n  m ay  fu r 
n is h  an  exp lanation  fo r th e  h igh freq u en cy  o f c a s tra tio n a l abscesses a t  s lau g h 
te r .

I t  is rem ark ab le  a n d  su rp rising  th a t ,  based  upon th e  la b o ra to ry  ex am i
n a tio n s , only th e  m e a t o f  42 .75%  o f th e  pigs w ith  c a s tra tio n -in d u ced  abscesses 
p ro v e d  to  be u n c o n d itio n a lly  su itab le  fo r consum ption , w hile 57 .25%  o f th e  
e x a m in e d  anim als h a d  to  be  w ithhe ld  from  uncond itio n a l re lease in  som e w ay 
o r o th e r . This high ra tio  o f  ob jec tionab le  m e a t ind ica tes th a t  in  th e  fu tu re  m ore
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a tte n tio n  should  be p a id  to  th is  lesion, w hich has usually  been neglected  so 
fa r from  th e  v iew poin t of m eat in spection .

T h e  d isin terestedness d isp layed  so fa r b y  th e  m eat in spec tion  service in 
c a s tra tio n -in d u ced  abscesses is show n b y  th e  fac t th a t  no d a ta  are  availab le  in  
th e  l i te ra tu re  on th e  m ea t-in spec tiona l bearin g s of such abscesses.

In  th e  p resen t s tu d ies, th e  h igh  incidence  (38.93% ) o f b ac te raem ia  (37 
pigs) a n d  sep ticaem ia (14 pigs) s ta r tin g  from  th e  c a s tra tio n a l abscess, an d  
caused b y  b ac te ria  p re sen t in th e  abscess, w as conspicuous. M ost o f th e  p a th o 
gens w ere Corynebacterium pyogenes o r b e ta -haem olysing  strep tococci. T h e  
above fa c ts  prove th a t  b ac te ria  p re se n t in  a long-ex isting , c ircum scribed , 
a p p a re n tly  in ac tive , en capsu la ted  focus like a castra tio n -in d u ced  abscess 
f re q u e n tly  invade th e  organism , as a re su lt of im p aired  resistance  p rim arily  
asso c ia ted  w ith  an  increased  stress d u rin g  tra n sp o rta tio n . T he risk  co n s ti
tu te d  b y  such en cap su la ted  abscesses w as p o in ted  o u t earlier (F o rra y  an d  
S zázados, 1969), in  association  w ith  th e  disease caused in  c a ttle  b y  foreign 
bodies.

B ac te ria l d issem ination  a fte r  c a s tra tio n  was rep o rted , a lth o u g h  n o t from  
th e  v iew p o in t of m ea t inspection , b y  R am issc  e t al. (1978). These au th o rs  o b 
served  nervous sym p to m s in  a fa rm  p ro d u c in g  1500 to  1800 p ig le ts, a f te r  
c a s tra tio n . The m o rb id ity  was 15% , th e  m o rta li ty  5 % . A g roup-K  strep tococcus 
was iso la ted  from  th e  haem orrhag ic  m en ing itis  d iagnosed a t  necropsy .

E x a m in a tio n  o f  th e  ex u d a te  p re se n t in  th e  ca s tra tio n -in d u ced  abscess 
is o f  decisive im p o rtan ce  during  th e  co m p lem en ta ry  bacterio log ical m ea t in 
spec tio n . This is show n b y  cases of b a c te ra em ia  w hich  could  be d iagnosed in  
th e  absence of th e  affec ted  organ; how ever, i f  th e  affec ted  organ  h a d  been e x a m 
ined , th e se  cases shou ld  have  been  ju d g e d  m ore s tr ic tly . In  cases o f s e p ti
caem ia , th e  n u m b er o f positive organs w ith in  an  an im al w as low ; in  all cases 
b u t  one th e  sam e p a th o g en  was iso la ted  s im u ltaneously  from  a t  m ost th re e  
organs o f  a pig. T he on ly  exception  w as a case o f sep ticaem ia  caused by  a b e ta -  
haem o ly sin g  strep tococcus; how ever, h ere  also only  four sam ples w ere po sitiv e  
o f th e  e ig h t sam ples te s te d . T hus, c a s tra tio n a l abscesses of pigs are  c h a ra c te r 
ized b y  a num erica lly  freq u en t, b u t  as reg a rd s  d issem ination  w ith in  th e  o rg a n 
ism  o n ly  a m odera te , b ac te ria l invasion .

T h e  boiling te s t  has g rea t im p o rtan ce  in  th e  ju d g m e n t o f c a s tra tio n -in 
duced  abscesses. In  th e  p resen t s tu d y , p o s itiv e  boiling te s t  occurred  freq u en tly . 
In  m o st cases th e  n a tu re  o f th e  odour w as in d ica tiv e  o f sap raem ia . T he boiling  
te s t  gave  positive re su lts  in  28 cases (21 .37% ); how ever, in  only  10 carcases 
(7 .63% ) d id  i t  serve as th e  basis of ju d g m e n t.

T h e  m easu rem en t o f m eat p H  is a useful com plem en t to  th e  la b o ra to ry  
ex am in a tio n s . A lthough  m ea t p H  v a lu es  o f 6.6 or h igher w ere found  on 15 oc
casions, only  in  7 pigs d id  m eat p H  serve as th e  sole basis o f ju d g m e n t (sim i
la r ly  to  th e  resu lt o f  th e  boiling te s t) , since m ore th a n  a h a lf  of th e  cases w ere
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ch a rac te rized  b y  ad v e rse  bacterio log ical resu lts  w hich served  as th e  p rim a ry  
basis  o f  ju d g m en t.

O ther p a th o lo g ica l lesions acco m p an y in g  th e  ca s tra tio n -in d u ced  abscess 
a re  h a rd  to  recognize. A lthough  such  lesions m igh t he m ild  or m igh t n o t be 
re la te d  to  th e  abscess a t  all, in  m ost in s tan ces  th e y  occur in  cases w ith  u n fa 
v o u rab le  m ea t-in sp ec tio n a l ju d g m e n t; th e re fo re , th e y  deserve p a r tic u la r  a t 
te n tio n .
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IN VITRO DEMONSTRATION OF THE 
CONVERSION OF THYROXINE TO 

3,3’,5-TRIIODOTHYRONINE IN LIVER BIOPSY 
SAMPLES TAKEN FROM LACTATING COWS
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Conversion o f thyroxine to triiodothyronine was studied on 20 liver biopsy samples taken  
from lactating cows. In  an in vitro system  0.61 /.«M thyroxine was added to  the liver hom ogenate  
prepared from 200 to  500 m g bioptate.

The rate o f liver 5’-m onodeiodination was 28.72 ±  3.95 pm ol triiodothyronine/1 g fresh  
tissue/h or 38.16 ±  6.15 pm ol triiodothyronine/100 m g protein/h.

The present paper dem onstrates the existence of conversion o f thyroxine to triiodothyro
nine in the liver o f cattle .

Keywords. T hyroxine, triiodothyronine, conversion, liver, ca ttle , in  vitro.

T hyro id  ho rm ones are  of special in te re s t in  th e  case o f la c ta tin g  cows 
because of th e  u n iq u e  energy ba lan ce  occurring  a ro u n d  p a r tu r itio n . S everal 
papers h av e  d e a lt w ith  th e  re la tion  o f  th y ro id  econom y a n d  energy  u tiliza tion  o f 
th e  cow (H a r t e t a l., 1978; T renkle , 1978; K unz an d  B lum , 1981; R oberts, 1982; 
P e th es  e t ah , 1985) an d  w ith  th e  en v iro n m en ta l re la tio n s o f  th e  th y ro id  fu n c tio n  
in ru m in an ts  (O sm ond e t al., 1981; M agdub c t ah , 1982; V a lto r ta  e t ah , 1981). 
The m ethod  app lied  in  these stud ies to  es tab lish  th y ro id  fu n c tio n  is th e  m easu re 
m en t o f th y ro id  ho rm ones (m ain ly  th y ro x in e  and  3 ,3 ’,5 -triiodo thy ron ine) b y  
specific rad io im m u n o assay s. In  sp ite  o f th e  e x p ec ta tio n s , re su lts  did no t c learly  
d em o n stra te  th e  supposed  reg u la to ry  ro le o f th y ro id  ho rm ones in  the  ab o v e  
cases. One shou ld  assum e th a t  one possib le  reason  fo r th is  m igh t be th e  a p 
p roach  app lied . N am ely , i t  has been p ro v ed  th a t  th e  a c tu a l level of th y ro id  
horm ones in  th e  c ircu la tio n  will n o t re flec t th e  m o m e n ta ry  horm one su p p ly  
a t  th e  cellu lar level (for review , see L arsen  e t ab , 1981). In  th e  background  o f 
th is  phenom enon  one will find  th e  in tr ic a te  m echan ism  o f ac tiv a tio n  and  in 
ac tiv a tio n  o f th y ro x in e  a rriv ing  to  th e  tissues v ia  th e  c ircu la tio n : th y ro x in e  
(T4) is 5’-m o n odeiod ina ted  in to  3,3’,5 -tr iio d o th y ro n in e  (T3) an d  in  th is  w ay  
ac tiv a te d , i.e. T3 w ill b in d  to  th e  in tra c e llu la r  recep to rs  a n d  ex e rt th e  biological 
effect. T he o th e r w ay  round , w hen 5 -m onodeiod ination  occurs, th e  biologically 
inactive  m e tab o lite , 3,3’,5’-triio d o th y ro n in e  (reverse-T 3, r-T3) will be p roduced  
(see for rev iew : C avalieri, 1980). I t  is like ly  th a t  th e  m a jo r  p o in t of th e  re g u la 
tion  is th e  a d ju s tm e n t o f th e  a c tiv ity  o f  th e  5’-m onodeiodinase by  b o th  th e  
horm one m e tab o lite s  them selves a n d  o th e r in tra c e llu la r  fac to rs . Since th is  re -
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g u la to ry  p a th w ay  cou ld  he d e m o n s tra te d  in  several m am m alian  species (K a p 
la n , 1983) and  also in  b ird s  (K ü h n  e t a l., 1984), and  since d irec t ev idence of th e  
p resence  of r-T3 in  th e  serum  o f th e  cow  has been show n (R u d a s , 1980; P e th cs  
e t  a l., 1985), one can  suggest th a t  i t  h o ld s  tru e  of ca ttle , too .

T he aim  of th e  p re se n t co m m u n ica tio n  is to  show  th e  ex istence  o f  T4 to  
T3 conversion in  c a tt le  a n d  to  p ro v id e  a m eth o d  by  w hich  th e  r a te  o f deiodina- 
t io n  can  he estab lish ed  in  th e  liv ing a n im a l in  order to  o b ta in  a b e tte r  p a ra m e 
te r  fo r e s tim ating  th e  m o m e n ta ry  th y ro id  s ta tu s  of th e  cow.

In  all th e  cases described  up  to  th e  p resen t, th e  liv e r p ro v ed  to  be th e  
m a jo r  site  of m ono d eio d in a tio n ; in  a d d itio n , th is is th e  o rg an  one can ta k e  
b io p sy  sam ples o f w ith  re la tiv e  ease. T herefo re , liver b iopsy  w as carried  o u t on 
20 H o lste in -P riesian  d a iry  cows acco rd in g  to  the  m e th o d  described  b y  G aál 
a n d  H u sv é th  (1982). B rie fly , it  is a m o d ified  asp ira tion  b io p sy  tech n iq u e  u n d er 
lo ca l anaesthesia . T h e  an im als w ere se lec ted  random ly  on a d a iry  fa rm  an d  
sam p led  a fte r p a r tu r i t io n , w ith in  te n  d ay s . B iopsy sam ples w ere tra n sp o rte d  
to  th e  lab o ra to ry , deep-frozen  and  k e p t  below  —20 °C u n til  used.

T he a c tiv ity  o f  th e  deiodinase w as m easured  acco rd ing  to  th e  m eth o d  
p u b lish ed  by  K a p la n  (1980). The m od ifica tio n  was described  in  d e ta il in  a 
p rev io u s  paper (Scanes e t ah , 1983): 200 to  500 m g o f liv e r  is w eighed and  
tra n s fe rre d  in to  p las tic  tu b e s  (75 m m  X 7 m m  in d iam eter) co n ta in in g  su ffic ien t 
a m o u n t o f 0.15 M p o ta ss iu m  p h o sp h a te  bu ffer (pH  7.4) to  g ive a f in a l bu ffer 
to  liv e r  ra tio  of 3 : 1 (v /w ). A fter h om ogen ization , in c u b a tio n  w as carried  o u t 
w ith  a liquo ts o f th e  sam ple . C on tro l tu b e s  for orig inal T3 co n tam in a tio n , 
in it ia l  T3 p ro d u c tio n  a n d  for conversion  o f 0.61 pM T4 in  th e  presence and  
absence  of d ith io th re ito l (D TT, S igm a C hem ical Co., S t. L ouis) w ere ru n  s im u l
ta n e o u s ly  in  an in c u b a tio n  system  fo r 3 h , a t  37 °C. T he T3 co n ten ts  of th e  
a lcoho lic  ex trac ts  o f  th e  su p e rn a ta n ts  w ere determ ined  b y  a rad io im m u n o as
sa y  (R IA ) system  deve loped  earlier (P e th e s  e t ah , 1978). P ro te in  w as m easured  
acco rd ing  to  L ow ry e t al. (1951). T he re su lts  are expressed as p m o lT 3  p roduced  
u n d e r  D T T  stim u la tio n  p e r  gram  fresh  liv e r  o r per 100 m g o f p ro te in .

T ab le  I  sum m arizes th e  re su lts  o b ta in ed  by  m easu ring  serum  levels o f 
th y ro x in e , tr iio d o th y ro n in e  and  liv e r deiodinase a c tiv ity . N o rm al values o f 
T4 a n d  T3 ob ta ined  h e re  do n o t d iffer from  th a t  found  b y  o th e rs  (K unz an d  
B lu m , 1981) or b y  us ea rlie r (P ethes e t  a l., 1978). The a c tiv ity  o f  m onodeiodi- 
n a se  can  only be co m p ared  to  resu lts  o b ta in e d  in o th e r species. In  ra ts  one can  
f in d  15-20 pm ol T 3/g  liv e r/h  (K ap lan  a n d  U tiger, 1978), w h a t is s lig h tly  low er, 
a n d  in  fowl 27-34 p m ol T 3 /g /h  values, w h a t are slightly  h ig h er th a n  th a t  found  
h e re  fo r th e  la c ta tin g  cow  (28.72 i  3 .95). D espite th e  m in o r d ifferences one 
can  conclude th a t  no m a jo r species tlifference exists as fo r th e  a c tiv ity  o f the 
m onodeiodinase enzym e. This does n o t  m ean  th a t  fu r th e r  c h a ra c te riz a tio n  o f  
th e  enzym e (i.e. d e te rm in a tio n  of its  V max, hom ogeneity  an d  re la tiv e  in tra c e l
lu la r  q u an tity )  will n o t  reveal species differences.
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Table I

Serum T4 and T3 values and the activity o f the monodeiodinase enzym e in liver biopsy samples
from lactating cows (x ±  SEM (n))

Serum

T4 T3

Liver
5’-deiodinase ac tiv ity  pmol 

T3 produced/h 
by

(ng/ml) 1 g fresh 
tissue

100 mg 
protein

65.48 +  8.95 1.34 +  0.2 28.72 +  3.95 38.16 +  6.15
(20) (20) (20) (20)

As i t  was m en tio n ed  before, th e  usefulness of th is  m e th o d  is d em o n stra ted  
in  a n o th e r p ap er (P e th es  e t al., 1985) w here i t  was app lied  to  follow up  th e  effects 
o f d ifferen t n u tr itio n a l s ta tu se s  on th y ro id  econom y.
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The seasonal endocrine rhythm s of the dom estic hen (Gallus dom esticus) were studied  
under natural circum stances in  the tem perate zone. Plasm a concentration of progesterone 
increased at the beginning o f the egg-laying period and in M ay, culm inated during the tim e  
of m axim al egg production, while in summer it decreased significantly before the subsequent 
increase at the end o f sum m er, concurrently w ith  th e  peak of m oulting. The m axim um  level 
of oestrone is present at the tim e of seasonal m aturation  (right before the egg-laying period); 
after its decrease several minor peaks appear during th e  tim e of m axim um  egg production and  
at the end o f sum m er. Testosterone peaks at the tim e o f m axim um  egg production and at the  
end of sum m er, qu ite sim ilarly to oestrone. The leve l o f 17jS-oestradiol does not produce signi
ficant seasonal changes.

Apart from  the progesterone peak, sexual steroids show low  levels at the tim e of m oult
ing. The plasm a level o f corticosterone increases parallel to the lengthening illum ination during 
seasonal m aturation and at the beginning of th e  egg-laying period. There is a drop in April, 
followed by the peak horm one concentrations in th e  period of m axim um  egg production. The  
corticosterone level decreases in  summer and shows a m inor peak at the tim e of m oulting.

Peak thyroxine values occur in the cold w inter period and later around the egg-pro
ducing period. M axim um  thyroxine concentrations can be m easured som e weeks before m oul
ting. The level o f triiodothyronine is high in  w inter and reaches its m axim um  during the  
weeks following m oulting.

Keywords. Gallus domesticus, sexual steroids, corticosterone, thyroid hormones, m oul
ting period.

D ue to  th e  m odern  an a ly tica l m e th o d s  (co m p e titiv e  p ro te in  b in d in g  
assay  (C PB A ), rad io im m u n o assay  (R IA )) fo r horm one d e te rm in a tio n s  one 
can fin d  a considerab le  am o u n t o f p ap e rs  dealing  w ith  th e  seasonal en d o 
crine cycles o f  d iffe ren t av ian  species. D a ta  h av e  been accu m u la ted  concern ing  
th e  duck  (A ssenm acher e t  ah , 1975; H aase  a n d  P au lk e , 1980; H aase  an d  S h a rp , 
1975; Ja llag eas  e t ah , 1978), th e  w h ite-crow ned  sparrow  ( Zonotrichia leucophrys 
gam belii, S m ith , 1979; W ingfield  an d  F a rn e r , 1978a, b ), th e  sta rlin g  (T em ple,
1974), th e  w ild tu rk e y  (B urke  e t a h , 1977), th e  C anada  goose (Jo h n  an d  
G eorge, 1978), th e  ru ffed  grouse (G a rb u tt  e t ah , 1979), th e  collared dove 
(Péczely an d  P e th e s , 1979, 1980), th e  ro o k  (L incoln  e t ah , 1980; Péczely an d  
P e tlies, 1982) an d  th e  sp o tte d  m unia (C hando la  e t ah , 1980).

T he fa v o u rite  species for endocrine s tu d ies  in  b ird s  is Gallus dom esticus. 
M any-sided ex p erim en ts  have  been ca rried  o u t on th is  species in  d ifferen t e n 
v iro n m en ta l c ircu m stan ces (ligh ting , te m p e ra tu re , feeding). H ow ever, we

* All correspondence to Dr. G. Pethes, H -1400 B udapest, P .O . B ox  2, Hungary
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fa iled  to  find  d a ta  concern ing  seasonal changes of Gallus domesticus k e p t  
u n d e r  n a tu ra l c ircu m stan ces . B esides th e  aim  o f filling  th is  gap , a n o th e r  
reaso n  was considered  while u n d e rta k in g  th e  p resen t w ork . P a r tic u la r  s tre ss  
w as la id  on ex am in in g  th e  n a tu ra l m o u ltin g  in  a u tu m n  since in v e s tig a tin g  
th is period  is a c o n tin u a tio n  of ou r fo rm er experim en ts (P e th es  e t a l., 1982, 
1983; Szelényi e t a l., 1981, 1983), dealing  w ith  m o u lting  in  a rtific ia l s u r 
round ings.

M aterials an d  m ethods

The ex p erim en t w as begun in  J a n u a ry  1982 in  B u d ap est. E ig h t 27-w eek- 
o ld  N ew  H am p sh ire  hen s (am ong th e m  7 layers) an d  1 ro o ste r  w ere u sed . T h is 
fa v o u rite  ty p e  o f househo ld  fa rm ing  w as p laced  8 weeks before  th e  beg in n in g  
o f  th e  exp erim en t on  sp o t. A h e n -ru n  o f  20 m 2 was p ro v id ed  beside th e  h e n 
house . W ith o u t u sing  a n y  ligh t or h e a tin g  effect, th e  b ird s  w ere exposed to  th e  
ex trem es of th e  te m p e ra te  clim ate . As for feeding, we tr ie d  to  be tra d itio n a lis ts . 
B esides th e  lay er feed p roduced  b y  a feed -p lan t, th e  b ird s w ere given k itch en  
a n d  garden  w aste . W a te r  was p ro v id ed  ad  lib itu m . A t th e  tim e  o f th e  m o n th ly  
b lo o d  sam pling a com p le te  v itam in  su p p lem en t was also g iven (P hy laso l com bi, 
P h y la x ia , B u d ap est) . I n  sp ite  of be ing  27 w eeks old or m ore a t  th e  beg in n in g  
o f th e  exp erim en ts , th e  b irds did n o t lay  eggs. The ra th e r  cold w in te r m ig h t 
serve  as a reason fo r th is  phenom enon .

P ara lle l to  th e  w arm ing  u p , a t  th e  en d  o f F eb ru a ry  th e  egg-laying perio d  
b eg an . Egg p ro d u c tio n  was m ax im al in  M ay, th en  i t  decreased  g rad u a lly . T he 
fa ll m ou lting  beg an  a t  th e  beginning  o f  O ctober. A fter m o u lting , egg p ro d u c tio n  
o f  a low  level cou ld  h e  observed , s to p p ed  b y  th e  severe w in te r  colds in  D e 
cem ber.

Blood sam ples w ere tak en  m o n th ly  (on th e  f irs t d ay  o f th e  m o n th ) an d  
an  ad d itio n a l sam ple  w as tak en  on O cto b er 15. The blood sam ples w ere c e n tr i
fuged  a t  3000 rp m , th e  p lasm a w as k e p t below  — 20 °C u n til  used. P la sm a  
co n cen tra tio n s o f  th e  sexual stero ids (progesterone  (P R O G ), te s to s te ro n e  
(T E S T ), oestrone (E j) , 17-/?-oestradiol ( E 2)) were de te rm ined  a fte r  se p a ra tio n  
on S ephadex  L H -20  b y  subsequen t rad io im m u n o assay  (R IA ) as described  b y  
Péczely  et al. (19806). T hyrox ine  (T4) a n d  tr iio d o th y ro n in e  (T3) w ere d e te r 
m ined  b y  d irect R IA  (P e th es  e t a l., 1978). C orticosterone (CRT) was m easu red  
b y  CPBA  accord ing  to  M urphy (1967).

R esu lts

Sexua l steroids (F ig . 1)

P R O G  was ris in g  from  th e  b eg inn ing  o f th e  o v u la to ry  cycle u n til  M ay, 
w h en , a t  th e  tim e  o f m ost in tensive  egg-laying, it show ed an an n u a l p eak . In
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Fig. 1. Seasonal changes in sexual steroid levels (progesterone, PROG; oestrone, E ,; ] 7ß- 
oestradiol, E 2; testosterone, TEST). A  =  P  <  0.001; В =  P <  0.05 (compared w ith  the

previous m onth)

su m m er, i t  s ign ifican tly  decreased, th e n  i t  rose again  in  S ep tem ber. T here  w as 
a sm all b u t  s ign ifican t p eak  a t  th e  tim e  o f m oulting . T he tw o peaks o f T E S T  
(in M ay an d  S eptem ber) para lle l to  th o se  found  in  th e  case o f P R O G  refe r to  
th e  in ten s iv e  m etabo lic  stage  of egg-laying. E x show ed an  an n u a l p eak  a t  th e  
tim e  o f seasonal m a tu ra tio n  in  F e b ru a ry , reached  a p la te a u  d u rin g  th e  egg- 
p ro d u c in g  period  in  M ay an d  show ed a s im ila r ten d en cy  to  P R O G  a n d  T E S T  
in  S ep tem ber. No s ign ifican t f lu c tu a tio n  of E 2 could he de tec ted  a ro u n d  th e  
yea r. O estrogen  an d  T E S T  levels in  th e  p lasm a w ere low  in  th e  m o u ltin g  p e 
riod . T he p eak  p lasm a level o f P R O G  a t  th is  period  refers to  its  im p o r ta n t 
physio logical im p lica tions in  m oulting .
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Fig. 2. Seasonal changes in  triiodothyronine (T3), thyroxine (T4) and corticosterone (CRT) 
levels. A =  P <  0.001; B =  P  <  0.05 (compared w ith  the previous m onth); C =  0.01 >  P  <  

<  0.05 (compared w ith data received in January)

T hyro id  hormones (F ig . 2)

T he h igh p la sm a  co n cen tra tion  o f  T4 in  J a n u a ry  decreased  g rad u a lly  
a f te r  th e  cold p e rio d . I t  exh ib ited  a s ig n if ican t p eak  w hen egg-laying becam e 
m ore  in tensive  in  A p ril. A fter a n o n -sig n ifican t f lu c tu a tio n  i t  reached  its  a n 
n u a l p eak  ju s t  b efo re  th e  fall m oulting  in  O ctober an d  a p la te a u  du ring  m o u lt
ing . T3 level d ro p p ed  in  early  spring, ju s t  like T4. H igh  T3 co n cen tra tio n s can 
he  seen a t th e  tim e  o f  th e  in tensive  egg-producing  period  in  M ay. I ts  p lasm a 
co n cen tra tio n  decreased  in sum m er, a f te r  w hich  th e re  was a g rad u a l e levation  
u n ti l  th e  ann u a l p e a k  during  th e  weeks p a s t  m o u ltin g  in N ovem ber.
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Corticosterone (F ig. 2)

T he e levation  o f CRT p lasm a  co n cen tra tio n  a t  th e  b eg inn ing  o f th e  y ear 
was in  connection  w ith  th e  increased  lig h tin g  an d  enhanced  o v a rian  a c tiv ity . 
A s ign ifican t tro u g h  could  be d e tec ted  a t  th e  tim e  o f m ax im um  egg p ro d u c tio n  
in  M ay, re fe rring  to  th e  synerg ism  w ith  P R O G . In  su m m er th e re  w as a drop  
in  th e  p lasm a co n cen tra tio n  o f CRT a n d  th e re  w ere m in im um  va lu es  in  O cto 
ber. A t th e  tim e o f m o u ltin g  a m ino r b u t  sign ifican t p eak  w as observed .

Discussion

T he e leva tion  o f p lasm a P R O G  is closely re la te d  to  th e  b eg inn ing  o f 
egg-laying. Also, th e  m ax im u m  o f egg p ro d u c tio n  is accom pan ied  b y  a peak  
o f  th e  P R O G  level. T his agrees w ith  th e  w ell-know n fa c t th a t  in  th e  h en  o v u la 
tio n  is p receded  b y  a p re o v u la to ry  P R O G  surge (F u rr  e t a l., 1973; L aq u ë  e t al., 
1975; S habab i e t a l., 1975). O n th e  basis of d a ta  p u b lish ed  in  th e  li te ra tu re  
an d  of our ow n o b serv a tio n s (Péczely  e t  a l., 19801») we also consider th e  sud d en  
release o f P R O G  as a tr ig g e r o f  th e  p reo v u la to ry  L H  peak .

T he tw o seasonal tro u g h s in  th e  case o f T E S T  para lle l th o se  o f  th e  P R O G  
curve. R o th  reg u la r (P e tte rso n  e t  a l., 1973; S h ab ab i e t a l., 1975) a n d  irreg u la r 
(Péczely e t al., 1980/»; S h ab ab i e t a l., 1975) flu c tu a tio n s  of th e  T E S T  level are  
know n d u rin g  th e  o v u la to ry  cycle o f  the  hen. In  our op in ion  th e  changes in  
T E S T  co n cen tra tio n  are  in  connec tion  w ith  th e  increased  m etabo lic  ac tiv itie s  
du ring  egg p ro duc tion  ra th e r  th a n  w ith  being  a s tim u lu s fo r L H  release, as 
s ta te d  b y  o thers (E tch es an d  C unn ingham , 1977). In  fav o u r o f  th e  fo rm er 
supposition  is th e  fa c t th a t  an ti-an d ro g en  tre a tm e n t c an n o t s to p  th e  n o rm a l 
o v u la tion  in  th e  hen (L uck , 1982). I t  is know n th a t  th e  m ax im al size o f  th e  
gonads para lle ls th e  h ig h est T E S T  level in  Zonotrichia  species. I n  th is  case, 
how ever, th e  h igh level o f  T E S T  is p ro v ed  to  be in  connection  w ith  co u rtin g , 
defence o f te rr ito ry  an d  w ith  n est-b u ild in g  ac tiv ities , an d  n o t w ith  o v u la tio n .

T he p eak  c o n cen tra tio n  o f  E t a t  th e  beg inn ing  o f th e  y e a r  agrees well 
w ith  th e  find ings of Senior (1974) w ho d e tec ted  a m ax im um  level o f  oestrogens 
a t  the  beg inn ing  o f egg-laying. T h e  h igh  co n cen tra tio n s o f oestrogens in  th e  
p lasm a o f th e  hen are  responsib le  fo r th e  physio logical p re p a ra tio n  o f th e  hen  
for egg-laying. F irs t o f  all, th ese  horm ones are  invo lved  in  th e  d ev e lo p m en t o f 
th e  Ca2+ s to rage  o f th e  m ed u lla ry  bones and  in  th e  m a tu ra tio n  o f  th e  o v id u c t. 
I t  has been suggested  (P e tte rso n  an d  C om m on, 1973) th a t  reg u la r  oestrogen  
peaks are  ch a rac te ris tic  o f  th e  o v u la to ry  cycle in  th e  h en  (P e tte rso n  a n d  C om 
m on, 1973), b u t  th is  could  n o t  be  su b s ta n tia te d  la te r  (L aq u ë  e t a l., 1975; 
K ü h n  an d  N ouw en, 1978; Senior, 1974). T he m ax im u m  levels o f E x a n d  E 2 

precede th e  m ax im um  size o f th e  o v a ry  also in  o th e r  species, e.g. Zonotrichia  
leucophrys gnm helii (W ingfield  a n d  F a rn e r , 1978/»), w here p eak  levels o f these
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horm ones occur d u rin g  co u rting , m a tin g  and  n es t-b u ild in g . Tn Zonotrichia  
leucophrys pugelensis (W ingfie ld  an d  F a rn e r , 1978a) th e  m ax im al an n u a l level 
o f  th e  oestrogens co incides w ith  ov iposition . In  th e  ro o k , to o , a p eak  E 2 level 
c an  he found a t ov ip o sitio n  (Péczely  an d  P e tite s , 1982). In  t lie co llared  dove 
th e re  is a m ax im um  o f E j  co n cen tra tio n  d u rin g  in c u b a tio n , an d  a p e a k  of the 
E ,  curve during  ac tiv e  o v a rian  fu nc tion  (large follicles; P éczely  and  P etites,
1979).

The lack of rh y th m ic  changes in  th e  E 2 level in  hens suggests th a t  E 2 

p lay s  a less im p o r ta n t ro le  in  th e  sexually  m a tu re  h en  re la tiv e  to  E x (P e tte rso n  
an d  Com m on, 1973; S en io r, 1974). T his is su p p o rte d  b y  o u r p rev ious ex p e ri
m en ts  in  w hich n o t o n ly  h igher levels o f E x w ere m easu red , b u t  also th e  f lu c 
tu a tio n s  in  th e  p la sm a  co n cen tra tio n  o f E x co incided  w ith  th e  physio logical 
v a ria tio n s , un like  th e  changes in  th e  E 2 level. T h e  m ore im p o r ta n t  ro le of E t 
in  sexually  m a tu re  b ird s  is also stressed  by  o th e r f in d in g s  (Péczely  and  Petites, 
1982; W ingfield an d  F a rn e r , 1978a).

O estrogens a n d  T E S T  ex h ib it low levels d u rin g  m ou lting . T he sam e a p 
plies to  o th e r species, to o  (Péczely an d  Peth.es, 1979, 1982; W ingfield  an d  
F a rn e r , 1978a, b). A  m ou lt-ceasing  effect o f h ig h  levels o f  androgens an d  
oestrogens is also k n o w n  (F a rn e r an d  K ing , 1972). F orced  m o n lt could no t be 
in it ia te d  by  t re a tm e n t w ith  T E S T  (Ju h n  a n d  H arris , 1956; K o b ay ash i, 1958) 
or w ith  oestrogens (K o b a y a sh i, 1958).

R esults o b ta in e d  b y  o thers (A dam s, 1956; H a rris  an d  S haffner, 1957; 
J u h n  and  H arris , 1956; K o b ayash i, 1958) a n d  b y  o u r te a m  (P e th es  e t a l., 
1982; Szelényi e t a l., 1981, 1983) have  p ro v ed  th e  im p o rtan ce  o f P R O G  in th e  
in itia tio n  of m o u lting  u n d e r  a rtific ia l ex p erim en ta l c ircum stances . T he p re sen t 
re su lts  add  a new  a sp e c t to  th e  fo rm er f in d in g s; n am e ly , th a t  th e  s ig n ifican tly  
h ig h  level of P R O G  a ro u n d  m o u ltin g  occurs also in  n a tu ra l  en v iro n m en t. In  
tw o  cases w hen th e  P R O G  level w as m easu red  b y  m eans o f R IA , th e re  w as no 
ev idence of e lev a ted  h o rm o n e  co n cen tra tio n s in  th e  m o u ltin g  h en  (F u rr , 1973; 
G ildersleeve e t a l., 1982). T he early  phase o f th e  forced  m o u lt w as in v es tig a ted  
b y  G ildersleeve e t al. (1982). In  th e  co rrespond ing  ph ase  o f th e  m o u lting  period  
w e, too , failed to  d e m o n s tra te  th e  e leva tion  o f p la sm a  P R O G ; an  e leva tion  w as 
d e tec tab le  only la te r  (Szelényi e t al., 1981; P e th es  e t a l., 1982). F u r r  (1973) 
d id  n o t in v estig a te  th e  en tire  period  of m o u ltin g , a n d  one can  suppose th a t  th e  
sam pling  coincided w ith  th e  low  P R O G  p lasm a  c o n cen tra tio n .

The a c tiv ity  o f  th e  th y ro id  g land  increases d u rin g  w in te r (I le n d ric h  and  
T u rn e r, 1967; S ta h l a n d  T u rn e r, 1961), an d  i t  is also w ell know n  th a t  cold a c 
tiv a te s  th e  th y ro id s  (K ü h n  an d  N ouw en, 1978). T h is m ig h t he th e  reason  for 
th e  decrease in  th e  p la sm a  co n cen tra tio n  o f th y ro id  horm ones observed  w hen 
th e  average daily  te m p e ra tu re  begins to  rise. T he e lev a tio n  o f th y ro id  horm one 
levels in  spring is p reced ed  by  th e  P R O G  peak . P R O G  tre a tm e n t, un like T E S T  
an d  oestrogens, w as a successful m eans in en h an c in g  th e  T4 level in ovariecto -
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m ized Ja p a n e se  quail (P e th es  an d  P éczely , 1981). On th e  co n tra ry , th e  leve l of 
T4 decreases in  co n tinuously  lay ing , sex u a lly  m a tu re  Jap an ese  q u a il; la te r ,  
while P R O G  is a t  th e  m ax im um  level, one can  observe low T4 co n cen tra tio n s . 
This w as th e  case in  th e  p resen t ex p erim en t, too . I t  is o f in te re s t th a t  th e  lev e l o f 
th e  sex u a l stero ids is low  w hen th e  an n u a l p eak  o f th e  T3 curve is p re sen t in  J u ly .

T he a n n u a l p eak  o f th e  p lasm a co n cen tra tio n  o f  T4 can be d e m o n s tra te d  
before th e  a n n u a l m o u lt in  fall. A sim ilar p h enom enon  can  be observed in  o th e r  
species, th e  duck  (A ssenm acher e t a l., 1975) an d  th e  rook  (Péczely an d  P e th e s , 
1982). T h ere  is a s im ila rity  be tw een  th e  ro o k  an d  th e  sparrow  in  th a t  b o th  
T4 an d  T3 p eak s p ara lle l a t  th e  p o s t-n u p tia l m o u lt (L incoln e t a l., 1980; 
S m ith , 1979). T4 behaves sim ilarly  in  th e  w ild tu rk e y  (B urke e t a l., 1977) 
an d  in  Zonotrichia leucophrys gam belii (S m ith , 1979) a ro u n d  p o s t-n u p tia l m o u lt, 
b u t  th e re  is no  p re -n u p tia l T4 p eak  in  th a t  species. A ccording to  th e  p re se n t 
re su lts , T3 is e leva ting  para lle l to  T4, b u t  i t  reaches its  m ax im um  la te r . F ro m  
th e  p o in t o f view  of m ou lting  th e  T3 p eak  coincides w ith  th e  fledging. S im ilar 
resu lts  w ere fo u n d  in  th e  case of tw o  w ild species. I n  m allards th e re  is a p h ase  
sh ift o f th e  m ax im um  levels o f T3 an d  T4 (H aase  an d  P au lk e , 1980). In  th e  
ruffed  grouse th is  phase  sh ift is p resen t d u rin g  in ten siv e  m oulting , an d  th y ro id  
horm ones e x h ib it p eak  values; how ever, th is  co n cen tra tio n  is low er th a n  th e  
an n u a l p eak  (G a rb u tt  e t al., 1979). T he im p o rtan ce  o f th y ro id  ho rm ones in  
th e  m o u lt h as  been  suggested  in  earlie r w orks (G ildersleeve e t al., 1982). T h e  
resu lts  o u tlin ed  above an d  o b ta in ed  from  ex perim en ts w ith  forced m o u lt 
(B rake c t a l., 1979; P e th es  e t al., 1982; Szelényi e t al., 1981) arc c o n tra d ic to ry . 
In  v a rian ce  w ith  B rak e  e t al. (1979) we suppose th a t  th e  in itia tio n  o f m o u ltin g  
is bound  to  T4, an d  T3 is im p o r ta n t on ly  in  th e  su b seq u en t phase , n am e ly  
while fledg ing . A t th e  beg inn ing  o f m o u lt, how ever, T 4  does n o t a c t a lone, b u t  
i t  ex e rts  its  e ffect to g e th er w ith  P R O G .

A ccord ing  to  th e  lite ra tu re  (B rake  e t ab , 1979; G ildersleeve et a l., 1982; 
P e th es  e t  a l., 1982; Szelényi e t a l., 1981), m o u lt is accom panied  b y  o v a ria n  
regression  (no o v u la tio n  an d  ov iposition). T his gives rise to  th e  su p p o sitio n  
th a t  th e  P R O G  ap p earin g  a t  th a t  tim e  is o f ad ren a l origin. In  his c lassical 
ex p erim en t K obayaslii (1958) p rov o k ed  m ou lt b y  giving T4 to c ither g o n ad ec to - 
m ized or in ta c t  b irds.

C hanges in  th e  p lasm a co n cen tra tio n  o f CRT are  closely re la te d  to  th e  
ligh ting  reg im e. In  w ild b ird s, th e  CRT level increases w ith  increasing  illu m i
n a tio n  (W ingfield  an d  F a rn e r , 1978/>). A t th e  beg inn ing  o f the y ear th e  in c re a s 
ing illu m in a tio n  elevates p lasm a CRT. T 4, P R O G , an d  oestrogens are  s t im u 
la tin g  C R T in  la b o ra to ry  circum stances in  Ja p a n e se  q u a il (Péczely e t a l., 1980a). 
This m ig h t also be a reason  of th e  e leva tion  o f CRT a t  th e  beg inning  o f  th e  
y ea r an d  also o f  th e  coincidence o f th e  an n u a l peaks o f CRT an d  P R O G . A n 
e levation  o f  CRT level w as also d e tec ted  in  Zonotrichia  species during  th e  b re e d 
ing season (W ingfield  an d  F a rn e r, 1978a, b).
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T he P R O G  a n d  C R T  levels are h ig h  d u rin g  m ou lt also in  th e  hen . S im ilar 
p o s tn u p tia l  e lev a tio n  o f  horm one co n c e n tra tio n s  can  be observed , o f th e  w ild 
species, only  in  rooks (Péczely  an d  P e th e s , 1982; W ingfield an d  F a rn e r , 1978«, 
b ) .  T he CRT level is h ig h  in  some E u ro p e a n  w arb le r species as d e m o n s tra te d  
in  in  v itro  ex p erim en ts  (Péczely , 1976); h o w ev er, th e  m ax im um  horm one con
c e n tra tio n  was m easu red  d u ring  m ig ra tio n .

In  sp ite  o f ea rly  find ings (P erek  a n d  E ck ste in , 1959), th e  im p o rtan ce  of 
a d re n a l stero ids in  th e  process o f m ou lt cou ld  n o t be confirm ed recen tly  (B rake 
e t  ah , 1979; G ildersleeve e t ah , 1982; P e th e s  e t a l., 1983). C om parison o f 
re su lts  is d ifficu lt since forced m ou lt w as u sed  in  all th e  above experim en ts. 
I t  is  h a rd  to  be r ig h t in  o u r ju d g em en t w h e th e r  or n o t th e  app lied  en v iro n m en 
ta l  fac to rs ( te m p e ra tu re , ligh ting , fa s t)  in flu en ced  th e  resu lts .

T here are c o n tra d ic to ry  resu lts  in  con n ec tio n  w ith  exogenous CRT t r e a t 
m e n t, too . Some a u th o rs  succeeded in  in d u c in g  m ou lt in  th is  w ay  (Ju lin  an d  
H a rr is , 1956), o th e rs  fa iled  to  do so (K o b ay ash i, 1958). R esu lts  accu m u la ted  
so fa r  speak  in  fa v o u r o f  no role of CRT d u rin g  th e  period of fea th e r  loss.

A com parison  o f  th e  p resen t re su lts  w ith  those  of o thers underlin e  th e  
necessity  of com plex  ev a lu a tio n . I t  shou ld  be  considered th a t  th e  phy logene tic  
s ta te  of a p a r tic u la r  species m igh t be o f p r im a ry  im p o rtan ce  in  fo rm ing  h o r
m o n a l in te rre la tio n sh ip s . Such a com plex  process is m o u lting  itself. O n th e  
b as is  o f th e  re su lts  o b ta in e d  in  th is  la b o ra to ry  so fa r, we conclude th a t  m o u lt
ing  is in fluenced  b y  an  in te rac tio n  o f th y ro id  an d  gonads. F u r th e r  in v e s tig a 
tio n s  are  needed fo r an  ex ac t c la rifica tio n  a n d  ex p lan a tio n  o f  th e  d e ta ils  o f 
m o u ltin g  and  also o f th e  origin of p la sm a  P R O G .
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INFLUENCE OF THE MODE AND TIMING OF 
CALVING ASSISTANCE ON THE ACID-BASE  
BALANCE OF DAM AND NEWBORN CALF

O .  SZ E N C I

Departm ent of Obstetrics and R eproductive B iology, U n iversity  of 
Veterinary Science, H -1400 B udapest, P .0 . B ox 2, H ungary

(R eceived February 1, 1985)

The acid-base balance of the hea lthy  parturient dam is m arkedly stable, whereas that 
o f  her calf depends prim arily on the length  o f tim e elapsing until calving assistance, and on 
the m ode of assistance.

Belated calving assistance accounts for a sh ift o f the m aternal acid -base balance to 
wards m etabolic acidosis only in those cases in  which difficult calv ing is associated w ith  
continuous strain, and exhaustion leads to  recum bency of the dam . In  such cases the ca lf is 
either born in a state o f severe asphyxia, or dies in  utero, owing to long-standing uteroplacentar 
circulation insufficiency consequent upon delay o f assistance.

I f  the dam becom es diseased im m ediately  before calving and m akes a slow recovery, 
death  of the fetus can be prevented by Caesarean section.

Keywords. Calving assistance, m ode, tim in g , acid-base balance, newborn calf, cow.

P ioneer investig a tio n s in to  th e  a c id -b ase  balance  o f  th e  new born  ca lf  
(A m m ann  e t al., 1974; M oore, 1969; M ülling e t a l., 1972) w ere follow ed w ith in  
a few years b y  ex ten siv e  stud ies a long  llie  sam e line on calves born  w ith  or 
w ith o u t calv ing assistance. O nly few a u th o rs  have, how ever, s tu d ied  th e  a c id -  
b ase  balance of th e  p a r tu r ie n t dam  a n d  new born  ca lf  s im u ltan eo u sly , d u rin g  
o r im m ed ia te ly  a f te r  calving. E ich le r-S te in h au ff  (1977) d e te rm in ed  th e  b lood  
p H , p C 0 2 an d  p 0 2 o f clin ically  h e a lth y  p a r tu r ie n t d am s, a n d  H eld  (1983) 
m easu red  the  b lood p H , p C 0 2, base  excess (B E) an d  s ta n d a rd  b ica rb o n a te  
(SBC) of p a r tu r ie n t  dam s before receiv ing  assistance: n e ith e r  a u th o r  m ade 
reference to  th e  course o f p a r tu r it io n  a n d  m ode of ass is tan ce  rendered . H eld  
(1983) also dete rm in ed  th e  ac id -b a se  p a ram e te rs  o f d iseased  cows. M oore 
(1969) m easured  th e  b lood  p H , p C 0 2 a n d  ac tu a l b ica rb o n a te  (HCO^-) of dam s 
w ith in  10 m in  a fte r  spon taneous ca lv ing , w hereas M ülling e t al. (1972) co m 
p a re d  th e  blood p H  values a fte r  u n a ss is te d  calv ing and  a ss is tan ce  b y  m o d era te  
tra c tio n , and  A m m ann  c t al. (1974) co m p ared  th e  blood p H , p C 0 2 and  SBC 
v a lu es  a fte r C aesarean section . O th e r w orkers (M aurer-Schw eizer e t al., 1977; 
S ch lerka  e t al., 1979) com pared  th e  v a lu es  of th e  a c id -b a se  p a ram e te rs  o f 
n ew born  calves to  tho se  o f h e a lth y  n o n -p reg n an t cows fo r  reference. F o r 
com parison , th e  physio logical va lues o f  th e  ac id -b ase  p a ra m e te rs  of clin ically  
h e a lth y , n o n -p reg n an t cows are  th e  follow ing (S ch o tm an , 1971): p H  =  
=  7 .3 2 5 -7 .4 5 ;  P C 0 2 =  3 5 - 5 3  m m  H g  ( 4 .7 - 7 .0  k P a ) ;  B E  =  - 3 . 5 - 3 . 5  
mmol/1; SBC =  21 — 27 mmol/1. T he m ean  values given fo r th e se  p a ram e te rs
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b y  M aurer-Schw eizer e t  a l. (1977) an d  Sclilerka e t al. (1979) fa ll in to  th e  sam e 
ran g es.

The in v estig a tio n s rep o rted  in th is  p a p e r  were c e n tre d  on the influence of 
th e  clinical course o f ca lv in g , and  of th e  m ode and  tim in g  o f calv ing  assistance, 
on th e  ac id -hase  b a la n c e  o f th e  dam  an d  new born  calf.

M aterials an d  m ethods

A to ta l of 52 d am s and  th e ir  calves were in v o lved  in  th e  s tu d y . T he 
calv ings took  p lace p a r t ly  in a H o lste in -F riesian  d a iry  h e rd , p a r tly  in  an  
an im a l hosp ita l. A ll ca lves were horn  in  an te rio r  p re se n ta tio n .

The ac id -h ase  p a ra m e te rs  of each  dam  and  ca lf  w ere de term ined  in 
b lood  sam ples w ith d ra w n  from  th e  ju g u la r  vein. T he sy s te m  of assays w as 
described  earlier (Szenei e t al., 1982). T he base excess (B E ) an d  ex trace llu lar 
base  excess (E B E ) w ere de te rm ined  w ith  reg ard  to  d ifferences in  haem oglobin  
a n d  to ta l  serum  p ro te in  co n cen tra tio n  o f th e  dam s an d  th e ir  calves as proposed  
b y  Szenei and  N yíró  (1981).

The dam s a n d  th e ir  calves w ere assigned to  e x p e rim e n ta l groups b y  the 
m ode of assistance re q u ire d , as follows:

G roup 1: Cases w ith o u t calv ing assistance  (n =  19);
G roup 2: Cases req u irin g  assistance  b y  calf-pu ller (n  =  7), for lab o u r 

fa iled  3 0 -6 0  m in a fte r th e  fe ta l m em branes h a d  appeared ;
G roup 3: Cases req u irin g  C aesarean section (n =  14), w hich was p e r 

fo rm ed  w ith in  4 -5  h  follow ing ru p tu re  o f m em branes;
G roup 4: Cases in  w hich  calv ing assistance  w as re n d e re d  in  a la te  s tag e , 

8 -1 8  h  a f te r  th e  beg inn ing  o f calv ing (n =  10 );
G roup 5: Cases in  w hich p re p a rta l disease incidence necessita ted  C aesar

ean  sec tio n  to  save th e  ca lf  (n =  2 ).

The blood sam p les  were w ith d raw n  from  the calves im m ed ia te ly  a f te r  
b ir th  and  from  th e  d am s o f groups 1 an d  2 w ith in  15 m in  a f te r  expulsion o f th e  
fe tu s , w hereas from  th o se  of groups 3, 4 a n d  5 before th e  beg inn ing  of calv ing  
assistance .

R esults

The resu lts  a re  show n in Tables I , I I  an d  I I I .  A t b i r th  ihe calves b o rn  
w ith o u t calving ass is tan ce  (G roup 1) h a d  a sligh t com bined  re sp ira to ry - 
m etabo lic  acidosis, w h ich  is physio logical according to  th e  lite ra ry  d a ta .  
A t th e  sam e tim e , th e  d am s show ed a com pensated  m etab o lic  alkalosis, ow ing 
to  a slight increase in  th e  HCCKj" co n cen tra tio n . Moore (1969) observed a slig h tly
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elevated  m ean  p H  (7.44 ^  0.06) a n d  a  slig h tly  low ered  m ean  p C 0 2 (41.0 ^  
i  5.9 m m  H g ; 0.133 X m m  H g — k P a ) in  p o s tp a r tu r ie n t  darns, h u t b o th  
values show ed g re a t in d iv id u a l v a ria tio n s  (p H  — 7 .32 -7 .52 ; pCO., — 3 1 .8 - 
51.0 m m  Hg). A s im ila r blood p H  (m ean : 7.442; ran g e : 7 .397-7 .470) was fo u n d  
b y  o th e r au th o rs  (M iilling e t ah , 1972).

The calves o f  G roup  2, delivered  by  calf-pu ller, w ere ho rn  in a s ta te  o f 
d is tin c t re sp ira to ry -m e tab o lic  acidosis, w hereas th e  dam s o f the  sam e g roup  
show ed a d is tin c t sh if t o f th e  a c id -b ase  b a lan ce  to w ard s  m etabo lic  alkalosis. 
Moore (1969) o b ta in e d  sim ilar values fo r th e  a c id -b a se  p a ra m e te rs  (p H  =  
=  7.49-7 .47; p C 0 2 =  42.5 — 42.8 m m  H g; HCO^- =  31 .3 -30 .6  mmol/1) in  
tw o cases o f d ifficu lt calving.

The ac id -b a se  values of th e  calves de livered  b y  C aesarean  section w ith in  
4 -5  h  a fte r th e  beg in n in g  of p a r tu r it io n  (G roup 3) w ere scarcely  lower th a n  
physiological, a n d  tho se  of th e ir  dam s fell in to  th e  physio log ical range a l to 
gether. A m m an c t al. (1974) found  a h ig h er m ean  p H  (7.49 i  0.03) and  HCO^” 
(27.5 ^  2.7 inmol/1) h u t  a low er m ean  p C 0 2 (37.2 i  3.6 m m  H g) th a n  we d id  
in  dam s delivered  o f th e ir  ca lf  b y  C aesarean  section .

T he dam s g iven  la te  calv ing assistance  (G roup 4) w ere assigned to  tw o  
subgroups, dep en d in g  on th e  physio logical or s ligh tly  ac ido tic  values o f th e  
ac id -b ase  p a ra m e te rs . I n  th e  f irs t  su b g ro u p  dy sto c ia  w as associated  w ith  
w eak  or ineffic ien t la b o u r, while in  th e  second su bgroup  th e  dam s ex h au sted

Tabic 1

Mean acid-base parameters (x ±  SD) o f the dams and newborn calves

Auinial Param eter Group 1 Group 2 Group 3 Group 4Л Group 413

11 19 7 14 5 5
i ' i i 7 .4 0 2  ± 0 .0 5 4 7 .4 3 5  ± 0 .0 2 9 7 .3 9 5  ± 0 .0 3 1 7 .3 7 8  ± 0 .0 2 6 7 .3 1 2 ± 0 .0 4 9
pCO., 6 . 5 ± 0 . 7 6 .3 ± 0 . 6 5 .6  ± 0 . 4 6 . 1  ± 0 . 6 5.1 ± 0 . 5

(kPa)

Dam B E
(mmol/1)

E B E
4 .6  ± 3 . 7 6 .2 ± 3 . 6 0 .7 ± 2 .1 1 .5 ± 2 . 9 -  5 .9 ± 1 .6

(mmol/1)
IIC O 3

4 . 8 ± 3 . 8 6 .4 ± 3 . 9 0 .5 ± 2 .2 1 .6 ± 3 . 1 — 6.0  ± 1 . 5

(mmol/1) 2 9 .1  ± 3 . 6 3 0 .3 ± 3 .9 2 4 .7  ± 2 .1 2 6 .0 ± 3 .1 18.8  ± 3 1.3

p H 7 .2 4 9  ± 0 .0 3 4 7 .1 8 5 ± 0 .1 4 1 7 .1 7 8  ± 0 .0 9 9
pCO., 7 .9 ± 0 . 5 8 .3 ± 1 .7 8 . 9 ± 0 . 8 Calves either died in utero

(kPa) or were born with a severe

New- B E
m etabolic acidosis

born (mmol/1) — 1 .9 ± 2 .2 — 5 .0 ± 5 .8 — 3 .9  ± 5 . 0
calf E B E

(mmol/1)
н с о ^ -

— 1 .8 ± 2 .3 — 4 .9 ± 5 .5 — 2 .6  ± 4 . 9

(mmol/1) 2 4 .9 ± 2 .2 2 2 .8 ± 3 .4 24 .1  ± 4 . 0
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Tabic II

B lood parameters o f acid -base status of a H olstein-Friesian dain (2 years old) and her calf

Dam Newborn ealf

P aram eter
— 1 day 0 day** +  t  day* Post pari ши 10 m in post 

partum
1 h post 
partum *

pH
pCO.,

6.980 7.040 6.920 7.070 6.926 6.950

(kPa)
BE

7.0 6.3 5.0 6.3 6.3 10.0

(m m ol/l)
E B E

— 19.1 — 17.3 -23.9 — 14.9 — 20.3 — 13.8

(m m ol/l)
HCO3

17.1 — 15.9 22.2 — 14.2 — 19.4 — 13.2

(inmol/1) 11.9 12.3 7 .3 13.1 9.4 15.7

The fetus was rem oved by Caesarean section on day 260 of gestation because of rum initis 
* The dam and the calf died after the last blood sampling.

** Before Caesarean section.

b y  con tinuous s tra in  h a d  been u n ab le  lo  s tan d  up. In  b o th  su bgroups, th e  
ca lves died e ith e r in  utero (n =  7) or w ere born  (n =  3) w ith  a severe re sp ira 
to ry -m etab o lic  ac idosis  (pH  =  6 .950 -7 .002 ; p C 0 2 =  9 .5 -1 0 .0  k P a ;  B E  =
=  -  1 3 .5 - - 1 4 .3  m inol/1; E B E  =  - 1 1 . 4 ------13.2 m m ol/l; H CO 3“  =  15.7-17.1
um iol/l).

T he dam s w hich  had  becom e c lin ica lly  ill (ru m in itis , h e p a tic  com a) in 
th e  p re p a rta l s tage  (G roup  5) show ed a sh if t of the a c id -b a se  p a ra m e te rs  to  th e  
ac id o tic  range. T h e ir calves, de livered  b y  C aesarean sec tio n , w ere bo rn  in  a 
s ta te  o f severe m e ta b o lic  acidosis (T ables I I  and  I I I ) .

Table 111

Blood parameters o f  acid-base status o f  a Black Pied Lowland x  Jersey dam  
(6 years old) and her calf

Dam* 
before C.s.

Newborn calf**

P aram eter
P o st partum 1 h post 

partum
4 h post 
partum

pH 7 .2 2 0 7.052 7.076 7.209
pCO..

(kPa) 4.4 7.2 7.8 8.2
BE

(uimol/1) — 12.7 — 14.5 12.3 — 1.2
EBE

(mmol/l) — 12.8 — 13.2 — 11.0 — 3.0
I IC O 3

(mmol/1) 12.9 14.4 16.4 23.6

The fetus was rem oved by Caesarean section on day 280 o f gestation because of hepatic
coma.

* The dam died on the day of Caesarean section (C. s.).
** The calf continued to  develop norm ally further on.
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Discussion

P a rtu r itio n , a lth o u g h  a physio log ical process, is a g rea t stress fo r b o th  
<lam a n d  fe tus even in  u n co m p lica ted  cases. T he degree o f  stress v aries w ith  
age a n d  in d iv idua l sen s itiv ity , an d  is precisely  p o rtra y e d  h y  changes in  ce rta in  
blood p a ram e te rs . T he blood o f th e  p a r tu r ie n t  dam  show s eosinopenia, n e u tro 
ph ilic  leucocytosis, ly m phopen ia , e lev a ted  la c ta te  co n cen tra tio n  and h y p e rco rti-  
so laem ia  (Bostedt: an d  B erch to ld , 1968; H a ra sz ti c t a l., 1980; H u n te r  e t ah , 
1977). R eeves e t ah  (1972) observed  sim ilar a lte ra tio n s  in  th e  d iffe ren tia l 
leu co cy te  coun t o f new born  calves. H ow ever, calves b o rn  sp o n tan eo u sly , 
w ith o u t assistance, m ay  also show  an  e levated  la c ta te  co n cen tra tio n  a n d  hy - 
perco rtiso laem ia  (M assip, 1980; M iilling e t ah , 1979). T h e  rise  o f p lasm a g luco
co rtico id  m ay  be consequen t upon  fe ta l ad renocortica l h y p erfu n c tio n , w h ich  
is p ro b a b ly  invo lved  in  th e  in itia tio n  o f  p a r tu r it io n  (H u n te r  e t ah , 1977). 
A lth o u g h  th e  p e r ip a r ta l m etabo lic  changes h av e  been  ex tensive ly  s tu d ie d , 
re p o rts  are  scan ty  on s im u ltaneous ex am in a tio n s o f m a te rn a l and  fe ta l a c id -  
b ase  ba lance  im m ed ia te ly  a fte r  calv ing . In  th e  sam ple  su rv ey  rep o rted  here , 
th e  ac id -b ase  p a ram e te rs  of dam s (G roups 1 and  2) w ere found  in  th e  p h y s io 
logical range (pH , p C 0 2), or w ere v e ry  close to  i t  (B E , E B E , HCO<7). T his 
o b se rv a tio n  agrees w ith  th a t  of M iilling e t ah (1979), w ho found  a re la tiv e ly  
c o n s ta n t p H  (7.451 —► 7.459) in  sp ite  of th e  e lev a ted  la c ta te  co n cen tra tio n  
(9.13 —»• 13.17 m g/100 ml) in  th e  b lood  o f th e  affected  dam s from  70 m in  before  
th e  en d  o f p a r tu r itio n  u n til th e  end  o f  it. This fin d in g  also ind ica tes th a t  th e  
a c id -b a se  p a ram ete rs  of th e  cows f lu c tu a te  w ith in  th e  physio logical range  if  
ca lv in g  is uncom plica ted .

A lth o u g h  th e  C aesarean sec tion  spares no t on ly  th e  ca lf  (E igenm ann  e t 
ah , 1981) b u t  also th e  dam , to  ju d g e  from  th e  physio logical or p ra c tic a lly  
physio log ica l values o f th e  ac id -b a se  p a ram e te rs  a fte r  such  in te rv e n tio n , i t  
is n o t  adv isab le  to  re so rt to  i t  too  freq u en tly . C on tem p la tin g  calv ing  assis tan ce , 
one shou ld  alw ays b e a r in  m ind  th a t ,  fu r th e r  to  econom ic considera tions, th e  
m e th o d  an d  tim ing  o f assistance shou ld  he such  as saves th e  b reed ing  v a lu e  o f  
th e  dam  an d  s im u ltaneously  p re v e n ts  excessive sh ift o f  th e  fe ta l ac id—base  
ba lan ce  tow ards m etabo lic  acidosis.

I f  th e  dam  becom es diseased p re p a rta lly  (p a r tu r ie n t paresis, h e p a tic  
com a) an d  m akes a slow recovery , d e a th  o f th e  fe tu s in  utero can  h a rd ly  be  
p re v e n te d  (Szenei e t ah , 1982). Since in  su ch  cases a sh if t o f th e  ac id -b ase  b a l 
ance m ay  associate w ith  th e  basic  d iso rder, i t  is recom m ended  to  te s t  th e  
a c id -b a se  p a ram e te rs  an d  app ly  a im ed  th e ra p y  (N a H C 0 3 infusion) i f  req u ired . 
H e ld  (1983) observed m etabo lic  acidosis in  7 o f 14 p re p a r tu r ie n t d iseased d am s. 
I f  a  d is tu rb an ce  o f th e  acid—base ba lan ce  is suspected  b u t  can n o t be s u b s ta n 
tia te d  in  th e  field , a Caesarean sec tion  shou ld  he perfo rm ed  to  save th e  fe tu s .
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ROLE OF ACID-BASE DISTURBANCES 
IN PERINATAL MORTALITY OF CALVES

(A  S U M M A R Y  O F  T H E S I S )

0 .  S z e n c i

D e p a r t m e n t  a n d  C lin ic  o f  O b s te tr ic s  a n d  R e p r o d u c t iv e  B io lo g y ,  
U n iv e r s i ty  o f  V e te r in a r y  S c ie n c e , H -1 4 0 0  B u d a p e s t ,  P .O . B o x  2 , H u n g a r y

(R e c e iv e d  N o v e m b e r  3 0 , 1 9 8 4 )

K ey w o rd s . A c id - b a s e  b a la n c e , d is tu r b a n c e , n e w b o r n , c a lf ,  c o w , f e tu s ,  d a m , c a lv in g ,  
p e r in a ta l m o r ta l i ty .

T he p ro f ita b ility  o f c a ttle  b reeding  is g rea tly  in flu en ced  b y  th e  ra te  o f 
calves b o rn  alive an d  rea red  to  ad u lth o o d . In  sp ite  o f th e  speedy  developm ent 
o f  an im al b reed ing , p e r in a ta l  m o rta lity  is s till v e ry  h igh  (4 to  7% ) an d  co n sti
tu te s  a p p ro x im a te ly  a h a lf  o f th e  to ta l  c a lf  losses (A nderson  an d  Bellows, 1967; 
V oclker, 1967; R o do lph , 1970; W alser, 1975). P e r in a ta l  m o r ta li ty  (stillb irth ) 
is in te rp re te d  as th e  d e a th  o f  m atu re  ca lf fe tuses d u rin g  ca lv ing  or in  th e  f irs t  
24 hours o f p o s tn a ta l  life. A nnual econom ic losses re su ltin g  from  s tillb irth s  
w ere estim ated  a t  50 m illion m arks in  th e  F ed era l R epub lic  of G erm any b y  
W alser in  1972, over 200 m illion dollars in  th e  U n ited  S ta te s  of A m erica b y  
O xender e t al. in  1973, an d  a t  50 m illion D u tc h  guldens in  th e  N etherlands b y  
R em m en  in 1976. Tn H u n g a ry , th e  an n u a l loss m ay  be  e s tim a ted  to  be 150 m il
lion F o rin ts .

H ah n sd o rf (1967) an d  G reene (1979) failed to  d e te c t an y  pathological 
change in  73 to  75 %  o f th e  calves died in  th e  p e r in a ta l p erio d . D irect an d  in 
d irec t asphyx ia  and an o x ia  w ere suggested  as th e  causes o f d e a th . Since, due to  
d is tu rb an ces occurring  d u rin g  p a r tu r itio n  in th e  u te ro p la c e n ta l c ircu la tion  as 
a re su lt o f th e  ru p tu re  o f  fe ta l m em branes an d  u te rin e  co n trac tio n s , all ca lf  
fe tuses develop a m ore or less severe h y p o x ia  a n d  a co n seq u en t acidosis, th e  
p re sen t in v estig a tio n s w ere focussed on th e  d e te rm in a tio n  o f  th e  ac id -b ase  
balance .

In  h u m an  m edicine, Saling (1961) w as th e  f irs t  to  re p o r t  on th e  assess
m en t o f th e  ac id -b ase  ba lan ce  o f new born  ch ild ren . In  v e te r in a ry  p rac tice , th e  
f irs t in v estiga tion  o f  th is  ty p e , involv ing  10 n ew born  calves, is associated  w ith  
th e  n am e of Moore (1969). L a te r  on, M iilling e t al. (1972) s tu d ie d  th e  blood p H  
values of new born  calves, w hereas A m m ann  e t al. (1974) th e  b lood p H , p C 0 2 
a n d  ac tu a l hyd rogen  c a rb o n a te  (ac t. HCO^“) va lu es  o f v iab le  an d  asphyx ia i 
calves. A m ore d e ta iled  in v es tig a tio n  in to  th e  acid—base  b a lan ce  of new born  
calves was s ta r te d  in  1977; since th a t  tim e , re sea rch  o f  th is  ty p e  has been in i
t ia te d  in an  ever increasing  n u m b er of co u n trie s . A t p re sen t i t  is ind ispensable
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fo r th e  v e te rin a rian  to  h av e  know ledge o f th e  physiological ev en ts  ta k in g  place 
d u r in g  p a r tu r itio n  in  th e  fe tu s  an d  d am , in  order to  allow  a soonest possib le  
reco g n itio n  and  a v e rtin g  of dangers th re a te n in g  th e  fe tu s .

In  th e  p resen t w ork , in  ad d itio n  to  a s ta tis tic a l su rv ey  o f th e  inc idence  of 
s t i l lb ir th s , an o th e r a im  w as to  follow  u p , in  th e  firs t 48 h ours o f  life, th e  changes 
o ccu rrin g  in  th e  a c id -b a se  balance  o f  calves born  u n a id ed  o r w ith  assis tan ce  
( tra c tio n  or C aesarean section). A fu r th e r  ob jec tive  o f th is  w ork  w as to  e lab o r
a te  a m eth o d  w hich w ould  allow  an  assessm ent of th e  n ew born  ca lf’s genera l 
h e a l th  s ta tu s  (w hich is closely re la te d  to  th e  ac id -b ase  s ta tu s )  w ith o u t la b o ra t
o ry  ex am in a tio n s an d , accord ing ly , to  ta k e  th e  p ro p er th e ra p e u tic  m easures 
in  d u e  tim e . T he stu d ies  inc luded  d e te rm in a tio n  o f the  d a m ’s ac id -b a se  b a lance  
as w ell, since, due to  th e  sca rc ity  of p e r t in e n t  lite ra ry  d a ta , th e  degree to  w hich  
ac id —base  d istu rbances o f  th e  dam  in flu en ce  th e  v iab ility  o f th e  fe tu s is poorly  
k n o w n .

T he in v estiga tions consisted  o f  th e  follow ing p a r ts :

(1) Survey of th e  incidence of p e r in a ta l  calf m o rta lity  in large-scale d a iry  
farm s;

(2) M easurem ent and  ca lcu la tio n  o f  p a ram ete rs  d e te rm in in g  th e  a c id -  
base ba lance  o f  new born  calves an d  th e ir  dam s;

(3) Follow -up o f th e  changes occu rring  in  th e  a c id -b a se  ba lan ce  o f 
calves in  th e  p e rin a ta l perio d ;

(4) E x am in a tio n  o f th e  re la tio n sh ip  betw een  th e  a c id -b a se  b a lance  o f  th e  
dam  an d  fe tu s , w ith  p a r tic u la r  respect to  ru m in a n ts ;

(5) S ta tu s-d iagnosis  and  t r e a tm e n t  o f new born  calves ex h ib itin g  as
p hyx ia .

R esu lts

(1) Incidence o f  perina ta l m ortality

N o H u n g arian  su rveys are  av a ilab le  on th e  incidence o f p e r in a ta l m o r
ta l i ty .  To fill th is gap , d a ta  of 163 d a iry  farm s of 59 s ta te  fa rm s, inc lu d in g  th e  
ca lv in g s of a to ta l  o f a b o u t 140,000 cows for th e  years 1978 a n d  1979 (Szenei 
a n d  B . K iss, 1982) as w ell as th o se  o b ta in e d  in  tw o s ta te  fa rm s in  a six -y ea r 
p e rio d  (Szenei e t a l., 19816) w ere p rocessed . The surveys c o n d u c ted  so fa r  w ere 
re s tr ic te d  to  stocks o f  less th a n  100 cow s. In  th e  p resen t m a te r ia l th e  p ro p o rtio n  
o f  su ch  stocks w as below  5% .

T he incidence o f  s tillb ir th s  w as exam ined , b roken  dow n an d  g rouped  b y  
b reed s , years, m o n th s, calv ings of heifers an d  cows, sex o f  fe tu ses, q u a n ti ty  o f 
m ilk  p roduced , fa rm  size, n u m b er o f  ca lv ing  a tte n d a n ts  w o rk ing  in  th e  calv ing  
p rem ises, tra in in g  level of a t te n d a n ts  in  charge of n ig h t d u ty  a n d  a tte n d a n c e  
on  b a n k  holidays, co n stru c tio n  (ty p e) o f  th e  calving prem ises, ca lv ing  te c h n o l
ogy , and  d ry  m an ag em en t p rac tice , sep a ra te ly .
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(2) M easurem ent and calculation o f  param eters determiriing acid-base balance

T he m etabo lic  and  re sp ira to ry  p a ra m e te rs  d e te rm in ing  ac id -b ase  ba lan ce  
re la te  to  h u m a n  a rte ria l blood o f 37 °C te m p e ra tu re . Since from  n ew born  calves 
a r te r ia l  a n d  cap illa ry  blood sam ples are  d ifficu lt to  w ith d raw  (W aizenhöfer 
an d  M iilling, 1978), blood sam pling  from  th e  ju g u la r  vein  has becom e th e  gen
era lly  ap p lied  prac tice . This fac t has to  be k e p t in  m ind  w hen e v a lu a tin g  th e  
a c id -b a se  ba lan ce , since in  th e  venous b lood  th e  p H  is low er an d  th e  p C 0 2 is 
h igher th a n  in  th e  a rte ria l blood (W aizenhöfer an d  M iilling, 1978). W ith  reg a rd  
to  th e  fa c t th a t  th e  average body  te m p e ra tu re  of new born  calves is 39 °C, a fac t 
co n firm ed  also b y  m y own ex am in a tio n s (T able I), th e  te m p e ra tu re -d e p e n d e n t 
p H  a n d  p C 0 2 values (H avas, 1980) m easu red  a t  37 °C m u st he co rrec ted  for 
39 °C. In  th e  calcu la tion  of m etabo lic  p a ra m e te rs , i.e. base excess (B E ) an d  
e x tra c e llu la r  base excess (E B E ), i t  shou ld  be ta k e n  in to  consid era tio n  th a t  
th e  c o n s ta n ts  o f th e  v an  S lyke’s eq u a tio n s  co n stru c ted  for h u m an  d a ta  (e q u a 
tio n s 1 a n d  2; S iggaard-A ndersen, 1977) d ep en d  on th e  to ta l  p ro te in  an d  h aem o 
globin  co n cen tra tio n ; therefo re , to  re n d e r possible a m ore precise ca lcu la tio n , 
due to  th e  d iffe ren t to ta l  p ro te in  a n d  haem oglob in  co ncen tra tions (th e  h a e m o 
globin a n d  to ta l  p ro te in  co n cen tra tio n  o f h u m an  blood  is 9.43 mmol/1 an d  
70 g/1, re sp ec tiv e ly ; th e  respective p a ra m e te rs  for 2 to  10 weeks old calves are 
7.18 mmol/1 a n d  58 g/1; Y agher e t ah , 1973), th e  co n stan ts  depend ing  on th e  
above p a ra m e te rs  should he co rrec ted  as follows:

B E  — [(act. Chcoj — 24.4) (2.3 X Снь +  7 .7 X

X (pH  -  7.4)] X (1 -  0.023 X CHb)

E B E  =  [(act. Снсоз -  24.4) +  (2.3 X 3.77 +  7.7) X 

X (pH  -  7.4)] X (1 -  0.023 X 3.77)

Tabic I

B o d y  te m p e r a tu r e  o f  v ia b le  c a lv e s  b o rn  u n a s s is t e d , in  a n te r io r  p r e s e n ta t io n , in  t h e  f ir s t  4 8  h
o f  p o s t n a ta l  life

Time Heifer calvings Cow calvings Total

n 8 9 10 14 41

p p * 3 9 .6 ± 0 .4 39 .1  ± 0 . 7 3 9 .1  ± 0 . 4 3 9 .2  ± 0 .7 3 9 . 2 ± 0 . 5
1  h 3 9 .3  ± 0 . 4 3 8 .9 ± 0 .4 3 8 .9 ± 0 .5 3 9 .0 ± 0 .3 3 9 . 0 ± 0 . 4
4  h 3 8 .8 ± 0 .2 3 8 .9 ± 0 .4 3 8 .7  ± 0 . 2 3 8 .7  ± 0 . 2 3 8 . 7 ± 0 . 2

24  h 3 8 .5  ± 0 . 2 3 8 .6 ± 0 .2 3 8 .5 ± 0 .3 3 8 .6 ± 0 .3 3 8 . 5 ± 0 . 2
48  h 3 8 .9 ± 0 .6 3 9 .2 ± 0 .3 3 9 .2  ± 0 . 5 39 .1  ± 0 .3 3 9 .1  ± 0 . 4

p p * :  im m e d ia te ly  p o s t  p a rtu m
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In  equations (1) a n d  (2), in stead  o f th e  c o n s ta n t 7.7, a va lu e  o f 6.38, an d  
in  e q u a tio n  (2) in s te a d  o f Снь =  3.77 a v a lu e  o f  Снь — 2.87 should  be used  
(Szenei and  N yíró , 1981).

W ith  reg ard  to  th e  above fac ts , th e  B E  an d  E B E  values of dam s an d  
c a lf  fe tuses can n o t h e  com pared , as th e  h aem og lob in  an d  to ta l  p ro te in  con
c e n tra tio n s  of cows (6 .8  mmol/1 an d  77 g/1, respective ly ) differ from  th o se  of 
c a lf  fe tuses (5.3 m m ol/1 an d  44 g/1, re sp ec tiv e ly ; Shalm  e t al., 1975). T h u s, in  
th e  case of dam s th e  c o n s ta n t (7.7) an d  Снь va lu e  o f eq u a tio n s (1) a n d  (2) 
sh o u ld  he co rrec ted  fo r  8.47 an d  2.7, re sp ec tiv e ly , while in  th e  case of fe tu ses 
fo r 4.84 and  2.1.

(3) Alterations in  the acid-base balance o f  calves in  the perina ta l period

3.1 A cid-base balance o f  calves born unaided and w ith assistance, im 
m ediately post p a rtu m

In  ag reem ent w ith  d a ta  o b ta ined  fo r h u m a n s , th e  average blood p H  an d  
B E  values of calves b o rn  unassisted  in  a n te r io r  p re sen ta tio n  do n o t decrease 
below  7.2 and  —3 mmol/1, respective ly ; th e re fo re , such a m ild , com bined  
resp ira to ry -m e tab o lic  acidosis can  be re g a rd e d  as physio logical (Table I I ) .  
T h e  differences fo u n d  b e tw een  th e  a c id -b a se  p a ram e te rs  o f  heifer- an d  bu ll- 
-ca lves born  u n a ss is te d  from  prim i- an d  p lu rip a ro u s  dam s (Table Y I) an d  
tw in -calves and  ca lv es  b o rn  spo n tan eo u sly  in  an te rio r p re se n ta tio n  u n a n i
m o u sly  ind ica te  t h a t  th e  sh ift in  th e  a c id -b a se  ba lance  is d irec tly  p ro p o rtio n a l 
to  th e  body  m ass o f  ca lves and  inverse ly  p ro p o rtio n a l to  th e  m easu rem en ts 
o f  th e  b ir th  canal. S ig n ifican t differences ex is tin g  in  p H  an d  m etabo lic  p a ra 
m e te rs  betw een ca lves easily  e x tra c te d  b y  tr a c tio n  (by th e  use o f m ax im um  
3 to  4 m en’s p u llin g  pow er) and  those less easily  e x trac ted  because o f h ip  
lo ck  flexion (Table I I I ) ,  and  th e  d ifferences found  in  a c id -b ase  s ta tu s  b e 
tw e e n  calves e x tra c te d  in  an te rio r p re se n ta tio n  in  d ifferen t w ays (Table IV ) 
u n an im o u sly  in d ic a te  (w ith  the  excep tion  o f  p lacen ta l an d  um bilical-cord  
d iso rders) th a t  th e  d u ra tio n  of passage th ro u g h  th e  b ir th  canal has a decisive 
im p o rtan ce . This is sh o w n  n o t on ly  b y  th e  s ig n ifican t differences found  b e 
tw e e n  th e  d u ra tio n  o f  tra c tio n  and  th e  b lood  p H  values o f  new born  calves 
(T ab le  Y), b u t also b y  th e  fac t th a t  th e re  e x is t no sign ifican t differences in  
a c id -b a se  s ta tu s  b e tw een  calves delivered  b y  prim i- an d  p lu rip a ro u s  dam s 
b y  C aesarean sec tion  (T able  IV).

W ith  th e  ex cep tio n  o f p lacen ta l an d  um bilical-cord  d isorders, a  severe 
acidosis (blood p H  <  7.0) should be reck o n ed  w ith  (Table V) in  th e  case o f a 
tr a c t io n  lasting  a b o u t 3 m in  (in an te rio r p re sen ta tio n ).

T he calves e x tra c te d  w ith  assistance in  a n te r io r  or p o ste rio r p re se n ta tio n  
w ere b o rn  w ith  an  exp ressed  re sp ira to ry  a n d  m etabo lic  acidosis (blood p H : 
b e tw een  7.2 and  7 .0; B E : —3 to  —10 mmol/1; T ab le  II) .
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A c id - b a s e  b a la n c e  o f  c a lv e s  b o rn  u n a s s is t e d  or  w it h  a s s is ta n c e , im m e d ia t e ly  p o s t  p a r tu m  ( x  +  S D )

Param eter

Unassisted W ith  assistance

Anterior
presentation Twinning

Anterior presentation Posterior presentation

F Values o f tTraction Calf-puller Caesarean
section Traction Calf-puller Caesarean s.

a 41 7 46 15 43 6 8 8

p H 7 .2 1 9 7 .2 3 9 7 .1 3 6 7 .1 4 1 7 .1 6 5 7 .1 2 6 7 .0 9 6 7 .1 4 8 3 .3 * * * 0 .0 6 5 *
0 .0 8 6 * *

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

рСО„ 8 . 1 8 . 6 9 .7 9 .0 8 .9 9 .9 8 .9 9 .3 5 .6 * * * 0 . 8

k P a 1 .0
0 . 6 1 .4 1 .4 1 .9 1 . 2 1.5 1 .4 1 .4 1 .3

B E — 2.9 — 0 . 8 — 4 .7 — 6 .3 — 4.1 — 5.4 — 8 .4 — 4 .7 2 .4 * 3 .0
m m o l / 1 3 .9

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

E B E — 1 . 8 — 0 . 6 — 3.1 — 5 .3 — 2.7 — 3 .7 — 7.3 — 3.3 2 .4 * 2 . 8

m m o l / 1 3 .7
3 .1 1 . 1 3 .9 3 .8 5 .9 3 .7 5 .4 5 .9 4 .7

a c t .  H C O ^ 2 4 .2 2 6 .4 2 3 .8 2 2 . 1 2 3 .9 2 3 .5 2 0 .9 2 3 .6 1 . 8 n s
m m o l / 1

2 .7 0 .7 3.1 2 .7 4 .7 2 .5 4 .3 4 .9

*: P  <  0 .0 5 , **: P  <  0 .0 1 , ***: P  <  0 .0 0 1 , n s: n o t  s ig n if ic a n t
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Tabic III

A c id -b a s e  b a la n c e  o f  n ew b o rn  c a lv e s  e a s i ly  e x tr a c te d  in  a n te r io r  
p r e s e n ta t io n  a n d  o f  th o s e  le s s  e a s i ly  e x tr a c te d  b e c a u se  o f  h ip  

lo c k  f le x io n ,  im m e d ia te ly  p o s t  p a r tu m  (x  ±  S D )

P aram eter

A nterior presentation

Easily extracted  by 
traction Hip lock flexion

n 27 16

p H 7 .1 7 2 7 .0 7 7 * * *
0 .0 8 1 0 .0 6 9

pCO., 9 .8 9 .7
k P a 1 .5 1 . 2

B E — 2 . 6 — 8 .6 ***
m m o l / 1 2 .5 3.1

E B E — 0 .7 — 7 .5 * * *
m m o l / 1 2 .3 3 .3

a c t .  H C O 3 2 5 .9 2 0 .7 * * *
m m o l / 1 1.5 2 . 6

* P  <  0 .001

Tabic IV

A c id —b a se  b a la n ce  o f  c a lv e s  b o rn  in  a n te r io r  p r e s e n ta t io n  u n a ss is te d  a n d  w ith  a s s is ta n c e ,
im m e d ia te ly  p o s t  p a r tu m  ( x  ±  S D )

Param eter
Heifer calvings Cow calvings

Unassisted Traction Caesarean s. Unassisted Traction Caesarean s.

17 18 23 24 28 14
(a) (b) (') (A) (B) (C)

p H 7 .196 7 .0 9 8 * .a 7 .162 7.234 7 .1 6 2 * * ’ A 7.172*. A
0 .058 0.103 0.148 0.042 0 .089 0.118

pC O .. 8.2 10.2**,*.;“ 8.9 8.1 9.4***i A 9 1 * * , A
k P a 0.7 1.6 1.3 0.4 1.3 1.2

B E — 4.2 — 6.3 — 4.3 — 2.0 — 3.8 — 3.9
m inol/1 3 .4 4.5 6.9 2.7 4.0 5.6

E B E — 3.2 — 4.4 — 2.9 — 0.9 — 2.3 — 2.3
m m ol/1 3.3 4.2 6.4 2.7 3.6 5.1

a c t .  H C O 3 23.1 23.0 23.7 25.0 24.4 24.4
m m ol/1 2.9 3.5 5.1 2.4 2.9 4.1

* P  <  0.05, ** P  <  0 .0 1 , *** P  <  0.001
a •» A *  =  p H , B E ,  E B E , act. HCO3 
b » B *  =  p H
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Table V

Relationship between the duration of traction and blood pH  
value of the newborn calf (x ±  SD)

Group n Blood pH
Duration of 

traction 
(sec)

Number of 
helps at 
traction

G rou p  1 24 7 .2 5 * » * ,2,3 4 6 * * * ’ 3 2 .3 * * ’ 3

(p H  >  7 .2 ) ± 0 .0 3 ± 3 2 ± 1 . 2

G rou p  2 13 7 .1 2 * * * ’ 3 9 7 ***,3 3.0
(p H  7 .2 — 7.0 ) ± 0 .0 5 ± 3 8 ± 1 . 0

G rou p  3 5 6 .8 9 2 2 1 3 .6
(p H  <  7 .0 ) ± 0 .0 5 ± 1 2 7 ± 0 .5

** P <  0.01 
*** P <  0.001

D epend ing  on th e  m ode o f a ss is tan ce , these  values decreased, fo r b o th  
p re se n ta tio n s , in  th e  following o rd e r: C aesarean sec tion , tra c tio n  a n d  use of 
calf-pu ller. In  po ste rio r p resen ta tio n  th is  decrease was m ore expressed  th a n  in  
a n te r io r  p re sen ta tio n  (Szenei e t a l., 1981a; Szenei, 1983; Szenei e t a l., 19841»),

3.2 A cid-base balance o f  newborn calves delivered by Caesarean section in  
the period  before and after delivery (0  to 60 m in )

In  th e  case o f C aesarean sections perfo rm ed  w ith in  4 to  5 h  a fte r  th e  ru p 
tu re  o f  fe ta l m em branes, th e  a c id -b ase  p a ram e te rs  o f 67 .7%  o f th e  calves w ere 
w ith in  th e  physio logical range. A t th e  sam e tim e , 14 .7%  an d  17 .6%  o f th e  
calves show ed an  expressed an d  a severe acidosis, respective ly . W ith  th e  ex cep 
tio n  o f um bilical-cord  and  p lacen ta l d iso rders, th e  degree o f in tra u te r in e  acidosis 
depends m ain ly  on th e  tim e  elapsed u n til  C aesarean sec tion  an d  on th e  m ode 
o f ass is tan ce  ren d ered  before C aesarean  section .

In  ag reem en t w ith  d a ta  o f th e  l i te ra tu re , up  to  th e  10 th  m in p o st p a r tu m  
a fu r th e r  decrease o f m etabolic p a ra m e te rs  was observed. H ow ever, th is  d e 
crease w as m ore expressed  betw een  b lood  sam ples ta k e n  before (a. um bilica lis) 
an d  a fte r  de livery  (v. jugu laris) th a n  in  th e  f irs t 10 m in o f p o s tn a ta l life. F ro m  
th e  1 0 th  m in, a com pensation  for th e  acidosis was s ta r te d  b y  th e  buffer sy stem s 
o f th e  b lood  an d  b y  h y p erv en tila tio n . In  v iab le  calves th e  degree o f co m p en sa 
tio n  reach ed  th e  significance level, w hereas in  calves ex h ib itin g  p ro n o u n ced  or 
severe a sp h y x ia  i t  developed a t  a slow er r a te  (Szenei e t a l., 1985).

3.3 Changes in  the acid-base balance o f  calves born unassisted or extracted  
by traction, in  the f i r s t  48 h o f  postnatal life

T he m ild m etabolic  acidosis o f heifer- and  bull-calves b o rn  sp o n tan eo u sly  
to  p rim i- an d  p lu rip aro u s dam s w as com pensated  a lread y  1 h  a fte r  b ir th ,
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Table VI

Changes in the acid-base balance of calves born unassisted, in the first 48 h of postnatal life (x ±  SD)

Param eter Group PP 1 h 4 h 24 h 48 b

pH

1

2

9
3
$
3

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

7 .2 5 0 ± 0 .0 4 0
7 .2 2 4 ± 0 .0 4 2

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

7 .3 0 3  ± 0 .0 6 3  
7 .2 8 4  +  0 .0 4 0

7 .3 0 9 ± 0 .0 3 4  
7 .3 3 7  ± 0 .0 3 8

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

7 .3 4 5  ± 0 .0 2 4  
7 .4 0 3  ± 0 .0 4 4 * * * “

7 .4 0 2  ± 0 .0 2 0 * * * “ 
7 .381  ± 0 .0 4 5 * * “

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

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

1 9 8.1  ± 0 . 9 7 .7 ± 0 .5 7 .1  ± 0 .1 6 .9 ± 0 . 8 7 .0 ± 0 .3
pCO, 3 8 .3 ± 0 .7 7 .9 ± 0 .9 7 .2  ± 0 . 4 6 .2 ± 0 . 5 6 .3  ± 0 .4 * * * “
kPa 2 9 8.1  ± 0 . 4 7 .6 ± 0 .7 7 .1  ± 0 . 5 7.1 ± 0 . 7 6 .9 ± 0 .1 * * bd

3 8 .2 ± 0 .5 7 .6 ± 0 .6 7 .0 ± 0 .5 6 .7  ± 0 . 9 6 .3 ± 0 .6 * * * a

1 9 — 3 .7  ± 2 . 5 0 .3  ± 4 . 2 0 .2  ± 2 . 5 2 .1  ± 1 .9 * * ° 3 .8 ± 2 .3
BE 3 — 4 .8  ± 4 . 2 — 1.7  ± 5 . 3 2 .3 ± 1 . 9 4 .1  ± 4 .4 * c 1.7  ±  1 .8
mmol/1 2 9 — 1 .0 ± 2 .7 0 .9 ± 2 . 6 2.1 ± 2 . 0 7 .2  ± 3 .1 3 .3  ±  1 .4

3 — 2 .8 ± 2 . 6 — 0 .1 ± 3 . 2 — 0 .3  ± 3 . 9 2 .7  ± 3 .6 * * ° 2 .5 ± 3 .2

1 9 — 2 .7 ± 2 . 4 1 .0  ±  4.1 0 .8 ± 2 . 5 2 .4 ± 2 .1 * * ° 4 .3 ± 2 . 2
E B E 3 — 3 .7  ± 4 .1 — 0 .9 ± 5 .5 2.8 ± 1 . 6 4 .3  ± 4 .6 * ° 1.8 ± 1 . 8
mmol/1 2 9 — 0.1  ± 2 . 8 1 .6 ± 2 .3 2 .7 ± 1 . 9 7 .7  ± 3 . 3 3 .7 ± 1 . 4

3 — 1 .6 ± 2 .6 0 .7  ± 3 . 3 0 .1  ± 3 . 8 2 .9 ± 3 .7 * * ° 2 .6 ± 3 .3

1 9 2 3 .5 ± 2 .1 2 6 .6  ± 3 . 7 2 6 .0 ± 2 .3 2 7 .3  ± 2 .3 * * ° 2 9 .3 ± 2 .1
act. HCOj 3 2 2 .8 ± 3 .6 2 5 .0 ± 5 .3 2 7 .8 ± 1 .4 2 8 .6 ± 4 .4 * ° 2 6 .4 ± 1 .9
mmol/1 2 9 2 5 .9 ± 2 .5 2 7 .0  ± 1 . 8 2 7 .7 ± 1 .7 3 2 .2 ± 3 .5 2 8 .4 ± 1 .2

3 2 4 .5 ± 2 .3 2 6 .3 ± 3 .1 25 .1  ± 3 . 3 2 7 .5  ± 3 .7 * * ° 27 .1  ± 3 . 3

1) Heifer 9 : n =  8 a 2 )  Cow calving, $: n =  10 c
calving, <J: n =  9b <j: n =  14d

=  P  <  0.05; ** =  P  <  0.01; *** =  P  <  0.001
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Table VII

Changes in the acid-base balance o f calves born unassisted and w ith  assistance, in the first 48 h of postnatal life (x  ±  SD)

Param eter Group PP 1 h 4 h 24 h 48 h

l 7.219 +  0.052 7 .278±0.053 7.321 ± 0 .064 7.383±0.041 7.371 ± 0 .0 2 9
pH 2 7.239 +  0.064 7.257 ± 0 .088 7.297 ±0 .091 7.351 ±0 .088 7 .396± 0 .039

3 7.141 ± 0 .113 7 .254+ 0.080 7.346 ± 0 .0 4 6 7.360+0.070 7.386 ± 0 .035
4 7 .096±0 .134 7.147 ± 0 .129 7 .273±0.063 7 .346±0.046 7.398 ± 0 .0 2 4

1 8.1 ± 0 .6 7.6 ± 0 .6 7 .0 + 0 .4 6.7 ± 0 .7 6.5 ± 0 .5
pCO., 2 8 .6 ± 1 .4 8.3 +  1.9 7 .5 ± 1 .4 7 .6 ± 1 .8 7 .2 ± 1 .5
kPa 3 9 .0 ± 1 .9 7.8 ±  1.1 7 .6 ± 0 .8 7.4 ± 1 .0 7.3 ± 0 .8

4 8 .9 ± 1 .4 7 .9 ± 0 .8 7 .5 ± 0 .6 7 .0 ± 0 .5 5.9 ± 0 .2

B E 1 — 2.9—3.2 — 0.1 ± 3 .7 0 .9 ± 3 .0 3 .9 ± 3 .8 2 .7 ± 2 .5
mmol/1 2 — 0 .8 ± 1 .1 — 0.4 ± 3 .2 — 0.1 ± 2 .8 3.8 ±  2.1 6 .6 ± 2 .1

3 — 6.3 ± 4 .2 — 1 .5 ± 4 .2 4 .3 ± 2 .8 5.2 ± 3 .6 6 .6 ± 2 .7
4 — 8.4 ± 6 .2 — 7 .7 ± 5 .5 — 1 .8 ± 2 .0 2 .2 ± 2 .4 2.1 ± 0 .9

E B E 1 — 1.8 ± 3 .1 0 .6 ± 3 .8 1 .4 ± 2 .9 4.2 ± 4 .0 3 .0 ± 2 .5
mmol/1 2 — 0 .6 ± 1 .1 —0.2 ± 3 .4 0 .4 ± 3 .1 4.1 ± 1 .9 6 .9 ± 1 .8

3 — 5.3 ± 3 .8 — 1 .1 + 4 .0 4 .8 ± 2 .8 5 .5 ± 3 .4 6.8 ± 2 .3
4 — 7.3 ± 5 .4 — 7.1 ± 5 .5 — 1 .3 ± 1 .9 2.5 ± 2 .3 2.1 ± 0 .7

act. HCOà 1 24.2 ± 2 .7 2 6 .2 ± 3 .5 2 6 .5 ± 2 .6 2 8 .8 ± 3 .9 2 7 .6 ± 2 .5
mmol/1 2 26.2 ± 0 .7 26.1 ± 3 .2 25.8 ± 1 .8 2 9 .4 ± 4 .3 31.8 ± 4 .7

3 22.1 ± 2 .7 24.9 ± 3 .6 30.1 ± 2 .8 30.7 ± 4 .9 31.7 ± 3 .0
4 2 0 .9 + 4 .3 20.1 ± 3 .8 2 4 .3 ± 1 .3 2 7 .4 ± 2 .0 26.3 ± 0 .5

1 Unassisted (anterior presentation); n  =  41
2 Twin calving; n =  7
3 Calf-puller (anterior presentation); n =  15
4 Calf-puller (posterior presentation); n =  8 (1st h: n  =  7; 48th h: n =  6)
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Table VIII

Significant differences in acid-base balance betw een calves born unassisted and those delivered
w ith  assistance

Blood sampling 
Parameter

PP 1 h 4 h 24 h 48 h

F t values F t values F t values F t values F t values

pH ** 0.060* *** 0.055 ns ns ns
0.080** 0.073
0.104*** 0.094

pCO.. * 0.9 ns * 0 .5 * 0 .7 *** 0 .5
1.2 0 .7 0 .9 0 .7
1.5 0 .9 1 .2 0 .9

B E *** 2.8 *** 3.0 **+ 2 2 ns *** 1.9
3.7 4 .0 2 .9 2 .5
4.8 5 .2 3 .8 3 .2

E B E * * * 2.6 * * * 3 0 *** 2 1 IIS * * *
1 . 8

3.4 4.0 2.8 2 . 4

4.4 5.2 3 .7 3 .1

act. HCO3 * * * 2.1 *** 2 7 *** j д ns * * * 2 .2
2.8 3 .6 2.5 2 .9
3.6 4 .6 3.3 3 .7

* P <  0.05; ** P <  0.01; ***P <  0.001; ns =  not significant

w h ereas  th e ir  re sp ira to ry  acidosis w as n o t fu lly  com pensa ted  even  48 h  la te r . 
C om pensation  was n o t  un ifo rm  in th e  v a rious g roups; th e  m etabo lic  p a ra m e te rs  
show ed  s ta tis tic a lly  s ig n ifican t d ifferences 24 h , w hile the  re sp ira to ry  p a ra 
m e te rs  even 48 h , a f te r  b ir th  (Table V I).

T he com pensation  o f  th e  m etab o lic  acidosis o f calves bo rn  w ith  assistance  
w as p ro tra c te d  d ep en d in g  on th e  se v e rity  o f th e  acidosis, w hile no difference 
o ccu rred  in  the  co m p en sa tio n  of th e  re sp ira to ry  p a ra m e te r  (pC O ,) (T ables V II  
a n d  V I I I ;  Szenei e t a l., 1981«, 1982ft).

3.4 Effect o f  calving assistance rendered at d ifferen t tim es and in  d ifferent 
w ays on the acid-base balance o f  dam  and  fe tu s

The ac id -base  b a lan ce  of calves to  he ho rn  is d e te rm in ed  p rim a rily  b y  th e  
tim e  elapsed u n til c a lv in g  assistance an d  b y  th e  m ode o f a ssistance , w hereas 
th e  ac id -b ase  s ta tu s  o f  dam s is ch a rac te rized  b y  h igh  s ta b ility , irre sp ec tiv e  
o f  th e  m ode of in te rv e n tio n  (except fo r th e  use of a calf-puller). T he a c id -b ase  
b a la n c e  of dam s undergoes a sh ift to w a rd s  acidosis on ly  in  th o se  cases o f d e 
la y e d  aid  w hen co m p lica ted  calv ing is associa ted  w ith  in ten se  la b o u r, an d  the 
c o n tin u o u s  s tra in  leads to  recum bency  o f th e  dam .

In  patho log ical cond itions occu rring  in  th e  im m ed ia te  p re p a r ta l  period  
(ru m in itis , coma h ep a ticu m ) a sh ift o f  th e  d a m ’s ac id -b ase  ba lan ce  to w ard s 
m e tab o lic  acidosis sh o u ld  also be reck o n ed  w ith  (Szenei, 1985).
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(4) The relationship between the acid-base balance o f  dam  and fe tu s , w ith  
particu lar respect to rum inants

4.1 Effect o f  experim entally-induced acidosis o f  the dam  on the acid-base  
status o f  the fe ta l ca lf

M etabolic acidosis was in d u ced  in  7 p reg n an t heifers and  2 cows in  th e  
p rc p a r ta l  period  b y  supp lem en ting  th e  feed w ith  sucrose. Two p re g n a n t 
heifers served as con tro l.

The ob jec tive  o f  these ex p erim en ts  was to  s tu d y  th e  degree to  w hich  
ex p erim en ta lly -in d u ced  acidosis o f  th e  dam  can in fluence  th e  ac id -base  s ta tu s  
a n d  th e  v iab ility  o f th e  fetus an d  n ew b o rn  calf.

B ased upon  th e  blood and  u r in a ry  p a ram e te rs  in d ica tiv e  of ac id -b ase  s t a 
tu s , th e  d am ’s acu te  acidosis la s tin g  one d ay  ex erted  no  adverse in fluence  on 
th e  ac id -b ase  b a lan ce  of fe ta l calves to  be born  (the  ac id -b a se  balance o f th e se  
fe tu ses was th e  sam e as th e  con tro l va lues). On th e  o th e r h an d , w hen th e  d am  
show ed a p rogressively  ag g rav a tin g , an d  fin a lly  v e ry  severe, acidosis la s tin g  
4 to  7 days, th e  calves e ither w ere b o rn  in  an  ac ido tic  s ta te  or developed ac i
dosis w ith in  a few  hou rs  a fte r b ir th . B o th  calves born  in  such  a condition  d ied  
sh o rtly  a fte r b ir th  (Szenei et al., 1982a).

4.2 Effect o f  experim entally-induced acidosis o f  pregnant ewes on the a c id -  
base balance and carbohydrate metabolism o f  fe ta l lambs

Since in th e  p rev ious ex perim en t th e  possib ility  could n o t be fully  excluded  
th a t  n eo n a ta l acidosis developed n o t  d irec tly  due to  th e  d a m ’s acidosis b u t  as 
a re su lt o f anaerob ic  glycolysis co n seq u en t to  an  in su ffic ien t oxygen su p p ly  
o f th e  fetus, the  su b seq u en t ex p erim en ts  included  p ro longed  ad m in is tra tio n  o f 
N H 4C1. W e hoped  th a t  th e  resu lting  p ro longed  acidosis w ould  n o t be acco m p a
n ied  b y  disorders in  fe ta l oxygen su p p ly . In  th e  b lood  o f  ewes tre a te d  w ith  
am m o n iu m  chloride in  th e  la s t stage  o f  p reg n an cy  (0.1 to  0.5 g N H 4Cl/kg b o d y  
m ass/d ay  per os, continuously ) a n o n -co m p en sa ted  m etab o lic  acidosis d ev e l
oped ; as opposed to  th is , th e  a c id -b a se  balance  of fe ta l lam bs suffered on ly  
v e ry  sligh t changes. M ore considerab le a lte ra tio n s  were fo u n d  for th e  a c id -b ase  
b a lan ce  of th e  fe ta l flu id s , as in d ica ted  b y  th e  m ean p H  values of b o th  th e  a l
la n to ic  and  th e  am n io tic  flu ids w h ich  w ere sig n ifican tly  low er th a n  th o se  
fo u n d  fo r th e  co n tro l g roup  (K u tas  a n d  Szenei, 1983). As reg a rd s c a rb o h y d ra te  
m etabo lism , no s ta tis tic a lly  s ig n ifican t difference w as fo u n d  by  com paring  
th e  m ean  blood glucose co n cen tra tio n s o f  th e  tw o g roups. H ow ever, i t  w as 
s tr ik in g  th a t  in  th e  liv er o f N H 4C l-trea ted  ewes th e  glycogen stores w ere a l
m o st com pletely  d ep le ted  (w ith  th e  ex cep tio n  of th e  c e n tro lo b u la r p a r t  o f th e  
h e p a tic  lobules); a t  th e  sam e tim e, fe ta l liv e r cells co n ta in ed  no rm al am o u n ts  o f  
glycogen. Since, desp ite  th e  m a te rn a l acidosis, th e  a c tiv ity  of enzym es o f  
p la c e n ta l origin ( la c ta te  dehydrogenase an d  carbonic  an h y d rase ) failed  to
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u n d erg o  considerab le changes, i t  can be p o s tu la te d  th a t  th e  fe to p lacen ta l gas 
exchange was n o rm a l d u rin g  th e  ex p e rim en t (Szenei e t ah , 1984a). The above 
re su lts  allow us to  co nc lude  th a t ,  ow ing to  th e  selective fu n c tio n in g  of th e  
ep ithe liochoria l p la c e n ta  an d  th e  increased  acid excre tion  o f  th e  fe ta l k id 
n ey s , th e  fe tus is p ro te c te d  against a c id -b a se  d istu rbances o f m a te rn a l origin 
p ro v id ed  th a t  th e  fe to m a te rn a l gas exchange  rem ains u n d is tu rb e d . Since a 
p ro longed  m etabo lic  acidosis is accom pan ied  b y  an  im p a irm e n t o f card iac 
fu n c tio n  and  blood c ircu la tio n  as well as b y  a fall of b lood p ressu re , a d is tu rb 
ance  in  u te ro p la c e n ta l gas exchange, i.e. an  in tra u te rin e  a sp h y x ia , should  be 
reck o n ed  w ith .

(5) Status-diagnosis und  treatment o f  newborn calves exhibiting asphyxia

5.1 Status-diagnosis o f  newborn calves exhibiting asphyxia

The ap p licab ility  o f  th e  s ta tu s-d iag n o sis  score sy stem  e lab o ra ted  on th e  
basis  o f p rac tica l ex periences gained in  th e  fie ld  of h u m an  m edicine has been 
p ro v e d  b y  th e  s ta tis t ic a lly  sign ifican t co rre la tio n  ex isting  b e tw een  th e  to n ic ity  
o f  th e  new born ca lf  im m ed ia te ly  p o s t p a r tu m  and  th e  p a ra m e te rs  c h a ra c te r
iz ing  th e  ac id -b ase  b a la n c e  (Szenei, 1982*).

This score sy s te m  enables us to  assess th e  new born  c a lf ’s general s ta tu s , 
w h ich  is in  associa tion  w ith  th e  ac id -b ase  ba lan ce , w ith o u t la b o ra to ry  m easu re
m e n ts , and  p e rm its  to  ta k e  th e  necessary  th e rap eu tic  m easures in  due tim e. 
A s com pared  w ith  th e  m odified  A pgar schem e and  w ith  th e  b lood-tcst-b ased  
d iagnosis o f sligh t a n d  severe a sphyx ia , an  im p o rta n t a d v a n ta g e  of th e  p resen t 
m e th o d  is th a t  even  p ersons hav ing  on ly  a basic special tra in in g  can lea rn  i t .  
A ccord ing  to  re c e n t experience, m ain ly  in  d e te rm in ing  th e  v i ta l i ty  o f C aesar
ean -derived  calves im m ed ia te ly  p o st p a r tu m , an  erroneous assessm ent m ay  
s te in  from  th e  fac t t h a t  as m uch as 2 to  3 m in  m ay  elapse from  th e  tim e  w hen 
th e  ca lf  lifts  up  its  h e a d  u n til  i t  changes i ts  position  from  la te ra l  to  oblique a b 
d om ina l recum bency . I n  such cases e rro rs  can  be excluded  b y  exam in ing  th e  
c a lf’s response to  th ro w in g  cold w a te r over its  head .

5.2 Treatm ent o f  newborn calves exhibiting  asphyxia

A fter h av in g  c lea red  th e ir  re sp ira to ry  passages, calves b o rn  w ith  reduced  
v ita l i ty  (V -II) req u ire  n o  th e ra p y  ex cep t physica l s tim u la tio n  an d  s tim u la tio n  
o f  th e  re sp ira to ry  c e n tre  w ith  D opram ® —V (Szenei e t a l., 1980) or Respirot®  
(K öchli, 1969).

* V-O: toneless, head drooping, lim bs extended , cardiac ac tiv ity  absent 
V-I: toneless, head drooping, limbs exten ded , cardiac activ ity  present 
V-II: low to n ic ity , abdom inal recum bency w ith  head requiring support; reduced number 

and in ten sity  o f  reflectoric m ovem ents
V -III: normal to n ic ity , head erect, norm al reflectoric m ovem ents (Szenei, 1982)
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Table IX

Results o f therapy o f newborn calves exhibiting asphyxia, in th e  first 48 h of postnatal life

Treatm ent
Vitality
(degree)

V F-II V F-I

lives died*
<%) lives died*

(%)

Physical stim ulation 24 1 (4.2) 6 3 (50.0)
Dopram® — V 22 1 (4.5) l i 5 (45.5)
Dopram® — V -f- N aIIC 03-glucose infusion — и 4 (36.4)
Total 46 2 (4.3) 28 12 (42.9)

* In the first 48 h of postnatal life

R e sp ira to ry  s tim u lan ts  m ust be given on ly  in  eases w hen , desp ite  p h y s ic 
al s tim u la tio n , th e  onse t and  no rm al r l iy th m ic ity  o f re sp ira tio n  is delayed .

I n  a d d itio n  to  th e  above t re a tm e n t, i t  is ex p ed ien t to  give calves sho w 
ing severe a sp h y x ia  (V-I) buffer th e ra p y  (N a H C 0 3 a n d  glucose in fusion) as 
well (M iilling, 1974; W alser and  M aurer-Schw eizer, 1978), since in  th e  absence 
of such a th e ra p y  th e  com pensation  o f  severe re sp ira to ry  an d  m etabolic  ac id o 
sis will ta k e  a longer tim e , th e  new born  calves w ill s ta n d  up  la te r, and  th e  
u p tak e  o f  su ffic ien t q u an titie s  o f co lo stru m  will be delayed  (Szenei, 1982). 
All these  fac to rs p red ispose  th e  n eo n a ta l c a lf  to  E . coli en te ro to x aem ia  (E igen- 
m ann e t al., 1982).

T he recovery  chances of new born  calves are  red u ced  b y  th e  per-d iape- 
desim  haem o rrh ag es o f hypoxic  orig in  (in th e  b ra in  an d  sp ina l cord ; H au g h ey ,
1975), th e  fe ta l f lu id s  go t in to  th e  lungs (E igenm ann  e t a l., 1982) as well as 
th e  p ronounced  oedem atous in filtra tio n  o f  th e  to n g u e  an d  buccal reg ion  
desp ite  th e  com plex  th e ra p y  applied. T h e  resu lts  o b ta in ed  b y  th e  p resen t a u th o r  
so fa r  (Table IX ) in d ica te  th a t  w hen severe acidosis can  be tra c e d  b ack  to  a 
stress of re la tiv e ly  sh o rt period  (to th e  d u ra tio n  o f  passage  th ro u g h  th e  b i r th  
canal in  th e  case o f  tra c tio n ), rap id  im p ro v em en t can  be ach ieved  b y  physica l 
s tim u la tio n  an d  ad m in is tra tio n  o f d ru g s s tim u la tin g  th e  re sp ira to ry  cen tre . 
This is in  ag reem en t w ith  th e  observ a tio n s o f E ig en m an n  e t al. (1982). In  all 
cases w hen  acidosis has been ex isting  fo r a long perio d  (delayed  assistance , 
prolonged tra c tio n ) , th e  efficacy of th e ra p y  is p o o re r th a n  expected , desp ite  th e  
N aH C O j-g lucose in fusion  (E igenm ann e t a l., 1982), since th e  prolonged p re s 
ence of acidosis allow ed th e  above-lis ted  changes a n d  lesions to  develop. 
The d u ra tio n  o f acidosis has g rea t p ro g n o stic  im p o rta n c e  in  h u m an  m edical 
p ractice  as well (K erpe l-F ron ius, 1972).

Recommendations for the practical application of the results

A t p resen t, in  v e te rin a ry  p rac tice  th e  m ain  em phasis should  be la id  on 
the  p rev en tio n  o f  a sp h y x ia  of calves to  be  b o rn , since, on th e  one h an d , in s tru -
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m e n ts  su itab le  fo r a re liab le  c learing  o f  re sp ira to ry  passages an d  fo r th e  
m a in te n a n c e  of th is  s ta te ,  and  for a r tif ic ia l re sp ira tio n  of calves u n d e r p ra c tic a l 
co n d itio n s are n o t y e t ava ilab le ; an d , on  th e  o th e r h an d , p ro f ita b ili ty  fac to rs  
s till  p la y  a decisive ro le . The m ost im p o r ta n t  b reed ing  o b jec tives can  be 
ach iev ed  only by  c re a tin g  th e  n ecessary  m anagem m tal (regu la r m o v em en t o f 
an im als  in  th e  d ry  p e riod ), feeding  (av o id an ce  o f obesity ) an d  organizational 
(a d e q u a te  rearing  a n d  breed ing  of he ifers , an  ad eq u a te  tra in in g  level o f  c a lv 
in g  a tte n d a n ts , e n su rin g  a con tinuous a tte n d a n c e  to  cows ca lv ing  a t  n ig h t o r 
on b a n k  holidays) conditions  (to m en tio n  only  th e  m ost im p o r ta n t  ones), 
w h ich  m ay  lead  to  a red u c tio n  in  th e  n u m b e r  o f calv ing  assistances req u ired . 
T h is is even m ore im p o r ta n t  since ca lv in g  assistance in  itse lf  m ay  re su lt in  a 
sh if t o f  th e  ca lf’s a c id -b a se  balance. I n  large-scale fa rm s, a p p o in tm e n t o f th e  
a c tu a l ta sk s  is la rg e ly  fac ilita ted  b y  a co n tin u o u s re g is tra tio n , an d  m o n th ly  
ev a lu a tio n , of th e  course  o f calvings.

In  th e  case o f d ifficu lt calvings, th e  m ode and tim e o f ca lv ing  assistance  
sh o u ld  be chosen w ith  reg a rd  to  p ro f ita b ili ty  fac to rs an d  in  a m a n n e r to  allow  
th e  le a s t possible sh if t o f  th e  ca lf’s a c id -b a se  balance to w ard s acidosis. Before 
a p p ly in g  tra c tio n , th e  m easu rem en ts o f  th e  soft b ir th  can a l sh o u ld  alw ays be 
considered . W hen d ila ta tio n  of th e  so ft m a te rn a l passages is n o t su ffic ien t, 
th e y  m u st be ex p an d ed  nonsurg ically  o r su rg ica lly  (ep isio tom ia la te ra lis) an d  
fo rew ate rs  should  be  supp lem en ted  to  a v o id  trac tio n s  longer th a n  2 to  3 m in . 
In  th e  case o f h ip  lock  flexion, th e  re sp ira to ry  passages m u s t he c leared  to  
av o id  severe a sp h y x ia . T hrow ing cold w a te r  over th e  ca lf’s n a p e  an d  a d m i
n is tra tio n  o f re sp ira to ry  s tim u lan ts  a re  also exped ien t. T rac tio n  sho idd  be d is
co n tin u ed  u n til re sp ira tio n  has becom e rh y th m ic a l. In  p o ste rio r p re se n ta tio n  
th e  above m easures a re  especially im p o r ta n t ,  since u n tim e ly  s tra n g u la tio n  o f 
th e  um bilica l cord in  i ts e lf  endangers th e  life o f th e  fetus.

I f  a p ro longed  tra c tio n  w ould b e  ex p ec ted  (based up o n  th e  size o f th e  
fe tu s  an d  th e  m easu rem en ts  of th e  m a te rn a l passages as re la te d  to  one a n o th e r  
o r, in  d o u b tfu l cases, from  th e  re su lt o f  th e  sh o rt te s t  tra c tio n ) , C aesarean  sec
tio n  should  be ca rried  o u t to  save th e  c a lf  a n d  to  p rev en t in ju rie s  o f th e  m a te r 
n a l passages. In  th e  case o f C aesarean sec tio n s, th e  sooner th e  su rg ical in te rv e n 
tio n  ta k e s  place a f te r  th e  ru p tu re  o f  fe ta l  m em branes, th e  low er th e  p ro p o r
tio n  o f  new born  ca lves w ith  severe a sp h y x ia  will be. T he m ost recen t s tu d ie s  
h a v e  show n th a t  befo re  m aking  a decision  as to  th e  m ode o f ca lv ing  assistance  
in  an  an im al h o sp ita l, th e  results o f a c id -b a se  balance d e te rm in a tio n  from  blood  
sam ples w ith d raw n  fro m  th e  v . m e ta c a rp a lis  superficialis vo la ris  o r v . m e ta -  
ta rsa lis  dorsalis la te ra lis  (W aizenhöfer a n d  B ra ttig , 1975; Szenei an d  B ak o n y i, 
1985) or from  th e  v . d ig ita lis  dorsalis com m unis I I I  dorsom edialis (E ig en m an n , 
1981) should  be considered .

T he ro u tin e  use  o f com plex tr e a tm e n t  (N a H C 0 3 an d  glucose in fusion , 
s tim u la tio n  o f c ircu la tio n , p ro p h y lac tic  use o f an tib io tics) o f calves ho rn
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w ith  severe a sp h y x ia  (V-I) reduces p o s tn a ta l ca lf losses. In  add itio n  to  an  ad e 
q u a te  th e ra p y  (buffer th e ra p y  b ased  upon  th e  d e te rm in a tio n  o f ac id -b a se  
b a lan ce ), in  th e  case of calves w ith  asp h y x ia  p a r tic u la r  a tte n tio n  shou ld  be 
p a id  to  th e  ingestion  of su ffic ien t am o u n ts  o f co lo stru m , since th e  la c k  of 
co lostrum  u p ta k e  is accom pan ied  b y  an  increased  su scep tib ility  to  in fec tions 
( E .  coli).

The resu lts  o b ta in ed  in  s tu d ies  on th e  ex p erim en ta lly -in d u ced  m etab o lic  
acidosis o f dam s have th eo re tica l significance in th e  f ir s t  p lace. H ow ever, i t  is 
rem ark ab le  th a t ,  due to  th e  se lec tive  function ing  o f th e  p lacen ta  on th e  one 
h a n d  an d  to  th e  ac id -excre ting  a c tiv ity  o f th e  fe ta l k id n ey s on th e  o th e r , fe
tu se s  o f dam s h av in g  an  ep ithe liochoria l p lacen ta  are  p ro te c te d  u n til th e  card iac  
a n d  c ircu la to ry  insuffic iency  co n sequen t upon  severe m etabo lic  acidosis u p se ts  
th is  p ro tec tiv e  m echanism .

A ll these  re su lts  call th e  a tte n tio n  to  th e  necessity  o f estab lish ing  ve
te r in a ry  neonato logy  as an  in d e p e n d e n t b ra n c h  o f  science. O nly th is  could  
b r in g  ab o u t a change of th e  a t t i tu d e  accord ing  to  w hich  in  cases o f d ifficu lt 
ca lv ings th e  d am  should  be sav ed  in  th e  f irs t p lace; a v iew  still held  a t  m ost 
clin ics o f obste trics.
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ELECTROCARDIOGRAPHIC SIGNS IN 
VENTRICULAR REPOLARIZATION OF 

EXPERIMENTALLY INDUCED HYPOKALAEMIA 
AND APPEARANCE OF THE U-WAVE IN DOGS

F . F e l k a i

O ut-patients’ Clinic o f the U n iversity  o f Veterinary Science,
H -1400 B udapest, P.O. B ox  2, H ungary
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H ypokalaem ia was induced experim entally in  11 dogs. T he S -T  segm ent, the shape of  
th e  T -wave, and the appearance of the U -w ave were studied b y  electrocardiograms taken  
daily. In addition to  the three standard leads (I , II  and III) and to  the unipolar lim b leads 
(aVR , aVL and aVF), three chest leads (CV6L U , CVeLL and CVSR L ) and a dorsal (V10) lead  
were used.

Based upon the five-d ay  study it was established that th e  num ber of pathological ST 
deviations rose proportionately to the significant decrease of the serum  potassium  level both  
in the experim ental anim als and in the various leads. Of the leads used, deviations were m ost 
frequent in leads II , aVF, and III.

In the standard and unipolar lim b leads the T-w ave gradually becam e lower, and the  
F value determined b y  analysis o f variance showed a high level o f  significance. As compared  
to the mean values obtained at baseline exam ination , on the 5th day  a significance of P <  0.001 
was obtained in all o f the leads. The T-waves tended to becom e lower also in the chest leads 
and in the dorsal lead; however, in these leads the differences were n ot significant.

Besides th e  signs indicative o f  disturbances in  ventricular repolarization, the U -w aves, 
whose appearance w as in direct relation to  the drop o f the serum potassium  level, are considered  
characteristic o f  hypokalaem ia.

Keywords. H ypokalaem ia, electrocardiography, S -T  segm ent, T -wave, U -w ave, dog.

In  dogs, d is tu rb an ces  of th e  e lec tro ly te  an d  w a te r  m etabolism  are  
fre q u e n tly  en co u n te red . As a ru le , th ese  d iso rders do n o t  occur in d ep en d en tly , 
b u t jo in  p rim ary  diseases charac terized  b y  v eh em en t v o m itin g , d iarrhoea an d  
p o ly u ria . O f th e  e lec tro ly te  d is tu rb an ces, h y p o k a laem ia  consequen t upon  p o 
tass iu m  loss has a p a r tic u la r  significance since i t  in flu en ces th e  function ing  of 
b o th  th e  s tr ia te d  and  th e  sm oo th  m uscles. In  add ition  to  lead in g  to  a m etabo lic  
d is tu rb an ce  o f ex trace llu la r origin, th e  decrease o f serum  p o ta ss iu m  level causes 
a considerab le m yo card ia l dysfu n c tio n  as well. A lte ra tio n  o f th e  e lec tro ly te  
g rad ien t decreases th e  co n tra c tility  of m uscle fib res, leads to  d istu rbances in 
im pulse fo rm atio n  an d  conduction , and  in itia te s  n ec rob io tic  processes (A n- 
ta lóczy , 1976).

In  h y p o k alaem ia , th e  m em brane s tru c tu re  and a rra n g e m en t of m y o ca r
d ial fib res an d  th e  m ode an d  tim e  of ion  tra n sp o r t  d iffer from  those found  
u n d e r physio logical cond itions, re su ltin g  in  a d is tu rb ed  repo la rization .

V en tricu la r rep o la riza tio n  is rep resen ted  b y  th e  S -T  segm ent an d  th e  
T -w ave. The S -T  segm ent is th e  “ slow ”  p a r t  o f rep o la riza tio n , w hich tak es  its  
o rig in  a t  po in t J  (ju n c tio n a l p o in t) o f th e  v e n tr ic u la r  co m p lex  and te rm in a tes
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w ith  th e  beginning  o f  th e  T -w ave. T he “ r a p id ”  p a r t  of rep o la riza tio n  is d em o n 
s tr a te d  b y  th e  T -w ave, whose te rm in a l p o in t re tu rn s  to  th e  isoelec tric  line.

L arge d ev ia tio n s in  th e  S -T  seg m en t an d  a lte ra tio n s o f th e  T -w ave are 
in d ic a tiv e  of isch aem ia , necrosis or m e tab o lic  d istu rbances o f  th e  v e n tr ic u la r  
m uscles. In  an im als, th e se  changes a re  seen m ost freq u en tly  in  general anox ia  
(follow ing an aesth esia  o r asphyx ia), in  in su ffic ien t blood su p p ly  o f  th e  co ro n ary  
a rte r ie s  (e. g. in  th e  case o f in su ffic ien t v en tr icu la r  p ressu re), in  in fections or 
in flam m atio n s  (en d o card itis , ep icard itis), an d  in d is tu rb an ces o f  th e  e lec tro ly te  
b a la n c e , p a rtic u la r ly  in  cases of ren a l insuffic iency  and  endocrine  d isorders 
(D a rk e , 1974; R u b in , 1968).

A ccording to  B e rtra m  (1980), changes in  th e  S -T  seg m en t an d  th e  T- 
w av e  are  alw ays in d ic a tiv e  of m y o card ia l dam age. I f  th e  e lec tro d e  is p laced  
o v e r a m yocard ia l a rea  dam aged  because  o f ischaem ia, an  e lev a tio n , while w ith  
th e  electrode p laced  fa r  from  th e  d am ag ed  a rea  a depression , o f  th e  S -T  seg
m e n t w ill be observed . In  narcosis, a g ra d u a l increase in  th e  am p litu d e  o f th e  
T -w av e  is in d ica tiv e  o f  m yocard ia l h y p o x ia , and  sudden  dev ia tio n s o f th e  
S -T  segm ent in  e ith e r  d irection  or an  in v ersio n  of the T -w ave in d ica te  m y o car
d ia l ischaem ia.

S tudy ing  th e  s ta n d a rd  leads o f 50 h e a lth y , an aesth e tized  dogs, L om b ard  
a n d  W ith am  (1955) observed  S -T  seg m en t deviations o f  0.09 mV in  3 0 % , 
a n d  tho se  of 0.10 to  0.20 mV in  4 8 %  o f th e  anim als. I n  th e  chest leads th e  
p o te n tia l  of d ev ia tio n  w as betw een  0.10 a n d  0.19 mV in  4 0 % , a n d  h igher th a n  
0.20 mV in  18%  o f th e  dogs. The T -w ave w as m ore varied , since i ts  am p litu d e  w as 
b e tw een  —0.30 a n d  0.15, —0.45 a n d  1.00, a n d  —0.25 an d  0 .70 mV in  leads I , 
I I ,  a n d  I I I ,  re sp ec tiv e ly .

A ccording to  N em ec (1971), in  s ta n d a rd  leads depressions exceeding 
0.20 m V  and e lev a tio n s h igher th a n  0.15 m V  of th e  T -w ave, as well as a deep 
n e g a tiv e  T -w ave, can  be considered  pa th o lo g ica l, p a r tic u la r ly  i f  accom pan ied  
b y  o th e r  signs.

E ttin g e r  a n d  S u te r  (1970) considered  th e  S -T  segm ent pa th o lo g ica l i f  in  
lead s I I  an d  I I I  i ts  depression an d  e lev a tio n  exceeded 0.20 m V  an d  0.15 m V, 
resp ec tiv e ly ; an d , i f  in  th e  chest lead  CV6L L  its  depression w as la rger th a n  
0 .30 mV, and  in  th e  leads CVeL L  an d  CV6LU  its  e leva tion  w as h igher th a n  
0 .30 mV.

In  sp ite  o f i ts  g rea t v a riab ility , th e  T -w ave is alw ays reg a rd ed  as p a th o 
log ica l if  its  a m p litu d e  exceeds 2 5 %  o f th a t  o f th e  R -w av e  (E ttin g e r  a n d  
S u te r , 1970; Clerc, 1975).

In  our op in ion , in  th e  s ta n d a rd  leads S -T  segm ent e lev a tio n s exceeding 
0.15 mV and  depressions >  0.20 m V , w hile in  th e  ch est leads dev ia tio n s 
exceed ing  0.30 m V  can  be considered  patho log ica l.

U nder physio logical cond itions, no  U -w ave can be d e te c te d  in  th e  ECG  o f 
dogs; th e  ap p earan ce  o f  a U -w ave is a lw ays regarded  as pa th o lo g ica l. In  h u -
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m ans, U -w ave ap p ears  in  p a r t  o f th e  cases also in  n o rm a l c ircum stances; 
how ever, its  sign ificance has n o t been fu lly  e lu c id a ted  y e t. A ccording to  
U n g h v áry  (1963), i t  develops th ro u g h  th e  difference b e tw een  negative p o s t
p o ten tia ls  of ac tio n  c u rre n ts . In  m an , th e  U -w ave is  considered  patho log ica l 
i f  i t  is negative , d iphasic , an d  shows a d isco rd an t course  as com pared to  th e  
T -w ave.

Considering th e  p ra c tic a l significance o f e lec tro ly te  and , p a rticu la rly , 
po tassium  m etabo lism , we s tu d ied  th e  changes o ccu rrin g  in  th e  v e n tr icu la r  
repo la rization  p o rtio n  o f th e  canine ECG d u rin g  ex p erim en ta lly  induced  
hypokalaem ia  la s tin g  severa l days.

M aterials and  m ethods

E leven  clin ically  h e a lth y  m ongrel dogs o f e ith e r  sex , aged 2 to  4 years, 
w ith  a body  m ass b e tw een  8 an d  17 kg w ere used. A fte r  th e  baseline values h ad  
been  recorded (day  1), th e  dogs were given an  aqueous solu tion  of a cation- 
exchanger con ta in in g  1 g /kg bo d y  m ass N a-p o ly sty ro lsu lp h o n a te  (R esonium  
A®, W in th rop  G m bH ), tw ice daily , for 5 days, p er os, th ro u g h  an  oesophageal 
tu b e . In  ad d itio n , to  ach ieve th e  desired h y p o k a laem ia , hyd roclilo ro th iaz idum  
ta b le ts  (H ypoth iazid® , C hinoin, B udapest) were g iven  in  a dose of 10 m g/kg 
b o d y  m ass, p e r os. T he dogs w ere k e p t in  in d iv id u a l cages th ro u g h o u t th e  
ex p erim en t, an d  received  dog food (K U K E  delicacy) a n d  drink ing  w a te r ad  
lib itu m .

Besides th e  reg u la r clinical observation , b lood  sam ples were taken  daily  
from  th e  ju g u la r  vein  to  de te rm ine  th e  K + an d  h a e m a to c rit values.

The K + co n cen tra tio n  was de te rm ined  in  serum  a n d  in the whole b lood 
b y  flam e p h o to m e try  (Pulfric li), and  the  h aem a to c rit v a lu e  w ith  an  E ry th ro v o l- 
m e t in s tru m e n t (F ok-G yem , B udapest). In tra c e llu la r  K + w as calcu lated  from  
th ese  d a ta .

E lec trocard iog ram s (ECG) were m ade of th e  dogs daily  w ith  an ER -31 
ty p e  (M edicor, B u d ap est)  th ree-channel, d irec t-reco rd in g  elec trocard iograph . 
ECGs were ta k e n  o f all th e  dogs in  rig h t la te ra l recu m b en cy  using, in ad d itio n  
to  th e  th ree  s ta n d a rd  leads of E in th o v en  (I, I I ,  I I I )  a n d  th e  th ree  u n ip o la r 
lim b leads of G oldberg  (aV R , aVL, aV F), th ree  ch est leads (CVeLU , CV6L L , 
CVSR L) and  a dorsal (VJ0) lead .

F rom  th e  o b ta in e d  resu lts  daily  m eans w ere ca lcu la ted  and  com pared  
b y  a one-w ay analysis o f v arian ce .

R esults

A t th e  beg inn ing  o f  th e  experim en t, th e  m ean  se ru m  po tassium  level o f 
th e  I I  dogs w as 4.31 mmol/1; upon  th e  effect o f th e  ad m in is te red  drugs an d  
p ara lle l w ith  tim e , th is  level decreased to  3.07 т т о 1 Д  b y  d ay  5. The F  v alue
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o f th e  analysis of v a ria n c e  w as h ig h ly  s ig n ifican t; as com pared  to  th e  baseline 
v a lu e , on day  2 th e  sign ificance level w as P  <  0.01 while on th e  su b seq u en t 
d a y s  P  <  0.001.

T he К  value o f w hole blood u n d e rw e n t a slight decrease, w hereas in tra c e l
lu la r  K + rem ained  c o n s ta n t. The s lig h t increase observed fo r th e  h a e m a to c rit 
v a lu e  w as w ithin th e  physio log ical ran g e  (Table I).

A t th e  beg inning  o f th e  ex p e rim en t, h igher-than -physio log ical dev ia tions 
o f th e  S -T  segm ent from  th e  isoelec tric  line w ere found in  a to ta l  o f 12 leads 
o f  4 dogs. The n u m b er o f  p a th o lo g ica l d ev ia tions increased p ro p o rtio n a te ly  to  
th e  decrease of serum  p o tassiu m  level u n til  day  4 b o th  in  th e  exp erim en ta l

Tabic la

M ean values of potassium ion concentration and haematocrit during the 5-day period of study

Days
Potassium, mmol/1

Haematocrit
in serum in whole blood intraccllularly

Day 1 4.31 6.21 8.23 0.49
Day 2 3.72 6.07 8.28 0.52
Day 3 3.44 5.98 8.26 0.53
Day 4 3.19 5.76 8.29 0.52
Day 5 3.07 5.69 8.17 0.53

P <  0.05 0.40 0.68 1.21 0.07
P <  0.01 0.52 0.88 1.62 0.09
P <  0.001 0.69 1.17 2.11 0.13

Table lb

Analysis o f variance of mean K + concentration and haem atocrit values

Parameter SQ FG MQ F

Potassium -scrum
Total 21.46 54
Treat (between days) 10.68 4 2.67 12.38***
Error 10.78 50 0.22

Potassium-whole blood
Total 33.39 54
Treat (between days) 2.00 4 0.50 0.80
Error 31.39 50 0.63

Potassium -intracellular
Total 101.29 54
Treat (between days) 0.11 4 0.02 0.01
Error 101.18 50 2.02

Haematocrit
Total 3786 .54 54
Treat (between days) 185.63 4 46.40 0 .64
Error 3600.91 50 72.02

SQ =  sum of squares; FG =  degrees o f freedom; MQ =  mean squares; F =  F ratio
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Table II

Incidence of S -T  segm ent alterations* (m V) in the various leads during the 5 -day
period of study

Lead
Day I и I I I aVR aVL aVF CV„LU CVeLL CVSRL V10 Total

Incidence 
in dogs

l 4 2 l 2 l l i 12 4
2 1 5 5 3 4 5 4 2 о 1 32 9
3 1 6 4 2 2 4 2 2 6 3 32 9
■1 3 8 6 5 i 7 3 1 l 35 10
5 7 4 1 2 6 3 2 2 27 9

T o t a l 5 30 21 11 10 24 13 8 12 4 138

* Standard leads: elevation >  0.15 mV, depression >  0.20 mV; praecardial and dorsal 
leads: elevation >  0.30 mV, depression >  0.30 mV

an im als  an d  in  th e  various leads. On d ay  5 a s ligh t decrease w as n o te d  as com 
p a re d  to  values ob ta in ed  on th e  d a y  before. D uring  th e  5 -day  period , th e  to ta l  
n u m b e r  o f S -F  segm ent d ev ia tions from  physiological was 56, 45 a n d  33 in  th e  
s ta n d a rd , un ipo lar lim b , an d  ch est leads, respective ly . D ev ia tio n s w ere m ost 
fre q u e n t in  leads I I ,  aV F an d  I I I  (T able I I ) .

D u rin g  th e  5 -day  s tu d y , th e  T -w ave g rad u a lly  becam e low er in  th e  s ta n d 
a rd  a n d  un ipo lar lim b leads. T he F  va lu e  o f lead  I ,  d e te rm in ed  b y  m ean-value  
an a ly sis  o f variance , show ed a sign ificance o f m ed ium  degree, w hile th o se  of 
th e  o th e r  tw o s ta n d a rd  leads an d  th e  th re e  u n ip o la r lim b leads w ere h igh ly  sig
n if ic a n t. As com pared  to  th e  m ean  baseline values, on d ay  5 a significance o f 
P  <  0.001 was o b ta in ed  in  a ll th e  app lied  leads.

T -w aves te n d e d  to  becom e low er also in  th e  chest a n d  dorsa l leads; 
h ow ever, these  differences w ere n o t sig n ifican t (Tables I I I  a n d  IY ).

A t th e  baseline ex am in a tio n , U -w ave w as n o t observed  in  a n y  of th e  
leads used . P ara lle l to  th e  decrease of th e  m ean  p o tassiu m  c o n c e n tra tio n  of th e

Table III

Alterations in mean values o f the T-wave (mV) in the various leads during the 5-day period of
study

Lead
Day • I I I I I aVR aVL aVF CVgLU CVeLL CVhRL V ,.

l 0.101 0.259 0.210 0.171 0.128 0.228 0.449 0.392 0.437 0.174
2 0.079 0.173 0.132 0.134 0.087 0.159 0.348 0.302 0.375 0.193
3 0.008 0.144 0.134 0.100 0.081 0.135 0.326 0.263 0.336 0.173
4 0.060 0.126 0.114 0.084 0.055 0.125 0.320 0.269 0.301 0.152
5 0.036 0.102 0.089 0.065 0.042 0.103 0.268 0.215 0.259 0.142

P <  0.05 0.042 0.078 0.077 0.070 0.056 0.079 0.274 0.209 0.200 0.103
P <  0.01 0.057 0.105 0.103 0.094 0.075 0.106 0.367 0.280 0.268 0.138
P <  0.001 0.063 0.117 0.115 0.105 0.084 0.118 0.411 0.313 0.300 0.154

The signs of leads are not indicated in the table
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Tabic IV

A n a ly s is  o f  v a r ia n c e  o f  a lte r a t io n s  in  m e a n  v a lu e s  o f  t h e  T -w a v e

Variable SQ FG MQ F

Lead I Total 0.081 54
Treat (between days) 0.025 4 0.006 5.58**
Error 0.056 50 0.001

Lead 11 T otal 0.353 54
Treat (between days) 0.162 4 0.041 10.62***

Lead 111 Total 0.274 54
Treat (between days) 0.090 4 0.023 6.11***
Error 0.184 50 0.004

L ead a V li Total 0.230 54
Treat (between days) 0.077 4 0.019 6.29***
Error 0.153 50 0.003

L ead a VL T otal 0.146 54
Treat (between days) 0.048 4 0.012 6 .1 2 * * *
Error 0.098 50 0.002

L ead a V F T otal 0.295 54
Treat (between days) 0.101 4 0.025 6.51***
Error 0.194 50 0.004

Lead C V eLU T otal 2.538 54
Treat (between days) 0.195 4 0.049 1.04
Error 2.343 50 0.047

Lead CV^LL T otal 1.554 54
Treat (between days) 0.191 4 0.048 1.75
Error 1.363 50 0.027

Lead C V bRL T otal 1.458 54
Treat (between days) 0.205 4 0.051 2.04
Error 1.253 50 0.025

Lead V]Q Total 0.348 54
Treat (between days) 0.017 4 0.004 0.64
Error 0.331 50 0.007

se ru m , U -w aves w ere fo u n d  a lread y  on d ay  2 in  7 dogs on 31 occasions in  th e  
v a r io u s  leads; on d a y  3, U -w aves w ere observed  in  10 dogs on 52 occasions, 
w h ereas  on d ay  4 in  10 dogs on 48 occasions. On d a y  5, a lth o u g h  th e  serum  
p o ta ss iu m  level co n tin u e d  to  decrease, th e  occurrence o f th e  U -w ave ten d ed  to  
decrease. Of th e  lead s used, th is  pa th o lo g ica l w ave w as m ost fre q u e n tly  
e n co u n te red  in  th e  ch es t leads and  in  lead  aV R  (T able V).

Discussion

In  dogs, the  S -T  segm ent and  th e  T -w ave m ay  d e v ia te  from  th e  isoelectric  
lin e  in  b o th  d irec tio n s (elevation , depression) an d  th e ir  reg u la r con tou rs m ay  
also  undergo changes. T h e  S -T  segm ent can be considered  n o rm al i f  i t  coincides 
w ith  th e  isoelectric  line , or dev iates from  th e  la t te r  o n ly  slig h tly  in  convex  or 
concave  d irection . In  dogs, th e  p o la r ity  of th e  S -T  segm en t an d  T -w ave is
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Tabic V

Incidence of the U -w ave in the various leads during the 5-day period of study

N um ber o f
Lead
Day

I II I I I aVR aVL aVF CV.LU CVjLL CVSRL v„ Total dogs w ith 
U-wave 

incidence

1
2 3 2 2 3 2 l 5 6 6 1 31 7
3 5 4 2 7 2 4 8 8 8 4 52 10
4 4 4 3 4 5 4 7 9 7 1 48 10
5 2 2 5 4 2 2 6 7 8 2 40 9

Total 14 12 12 18 11 11 26 30 29 8 171

v a riab le  and  m ay n o t  be iden tica l w ith  th a t  of the  Q R S  com plex , as opposed 
to  h u m an  ECG (E ttin g e r  and  S u te r, 1970; Hilw ig, 1976). I t  follows from  th is  
fac t th a t  the  ru les fo rm ed  on th e  basis o f a lte ra tio n s  in  th e  S -T  segm ent an d  
T -w ave of the  h u m a n  ECG m ay n o t be applicab le  for th e  EC G  of carn ivores. 
In  dogs, th e  T -w ave is n o t easy to  in te rp re t, since i t  can  be  positive, d iphasic 
or neg a tiv e  even u n d e r  physiological conditions. In  s tu d y in g  v en tricu la r rep o 
la riza tio n , the  m ost re liab le  resu lts  are  ob ta in ed  i f  th e  E C G  is com pared w ith  
earlie r ECGs of th e  sam e an im al, d u rin g  a period of sev e ra l days.

D uring  th e  5 -d ay  period o f  s tu d y  th e  q u a n ti ty  o f  ex trace llu lar К + 
s ig n ifican tly  decreased  upon  th e  effect o f th e  ca tio n -ex ch an g er an d  the  d iu re tic  
d ru g , while th e  in tra c e llu la r  K + rem ain ed  unchanged . D ue to  the developed 
hyp o k alaem ia , th e  v e n tr ic u la r  rep o la riza tio n  stage o f th e  ECG  showed signs 
d ev ia tin g  from  th e  physio logical, p ro p o rtio n a lly  to  th e  decrease of the  serum  
p o tass iu m  co n cen tra tio n .

D eviations o f th e  S -T  segm ent becam e p ro n o u n ced  in  th e  various leads 
o f  all dogs b u t one, a n d  were observed  in  p a rticu la rly  h ig h  n u m b ers  in leads I I ,  
aV F  an d  I I I .

As com pared  to  baseline values, th e  am p litu d e  o f  th e  T -w ave decreased 
s ig n ifican tly  in th e  s ta n d a rd  leads an d  m odera te ly  in  th e  ch est leads. This is 
in  ag reem en t w ith  th e  observations o f C ollet (1982), w ho considered  the  low an d  
d iphasic  T-w ave to  be  signs ch a ra c te ris tic  o f h y p o k a laem ia . Coulter e t al. 
(1975) ex p erim en ta lly  induced  h y p o k a laem ia  in  6 dogs in  h a lo thane  an d  
p e n to b a rb ita l a n aes th es ia , in  dorsal recum bency  b y  a sing le in trav en o u s in 
je c tio n  o f isotonic N aC l an d , a lth o u g h  th e y  exam ined  o n ly  lead  I I ,  in te rp re ted  
th e  depression o f th e  S -T  segm ent a n d  th e  large p o sitiv e  T -w ave as ty p ic a l 
signs o f hyp o k alaem ia . These a u th o rs  failed  to  observe  U -w ave, a lth o u g h , 
to g e th e r  w ith  Ono e t  al. and Seta  e t al. (cited  by  C ou lte r e t  ah , 1975), th e y  
reg a rd  i t  as a sign ty p ic a l o f hyp o k alaem ia .

In  hyp o k alaem ia , K aem m erer (1975) observed a s lig h t increase of th e  
T -w ave in  th e  s ta n d a rd  leads, while a decrease th e re o f in  th e  chest leads. H e
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also  considered  th e  ap p e a ra n ce  o f th e  U -w ave ch a rac te ris tic  o f  h y p o k alaem ia . 
A cco rd in g  to  his s tu d ies , th e  U -w ave ap p ea red  a t serum  p o ta ss iu m  co n cen tra 
tio n s  o f  3.8 mmol/1, 3.6 mmol/1 an d  3.0 mmol/1 in 64% , 7 1 % , a n d  78%  of th e  
d ogs, respectively . T he U -w ave occu rred  m ost freq u en tly  in  th e  th ree  chest 
le a d s  an d  in  leads aV R  a n d  I I .

A ccording to  M usselm an an d  H a rts f ie ld  (1976), h y p o k a laem ia  m ay n o t 
be  accom pan ied  b y  s tr ik in g  EC G  signs; th ere fo re , all leads sh o u ld  be exam ined  
th o ro u g h ly . The sam e a u th o rs  reg a rd ed  th e  U-wave a p p e a rin g  a fte r th e  T- 
w a v e  or m erging w ith  th e  la t te r  as th e  m o st ce rta in  in d ica tio n  o f  h ypokalaem ia .

In  m an, a fte r  a d m in is tra tio n  o f d rugs against an g in a  p ec to ris , U -w ave 
a lte ra tio n s  show th e  opp o site  t re n d  to  changes found in  th e  m ag n itu d e  o f th e  
T -w av e ; th is can be in te rp re te d  as an  effect co u n te rb a lan c in g  th e  slowing- 
d o w n  o f repo la riza tio n . W hen  rep o la riza tio n  slows dow n, K + reab so rp tio n  
m a y  la s t even d u ring  th e  U -w ave (n eg a tiv e  p o s t-p o ten tia l; Szép lak i, 1980).

In  th e  p resen t s tu d ie s , th e  inc idence  o f U-wave w as p ro p o rtio n a l to  th e  
decrease  of serum  p o ta ss iu m  co n c e n tra tio n  b o th  in the e x p e rim e n ta l anim als 
a n d  in  th e  various leads. A p p earan ce  o f  th e  U-wave in  dogs is alw ays a p a th o 
lo g ica l phenom enon, a n d , to g e th e r  w ith  o th e r signs in d ic a tiv e  o f v en tricu la r 
rep o la riza tio n  d isorders (S -T  segm ent d ev ia tions, a lte ra tio n s  in  th e  am p litu d e  
o f  th e  T -w ave), m ay  be in te rp re te d  as an  ECG sign c h a ra c te ris tic  o f h y p o k a l
aem ia .
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BOOK REVIEWS

R o l l e / M a y r : Medizinische M ikrobiologie, Infektions- und Seuchenlelire. Editor: Anton  
M AYR . Ferdinand Enke Verlag, S tu ttgart, 1984. 5th edition. 1030 pp ., 209 figs, 139 tables. 
(In  German.)

Contributors (P . A . Bachmann, B . Gedck, H. Mahnet, A . M a yr  and H. Schels) to  
th is  new  revised and partly enlarged edition  explain the scope of th e  book to  serve the need 
o f veterinarians, biologists and agronom ists, including students. The book covers m ainly topics 
on the pathogens of dom estic anim als, bu t short references are m ade also to  infectious diseases 
o f m an and lower animals.

The book is composed of three m ain parts: 1. general epidem iology (142 pp), 2. virology  
(450 pp), and 3. bacteriology and m ycology (403 pp).

General epidem iology covers defin itions and explanations on th e  m echanism  of in 
fection  and im m unity on the broad lines o f  the former edition. The new concept of “ paramu- 
n ity ” as “ increase of nonspecific protection  o f the organism by m edicinal m eans” form ulated  
by the editor (A . M ayr) in recent years has been introduced. Theoretical details o f the concept 
are elaborated in the introductory part o f the work. Subsequently, “ paraspecific” treatm ent of 
infectious factor diseases, according to  th is concept received atten tion  throughout the te x t o f 
the book.

T he second part covers virology and virus diseases. The part on general virology is a 
concise, well-docum ented and illustrated com pilation on our present knowledge about the  
m orphology, biology and classification o f  anim al viruses. Chapters on virus diagnosis, vaccines 
and therapeutic agents contain m ost useful inform ation also for th e  practician . A short sum 
m ary each deals w ith essentials on viruses o f  fish , reptiles, insects, m onocellular organisms and 
plants as well.

The inform ation on anim al virus diseases is arranged according to  th e  last rules o f virus 
classification and taxonom y. In case o f ind ividual diseases, a short historical review  is followed  
b y  paragraphs on the aetiology, epidem iology, pathogenesis, path ology , clinics, diagnosis, 
im m unity  and control o f the disease. In the lis t o f selected literature added to  the chapters, 
priority for more recent publications instead of historical ones w ould assist those interested  
in further references on the subject. A few  inaccuracies in the te x t do not affect the authors 
having succeeded in producing an excellent up-to-date and concise, thou gh  easily readable, 
presentation about the m ost im portant virus diseases of animals.

The part on general bacteriology and m ycology describes the structure and function of 
th e  bacterial and fungus cells, including their m etabolism  and the classification of pathogenic  
germ s. I t  seems unusual to  have m ixed general bacteriology and m ycology, probably for con
ciseness and comparison purposes. In som e paragraphs, such as the genetics o f these germs, 
there is a clear preference for details on bacteria over fungi. In respect o f bacterial system atic», 
the reason for giving tables on both the 1957 and 1974 system s (7th and 8th  edition of B ergey’s 
m anual, respectively) is not understood. I t  clearly urges for a new edition for this invaluable  
work. I t  should be acknowledged, how ever, th a t new pathogenic species have been included  
w ith  the special part o f this section, too. Som e uncertainty is felt w ith  chapters such as “ in 
fectious factor diseases w ith Pasteurellae” , or “ m ixed Clostridium  perfringens infections” . 
This m ight account for finding the heading “ enzootic pneum onia o f p igs”  tw ice (pp. 811 and 
942) for diseases o f different aetiology. D ata  on the occurrence of som e diseases (e.g. m eloidosis, 
C B PP) and the original literature quoted, po in t to a relatively long processing period of these  
parts o f the work.
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The undertaking to deal in  one concise volum e with the whole subjects o f microbiology 
including virology, im m unology and the special pathology and control o f viral, bacterial and 
m ycotic  diseases of animals seem s to  be an undertaking ever more difficu lt to  m aster. N everthe
less, m ost parts of the book w ill be  a useful source o f inform ation for both  students and practi
tioners interested in the broad subject o f infectious diseases o f anim als. T he publisher should  
be com plim ented for the h igh  standard of production.

T. SZENT-IVÁNYI

R a e o v i c h , Béla: Listeriosis Research  -  Present Situation and Perspectives. Akadém iai Kiadó 
(P ublish ing House of the H ungarian Academ y of Sciences), B udapest, 1984. In English lan
guage, 222 pages.

The author has ded icated  this monograph to  Professor Seliger, one of the m ost outstand
ing personalities in current listeriosis research, who wrote a preface to  the book. In the intro
du ction , th e  author offers a b r ief historical survey of the listeriosis problem , then  discusses the  
bacteriology (taxonom ical problem s, biological properties, serotyping, nutrient requirement, 
ultrastructure, significance o f  lip ids, modes of culturing, isolation and typ in g , w ith particular 
respect to  phage typing, as w ell as the L forms) o f  Listeria monocytogenes, in  the light o f the  
m ost recent data of the literature.

In  the chapter P athogenicity  and virulence the  author touches upon questions associated  
w ith  haem olysin production and  lipase activ ity , differences betw een viru lent and avirulent 
strains in cell membrane structure, the m onocytosis-inducing agent, and other (e.g. tumour- 
inh ib iting) properties. F in a lly , data  are given on the genetic regulation o f certain biological 
properties.

In  the chapter en titled  Epidemiological and clinical m anifestations o f  listeriosis, the  
percentile  proportion of bacterium  excretors on a world scale, listeria-positive test m aterials, 
m ode and seasonality o f in fectio n , relationship o f hum an and anim al listerioses by serotype, 
predisposing factors, and th era p y  of human listeriosis are illustrated in  Tables. As regards 
prevention , in humans th e  n ecessity  o f a strict observation of food-hygienic regulations, while 
in  anim als that of active im m unization  is stressed.

The A ppendix, con sistin g  of 14 pages, gives detailed instructions and receipts o f m edia  
for the pretreatment of te st  m aterials and selective culturing and identification  of Listeria.

The monograph conta ins 897 references; thu s, it  is a valuable aid for researchers who 
w an t to  get a more thorough knowledge of any field  of listeriosis research. A t the end of the  
m onograph there are four h isto logical pictures illustrating intracellular Listeria organisms in  
th e  epithelial cells of an in fected  conjunctiva.

The English translation  is easy to understand; however, th e  use o f the word “ ожега” 
instead  of “ cattle” or “ cow ”  is a disturbing m istranslation which results in  absurd distortions 
o f  th e  sense, e. g. on page 73: “ . . . 0.8 to 5.3%  o f the oxen excreted L isteria in m ilk” . I t  would  
have been good if a veterinarian  proficient in E nglish had supervised th e  translation. D is
regarding this sm ile-provoking flaw , the m onograph contains th e  m ost recent data and up-to- 
d ate  knowledge. Thus, it  serves as a good starting point for future research aimed at a better  
understanding of the listeriosis problem, which is insufficiently know n even at present.

F. K e m e n e s

H o r z in e k , Marian C.: K o m pen d iu m  der allgemeinen Virologie. Pareys S tu dien texte , Band Nr. 4. 
2nd (revised) edition, 1985. 159 pages, 86 figures and 16 tables. B alacron br. DM 29 ,-.

A ll honour to th e  sc ien tists  who are able to im part their know ledge, experience, and 
th ou ghts in a logically system atized  form, in concise and clear sty le , allow ing the readers to  
get an overall picture o f th e  discipline in question. The author of th is Compendium (pocket- 
m anual), Professor M. C. H orzinek, has m et the above requirement; his m anual could serve as 
an exam ple for other branches o f science.

The Compendium introduces the subject o f general virology and its principles through  
anim al viruses; the properties o f  the viruses o f p lants and bacteria are dealt w ith only when  
deem ed necessary from th e  v iew point of com parative virology.

The pocket-m anual consists o f four m ain chapters. The first chapter, constituting half 
o f th e  size, gives a concise account of virological m ethods, m orphological properties o f virions, 
as w ell as o f the taxonom y o f  viruses. The second chapter sum m arizes the knowledge concern
ing in fectiv ity  and genetics o f  viruses, while the third and fourth chapters the facts necessary
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for a better understanding of the role o f viruses in  the aetiology o f diseases and in disease o u t
breaks.

The Compendium offers a full review  o f general virological knowledge; thus, it  can be 
used by specialists w ith  different levels o f training. I t  helps stu dents understand the m aterial 
better and prepare for their exam inations, and offers a broader knowledge of the general 
principles o f virology as a whole for those virologists and people dealing w ith related branches 
of science who have acquired the m astery o f any narrower field o f virology. The pocket-m anual 
can be of use for qualified assistants working in virological or biological laboratories.

A great advantage of the Compendium is that, as regards th e  details o f m ethodology, 
it refers to  special manuals offering more detailed inform ation on th e  subject. The sam e holds 
true for certain parts o f all the four chapters. Thus, naturally, th e  Compendium cannot m eet 
all requirem ents o f specialists working in a narrow special field  o f  virology. It m ust not be 
forgotten that this pocket-m anual is not a text-b ook , only a guideline which requires from the  
Reader a certain level o f qualification.

Ten years have elapsed since the publication of the first edition , during which tim e v i
rology has m ade considerable advances. T he author has com pleted the second edition w ith  
this new body o f knowledge; i.e. the essence o f up-to-date m olecular-biological m ethods by  
which the nature of substances constituting th e  viruses (proteins and nucleic acids) as well 
as the role o f these substances in determ ining the properties o f  viruses, have been elucidated. 
The present situation  of virus genetics and its role in the strategy o f viral replication, p ath o
genesis o f diseases, variability o f viruses and aetiology of tum ours are also reviewed, as well as 
th e  concept o f the recently discovered viroids and prions. In virus classification, the Com
pendium  follows the latest standpoint o f the ICTV. The decimal classification used in the second  
edition m akes the Compendium more easy to  survey and read. The fact that, as compared to  
the first edition, the size o f the second edition has not increased although it contains the new  
body of knowledge reflecting the advances in  virology, deserves special credit.

This Compendium, written in German language, can be w arm ly recommended for spe
cialists, physicians, veterinarians, biologists, agricultural engineers, qualified assistants, and 
students dealing w ith, or working in, any field  of virology. An E nglish-language edition o f the  
pocket-m anual would considerably increase its reading public.

A. B a r t i i a
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OF IN SECT LA RV A E
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In English ■ 1984 ■ 404 pages • 1069 figures • 17x25 an 
Hardcover $46.oo/DM 117.—/£27.50 
ISBN 963 05 3417 7

Comprehensive works discussing the morphology of the insect larvae are very scarce. A general 
atlas showing the postembryonic forms of the insects, although it would be of great importance 
in comparative morphology, has been non-existent this far.
The treatment follows the two large natural units the hemi- and holomctabolous insects. Each 
item is preceded by a simplified homologized set of figures, then the groups are treated in the 
sequence of the insect orders. Newly designed or adapted illustrations constitute the major part 
of the book showing an advanced stage of larval development.
The figures are numbered consecutively and for the purpose of identification the legends are 
given in Latin. The atlas proper is followed by a Latin—English and an English—Latin index. 
A selected reference list closes the book.
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Hardcover $28.oo/DM 69,—/£ 16.75 
ISBN 963 05 3883 0

The lack of descriptive works treating the external morphology of insects, as well as the want of a 
general morphological atlas with a unified terminology induced the authors to compile, on the 
basis of extensive homology, their general atlas of insect morphology. Accordingly, all was 
unified that was common in the external skeletal elements of this group of animals, aiming thereby 
to provide a basic terminology shown on a wide selection of illustrations. The encouraging inter
national reception has stimulated the authors to revise the first edition by carefully considering the 
constructive and valuable suggestions of many reviews.
The main part or the book is the atlas proper grouping the material according to head, thorax and 
abdomen including appendages and genital organs. For the second edition some figures have been 
newly designed to replace earlier ones, also several entirely new figures have been included. The 
figures are supplied with Latin inscriptions and numbered consecutively. With the new figures 
scores of new terms have been added to elucidate the nomenclature of various bodily parts. The 
figure captions arc English. The atlas is provided with a Latin-English and English-Latin index 
for the figures. A list of selected references provides a lead to those fundamental handbooks or 
other parts that were our sources.
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