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A cta  Veterinaria H ungarica 39 (1  — 2 ) ,p p .  3 — 11 (1 9 9 1 )

EFFECT OF TREATMENT WITH PROLAN OR WITH 
A GnRH SUPERACTIVE ANALOG ON THE SEXUAL 

FUNCTION OF SOWS AFTER WEANING

I . Szabó1, T . A n t a l 1, I. T ó th 2, I . F a r e d in 2, J .  S e p r o d i3 and I . T e p l á n 3

'A g ric u ltu ra l C om bine of M ezőhegyes, H —5820 M ezőhegyes; 2E n docrine  U n it o f th e  1st D e p a r t ­
m e n t of M edicine, A lb ert Szent-G yiirgyi M edical U n iversity , H -6701  Szeged; an d  3l s t  D e p a r t ­
m en t of C hem istry  an d  B iochem istry , Sem m elw eis U n iv ersity  M edical School, H —1082 B u d a ­

p e s t,  H u n g a ry

(R ece iv ed  M ay 2, 1990)

On a large , closed pig fa rm  using  artific ia l in sem in a tio n  (A I), 29 sows w ere 
tre a te d  w ith  P ro la n  S-öl in jec tio n  (B ay er, F R G ) and  31 sows w ith  a G n R H  su p e rac tiv e  
analog (O v u re lin , D -P h e6-G n R H -E A , R ean a l, H u n g a ry ) 48 h  a f te r  w eaning. T h e  effect 
o f t r e a tm e n t on th e  sows’ sex u a l fu n c tio n  w as m on ito red  b y  serum  p rogestero n e  r a ­
d io im m unoassay  (R IA ).

T he con cep tio n  ra te  in  th e  co n tro l g ro u p  (36 sows) w as 6 9 .4% . In  th e  g ro u p s 
tre a te d  w ith  P ro la n  and  O v ure lin  i t  w as 79.3 an d  71% , resp ec tive ly .

T he u se  o f P ro lan  S-öl in je c tio n  m ark ed ly  reduced  th e  n u m b e r o f acyclic sows 
and  of those  h a v in g  an  irreg u la r  o e s tro u s  cycle.

T re a tm e n t w ith  th e  G n R H  analog  in h ib ited  th e  m an ifes ta tio n  of w eaning-induc- 
ed h e a t;  su b seq u en tly , how ever, i t  in d u ced  a regu lar cycle in  30 o u t o f th e  31 sow s 
trea te d .

Key w ords: O estrus in d u c tio n , sexual fu n c tio n , sow, w eaning , P ro lan , G n R H  
superac tive  analog

U ndor closed m an ag em en ta l cond itions th e  ho rm onal fu n c tio n  of an im als 
is poo rly  expressed . This ren d ers  i t  necessary  to  use p re p a ra tio n s  w hich m ake 
th e  oestrous sym p to m s o v ert, h e re b y  increasing  p ro lificacy  an d  th e  p ro f ita b i­
l i ty  o f sow keep ing . In  pig p ro d u c tio n , w ell-know n m eans of ach iev ing  th is  aim  
are  P G  600 (400 IU  PM GSG +  200 IU  HCG, In te rv e t, T he N e th e rlan d s) 
tre a tm e n t (P o lanco , 1976; Schilling an d  Cerne, 1972; Cerne an d  N ikolic, 1976) 
an d  th e  use of P ro la n  S-öl (200 IU  chorionic gonado tro p in  -j- 1 m g o estrad io l 
b en zo a te , B ayer, FR G ) in jec tions (M aczelka, 1981).

R ecen tly , since th e  s tru c tu re  o f  gonado trop in  releasing  ho rm one  (G n R H ) 
w as de te rm ined , i ts  sy n th e tic  d e riv a tiv e s  m uch  m ore effective th a n  th e  n a tu ra l  
ho rm one have been  developed (so-called superac tive  analogs, e.g. D -P h e6- 
G n R H -E A , O vurelin , R ean a l, H u n g a ry ) . I t  seem ed, th e re fo re , reasonab le  to  
s tu d y  th e  effect o f these  analogs on th e  conception  resu lts  o f sows.

1* Acta Veterinaria Hungarica 39, 1991 
Akadémiai K iadó, Budapest



4 SZABÓ et al.

Materials and methods

T he ex p erim en ts  w ere carried  o u t a t  a  specialized  fa rm  of 1100 sows 
p ro d u c in g  hybrid  p igs fo r  th e  m ark e t, o f th e  A g ricu ltu ra l C om bine of M ezőhe­
gyes. The farm  uses a rtif ic ia l in sem in a tio n  (A I) an d  th e  p ig le ts are w eaned 
30 +  3 days a fte r fa rro w in g .

The ex p e rim en ta l sows were housed  in d iv id u a lly  d u rin g  la c ta tio n . F rom  
w ean ing  up  to  in se m in a tio n  th e  sows w ere k e p t in  sm all g roups and  exercised 
d a ily . D uring  an d  fo r 10 days a fte r in sem in a tio n  th e  an im als were k e p t in d i­
v id u a lly  and su b se q u e n tly , u p  to  farrow ing , in  g roups o f 8 -1 0  sows again .

T h irty -six  fa rro w ed  sows were used  as con tro l. F o rty -e ig h t h a fte r  w e­
an in g  29 sows received  1.5 m l P ro lan  S-öl in jec tio n  (200 IU  chorionic g o n ad o tro ­
p in  +  1 m g o estrad io l ben zo a te  su spended  in  1 m l oil; B ay er, FR G ) and  31 
sows were in jec ted  w ith  100 pg G n R H  su p e rac tiv e  analog  (O vurelin , D -P h e6- 
G n R H -E A , R ean a l, H u n g a ry ), in tram u scu la rly .

Blood sam ples w ere  ta k e n  from  th e  v e n a  cav a  cran ia lis  o f all an im als a t 
th e  tim e  of t r e a tm e n t (from  th e  con tro l sows 48 h  a fte r  w eaning), and  th e n  o n ­
ce a t  w eekly in te rv a ls . A fte r cen trifu g a tio n  th e  sera  w ere s to red  frozen a t 
— 15 °C u n til p rocessed . T he p rogesterone  c o n cen tra tio n  of th e  sera w as d e te r­
m in ed  b y  rad io im m u n o assay  (R IA ) as a d a p te d  b y  us (F a red in  e t al., 1987; 
Szabó  et al., 1988).

Results

The resu lts  o b ta in e d  for th e  control group  (n  =  36) are  p resen ted  in  
T ab le  1. T w en ty -fiv e  o u t o f th e  36 sows (69 .4% ) conceived: o u t o f th em , 21 
fa rrow ed  and 4 a b o r te d . S eventeen  sows conceived  on f ir s t  in sem in a tio n . The 
se ru m  progesterone p ro file s  of 3 of th e se  sows (no. 5041, 5762 and  4745) are 
show n in Fig. 1.

In sem in a tio n  in  th e  second oestrous cycle a fte r  w ean ing  w as successful 
in  4 sows (Table 1). T h e  serum  p rogesterone  levels o f 2 successfully  in se m in a t­
ed  sows (no. 4719, 44) an d  2 ou t of th e  4 a b o rted  sows (no. 358 and  230) are 
show n in  Fig. 2.

Table 1

R eproductive  s ta tu s  of sows based  u p o n  th e  serum  p rogesterone profiles

Total num ber of sows: 36

Conceived: 25 N ot conceived: 11

Farrow ed: 21
on f irs t  insem ination: 17
on second insem ination: 4

A borted: 4 Acyclic: 7 Irreg u la r cycle: 4
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Seven and 4 o u t o f th e  11 non-conceived  sows (Table 1) w ere found  to  
h av e  acyclia  and  irreg u la r  cycle, re sp ec tiv e ly . T he serum  p ro geste rone  profiles 
of sows no. 231, 4036, 4701 and  4035 a re  show n in  Fig. 3.

F ig . 1. Serum  p ro g esterone  profiles in  sow s. I  =  in sem ination ; F  =  fa rro w in g

F ig . 2. Serum  p ro g esterone  profiles in  sow s. I  =  insem ination ; F  =  fa rro w in g ;
A =  a b o rtio n

Fig. 3. Serum  progesterone p ro file s  in  sows. I  =  in sem in a tio n

Acta Veter inaria Hungarica 39, 1991
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Table 2

E ffect of P ro lan  S-iil tre a tm e n t on  th e  sexual function  of sows a fte r weaning

Total num ber of sows: 29

Conceived: 23 (79.3% ) N ot conceived: 6 (20.7%)

Farrow ed: 23

after insemination 
perform ed immediately 

after weaning

after insemination 
performed after 

several cycles

“ Silent oestrus” Irregular cycle

22 1 3 3

T he effects o f  P ro lan  treatment are  sum m arized  in  T ab le  2. T w en ty -th ree  
o u t o f th e  29 sows (79 .3% ) tre a te d  w ith  P ro lan  48 h  a f te r  w eaning conceived  
a n d  farrow ed. O f th e m , 22 conceived on th e  f irs t o estru s  a fte r  w eaning, w hile 
one sow conceived a n d  farrow ed  a fte r  in sem in a tio n  fo llow ing several re tu rn s  
to  oestru s. The se ru m  progesterone  pro files of sows no . 486, 153 and  4985 o f 
th is  group are p re se n te d  in  Fig. 4.

Six ou t of th e  29 P ro la n -tre a te d  sows (20.7% ) fa iled  to  conceive (Table 2). 
T h ree  of th em  h a d  a  ch a rac te ris tic , reg u la r, so-called  “ s ilen t”  oestrus w h ich  
w as clinically  in a p p a re n t  b u t could he easily  m o n ito red  on th e  basis o f se ru m

F ig . 4. E ffec t of P ro la n  S-ol on  th e  sexual fu n c tio n  of sows: Sows th a t  farrow ed. T he b ro k e n  
line  ind ica tes th e  low er l im it  of serum  progesterone  c o n cen tra tio n  a t  w hich  sows are considered

p re g n an t
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Fig. 5. E ffect of P ro lan  S-öl on th e  sex u a l fu n c tio n  of sows: Sows w ith  “ silen t o e s tru s”

progesterone profiles (Fig. 5). T h e  o th e r 3 sows did n o t ex h ib it a reg u la r cycle 
th ro u g h o u t th e  en tire  period  o f  s tu d y , and  h ad  serum  progeste rone  values 
corresponding  to  th is  (Fig. 6).

Fig. 6. E ffec t of P ro lan  S-öl on th e  sexual fu n c tio n  of sows: Sows w ith  irreg u la r cycle

Acta Veterinaria Hungarica 39, 1991
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T w enty-tw o  o u t o f  th e  31 sows (71% ) t r e a te d  w ith  th e  G n R H  superactive 
analog  48 h  a fte r w ean in g  farrow ed (Table 3). O f th em , 1 sow conceived on 
in sem in a tio n  done im m e d ia te ly  after w ean ing , 8 sows on oestru s  a t  th e  end 
o f th e  f irs t  cycle, 2 sow s a f te r  rep ea ted  in sem in a tio n , an d  11 sows on insem i­
n a tio n  a fte r  several “ s ile n t”  oestruses. T he ty p ic a l serum  p rogesterone  profiles

1Л

Fig. 7. E ffe c t o f G n R H  tre a tm e n t on  th e  sexual fu n c tio n  o f sows

o f one rep resen ta tiv e  o f each  of these sow g roups (sows no. 5529, 5009, 4621/1 
an d  974) are show n in  F ig . 7.

N ine of th e  sow s t re a te d  w ith  th e  G n R H  analog  failed  to  conceive 
(T able  3). E ig h t o f th e m  h a d  regu larly  occu rring  so-called “ silen t”  oestrus 
w hich  w as clinically  in a p p a re n t  b u t could be easily  m o n ito red  b y  th e  serum  
p rogesterone  profiles. O n ly  1 ou t of th e  9 sows h ad  an  irreg u la r  cycle. The 
se ru m  progesterone p ro file s  of sows no. 266, 973 an d  5784 o f th is  group are 
show n in  Fig. 8.
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Tabic 3
E ffect of G nR H  on th e  sexual function  of sows*

T otal num ber of sows: 31

Conceived: 22 (71%) N o t conceived: 9 (29%)

Farrowed: 22

on insemination 
im m ediately 

a fte r  weaning

on insem ination r. .. , . , a lte r  repeated m  th e  ti r s t cycle . . r  . c. ■J insem ination a lte r  weanmg

on insemination 
after several 

cycles

“ Silent Irregular 
oestrus”  cycle

l 8  2 и 8  1

* W eaning: 30 ^  3 days after farrow ing .
T rea tm en t: 2 m l (100 /tg) G nR H  im . 48 h  a fte r  weaning.

Fig. 8. E ffe c t of G nR H  tr e a tm e n t  on th e  sexual fu n c tio n  of sow s

Discussion

I n  these ex p erim en ts , P ro la n  S-öl t re a tm e n t m ark ed ly  increased  th e  
co n cep tio n  ra te  (79 .3%  vs. th e  c o n tro l va lue , i.e. 69 .4% ). F u rth e rm o re , i t  
re d u c e d  th e  n u m b e r of acyclic sow s w hich w as well re flec ted  in  th e  serum  
p ro g este ro n e  profiles. P ro lan  S-öl in je c tio n  can be used successfully  for im p ro v ­
in g  th e  post-w ean ing  conception r a te  of sows. This fin d in g  is co n sis ten t w ith  
th e  conclusions d ra w n  b y  M aczelka (1981).

T h e  d iffe ren t su perac tive , sy n th e tic  analogs of G n R H  h av e  th e  sam e 
b io log ica l effect as n a tu ra l  G n R H ; how ever, th e ir  longer b in d in g  to  recep to rs
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of th e  p itu ita ry  m ak es th e ir  efficacy m an y  tim es h ig h er th a n  th a t  of th e  la t te r  
is. O v u la tio n  in d u ced  w ith  G n R H  su p erac tiv e  analogs in d ire c tly  is followed b y  
a cycle of norm al course  (N ikolics e t ah , 1983; H o rv á th  e t al., 1986).

In  tria ls  in v o lv in g  a to ta l  o f 1566 sows, B ergfeld  e t al. (1979) tre a te d  
th e  sows w ith  1250 IU  PM SG  24 h  a fte r  w ean ing  a t  5 w eeks of age, th e n  on 
d a y  3 a fte r w eaning  th e y  gave 300 pg of G n R H  an d  400, 300 or 200 IU  of 
H C G . T hey  found no  difference in  th e  rep ro d u c tiv e  ind ices betw een  th e  group 
tr e a te d  w ith  G nR H  a n d  th a t  given only  500 IU  HCG .

U sing a sim ilar t r e a tm e n t regim en, Schlegel e t al. (1984) observed th a t  
t r e a tm e n t  w ith  H C G  alone resu lted  in  la rger l i t te r  size, w hile HCG tre a tm e n t 
com b in ed  w ith  G n R H  (300 IU  HCG -)- 300 pg G n R H ) led  to  higher concep­
tio n  ra te .

A ccording to  R a a sc h  e t al. (1982), com bined  H C G  G nR H  tre a tm e n t 
im p ro v es th e  re p ro d u c tiv e  resu lts  even on in d u s tr ia l p ig  farm s of good fe r ti­
l i ty . In  tria ls  in vo lv ing  10 large pig herds, th e y  fo u n d  th a t  com bined tre a tm e n t 
im p ro v ed  th e  co n cep tio n  ra te  and  re su lted  in  a s ig n ifican tly  increased fa r ­
row ing  percen tage (R a a sc h  e t ah , 1984). In  a m ore recen t s tu d y , B ergfeld 
(1984) also found com b in ed  tre a tm e n t (300 IU  H CG  +  300 pg G nR H ) m ore 
effec tive  th a n  t r e a tm e n t  w ith  500 IU  HCG  alone. H e suggested  th a t  th e  use 
o f G n R H  su p erac tiv e  analogs m igh t allow red u c tio n  o f th e  horm one dose.

W hen  using G n R H  superac tive  analog  48 h  a f te r  w ean ing  we assum ed 
th a t  i t  w ould enhance  F S H  and  L H  release, h e reb y  increasing  th e  n u m b er of 
sows com ing in to  o es tru s  w ith in  3 -7  days a fte r  w ean ing  an d , th u s , im prov ing  
th e  rep ro d u c tiv e  ind ices o f th e  herd .

C on tra ry  to  th e  ex p ec ta tio n s , th e  G n R H  su p e rac tiv e  analog used b y  us 
48 h  a fte r  w eaning fa iled  to  fac ilita te  (qu ite  th e  c o n tra ry , i t  inh ib ited ) clinical 
m an ife s ta tio n  of w ean ing -induced  oestrus. O nly 1 o u t of th e  31 sows (sow no. 
5529, F ig . 7) cam e in to  oestrus w ith in  1 week a f te r  w ean ing  and  was success­
fu lly  in sem ina ted  a t  t h a t  tim e. In  th e  o th e r 30 sows, besides inh ib itio n  of 
w ean ing-induced  o es tru s , G nR H  ad m in is tra tio n  w as follow ed b y  no rm al cycles 
t h a t  could easily he  m o n ito red  b y  serum  p ro g este ro n e  de te rm in a tio n s. In  8 
sows, a norm al cycle w as follow ed b y  oestrus an d  successful in sem ination . 
T h irte e n  sows re p e a te d ly  re tu rn e d  to  oestrus. In  8 sows so-called “ silen t oest­
ru s ”  w as found w h ich  could  be observed  only  b y  m o n ito rin g  th e  serum  p ro ­
gesterone profiles.

B ased on th e se  re su lts  we suggest th a t  t r e a tm e n t  of sows w ith  th e  
G n R H  superactive  ana lo g  48 h a fte r  w eaning  fa iled  to  im prove th e  re p ro ­
d u c tiv e  s ta tu s  of th e  h e rd . T herefore, som e o th e r m ode o f app lica tion  m u st 
he looked  for, so t h a t  w ean ing-induced  oestrus an d  oestru s induced  b y  th e  
G n R H  analog should  coincide. (In  th is  w ork we can  u tilize  th e  experience th a t  
th e  G n R H  analog in d u ces a no rm al cycle in  sows a fte r  w eaning). F u r th e r  
s tu d ies  are needed to  f in d  a so lu tion  for th is  p rob lem .
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ABORTION OF A SOW CAUSED BY 
PASTEURELLA AEROGENES

L. F o do r1, I .  H a jt ó s2 and R. Gl á v it s3

d e p a r t m e n t  of M icrobiology and In fec tious D iseases, U n iv e rs ity  of V e te rin a ry  Science, H -1 5 8 1  
B u d a p es t, P . O. B ox 22; V e terin ary  an d  F o o d  E x am in in g  Service, '^V eterinary I n s t i tu te  o f 
M iskolc, P . O. B ox 170 a n d  3C entral V e te rin a ry  In s t i tu te ,  H —1581 B u d ap est, P . O. B o x  2,

H u n g a ry

(R eceived  M ay 25, 1990)

T hree  s tra in s  o f th e  Pasteurella aerogenes com plex w ere iso lated  as sole p a th o g e n s  
fro m  a b o rted  fe tu ses o f a sow a b o r te d  a t  th e  12 th  w eek of g esta tio n  on a fa rm  o f 600 
sow s. Gross p a th o lo g y  showed no c h a ra c te ris tic  lesions. T he iso lates w ere b iochem ically  
id en tica l and  resem b led  P . pneum otropica  on  th e  basis o f th e ir  s trong  indole a n d  u rease  
p o s it iv ity  b u t  th e y  p roduced  gas, w ere o rn ith in e  d ecarboxy lase  n eg ative  a n d  fe rm e n te d  
m a n n ito l b u t  n o t treha lose . O nly a few  differences w ere a p p a re n t in  b iochem ical ch a ­
ra c te ris tic s  be tw een  th e  iso lated  s tra in s  an d  P . aerogenes. T h ey  d iffered fro m  th e  ty p e  
s tra in  o f P . aerogenes in  o rn ith ine  d ecarb o x y lase  a c tiv ity , indole p ro d u c tio n  a n d  lac tose  
a n d  m an n ito l fe rm en ta tio n ; how ever, such  s tra in s  do occur w ith in  th is  he te ro g en eo u s 
species.

A t th e  tim e  of abortion  th e  a n tib o d y  t i t r e  o f th e  a b o rte d  sow w as 1 in  16 w hen 
ex am in ed  w ith  live b a c te ria l suspension  an d  1 in  128 if  boiled  an tig en  w as used .

S im ilar s tra in s  could n o t be iso la ted  from  th e  v ag in as of a b o rted  sows o r p re g ­
n a n t  a n d  new ly fa rro w ed  sows in  th e  sam e group.

T he bacterio log ica l, serological a n d  h isto logical find ings su p p o rt th e  o p in io n  of 
o th e r  w orkers on  th e  occasional p a th o g en ic  n a tu re  of P .  aerogenes.

K ey w ords: Pasteurella aerogenes, sw ine, fe tus , a b o rtio n , H u n g a ry

S evera l b a c te ria  (lep tosp irae , b ruce llae , E rysipelo thrix  rhusiopathiae, 
ch lam y d iae , occasionally  Actinobacillus p leu ropneum oniae, s trep to co cc i an d  
Eperythrozoon su is ) m a y  cause a b o rtio n  in  sows (L em an  e t al., 1986). M em bers 
o f th e  P asteurella -A ctinobacillus-H aem ophilus  g roup  are  ra re ly  responsib le  for 
swine ab o rtio n s; how ever, som etim es Pasteurella  (C arter and  B id d y , 1966; 
C orkish an d  N aylor, 1982; H om m ez an d  D evriese, 1976; M cA llister an d  C a rte r, 
1974; c it. S n ea th  a n d  S tevens, 1985) or A ctinobacillus  s tra in s  (R oss e t  al., 
1972) can  be iso la ted  from  ab o rted  sw ine fetuses.

Pasteurella, Actinobacillus  an d  H aem ophilus  species cause d iffe ren t d i­
seases in  fa rm  an im als including  sw ine. P n eu m o n ia  or p leu ro p n eu m o n ia  d u e  to  
P . m ú lto d d á  or A . p leu r opneum oniae, p rogressive a tro p h ic  rh in itis  cau sed  b y  
to x in -p ro d u c in g  P . m ú ltoddá  s tra in s , G lässer’s disease induced  b y  H . p a ra su is  
or sep ticaem ia  of p ig le ts  p roduced  b y  A . su is  are well know n (B iberste in , 1981; 
K ilian  an d  F red erik sen , 1981).

T h e  Pasteurella  genus com prises six  species, n am ely  P . m ú lto d d á , P . 
haem olytica, P . pneum otropica, P . ureae, P . aerogenes an d  P . ga llinarum  (C a rte r
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1984), howrever, re c e n t D N A -D N A  h y b rid iz a tio n  stud ies rev ea led  t h a t  P . 
liaemolytica, P . ureae a n d  P . pneum otropica  ty p e  Ja w e tz  an d  H ey l are m ore 
closely  re la ted  to  th e  genus Actinobacillus. E x c lu sio n  of P . aerogenes from  th e  
genus Pasteurelia  w as suggested  on th e  basis  o f th ese  stud ies as w ell (M utters  
e t a l., 1985). T he ta x o n o m ic  position  o f th e  ab ove-m en tioned  genera  is n o t 
c e r ta in  y e t and  needs fu r th e r  ex am in a tio n  (C arte r, 1984).

M em bers of th e  genera  Pasteurella  an d  A ctinobacillus  are u su a lly  reg a rd ed  
as fe rm e n ta tiv e  o rgan ism s, w hich a t ta c k  c a rb o h y d ra te s  b o th  u n d e r aerobic 
a n d  anaerob ic  co n d itio n s an d  produce  acid  b u t  n o t gas from  th e m  (C arter, 
1984; M utters  e t a l., 1985; P hillips, 1984). H o w ev er, besides P . aerogenes gas- 
p ro d u c in g  s tra in s do occur am ong P . pneum otropica , Actinobacillus  sp. “ R oss” , 
G ro u p  X b  and “ S P ”  g roup  s tra in s  (F red erik sen , 1981).

T his p ap er re p o rts  on a case of a b o rtio n  o f a sow due to  a gas-p roducing  
Pasteurella  species a n d  on th e  c h a ra c te riz a tio n  o f th e  cu ltu ra l an d  biochem ical 
fe a tu re s  of th e  iso la ted  s tra in s .

Materials and m ethods

F rom  a fa rm  o f 600 sows 3 swine fe tu se s  of a sow a b o rted  a t  th e  12 th  
w eek  o f gesta tion  w ere sen t to  p o stm o rtem  ex am in a tio n . One w eek a fte r  th e  
a b o rtio n  vaginal sw abs w ere ta k e n  from  a b o rte d , p re g n a n t and  new ly  farrow ed 
sow s to  s tu d y  th e ir  v a g in a l b ac te ria l flo ra .

T he p o stm o rtem  ex am in a tio n  w as ca rr ied  o u t as usual. Sam ples for h is to ­
logic exam in a tio n s w ere ta k e n  from  liver, k id n e y  an d  lungs. T h ey  were fixed  
in n e u tra l  10%  fo rm alin , em bedded  in  p a ra ff in  an d  s ta in ed  w ith  liaem ato x y lin  
a n d  eosin. Sam ples from  liv er and k id n ey  w ere s ta in ed  by  m odified  L e v a d iti’s 
s ilv e r-im p reg n a tio n  m eth o d  to  d e tec t lep to sp irae .

B ac te ria l s tra in s  w ere iso lated  from  th e  p a ren ch y m al organs and  s to ­
m a c h  co n ten ts  o f th e  fe tu ses b y  in o cu la tio n  o n to  n u tr ie n t ag ar and  ox blood 
a g a r  con ta in ing  0 .5 %  y e a s t e x tra c t. A gar p la te s  w ere in cu b a ted  a t 37 °C for 
24 h . S tom ach c o n te n ts  w ere in o cu la ted  o n to  tw o  blood agar p la te s , one of 
w h ich  was in c u b a te d  fo r 24 h in  air an d  th e  o th e r  for 7 days in  a ir  w ith  10%  
C O , co n ten t. Sm ears of s tom ach  co n ten ts  w'ere s ta in ed  by  G ram ’s and  S ta m p ’s 
m e th o d .

B iochem ical te s ts  w ere carried  o u t acco rd ing  to  s ta n d a rd  c rite ria  (B i­
b e rs te in , 1978; C ow an, 1974). In  vitro a n tib io tic  su scep tib ility  o f th e  iso la tes 
w as te s te d  b y  th e  p a p e r  d isk  m ethod  using  R esis te s t (H u m an  Co., H u n g ary ) 
d isks.

T ube ag g lu tin a tio n  te s ts  were used to  m easu re  th e  a n tib o d y  t i tre  of th e  
a b o r te d  sow ag a in st th e  iso lates. M acF a rlan d  4 d en sity  b ac te ria l suspensions 
m ad e  from  an iso la te  a fte r  10-min boiling  an d  w ith o u t h ea tin g  w ere used as
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an tigens. T ube  ag g lu tin a tio n  an d  com plem ent f ix a tio n  te s ts  were used to  rev ea l 
an tibod ies ag a in st b rucellae . A n tibod ies to  Leptospira pom ona  and  L . hyos w ere 
te s te d  b y  th e  m ic ro ag g lu tin a tio n  te s t .

Specim ens from  th e  p a ren ch y m a to u s  organs w ere in o cu la ted  in  tw o  p a s ­
sages o n to  secondary  ca lf  te s tic le  cell cu ltu res to  iso la te  A ujeszky’s disease 
v irus. F e ta l  an tib o d ies  to  p a rv o v iru s  were d e tec ted  b y  h aem ag g lu tin a tio n  
in h ib itio n  te s t  using  p e rito n ea l an d  thoracic  flu id  o f th e  fetuses (K u d ro n  an d  
M ocsári, 1979).

Results

Gross pathology

N o ch a rac te ris tic  lesions ap p ea red  in  th e  a b o rte d  sw ine fetuses. O edem a 
of th e  su b cu tan eo u s  tissues an d  accum ula tion  of som e red d ish  p erito n ea l an d  
th o rac ic  f lu id  could  be seen. T he livers were sw ollen an d  th e re  w as a f ib rin  
n e tw o rk  on th e ir  an d  th e  bow els’ surface, th e  k id n ey s  w ere en larged  an d  
becam e h aem orrhag ic . T he sto m ach s con ta ined  red d ish  w a te ry  flu id , th e  lungs 
w ere congested  an d  a te lec ta tic .

Histology

In  th e  liv er th e  sim usoids w ere d ila ted  and  filled  w ith  blood, th e  cells 
o f th e  m o n o n u clear p h ag o cy tic  sy stem  (MPS) becam e sligh tly  en larged  an d  
in  som e p a r ts  th e ir  p ro life ra tio n  w as observed. S ev era l cell colonies of fe ta l 
e x tra m e d u lla ry  haem ocy topo iesis could  be d e tec ted . L y m phocy tes an d  n e u ­
tro p h ilic  g ran u lo cy tes  in f il tra te d  locally  th e  p e r ip o r ta l  tissues and  th e  Glis- 
son’s capsu le .

In  th e  k id n ey  th e  g lom eru la r capillaries w ere filled  w ith  blood an d  th e  
en d o the lia l cells w ere en larged .

In  d is tin c t areas of th e  lungs in flam m ato ry  an d  necro tic  lesions w ere 
seen (F ig . 1). T he a lveo lar lu m in a  w ere in filtra te d  b y  d esq u am a ted  ep ithe lia l 
cells, h is tio cy tes , ly m p h o cy tes  an d  n eu troph ilic  g ran u lo cy tes , to g e th e r w ith  
serum  an d  e ry th ro c y te s  (F ig . 2).

Bacteriology

B a c te ria  o f sim ilar ap p earen ce  were iso la ted  in  p u re  cu ltu re  from  th e  
sto m ach  co n ten ts  o f th e  fe tu ses. G row th  was o b ta in ed  w ith  in cu b a tio n  b o th  
a fte r 24 h  in  a ir an d  7 days in  a ir co n ta in in g  10%  C 0 2. Colonies on b lood ag ar 
a fte r 24 h  w ere ap p ro x im a te ly  1-2  m m  in  d iam ete r, g ray , convex, sm ooth  
and  did  n o t adhere to  th e  m ed ium . T hey  did n o t show  haem olysis b u t  th e
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a g a r  becam e greenish  u n d e r  th e  colonies (F ig . 3). In  sta in ed  sm ears th e  b ac te ria  
a p p e a re d  as G ram  n e g a tiv e  rods o f 1 -3  p m  len g th  and  0.5 p m  w id th  b u t in  
f re sh  cu ltu re  coccoid fo rm s occurred  as w ell (F ig . 4). S im ilar b a c te r ia  could 
n o t  be  iso lated  from  v a g in a l sw abs ta k e n  from  ab o rted , p re g n a n t an d  new ly 
fa rro w e d  sows. S to m ach  c o n te n t sm ears, h isto log ical e x am in a tio n  o f  livers and 
k id n e y s , bac te ria l a n d  v iru s  iso la tio n  rev ea led  no o th e r p a th o g en s .

T he biochem ical p ro p e rtie s  o f th e  iso lates are  su m m arized  in  T able 1.

Table 1
B iochem ical p rop erties  o f P . aerogenes s tra ins 

iso lated  from  sw ine fetuses

Catalase + A donitol —
Oxidase + A rabinose +
O F te s t fe rm en ta tiv e D ulcitol —
Gas from  glucose -|- F ructose +
Indole -L G alactose —
Urease + Glucose +
N 0 3 red u ctio n  to  N O , + Inulin —
H 2S (lead a c e ta te  strip ) + Lactose +
H 2S (TSI) — M altose +
Gelatine liq u efac tio n — M annitol +
B eta-galactosidase  (O N G P) + M annose +
Lysine d ecarboxy lase — Raffinose +
Arginine d ih y d ro lase — Salicin —
O rnith ine decarboxy lase Sucrose

Trehalose
Xylose

+

+

The iso lated  s tra in s  w ere suscep tib le  to  ch lo ram phen ico l, e ry th ro m y c in , 
g en tam ic in , na lid ix ic  ac id , n itro fu ra n to in , O xytetracycline, p o ly m y x in , sul- 
p h ad im id in e  and  su lp h a m e th o x a z o le -trim e th o p rim  c o m b in a tio n , show ed re ­
d u c e d  sensitiv ity  to  k a n a m y c in , n eo m y cin , o leandom ycin  a n d  strep to m y c in . 
T h e y  were re s is ta n t to  am pic illin , b a c itra c in , lincom ycin , m eth ic illin , novobio­
c in , oxacillin, pen ic illin , sp iram y cin  an d  vancom ycin .

A t the  tim e  o f a b o rtio n  th e  a n tib o d y  t i t re  o f th e  a b o rte d  sow was 1 in 
16 w hen  exam ined  w ith  live b ac te ria l suspension  and 1 in  128 if  boiled  an tigen  
w as used. No an tib o d ie s  could  be d e te c te d  ag a in st b rucellae  a n d  lep tosp irae . 
T h e  peritoneal an d  th e  th o rac ic  flu id s  of th e  ab o rted  fetuses w ere free of a n ti­
b od ies to  p a rv o v iru s .

Discussion

E x a c t id e n tif ic a tio n  of s tra in s  w ith in  th e  genera Pasteurella, Actinobacil- 
lu s  a n d  H aem ophilus  is v e ry  d ifficu lt because  of th e  com m on fea tu re s  (C arter 
1984; S nea th  an d  S tev en s, 1985). T h e  s itu a tio n  has becom e m ore d ifficult
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since th e  im p o rta n c e  o f ce rta in  p h en o ty p ic  fea tu re s  has decreased  and  nucleic 
ac id  re la ted n ess  h a s  evolved  to  be one of th e  m ain  p o in ts  in  b ac te ria l t a x o ­
n o m y  (M utte rs e t  a l., 1985). In  sp ite  o f th e  rec lassifica tio n  of th e  genera P a s­
teurella , A ctinobacillus  an d  H aem ophilus, th e  tax o n o m ic  position  o f som e 
species has n o t becom e clear p a r tly  due to  lack  of D N A  h y b rid iza tio n  s tu d ies , 
p a r t ly  because o f th e  heterogeneous n a tu re  o f th e  species. T his is especially  
tru e  in  th e  case o f P .  aerogenes and  P . pneum otropica  (C arte r, 1984; F red e- 
rik sen , 1981; M u tte rs  e t ah , 1985).

B ased  on  c u ltu ra l  an d  b iochem ical fea tu re s , th e  th re e  s tra in s  iso la ted  
from  a b o rted  sw ine fe tu ses in  H u n g a ry  seem  to  belong to  th e  genus Pasteurella  
(C arte r, 1984). T h e y  d iffered  from  P . m últo d d á  w hich  is u rease , O N PG , lac to se  
an d  m alto se  n e g a tiv e , galactose positive  an d  does n o t p roduce  gas (S n ea th  
an d  S tevens, 1985). T h e ir  s trong  urease an d  indole  p o s itiv ity  w as suggestive of 
P . pneum otropica  w h ich  generally  occurs in  ro d en ts  (K riiger e t ah , 1980; 
Schulz e t ah , 1977), b u t  w ith  th e  excep tion  o f som e ty p e  H enrik sen  s tra in s  P . 
pneum otropica  s tra in s  generally  do n o t p ro d u ce  gas w hen  fe rm en ting  c a r­
b o h y d ra te s  (B isg aa rd , 1986; F rederik sen , 1981). A ll th e  th re e  ty p es o f P . 
pneum otropica  a re  m a n n ito l nega tive  an d  treh a lo se  positive  an d  som e o th e r  
m ino r differences in  b iochem ical ch a rac te ris tic s  o ccu rred  betw een  our iso la tes 
an d  th e  d iffe ren t P .  pneum otropica  ty p es  (B isg aa rd , 1986; F rederik sen , 1981). 
In  com parison  to  P . ureae, w hich w as a lre a d y  iso la ted  from  ab o rted  sw ine 
fe tu ses, our s tra in s  w ere less fastid ious, indole , a rab inose , lac to se , m annose an d  
xylose p o sitive , p ro d u c e d  gas and  H 2S (C orkish an d  N ay lo r, 1982; S n ea th  an d  
S tevens, 1985). O u r s tra in s  differed from  P . haem olytica  an d  P . gallinarum  
am ong  o th ers  in  fe rm e n ta tio n  p a tte rn , u rease , indole an d  gas p ro d u c tio n  
(B iberste in , 1978; C a rte r , 1984; S n ea th  an d  S tev en s, 1985).

O ur iso la tes resem bled  v e ry  m uch  P . aerogenes, w hich  was orig inally  
iso la ted  from  sw ine in te s tin e  an d  seem ed to  be a m em ber of th e  no rm al g u t 
f lo ra  of y o ung  p igs, occasionally  ac tin g  as a secondary  p a th o g en  (M cA llister 
an d  C arte r, 1974), b u t  la te r  i t  w as iso la ted  from  d iffe ren t organs of sw ine 
(H om m cz an d  D evriese , 1976). P . aerogenes w as described  as a causa tive  ag en t 
o f sw ine a b o rtio n  a n d  w as iso la ted  from  v ag in a l d ischarge  o f sows as w ell 
(H om m ez an d  D evriese , 1976; M cA llister an d  C arte r, 1974). T he b iochem ical 
ch a rac te ris tic s  o f th e  s tra in s  iso la ted  b y  M cA llister an d  C arte r (1974) d iffered  
from  th a t  o f o u r iso la te s  in  som e p o in ts . O ur s tra in s  w ere indole  positive , o r ­
n ith in e  d eca rb o x y lase  neg a tiv e  an d  fe rm en ted  lac to se  and  m an n ito l. N u m eri­
cal tax o n o m ic  s tu d ie s  inc lud ing  th e  ty p e  s tra in  of P . aerogenes po in ted  ou t th a t  
indo le , lac to se  a n d  m a n n ito l positive  an d  o rn ith in e  decarboxy lase  n eg a tiv e  
s tra in s  occur (S n e a th  an d  S tevens, 1985). In  our v iew , th e  s tra in s  ex a m in e d ' 
do belong  to  th e  P . aerogenes com plex; how ever, th e y  share  som e ch arac te ris tic s  
w ith  P . pneum otropica . T heir serological re la tio n sh ip  has a lread y  been n o ticed  
(C hladek an d  E llis , 1979). D ue to  com m on p ro p e rtie s  of th e  above-m entioned
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tw o  species m isid en tifica tio n  occurs (S n e a th  and  S tevens, 1985). T h e ir ex ac t 
s e p a ra tio n  needs fu r th e r  ex am in a tio n s.

W e do no t know  a n y th in g  a b o u t th e  source o f in fec tion . P . aerogenes 
s tra in s  could  no t be iso la ted  from  v ag in as  of ab o rted  sows or sows in  th e  sam e 
g ro u p  on th e  farm ; how ever, th re e  y ea rs  ago sim ilar s tra in s  w ere c u ltu re d  from  
a b o r te d  swine fetuses on  th is  fa rm  b u t th e y  w ere n o t th o ro u g h ly  ch a rac te rized  
(u n p u b lish e d  da ta ). T he a n tib o d y  t i t r e  o f  th e  blood serum  of th e  a b o rted  sow 
p o in te d  to  bac te riaem ia . M ore d a ta  a re  n eed ed  to  get conclusive ev idence on 
th e  p a th o g en ic  role of th e se  s tra in s . T h e  bacterio log ical, serological an d  h is to ­
log ica l find ings su p p o rt th e  op in ion  o f o th e r  w orkers on th e ir  occasional p a th o ­
genic n a tu re  (H om m ez an d  D evriese, 1976; M cA llister and  C arte r, 1974).
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F ig . 1. In flam m ato ry  and  necrotic a rea  in  th e  lung. H aem ato x y lin  and  eosin (H .-E .) s ta in ing ,
X63

F ig . 2. E nlarged p a r t  of Fig. 1 ( x l 6 0 ) .  T h e  alveolar lum en is in f il tra te d  by  d esq u am a ted  
ep ithe lia l cells, ly m phocy tes , h istiocy tes an d  neu troph ilic  g ran u lo cy tes



Fig. 3. Colonies o f P. aerogenes iso lated  from  a b o rted  sw ine fetuses

.Fig. 4. G ram  negative 2 -3  / ш  rods in a sm ear m ade  from  blood a g a r cu ltu re  o f th e  iso lated
b acteria
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The re la tio n sh ip  betw een som atic  cell co u n ts  (SCC) and  L D H  a c tiv ity  in  m ilk  
w as exam ined in  T u rk e y  to  find  ou t th e  s u i ta b il i ty  o f these  va riab les  fo r early  d e te c tio n  
o f  subclinical m a s tit is  in  Merino ewes. A  sig n ific a n t p ositive  co rre la tio n  w as fo u n d  b e t­
w een  L D H  a c tiv ity  a n d  SCC in  ewes’ m ilk . L D H  a c tiv ity  in  m ilk sam ples a p p ea red  to  
b e  a  sensitive a n d  specific  ind ica to r o f su b c lin ica l m as titis  in  ewes: i t  w as s ig n ifican tly  
h ig h er in  m ilk fro m  in flam ed  (m astitic) u d d e rs  th a n  in  n o rm al m ilk.

Key w ords: L a c ta te  dehydrogenase a c tiv ity , som atic  cell co u n ts , m as titis , M erino
ewes

Subclin ical ewe m astitis , being s till  a severe p roblem  in  d a iry  ewes, is a 
source o f  m ajo r f in a n c ia l loss. The en z y m a tic  an d  cytological m ilk  co n tro l p e r­
fo rm ed  b y  H am b itze r a n d  Sommer (1987) suggested  th a t  th e re  w as a h igh  an d  
s ig n ifican t co rre la tion  betw een  the la c ta te  dehydrogenase  (L D H ) a c tiv ity  an d  
th e  so m atic  cell c o u n t (SCC) of m ilk. T h ese  v ariab les  were recom m ended  for 
use in  th e  diagnosis o f  subclinical ce llu la r ir r i ta tio n  and  dam age in  th e  u d d e r 
in  th e  ea rly  stage. A p p a re n tly , the  d e te rm in a tio n  of SCC in  ew es’ m ilk  can  
be used  as an in d irec t te s t  for recogn ition  o f subclin ical m astitis . M ilk w ith  a 
cell c o u n t in  excess o f 106 cells/ml, o b ta in e d  from  a g land , w as recom m ended  
to  be exam ined  b acterio log ically  (G reen, 1984; M aisi e t al., 1987). I t  is v e ry  
usefu l to  determ ine  SCC in the  m ilk to  d e te c t dam ages of th e  u d d e r tissue . 
P hysio log ica l changes in  m ilk resu lt f ro m  its  h igh  cell co n ten ts  (G iesecke an d  
V an  d en  H eever, 1974). B ogin and Z iv  (1973) suggested  th a t  an  e lev a ted  L D H  
a c tiv i ty  in  m ilk from  chron ica lly  or a c u te ly  in flam ed  udders h a d  som e clin ical 
d iag n o stic  and p ro g n o stic  im portance.

I n  th e  p resen t s tu d y , the  re la tio n sh ip  b e tw een  SCC and  L D H  a c tiv ity  
in  m ilk  w as exam ined  in  T urkey  to  f in d  o u t th e  su itab ility  of th ese  v ariab les 
fo r e a rly  d etec tion  o f  subclin ical m astitis  in  M erino ewes.

A  to ta l  of 24 M erino  ewes, 4 to  6 y e a rs  old, w ere supp lied  b y  th e  K o n y a  
A g ric u ltu ra l R esearch  C entre . Of th e  ew es, 12 w ere m astitic  an d  th e  rem ain in g
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12 w ere h ea lth y . T h e  C alifornia M astitis  T es t (S chalm  e t ah , 1971) w as u sed  
fo r sep a ra tin g  m a s tit ic  an d  h e a lth y  ew es in  th e  flock . D e te rm in a tio n  o f  L D H  
a c tiv ity , cell c o u n tin g  an d  m icrobio logical ex a m in a tio n  w ere perfo rm ed  im ­
m ed ia te ly  a fte r th e  sam ples h ad  been  co llected . M ilk sam ples w ere cen tr ifu g ed  
a t  h igh  speed to  p re p a re  skim  m ilk  in  w h ich  L D H  a c tiv ity  was th e n  m easu red . 
A  com m ercially  av a ila b le  te s t co m b in a tio n  w as used  to  m easure L D H  a c tiv i ty  
in  th e  m ilk  serum  (W ak o  Chem icals G m b H , N issan str . 2, 4040 N euss 1, G er­
m an y ). Milk sam ples w ere cu ltu red  on  7 %  sheep b lo o d  agar and  M acC onkey  
a g a r  (100 pi m ilk /p la te ) . The p la te s  w ere in c u b a te d  aerob ically  a t  37 °C fo r  
24 to  72 h. E ach  m ilk  sam ple w as also  cu ltu re d  fo r fungi, on S a b o u ra u d ’s

T able  1

L D H  activ ity  an d  cell counts in  n o rm al 
a n d  m astitic  m ilk  sam ples (m ean i  SEM )

Groups

Normal M astitic

L D H  u n it/m l 5 7 .08± 16 .71 8 7 5 .0 0 ±  140.77*

SCC/ml m ilk 699 .120±  51.143 1 ,798 .804±  180.169*

* Significantly  d iffe ren t from  th e  n o rm al group  (P < 0 .0 1 )

d ex tro se  agar a t  25 °C fo r a week. In d iv id u a l colonies w ere picked up  fo r id e n ­
tif ic a tio n  by  classical p rocedures ( ID F , 1981; K o n em an  e t ah , 1983). S o m atic  
cells w ere co u n ted  as described b y  th e  ID F  (1981).

R esu lts  su m m arized  in  T ab le  1 show  th e  sign ificance of v a r ia tio n  fo r 
L D H  a c tiv ity  a n d  cell counts. Corynebacterium  spp . (5), coagu lase-positive  
staphy lococc i (5), coagu lase-negative  s tap h y lo co cc i (2) and  Pasteurella haemo- 
ly tica  (2) were iso la te d ; how ever, no  m icroo rgan ism  w as iso la ted  from  m ilk  
sam ples ob ta ined  fro m  th e  h ea lth y  g ro u p . L ike o th e rs  (G reen, 1984; H a m b itz e r  
and  Som m er, 1987; M aisi et ah, 1987; Sym ons an d  W rig h t, 1974), we fo u n d  
th a t  th e re  was a s ig n if ican t positive co rre la tio n  b e tw een  L D H  a c tiv ity  an d  cell 
c o u n ts . L D H  a c tiv i ty  in  m ilk sam ples ap p ea red  to  be a sensitive an d  specific  
in d ic a to r  of su b c lin ica l m astitis  in  ewes. S im ilar re su lts  w ere o b ta in ed  p re ­
v io u sly  in  da iry  m ilk  b y  Som m er e t al. (1986), w ho also show ed h igh p o sitiv e  
co rre la tio n  b e tw een  L D H  a c tiv ity  an d  cell coun ts.

In  th e  p re se n t s tu d y , th e  L D H  a c tiv ity  of m ilk  from  m astitic  u d d e rs  
w as s ign ifican tly  h ig h e r th a n  th a t  o f  n o rm al m ilk. T he resu lts  o f th e  p re se n t 
s tu d y  strong ly  su g g est th a t  L D H  a c tiv ity  an d  SCC are  th e  m ost effec tive  
p a ra m e te rs  in  se p a ra tin g  m ilk sam ples w ith  p o sitive  bacterio logy  from  sam ples 
w ith  negative bacterio log ical re su lts .
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GOAT SERUM, A SUBSTITUTE OF BOVINE SERUM 
IN CULTIVATION OF B A B E S I A  B O V I S +

A. K . Mish r a *, G. Cl a b a u c h , I . K ak o m a

a n d  M. R l S T I C

D e p a rtm e n t of V e te r in a ry  P a thobio logy , College o f V e terin ary  M edicine, U rb an a , IL  61801,
U .S .A .

(R eceived A u g u s t 6, 1990)

Babesia bovis (a M exican iso la te )  w as cu ltiv a ted  in M A SP cu ltu re  sy s tem  using  
goat serum  in  v a rio u s con cen tra tio n s as su b s ti tu te  of bovine  serum . I t  was o b se rv ed  
th a t  20%  g o a t serum  +  20%  b o v ine  se ru m  -j- 60%  P a rk e r’s m ed iu m  199 su p p o rte d  
th e  g row th  of th e  p a ras ite , w hich w as m a in ta in e d  in  th is  m ed iu m  th ro u g h  8 su b cu ltu res . 
T he soluble ex o an tig en  (vaccine) p re se n t  in  th e  cu ltu re  su p e rn a ta n t  is to  be q u a n tif ied  
and tes ted  in  vitro. G oat serum  fro m  s lau g h te rh o u ses m ay  b e  u tilized  fo r in  vitro  c u lti­
v a tio n  of th e  p a ra s ite  and , ex p ec ted ly , p ro d u c tio n  of vaccine. T h is s tu d y  m ay  p ro v e  
to  be useful in red u cin g  th e  cost of v acc in e  a t  le a s t in  tro p ica l coun tries .

K ey w ords: Babesia bovis, c u lt iv a tio n , vaccine p ro d u c tio n , g o a t serum

Babesia bovis is an  in tra e ry th ro c y tic  p ro tozoan  p a ra s ite  of c a ttle . D if­
ficu ltie s  have been experienced in  its  in  vitro  cu ltiv a tio n , b u t  recen tly  th e  p a ra ­
s ite  has been c u ltiv a te d , follow ing th e  M icroA erophilus S ta tio n a ry  P h ase  
(M A SP) techn ique . Use of norm al b o v in e  serum  on com m ercial scale is as d if­
f ic u lt  as it  is costly . H ow ever, in  tro p ic a l coun tries, w hich a re  rich  in  goats, g o a t 
b lood /serum  is av a ilab le  as s lau gh te rhouse  w aste .

A con tinuous M A SP cu ltu re  te c h n iq u e  for cu ltiv a tio n  o f B . bovis (L evy  
a n d  R istic , 1980) has been w idely ac c e p ted . B . bovis h as  been  re p o rte d  to  
req u ire  40%  n o rm a l bovine serum  (E rp  e t al., 1978; L ev y  an d  R istic , 1980; 
Ja m e s  et ah, 1987) fo r in  vitro cu ltiv a tio n .

The p resen t s tu d y  was designed to  exp lo re  th e  feas ib ility  of using, fu lly  
or p a r tly , goat se ru m  instead  of b o v in e  serum . I t  w as considered  th a t  g o a t 
se ru m , being a slaugh te rhouse  w aste , m a y  be u tilized  fo r p rep arin g  B . bovis 
vacc ine  and th u s  red u c in g  th e  cost o f  th is  com m ercial vaccine .

* U nder U S A ID  P ro je c t No. 386-0470 a n d  IC A R . P resen t ad d ress : D ivision of P a r a ­
sito logy , In d ian  V e te rin a ry  R esearch  In s t i tu te ,  Izatnagar-243122 , In d ia .

+ This p ap er w as p resen ted  a t  th e  7 7 th  Session of In d ian  Science Congress A ssocia tion  
a t  Cochin, In d ia , 4 -9  F e b ru a ry  1990.
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M aterials and  m ethods

Parasites

B . bovis (a M ex ican  isolate) has been  m a in tan ed  in  th is  la b o ra to ry  for 
9 years  in  liqu id  n itro g e n , bovines and /o r in  vitro cu ltu res. T h e  p resen t B . bovis 
S tab ila ié  -was o b ta in e d  from  a sp lenectom ized  calf, c u ltiv a te d  in  M ASP cu ltu re  
sy s tem  and  passaged  42 tim es. The iso la te  a d a p te d  to  c u ltu re  w as used in  th e  
p re se n t study .

Stock medium

This was p re p a re d  b y  dissolving th e  follow ing in g red ien ts  in  1 litre  of 
doub le-d istilled  wra te r :  (a) M edium  199 (G IB C O ) w ith  H a n k s ’ sa lt, L g lu tam in e , 
1 p ack e t pow der fo r 1 l i tre ;  (b) sodium  b ic a rb o n a te  0.35 g; (c) H E P E S  5.96 g; 
(d) penicillin G 0.12 g; a n d  (e) s trep to m y c in  0.29 g.

W orking media

Five d iffe ren t w o rk in g  m edia were p re p a re d  from  s to ck  m edium , bovine 
se ru m  and/or g o a t se ru m . The com position  of these  w ork ing  m edia w as as 
follow s.

Ingredient
W orking medium, per cent

1 9 3 4 5

S to ck  m edium 80 80 60 60 60

B ovine serum 20 — 2 0 10 —

G o at serum — 2 0 2 0 30 40

The p H  o f s to c k  as well as w orking m ed ia  was a d ju s te d  to  6 .95-7.00 w ith  
1 N  HC1 and  5 N  so d iu m  hydrox ide  so lu tion .

N orm al culture

Five n o rm a l c u ltu re s  were set b y  suspend ing  3.5 m l packed , w ashed  
n o rm a l bovine re d  b lo o d  cells (RBC) in  30 m l each of th e  in d ica ted  w ork ing  
m edia . p H  was a d ju s te d  to  6 .96-7.00.

The M ASP c u ltu re  techn ique  (L evy  an d  R istic , 1980) w as follow ed; 24- 
w ell f la t-b o tto m e d  tis su e  cu ltu re  p la te s  w ere used. T he B . bovis cu ltu re  h a d  
been  ad ap ted  to  th e  bov ine  e ry th ro c y te -se ru m  M ASP cu ltu re  system . T he 
p a rasitized  e ry th ro c y te  (P P E ) co n cen tra tio n  w as 9% . T h is cu ltu re  was w ashed  
w ith  th e  stock m e d iu m  to  rem ove bovine serum .
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The old culture Avas diluted 1 : 1, 1 : 2, 1 : 5 and 1 : 12 with norm al cul­
ture. The supernatants of the cultures Avere changed every 24 h for the Avorking 
m edium  containing the same goat serum concentration. Smears were prepared  
from  each dilution and each set o f  culture every 24 h, and Avere stained w ith  
Giemsa stain. M orphology, stain ing character and P P E  Avere recorded.

Results

The M exican iso late of B . bovis w as fu lly  a d a p te d  to  th e  M ASP cu ltu re  
sy stem . M edium  no . 1, 2, 4 an d  5 co n ta in in g  0 % , 2 0 % , 30 %  and  40 %  goat 
se ru m  and  2 0 % , 0 % , 10%  and  0 %  bovine serum , re sp ec tiv e ly , shoAved poor 
g ro w th  of Babesia  and  paired  o rgan ism s could be seen on ly  in  2 consecutive 
su b cu ltu res . T h en  th e  organism s becam e dot- or ring-like , and  fin a lly  d isap ­
p ea red . M edium  no . 3 w ith  2 0%  bov ine  and  20%  g o a t se rum  su p p o rted  th e  
g ro w th  of B . bovis. I n  th e  sam e m ed iu m  cu ltu res Avere passaged  8 tim es Avith 
good grow th, m u ltip lica tio n  an d  m orpho logy  (Table 1).

Table 1

Grow th of Babesia bovis in  different m edia

Medium
no.

Bovine/Goat 
serum  (%)

M edium
(%)

N um ber of 
subcultures

M orphology of 
parasite Growth

l 20/— 80 2 D o t and  rings No
2 — /20 80 2 D ot and  rings No
3 20/20 60 8 N orm al Yes
4 10/30 60 2 D ot an d  rings No
5 - / 4 0 60 2 D ot and  rings No

Discussion

The p resen t find ings in d ic a te  th a t  am ong th e  5 m ed ia  only  m ed iu m  3 
Avas su itab le  fo r th is  system  an d  su p p o rte d  good groAvth o f B . bovis. T he  cu l­
tu re s  con ta ined  9.3, 8.6, 9.6 and  12.0 P P E  in 1 : 1, 1 : 2, 1 : 5 and 1 : 12 d ilu ­
tio n s , respective ly , th ro u g h  8 su b cu ltu re s . These f in d in g s also ind ica te  th a t  
2 0 %  bovine serum  or 20%  goat se ru m  alone is u n su ita b le  fo r g row th  o f B . 
bovis in  th e  M A SP cu ltu re  system . T herefo re , it  is concluded  th a t  in  th e  c u lti­
v a tio n  o f B . bovis bovine serum  can  be rep laced  b y  g o a t se ru m  a t least to  th e  
e x te n t  of 50% . A lth o u g h  th e  c u ltu re s  changed  from  b rig h t red  to  d a rk  coffee 
co lour, in d ica tin g  th e  presence o f ex o an tig en  in th e  c u ltu re  su p e rn a ta n t, th is  
n eed s  to  be checked . G oat serum  o b ta in ed  from  slau g h te rh o u ses  as a w aste  
p ro d u c t can  be u tilized  effectively  in  tro p ica l coun tries like In d ia .
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CHANGES INDUCED IN NEWBORN PIGLETS BY 
THE TRICHOTHECENE TOXIN T-2

A . V á n y i1, R . G l á v it s2, E d in a  G a jd á c s 1, Ga b r ie l l a  Sá n d o r 1 and F . K o v á c s1

'U n iv e rs ity  o f V e te r in a ry  Science, H -1 4 0 0  B u d a p e s t, P . 0 .  Box 2, H u n g a ry ; 2C entra l V e te rin a ry  
In s t i tu te , H -1149  B u d a p e s t, T áb o rn o k  u. 2, H u n g a ry

(R ece iv ed  J u n e  28, 1990)

T h ree  p re g n a n t sows, b e in g  in  th e  la s t  q u a rte r  o f g e s ta tio n , w ere used  in  an  
ex p erim en t to  s tu d y  th e  changes in d u ced  in  new born  p ig lets b y  T -2  to x in . One sow  w as 
used as c o n tro l (C). The o th er tw o  rece ived  24 m g (sow A) an d  6 m g (sow B) T-2 to x in , 
re spec tive ly , m ixed  in  th e  feed , da ily , u p  to  th e  tim e of fa rro w in g .

T h e  p ig le ts  o f sow A b ecam e  ill b y  4 8 -7 2  h  a fte r b ir th , w hile  th e  litte rs  o f sows В 
and C re m a in e d  healthy . T he c lin ica l sy m p to m s included fa in tn ess , d iarrh o ea, decreased  
blood glucose level, and collapse follow ed b y  d e a th . The m ilk  a n d  u rin e  of sow A an d  th e  
stom ach  c o n te n ts  of affected a n d  d ead  p ig le ts  con tained  T-2 to x in  an d  its m etab o lites .

P a th o lo g ica l changes seen  a t  necro p sy  included acu te  e n te r it is , d eg en e ra tio n  of 
th e  liver a n d  k id neys, and o ed em a o f th e  m esen tery . The s to m ach  w as filled w ith  c lo tted  
m ilk. H is to p a th o lo g ica l and  e lectro n -m ic ro sco p ic  findings co n sisted  of reduced  g lycogen 
c o n ten t a n d  patho log ica l sim ple f a t t y  in f il tra tio n  o f th e  liver cells, ly m p h o cy te  d ep le tio n  
and  necrosis in  th e  lym phoid  fo llicles o f th e  in te s tin a l m ucosa, a tro p h y  of th e  th y m ic  
cortex , a n d  h y p erfu n c tio n  of th e  a d ren a l a n d  th y ro id  g lands co m p ared  to  th e  co n tro l.

K ey w ords: T-2 to x in , tr ic h o th ec en e , p iglet, sow, c lin ical signs, p a tho log ica l 
changes

In  th e  la s t  th ree  decades, th e  s tu d y  of th e  effects o f  m yco tox ins, th e  
to x ic  m etabo lic  p ro d u c ts  of d iffe ren t m icroscopic fungi, h av e  g rad u a lly  com e 
in to  prom inence  a ll over the  w o rld . In  th e  1960s, th e  a t te n tio n  of researchers 
w as focussed on  d e a th s  caused b y  m y co to x in s  am ong an im als  an d  th e  re su ltin g  
econom ic losses. R ecen tly , h ig h -q u a lity  food p ro duc tion  an d , in  re la tio n  to  
th is , th e  food c h a in  and  th e  q u e s tio n  o f d ru g  residues h av e  com e to  th e  cen tre  
o f  in te re s t (K o v ács , 1984). T his is one of th e  reasons w h y  i t  seem ed im p o r ta n t 
to  in v es tig a te  fu r th e r  the  m ass d isease o f  b ab y  pig lets w h ich  occurred  in  a 
s im ila r form  on  severa l large p ig  fa rm s la s t  year. The d isease u sua lly  occurs 
a f te r  th e  f irs t  sucklings and  la s ts  u n til  th e  piglets becom e one w eek old. 
D e ta iled  d iag n o stic  in v estiga tions in to  its  ae tio logy  ru led  o u t in fectious diseases 
a n d  b ro u g h t th e  disease in to  co n n ec tio n  w ith  T-2 fu sa rio to x in , or its  m etab o lic  
p ro d u c ts , w h ich  w ere d e tec tab le  b o th  in  th e  sows’ feed a n d  co lostrum  an d  in  
th e  p ig lets’ s to m a c h  con ten ts (P a ly a  e t a l., 1988).

C onsidering th a t  no sim ilar disease caused  by  T-2 fu sa rio to x in  has been 
described  in  th e  special lite ra tu re  so fa r, i t  seem ed reasonab le  to  ex p erim en ta lly  
rep roduce  and  s tu d y  th e  disease in  p re g n a n t sows.

T-2 to x in  is produced  b y  F u sa riu m  tricinctum  (sporotrichioides) an d  
sev era l o th e r F u sa r iu m  species. A fte r  o ra l ingestion  i t  is ra p id ly  absorbed  from
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th e  sm all in testin e . T h e  to x in  is a lm ost co m p le te ly  tra n sfo rm e d  in a few day s 
an d  is soon excre ted  w ith  th e  faeces and  u rin e . The ch ie f s ite  o f its decom posi­
tio n  is th e  liver. Id e n tif ie d  m etabo lites o f th e  to x in  are H T -2 to x in , neosolaniol, 
d iace ty l neosolaniol, T -2 tr io l, and  T-2 te tra o l . I ts  a ccu m u la tio n  in  th e  tissues 
is r a th e r  negligible a n d  shou ld  be reckoned  w ith  in  p o u ltry  species ra th e r  th a n  
in  sw ine.

A cute T-2 tox ico sis  o f  fa ta l ou tcom e u su a lly  occurs o n ly  experim en ta lly . 
T h e  patho log ical changes rep o rted  for m am m alian  species dy in g  of acute ex p e ­
r im e n ta l T-2 tox icosis in c lu d e  d ila ta tio n  an d  congestion  o f  b lood  vessels o f th e  
lep tom en inges and  m e se n te ry , swelling an d  h y p eraem ia  o f th e  je ju n a l and  ileal 
m u co sa , ly m p h o cy te  d am ag e  and  necrosis in  th e  P ey e r’s p a tch es, m esenteric  
ly m p h  nodes and  sp leen  (Sm alley  and  S tro n g , 1975; S a to  e t ah , 1975). In  a d d i­
tio n  to  these m orpho log ic  changes, in  p ig le ts  necrosis o f  m yocard ia l cells an d  
ac in i o f th e  p ancreas w ere  also observed (W eaver e t ah , 1978a; P ang  e t ah  
1987).

F u r th e r  to  th e  a lte ra tio n s  described  above, in  ra b b its  T-2 to x in  w as 
re p o r te d  to  cause re d u c tio n  of th e  lip id  c o n te n t an d  focal haem orrhagic  d y ­
s tro p h y  of the  a d re n a l c o rtex , necrosis o f th e  haem opoie tic  cell colonies o f th e  
m yelo id  and  th ro m b o c y te  system  of th e  bone m arrow  as w ell as of cells o f  th e  
m ononuclear p h ag o cy te  sy s tem  (MPS) o f th e  liver (G láv its  e t ah , 1989).

In  broiler ch icks T -2 to x in  was re p o rte d  to  ind u ce  superficial necrosis 
o f  th e  oral, p h a ry n g e a l an d  oesophageal m ucosa , acu te  en te ritis , and a tro p h y  
as w ell as ly m p h o cy te  d ep le tio n  in  th e  th y m u s  and b u rsa  o f F abricius (Chi e t 
ah , 1977; B itay  e t ah , 1979).

Chronic T-2 to x ico sis  of d ifferen t an im al species re su lts  in  em acia tion , 
re d u ced  grow th ra te , rep ro d u c tiv e  d is tu rb an ces , in fe r tility , decreased w h ite  
b lood  cell coun t o f th e  b lood , im paired  general res is tan ce , an d  high incidence 
o f  diseases caused b y  fa c u lta tiv e  p a th o g en s  (C hernov, 1970; W y a tt e t ah , 
1975; G lávits et ah , 1983; C orrier and Z ip rin , 1986; V ány i e t ah , 1989).

T he effect o f T -2  to x in  on p reg n an cy  w as s tu d ied  in  experim en ts w ith  
sows (W eaver e t ah , 1978b, c). A t th e  b eg inn ing  of th e  la s t  th ird  of g e s ta tio n  
tw o  sows each w ere in tra v e n o u s ly  in o cu la ted  w ith  0.41 m g and  0.21 m g T-2 
to x in  p er kg body  m ass , respectively . I n  th e  tw o sows t r e a te d  w ith  th e  h ig h er 
dose vom itus o ccu rred  90 m in  and  a b o rtio n  to o k  place 48 h  a fte r th e  e x p e ri­
m e n ta l tre a tm e n t. T h e  tw o  sows th a t  h a d  received  th e  low er dose ab o rted  80 
h  a f te r  tre a tm e n t. T h e  tw o  sows th a t  h a d  ab o rted  a fte r  tre a tm e n t w ith  th e  
h ig h er dose of to x in  w ere successfully  in sem in a ted  3 m o n th s  la te r  and delivered  
n o rm a l litte rs  a t  te rm . A n o th e r th ree  sows w ere tre a te d  w ith  12 ppm  p u rified  
T-2 to x in  orally  fo r 38 d ay s  in  th e  la s t th ird  of g esta tio n . T he sows b ro u g h t 
fo r th  norm al l i t te rs  a t  te rm . S u b seq u en tly , to x in  t r e a tm e n t  was con tinued  
fo r 6 weeks up to  w ean in g  h u t  th e  p ig lets rem ained  free from  clinical signs of 
d isease. W ith in  4 d ay s  a f te r  w eaning 2 sows cam e in to  oestru s  b u t could  be

Acta Veterinaria Iliingarica 39, 1991



CHANGES INDUCED IN PIGLETS BY T-2 TOXIN 31

in se m in a te d  suecessfully  n e ith e r  a t  th a t  tim e  n o r a t  th e ir  su b seq u en t fo u r 
o estru ses . The th ird  sow failed  to  com e in to  h ea t an d  conceived  a fte r  w eaning .

R ob inson  e t al. (1979) fed  a sow a d ie t co n ta in in g  12 m g/kg  T-2 to x in  
for 220 day s and  d e tec ted  76 p g /k g  to x in  in  th e  sow’s m ilk . T he sam e a u th o rs  
t r e a te d  a cow w ith  182 m g T-2 to x in  p er d ay  o rally , th ro u g h  a tu b e , fo r 15 
days an d  d em o n stra ted  10, 160, 40 an d  38 pg/1 T-2 to x in  in  th e  cow ’s m ilk  on 
d ay  2, 5, 10 and 12, re spec tive ly .

T h e  purpose of th is  s tu d y  w as to  m o n ito r pa tho log ica l changes induced  
in  n ew b o rn  p ig lets b y  T-2 to x in  t r e a tm e n t of th e  sows.

Materials and methods

D esign o f  the experim ent. C lin ica l, gross pathological and  bacteriological exam i­
nations

T h ree  m u ltip a ro u s (3 rd -4 th  p a r ity )  L an d race  sows b e ing  in  th e  la s t 
q u a r te r  o f g esta tio n  w ere u sed . T h e  an im als w ere tra n s p o r te d  aw ay  from  th e  
large  p ig  farm  and  housed in  in d iv id u a l pens.

T h e  feed of sow A  co n ta in ed  8 m g T-2 to x in  p er kg  th ro u g h o u t th e  ex p e ri­
m e n t, in  a daily  am o u n t of 3 kg , th u s  ta k in g  u p  24 m g T-2 to x in  p er d ay  on th e  
av e rag e .

Sotv В  consum ed 6 m g T-2 to x in  p er day .
Sow  C (control) w as fed  a to x in -free  sow d ie t.
T h e  sows’ b eh av io u r w as m o n ito red  th ro u g h o u t g e s ta tio n  an d  a t fa rro w ­

ing . T h e  new born  p ig lets w ere also k e p t u n d er clinical o b se rv a tio n . One p ig le t 
o f e ach  l i t te r  w as k illed  b y  b leed in g  before ta k in g  up  co lo stru m  and  a n o th e r 
a t 6 d ay s  old. These p ig le ts, to g e th e r  w ith  those  th a t  died  or w ere k illed  d u rin g  
th e  e x p e rim en t, w ere necropsied . Sam ples from  th e ir  sp leen , liver, k id n ey , 
sm all-in te s tin a l and  colon c o n te n ts  w ere ta k e n  for bac te rio log ical ex am in a tio n  
(sam ples from  th e  colon c o n ten ts  w ere cu ltu re d  u n d er b o th  aerob ic  and  an a e ro ­
bic cond itions).

Preparation  o f  T -2  toxin

A  F u sa riu m  tric inctum  (sporotrichioides) s tra in  (no. 216), fresh ly  iso la ted  
from  feed  sam ples in  H u n g a ry , w as used . I t  w as in o cu la ted  o n to  S a b o u rau d ’s 
s la n t a g a r and  in c u b a te d  a t  26 °C fo r 7 days. S u b seq u en tly , s te rile  saline w as 
p o u red  on  th e  cu ltu re , an d  a spore suspension  w as p rep a red  b y  gen tle  m ix ing . 
One h u n d re d  g of rice w as p laced  in to  a w ide-m ou thed  E rlen m ey e r flask , 100 
m l 10%  glucose so lu tion  w as ad d ed , th e  flask  w as co tto n -p lu g g ed  and  su b jec ted  
to  tw o  cycles of f ra c tio n a ted  a u to c lav in g  a t 120 °C for 30 m in  on tw o conse-
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c u tiv e  days. W hen th e  c o n te n ts  of th e  f la sk  h ad  cooled dow n, i t  w as in ocu la ted  
w ith  th e  spore su spension .

T he cu ltu res w ere  in c u b a te d  fo r 3 w eeks, in  th e  f ir s t  an d  th ird  w eek a t 
20—22 °C and  in  th e  seco n d  week a t  5 -8  °C. A fte r th e  3 w eeks h ad  elapsed , th e  
c u ltu re  was dried a t  60 °C, ground f lo u rfin e  and  assayed  fo r T-2 to x in  co n ten t.

T he to x in  c o n c e n tra tio n  of th e  re su ltin g  m a te ria l (1500 g) w as 1.66 m g/g. 
T h e  m a te ria l w as m ix ed  in  th e  sow d ie t to  give a T-2 to x in  c o n cen tra tio n  of 
8.3 m g/kg  of d iet.

H istological and electron-microscopic exam inations

F ro m  each p ig le t th a t  was k illed  b y  b leed ing  or d ied, spleen, liver, 
k id n e y , th y m u s, th y ro id ,  adrenal g land , b ra in , s te rn u m , je ju n u m , ileum , 
m esen te ric  ly m p h  n o d e , an d  colon sam ples w ere ta k e n  fo r h isto log ical ex am i­
n a tio n . The sam ples w ere  fixed  in  5 %  (v/v) fo rm alin  (p H  7.2) buffered  w ith  
N a H oP 0 4 and N aO H . T h e  fixed  organ  pieces w ere p rocessed  b o th  b y  freezing 
a n d  b y  em bedding  in  p a ra ffin . F o r genera l o r ie n ta tio n  th e  sections w ere 
s ta in e d  w ith  h a e m a to x y lin  an d  eosin. F e t t r o t  s ta in in g  w as used  to  s tu d y  th e  
lip id  co n ten t of th e  liv e r , k idney  and  ad rena ls, an d  th e  period ic  ac id -S ch iff 
(PA S) reaction  co m p lem en ted  w ith  d ia s ta se  d igestion  w as app lied  to  d e tec t 
g lyeogen  in liver sam p les . The a ldehyde b isu lf id e -to lu id in e  b lue (ABT) reaction  
a n d  po lariza tion  m ic ro sco p y  were used  to  ev a lu a te  th e  sec re to ry  s ta tu s  of 
g o b le t cells of th e  in te s t in a l  m ucosa.

L iver, ad ren a l g land  and  th y ro id  sam ples ta k e n  from  tw o  diseased 
p ig le ts  o f sow A an d  fro m  a h e a lth y  p ig le t of sow C w ere exam ined  b y  e lectron  
m icroscopy  as d esc rib ed  earlier (G láv its e t al., 1989).

Mycotoxicological exam ina tion

T he de tec tio n  o f  trich o th ecen e  fu sa rio to x in s  an d  th e ir  m etab o lites  w as 
a tte m p te d  from  th e  s to m ach  co n ten ts  an d  liv er of p ig le ts  th a t  h ad  died or 
w ere k illed, and  fro m  th e  sows’ urine  a n d  m ilk  sam ples. E x tra c ts  o f th e  above 
m a te ria ls  were d e fa t te d  an d  pu rified  on a silica gel co lum n , th e n  exam ined  on 
h igh -perfo rm ance th in - la y e r  ch ro m a to g rap h y  (H P T L C ) p la tes and , a fte r 
s ily la tio n , by  c ap illa ry  gas ch ro m a to g rap h y  (V ányi e t  a l., 1982). T he e x tra c ts  
w ere assayed for th e  follow ing tox in s: T-2 to x in , H T-2 to x in , neosolaniol, T-2 
tr io l, an d  T-2 te tra o l.

Biochem ical exam ina tion

Blood sam ples w ere  tak en  in to  heparin ized  tu b e s  an d  th e  p lasm a w as 
assay ed  for blood g lucose level by  p h o to m e try .
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R esults

C linical, gross pathological and  bacteriological exam inations

A fter feed ing  o f th e  to x in -co n ta in in g  d ie t w as s ta r te d , sows A a n d  В 
“ to le ra te d ”  th e  to x in  dose rising  d ay  b y  d ay  on ly  u p  to  a m ax im um  o f  10 
m g to x in  p e r d ay . A p p ro ach in g  th is  dose ran g e , signs o f  p a r tia l feed re fu sa l 
w ere n o ted , w hile above i t  com plete  feed refusa l occu rred . On the  su b seq u en t 
d ay , sow В again  re fu sed  to  consum e h er en tire  ra tio n , w hile  sow A consum ed  it.

T he average  d a ily  to x in  in ta k e  of sow A an d  sow В w as around  24 an d  
6 m g, re spec tive ly , up  to  th e  d ay  o f fa rrow ing  (F ig. 1).

F ig. 1. T -2 to x in  ingestion  b y  sows (b ro k en  line : sow A ; d o tte d  line: sow B)

All th ree  sows farrow ed  a t te rm , w ith o u t an y  com plica tion , and  de livered  
13 (sow A), 16 (sow B), an d  9 (sow C) p ig le ts. E ach  l i t te r  con ta ined  one no n - 
v iab le  p ig le t o f s u b s ta n d a rd  bo d y  m ass (750-850 g); th e  o th e r p ig lets w ere  
v iab le  and  w ell developed . Sow A and  В co n tin u ed  to  receive the  to x in -c o n ­
ta in in g  d ie t fo r 1 w eek a fte r  farrow ing.

In  th e  f irs t  36 h , p ig le ts  o f all l itte rs  suckled  th e ir  d am s and  developed  
no rm ally . One p ig le t in  each  l i t te r  w as k illed  before ta k in g  u p  co lostrum : th e se  
p ig lets p roved  to  be free from  p a tho log ica l lesions. O ne d ay  la te r, h ow ever, 
all p ig le ts o f l i t te r  A show ed a g rad u a lly  ag g rav a tin g  fa in tn e ss  and  d ia rrh o ea . 
F ro m  rec ta l sw abs ta k e n  from  th e  pig lets a n o rm al m ixed  in te s tin a l m icro flo ra  
grew  o u t. O n th e  su b seq u en t d ay  th e  p ig le ts  o f sow A  w ere s trik ing ly  fa in t  
an d  h ad  a shaggy  an d  m a t h a irco a t. T he sev e rity  o f d ia rrh o e a  did n o t decrease  
w ith  resp ec t to  th e  d ay  before. T he p ig lets hudd led  to g e th e r  and m oved w ith  
d ifficu lty . B y  m orn in g  tw o  p ig le ts w ere “ crushed  to  d e a th ”  b y  th e  sow. T h re e  
o u t o f th e  9 su rv iv o rs  (p ig le ts no. 5, 8 an d  9) w ere ly in g  in  a com atose s ta te .

T he resu lts  o f b lood  glucose d e te rm in a tio n s  are  p resen ted  in  T ab le  1. 
T he ab n o rm ally  low  glucose levels in d ica ted  th a t  th e  com ato se  s ta te  of p ig le ts  
no . 3, 5, 8 an d  9 w as due to  hypog lycaem ia. P ig le ts no . 5 , 8 and  9 were k illed  
b y  b leed ing  an d  necropsied . T heir s tom ach  w as d is ten d ed  and  filled w ith
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cheese-curd-like d ry , co ag u la ted  m ilk. T h e  liv e r of all necro p sied  p ig lets w as 
l ig h t  yellow ish-brow n an d  its  su b stan ce  w as easy  to  te a r . T h e  m esocolon w as 
in f i l t r a te d  w ith  s traw -co lou red  serum  an d  ap p eared  to  be g listen ing , je lly -like  
an d  oedem atous.

Table 1

B lood glucose level in  p ig le ts  of sow A

Piglet
no.

Blood glucose 
level, nimol/1

l 2.65

2 3.34

3 2.30

4 4.25

5 1.59

6 3.36

7 3.01

8 1.23

9 0.70

No signs of in f la m m a tio n  or necrosis w ere seen in th e  m ucous m em brane  
lin in g  th e  d igestive t r a c t .  T he in te s tin a l co n ten ts  was greenish-yellow  an d  
liq u id . The o ther organs exam ined  w ere d ev o id  of pa tho log ica l changes (F ig . 2).

The bacterio log ical ex am in a tio n  o f  th e  p a renchym al organs gave n eg a ­
t iv e  resu lts  and  th e  sm a ll-in tes tin a l c o n te n ts  y ielded a n o rm a l m ixed  in te s tin a l 
m icro flo ra . D uring  th e  su b seq u en t 5 d ay s  fu r th e r  5 p ig le ts o f  sow A died  of 
th e  clinical signs described  above. T h e ir n ec ro p sy  find ings an d  bacterio log ical 
re su lts  were sim ilar as above.

The pig lets o f sows В and C w ere h e a lth y  and developed n o rm ally  d u rin g  
th e  sam e period.

O n day  6 a f te r  b ir th  only  3 p ig le ts  o f  sow  A were a live. Tw o of th e m  fell 
ill an d  died of strep tococcosis accom pan ied  b y  acute sep ticaem ia  w hen  2 -3  
w eeks old. The th ird  p ig le t cam e dow n w ith  strep tococcal p o ly a r th r itis  a t  6 -7  
w eeks of age an d  d ied , to o , in  sp ite  o f m ed ica tio n .

T he litte rs  o f sows В an d  C re m a in e d  h ea lth y  and  developed  well u n til  
w ean in g  a t  8 w eeks o f age an d  even b e y o n d  th a t  tim e.

Histological and electron microscopic exam ina tion

T he h istochem ical as w ell as lig h t a n d  electron m icroscopic changes found  
in  th e  d ifferent o rgans o f p ig lets are show n in  T able 2 and F igs 3 -9 .
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Mycotoxicological exam inations

T he liver an d  sto m ach  c o n te n ts  of affected  an d  k illed  piglets an d  th e  
u rin e  and  m ilk  o f sows w ere ex am in ed  for th e  p resence  o f  T-2 to x in  an d  its  
m etah o lites . T he re su lts  are  p re sen ted  in  Tables 3, 4 a n d  5.

Table 3

T-2 to x in  and  its m etab o lites  (ug/kg) in th e  sto m ach  co n ten ts  
an d  liv e r of p ig lets of sow A

Piglet
no. Organ T-2

toxin
HT-2
toxin

Neoso-
laniol

T-2
trio l

T-2
tetraol

5 liver 25 30 45 80 0
stom ach 40 40 20 140 0

8 liver 35 70 60 120 0
stom ach 60 50 30 200 0

9 liver 40 60 50 140 0
stom ach 80 40 40 170 0

Table 4

T-2 to x in  and its  m etab o lites  in th e  sows’ u rine  (m g/kg)

Sow T-2
toxin

HT-2
toxin

Neoso-
laniol

T-2
triol

T-2
tetraol

A 1.10 0.60 0.40 0.20 0
В 0.55 0.35 0.20 0.10 0
C (control) 0 0 0 0 0

Table 5

T-2 to x in  and its  m etabo lites (/tg/kg) in  th e  sows’ m ilk  
5 d ay s  a fte r farrow ing

Sow T-2
toxin

HT-2
toxin

Neoso-
laniol

T-2
triol

T-2
tetraol

A 120 80 60 140 0
В 60 55 40 55 0
C (control) 0 0 0 0 0

D iscussion

In  th e  ex p erim en ta l design  used  in  th is  s tu d y , p ig le ts  o f a sow fed  24 
m g T-2 to x in  per d ay  for 24 d ay s  before farrow ing  becam e clinically  affected  
b y  36-48  h a fte r b ir th , and  th e  m a jo rity  o f th em  even d ied . T-2 to x in  an d  its
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m etab o lite s  w ere d e te c ta b le  in  th e  sow ’s m ilk  and  u rin e  a n d  in  th e  stom ach 
c o n te n ts  of th e  p ig le ts  th a t  becam e affec ted  an d  died. T h e  p ig le ts  of an o th e r 
sow  fed 6 m g T-2 to x in  p e r d a y  on  th e  average, an d  th o se  o f  an  u n tre a te d  
c o n tro l sow rem a in ed  clin ica lly  h e a lth y . T he clinical signs sh o w n  b y  th e  a ffec t­
ed  piglets an d  th e  gross an d  h is to p a th o lo g ica l changes co rresp o n d  to  those 
observed  in  c o n n ec tio n  w ith  s im ila r disease cases th a t  o ccu rred  on large pig 
fa rm s  earlier. S uch  a  disease has n o t been  described in  th e  special lite ra tu re . 
I n  co n tra s t to  th e  f in d in g s  of W eav er e t al. (1978b and  c), w h o  t r e a te d  p reg n an t 
sow s w ith  large doses o f T-2 to x in  in trav en o u sly , no a b o r tio n  to o k  place in  
o u r  experim en t. N o c lin ica lly  recogn izab le  ab n o rm ity , a t tr ib u ta b le  to  th e  
in g estio n  of T-2 to x in  in  th e  f in a l s tage  of g esta tion , w as fo u n d  in  th e  num ber, 
b o d y  m ass an d  v ia b ili ty  of th e  n ew b o rn  p ig lets.

In te re s tin g ly  en o u g h , feed  re fu sa l due  to  T-2 to x in  (M cL aughlin  e t al.,
1977) was m ore ex p ressed  in  sow  B , w hich  received th e  lo w er to x in  dose, th a n  
in  sow A. L a tte r  re fu sed  feed o n ly  once, a t  th e  beginning o f  feed ing . No p lau sib ­
le  exp lan a tio n  can  be  offered  fo r th is  phenom enon: p e rh a p s  i t  m ay  have been 
associa ted  w ith  in d iv id u a l v a r ia tio n  in  sen s itiv ity  to  th e  to x in .

The clin ical signs o f disease ap p ea red  36-48 h  a f te r  b ir th  or th e  f irs t 
sucklings. G rad u a lly  a g g ra v a tin g  fa in tn ess  w as accom pan ied  b y  d ia rrhoea , and  
w ith in  24-36 h  sev e ra l p ig le ts  go t in to  a com atose s ta te .

The p ig le ts’ s to m a c h  w as co n sis ten tly  d istended  b y  co ag u la ted  m ilk. 
T h is  ind ica ted  a s a tis fa c to ry  m ilk  su p p ly  on th e  one h a n d  a n d  a d is tu rbance  
in  gastric  fu n c tio n  on  th e  o th e r. N am ely , th e  diseased p ig le ts  d id  n o t suckle 
th e ir  dam  in  th e  la s t  5 -8  h  befo re  d e a th  or ex san g u in a tio n . I n  our view , th e  
T -2 to x in  in gested  w ith  th e  sow ’s m ilk  could  have elic ited  a defensive response 
m an ifesting  itse lf  in  p y lo ro sp asm  or d is tu rb e d  gastric  m o til i ty  as a un ique  sign 
o f  feed refusal. A s a  re su lt, m ilk  could  n o t pass on to  th e  in te s tin e  and , in  
sp ite  of u n d is tu rb e d  m ilk  su p p ly , th is  m a y  have p la y e d  a  ro le in  inducing  
hypog lycaem ia . I n  th e  p resence o f a n o rm a l m ixed in te s t in a l  m icroflora, 
c a ta r rh a l e n te ritis  a n d  oedem a o f th e  m esocolon can  also  be  accoun ted  for 
b y  to x in  effect.

The observed  re d u c tio n  in  liv e r glycogen co n ten t, th e  developm ent o f 
com atose s ta te , a n d  f a t ty  d eg en era tio n  of th e  liver an d  k id n e y  m ay  be due to  
th e  com bined e ffec t o f hyp o g ly caem ia  an d  th e  d irec t a c tio n  o f T-2 to x in . 
T herefore, h y p o g ly caem ia  seem s to  p la y  an  im p o rta n t ro le  in  th e  pathogenesis 
o f  T-2 toxicosis in  n ew b o rn  p ig le ts.

The cessation  o f  fe ta l haem opoiesis in  th e  liver and  sp leen , th e  ly m phocy te  
dep le tion  an d  necrosis  seen in  th e  ly m p h o id  follicles o f th e  P ey e r’s p a tches, 
in  M alpighian corpuscles of th e  spleen, a n d  in  th e  co rtex  o f  th e  th y m u s  (M cLa­
ugh lin  et ah, 1977; W eav er e t ah , 1978a; P an g  et ah, 1987; G láv its  e t ah, 1989) 
a re  suggestive o f  a  cy to to x ic , im m u n o to x ic  and  s tre sso r effect o f T-2 to x in  
(G láv its e t ah , 1983, 1989). N am ely , accord ing  to  some o b se rv a tio n s, acu te  or
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H istochem ical, ligh t and  electron  m icroscopic changes seen in  d ifferent o rg an s o f th e  piglets
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C olostrum -free, killed by  
b leeding -1- 5-10 30 5-10 10-20 1 : 1 8-10 : 1

*
P ig le t th a t  fell ill 36-48 h  a f te r

b ir th  (no. 5) _I_ + + + + + + + 60-80 + 1-4 + 1 : 1 8-10 : 1

P ig lets o f sow A fed 24 mg “ — ”  (p ig le t no. 8)

+

+ + + _L -j- + + + 60-80 + 1 -4 + 1 : 1 8-10 : 1

“ — ”  (p ig le t no. 9) + + + + + + + + + + 60-80 + 1-4 + 1 : 1 8-10 : 1

”  (p ig let no. 3) - f + + + “Г + + + + 70-90 + 0 + 0.5 : 1 ND

P ig le t k illed  by  bleeding a t  6
w eeks old + 60-80 + 10-20 -f + 3 : 1 8-10 : 1

C olostrum -free, killed by
P ig lets of sow В fed 6 mg bleeding Hr 1-4 40 1-4 10-20 1 : 1 8-10 : 1

T-2 to x in  p e r day
K illed  b y  bleeding a t 6 w eeks old 60-80 + 10-20 + 10-20 + 3 : 1 8-10 : 1

P ig lets of sow C (control) C olostrum -free, killed b y  Ы. + • 1-4 40 5-10 5-10 1 : 1 8-10 : 1

toxin-free K illed  a t  6 weeks old 60-80 + 10-20 + + 3 : 1 8-10 : 1

]ND: n o t done





F ig . 2. O rgans from  a clinically  ill p iglet o f sow A fed 24 mg T-2 to x in  p e r day . T he p ig le t was 
k illed  b y  bleeding a t  3 d a y s  of age. C urd-like, d ry , coagulated  m ilk wells o u t w hen c u ttin g  open 
th e  d is ten d ed  stom ach . T he liver is pa le , yellow ish-brow n and th e  m esen tery  is oed em ato u s



F ig . 3. D etail of liver from  a new born  pig let of sow C (u n tre a te d  contro l). The cy top lasm  of 
h e p a to cy te s  is a b u n d a n t in red -s ta in in g  glycogen. Period ic  acid  -Schiff (PA S) reac tion , X 63

F ig . 4. D etail of liv e r f ro m  a p ig le t of sow A fed 24 m g T-2 to x in  per day . T he p ig le t becam e 
ill a t  3 days of age. T h e  cy to p lasm  of h ep ato cy te s  does n o t c o n ta in  glycogen. PA S reac tion , X 63



F ig. 5. D e ta il o f liver from  a p ig le t of sow A fed 24 m g T-2 to x in  pe r d ay . T he pig let becam e ill 
a t  3 d a y s  o f age. In  th e  cy to p lasm  of h e p a to cy te s  n o te  a lip id -conta in ing  vacuole. E lec tro n

m icrograph , X 9,670



Fig. 6. D etail of spleen fro m  a new born p ig le t o f sow C (u n trea te d  contro l). N ote  a ly m p h o cy te  
zone of 5-10 cell row s around the  b ru sh  arte rie s . H aem ato x y lin —eosin, X 160

Fig. 7. D etail of sp leen  from  a pig let o f sow A fed 24 m g T -2  to x in  pe r day . The pig let b ecam e ill 
a t  3 days of age. N o te  th e  low num ber of ly m p h o cy tes  around  th e  b ru sh  arteries as com p ared  

to  th e  control. H aem a to x y lin  and eosin, X 160





Fig. 8. D etail of a d ren a l cortex  from  a p ig le t of sow A fed 24 mg T-2 to x in  per day . T h e  p ig le t 
becam e ill a t  3 days o f age. Note secre to ry  vacuoles and focal necrosis (arrow ) in th e  cy to p la sm  

of th e  co rtico id-producing  cell. E lectro n  m icrograph , X 9,670



F ig . 9. D etail of ad ren a l m ed u lla  from  a pig let of sow  A fed  24 mg T-2 to x in  p e r d ay . The p ig le t 
b ecam e ill a t  3 days of age. T h e  cy top lasm  of th e  ep in ep h rine-secre ting  cells co n ta in s num erous 

sec re to ry  granules. T h e  p e rinuclear space has w idened . E lectron  m ic ro g rap h , X 22,300
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chron ic  T-2 tox icosis is accom pan ied  b y  m orpho log ica l changes in  ce rta in  
endocrine glands. I n  o u r opinion, th e  lesions seen b y  us in  th e  p ig le ts’ ad ren a l 
co rtex  an d  m edu lla  a n d  th y ro id  g lan d  can  be reg a rd ed  as m orphologic signs 
in d ica tiv e  of s tresso r ac tio n .
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PATHOLOGICAL AND IMMUNOLOGICAL STUDY 
OF GOOSE EMBRYOS AND GOSLINGS INOCULATED 

WITH AN ATTENUATED STRAIN OF DERZSY’S 
DISEASE VIRUS

R . G l á v it s1, F . R átz1, У. P a l y a 2,
É v a  Mo l n á r 3 and M. N e m e si2

1C entraI V e terin ary  In s t i tu te ,  H -1 1 4 9  B u d ap es t, T áb o rn o k  u . 2; 2P H Y L A X IA  V e te rin a ry  
Biologicals C om pany, H -1107  B u d a p es t, Szállás u. 5; d e p a r t m e n t  o f E p izootio logy , U n iv ersity  

o f V e te rin a ry  Science, H -1 1 4 3  B u d ap es t, H u n g á ria  k r t .  23, H u n g a ry

(R ece iv ed  Ju n e  18, 1990)

A n a tte n u a te d  D erzsy ’s disease  v iru s s tra in , d e s ig n a ted  BAV, w as s tu d ied  in  
goose em bryos. A  to ta l  o f 248 em b ry o n a te d  goose eggs, com ing fro m  a  suscep tib le  lay ing  
flock  w ith  no y o lk -d eriv ed  im m u n ity  (group I)  a n d  fro m  a v a cc in a ted  lay ing  flock  
(group I I )  w ere used . T he eggs w ere  in ocu la ted  in to  th e  a llan to ic  c a v ity  w ith  1019, 102 9 
or 103,9 E I D SO/0.2 m l v iru s on  d a y  12 or d ay  20 of in cu b a tio n . E m b ry o s  were k illed  a t  
5 -day  in te rv a ls . T h e  dead  em b ry o s an d  th e  h a tc h e d  goslings (u p  to  2 w eeks of age) 
w ere exam ined  b y  gross a n d  h is to p ath o lo g ica l m eth o d s. R e iso la tio n  of th e  v iru s from  
th e  organs w as a tte m p te d , se ru m  sam ples w ere te s te d  fo r th e  p resence  o f an tib o d ies , 
a n d  ly m p h o cy tes  se p a ra ted  fro m  th e  c ircu la tin g  b lood  w ere u sed  in  th e  ly m p h o cy te  
s tim u la tio n  an d  im m u n o ro se tte  fo rm a tio n  tes ts .

E m b ry o s  of b o th  groups I  an d  I I ,  inocu la ted  a t  e ith e r tim e  of incu b a tio n , show ­
ed a  bod y  m ass gain  in ferio r to  t h a t  o f th e  con tro ls. S ix teen  (group  I)  an d  12 (group  
I I )  o f th e  em b ry o s in o cu la ted  on  d a y  12 of in cu b a tio n  d ied . Som e (group  I :  15, group  
I I :  6) of th e  em bryos in o cu la ted  on d ay  20 of in cu b a tio n  fa iled  to  h a tc h . T he p a th o - 
m orphological changes seen in  th e  em bryos k illed  b e tw een  d a y s  17 a n d  22 of in cu b a tio n  
w ere o f d e g en e ra tiv e  c h a ra c te r . I n  em bryos k illed  la te r  (b e tw een  d ay s 23 a n d  58 of 
in cu b a tio n ) th e  degen era tiv e  changes w ere accom panied  b y  in f il t ra t io n  b y  in flam m ato ry  
cells. R e iso la tio n  o f th e  v iru s  s tra in  w as m o stly  successfu l b e tw een  p o stin o cu la tio n  
(P I)  days 5 an d  10. Specific v iru s-n eu tra liz in g  an tib o d ies  a n d  cellu la r im m une response 
w ere d em o n strab le  a lread y  a t  h a tc h in g . T he h a tc h ed  goslings show ed no clinical signs o f 
in fec tion  d u rin g  a  2-week p e rio d  o f o b se rv atio n .

K ey w ords: D erzsy ’s d isease, goose em bryo , a t te n u a te d  v irus, pa th o lo g y , im ­
m unology, e x p erim en ta l in fec tio n

In v e s tig a tin g  th e  ae tio logy  of th e  gosling disease la te r  nam ed  D erzsy’s 
disease on th e  basis  o f an  in te rn a tio n a l ag reem ent, D erzsy  an d  his co-w orker, 
K isary , estab lished  th a t  th e  disease w as caused b y  a p a rv o v iru s  (K isary  and  
D erzsy , 1974). L a te r  on th is  w as confirm ed  b y  o th e r re sea rch ers  (G ough e t ah , 
1981; P e te r , 1982). B y  a t te n u a tin g  th e  p a th o g en , D erzsy ’s te am  o b ta in ed  
a v iru s  s tra in  w hich failed  to  k ill susceptib le  goose em bryos and  day-o ld  gos­
lings. T he s tra in  in d u ced  p r im a ry  h um ora l im m une  response  w hen used for 
ex p erim en ta l in fec tio n  of 40 d ay s  old goslings an d  a d u lt  lay in g  geese (K isary  
e t ah, 1977).
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P a ly a  and  K isa ry  (1978) s tu d ie d  in  d e ta il th e  p a th o m o rp h o lo g ica l changes 
ex p erim en ta lly  in d u ced  b y  th e  v iru le n t an d  th e  a t te n u a te d  v iru s  in  day-o ld  
goslings. A ccording to  th e ir  o b se rv a tio n s , in  acu te  cases th e  v iru le n t p a rv o v i­
ru s  p roduced  serous h e p a titis  acco m p an ied  b y  p a ren ch y m a l in ju ry  an d  fo r­
m a tio n  of in tra n u c le a r  inc lusion  bod ies, an d  d eg en era tio n  as w ell as focal 
necrosis  of m yofibrils. S u b acu te  cases w ere ch a rac terized  b y  f ib rin o u s  p erih ep a­
t i t i s ,  in te rs titia l h e p a tit is ,  an d  ly m p h o h is tio cy tic  in fla m m a n tio n  o f th e  d am ag ­
ed  m yocard ia l a rea s . T he a t te n u a te d  p a rv o v iru s  caused  n e ith e r  gross nor 
h istopa th o lo g ica l chan g es in  th e  o rg an s o f goslings. B y  p a thom orpho log ica l 
ex am in a tio n  of goslings n a tu ra lly  in fec ted  b y  D erzsy ’s disease v iru s , B ergm an 
(1987) found sim ilar changes. In tra n u c le a r  inclusion  bodies w ere observed  only 
in  th e  m yocard ium . E le c tro n  m icroscopy  revealed  p a rv o v iru s  pa rtic le s  in  these 
in c lu s io n  bodies.

U nder n a tu ra l  cond itions b o th  th e  v iru le n t p a rv o v iru s  causing  D erzsy’s 
d isease  and th e  a t te n u a te d  s tra in  can  be tr a n s m itte d  fro m  lay in g  geese to  
goose em bryos. T h e  v iru le n t v iru s  co n sis ten tly  kills th e  em b ry o s (Csontos, 
1972; K isary  e t al., 1977), w hile th e  a t te n u a te d  s tra in  does n o t (K isa ry  e t al.,
1977). Due to  v acc in a tio n s , th e  a t te n u a te d  s tra in  has becom e fa ir ly  w idespread  
in  H u n g ary . T herefo re , i t  seem ed reaso n ab le  to  s tu d y  in  m ore  d e ta il how  th is  
v iru s  affects th e  d ev e lo p m en t an d  v ia b ility  of th e  em b ry o  an d  w h e th e r it  
cau ses  pa thom orpho log ica l changes d u rin g  g row th  in  e m b ry o n a te d  goose eggs. 
A lso , i t  seemed im p o r ta n t  to  s tu d y  th e  cellu lar an d  h u m o ra l im m u n e  s ta tu s  
o f  th e  em bryos a n d  th e  h a tc h e d  goslings.

The resu lts  o b ta in e d  b y  ex p e rim en ta l inocu la tio n  w ith  a tte n u a te d  
D e rz sy ’s disease v iru s  o f goose em b ry o s an d  day-o ld  goslings derived  from  
su scep tib le  lay ing  geese w ith  no y o lk -d e riv ed  im m u n ity  to  D erzsy ’s disease (I) 
a n d  from  v acc in a ted  lay e rs  ( I I )  a re  re p o rte d  in  th is  p ap er.

Materials and methods

B ird s

A to ta l of 248 p re in c u b a te d  goose eggs w ere used (124 each  from  lay ing  
f lo ck s  I  and I I ) .  A ccord ing  to  th e  v iro logical an d  serological ex am in a tio n s, 
f lo c k  I  was free fro m  p arv o v iru s , herp esv iru s , adenov irus an d  m ycop lasm a 
in fec tio n s, and  h a d  n o t  been  v a cc in a ted .

Laying flock  I I  w as k e p t on a la rg e  fa rm  an d  com prised  lay e rs  th a t  h ad  
b e e n  vaccinated  a g a in s t D erzsy ’s d isease. To ru le  o u t possib le  b a c te ria l or 
fu n g a l infections, th e  eggs an d  th e  liv e r an d  bone m arro w  o f th e  h a tch ed  
goslings were sam pled  an d  cu ltu red  on su itab le  m edia.
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E xperim en ta l infection and  sam pling

A n a tte n u a te d  D erzsy ’s disease v iru s  s tra in  d e s ig n a ted  BAV, developed 
b y  K isa ry  e t al. (1977) an d  co n ta in ed  in  a given b a tc h  o f  D ep arv ac  vaccine, 
w as used  as inocu lum . In o cu la tio n  o f  goose em bryos (124 from  each flock) 
w as done as show n in  T ab le  1.

Tabic 1

E xperim en tal infection  of goose em bryos from  flock I an d  flock II

Group Number of 
embryos

Tim e of 
inoculation 

(day)
T reatm ent D ilution of 

inoculum
Virus titre  

(E ID 5O/0.2 ml)

Ai 14 12 л 1 : 30 103.9

A A , 14 12 Virus suspension in to  th e  allantoic 1 : 300 1Q2.9

A 3 14 12 J sac 1 : 3000 1 0 1-»

B , 14 20 i 1 : 30 1Q3.9

15 B„ 14 20 1 Virus suspension in to  th e  allanto ic 1 : 300 1Q2.9

B 3 14 20 1 sac 1 : 3000 101.9

PC 20 12 Vehicle in to  th e  a llan to ic  sac — —

C 20 — — — —

T he eggs w ere can d led  daily . F iv e  em bryos of th e  g roups in ocu la ted  a t 
d iffe ren t tim es of in c u b a tio n  (A a n d  B) an d  of th e  c o n tro l g roup  were k illed  
a t  5 -day  in te rva ls . T hese  em bryos, to g e th e r  w ith  th o se  t h a t  h ad  died, w ere 
w eighed, dissected a n d  th e ir  organs w ere  exam ined  h is to lo g ica lly  b y  lig h t an d  
e lec tro n  m icroscopy. T h e  h a tch ed  goslings were k e p t u n d e r  observ a tio n  u n til  
th e y  reached  th e  age o f  14 days. O n d ay s  5, 10 and  14 a f te r  h a tch in g  5 b ird s 
p e r  group were k illed  a n d  exam ined  in  a sim ilar m an n er.

E n tire  em bryos w ere used fo r light microscopy. F o r  electron microscopic 
exam ination , liver an d  h e a r t  sam ples w ere  ta k e n  from  2 em b ry o s each in  groups 
A of flocks I  and  I I ,  k illed  betw een  P I  d a y  5 and  10, an d  ex am in ed  as described  
earlie r (G lávits e t a l., 1986).

V irus isolation  w as a tte m p te d  in  goose em bryo  f ib ro b la s t  cell cu ltu res  
from  th e  liver of each  goose em bryo a n d  gosling k illed  a t  5 -d a y  in te rv a ls . Serum  
sam ples from  em bryos k illed  a t h a tc h in g  an d  from  goslings k illed  on d ay  5, 10 
or 14 of life were t i t r a t e d  by  th e  v iru s  n eu tra liza tio n  (V N ) te s t ,  aga in st 100 
E I D 50 of v irus.

B lood sam ples fro m  em bryos k illed  a t  h a tch in g  a n d  from  goslings ex ­
san g u in a ted  a t d iffe ren t tim es a fte r h a tc h in g  were ex am in ed  b y  th e  lym phocyte  
stim ula tion  and  im m unorosette fo rm a tio n  tests, as describ ed  earlie r (G láv its e t 
a l., 1986).
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R esults

A fter ex p e rim en ta l in fec tion , em bryos from  b o th  flocks I  an d  I I  show ed 
a body mass ga in  in fe rio r to  t h a t  o f th e  con tro ls (Figs 8 a n d  9). In  su rv iv ing  
em bryos and  goslings r e ta rd a tio n  in  g ro w th  was d em o n strab le  u p  to  th e  end  
o f  th e  observ a tio n  p e rio d , i.e. u n til  2 w eeks a fte r h a tch in g .

In  th e  g roup  o f em b ry o s in o cu la ted  on d ay  12 o f in c u b a tio n , 16 and  12 
em bryos derived  fro m  su scep tib le  lay in g  geese (flock I) a n d  fro m  those  h av in g  
yo lk -derived  im m u n ity  (flock I I ) ,  resp ec tiv e ly , died. Som e o f th e  em bryos 
in o cu la ted  on d ay  20 o f  in c u b a tio n  failed  to  h a tc h  ou t ( I :  15; I I :  6). The size 
o f th e  v irus inocu lum  d id  n o t a ffec t th e  m o rta lity  ra te  s ig n ifican tly  (p robab ly  
d u e  to  g row th  of th e  v iru s  in  th e  em bryos).

F ig . 8. Changes in  th e  b o d y  m ass o f goose em b ry o s an d  goslings d e riv ed  fro m  a susceptib le 
flo ck  n o t v acc in a ted  a g a in s t D erzsy ’s d isease, a n d  in o cu la ted  w ith  a t te n u a te d  virus. Solid 
line : goose em bryos in o cu la ted  on  d a y  12 of in cu b a tio n  (A); b roken  line : goose em bryos in o cu la t­

ed on  d a y  20 o f in cu b a tio n  (B ); d o tte d  line: con tro l (C a n d  PC )

F ig . 9. Changes in  th e  b o d y  m ass o f goose em bryos and  goslings fro m  a la rg e  flock vacc in a ted  
ag a in s t D erzsy’s disease, a n d  in o cu la ted  w ith  a tte n u a te d  virus. F o r  e x p la n a tio n  see fo o tn o te

to  Fig. 8
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Tabic 2

Pathom orpholog ical changes in  goose em bryos and goslings a f te r  inoculation  of 
th e  em bryos w ith  an  a t te n u a te d  stra in  of D erzsy’s disease  v irus

Stage of development

Changes Days 
17-22 of 

iucubation

Days 
23-28 of 

incubation

From 
hatching 

to 2 weeks 
of age

R eta rd a tio n  in g row th + + +
Oedem a of th e  CAM ■ F
H aem orrhages un d er th e  serosa of ce rta in  organs +
H epatic  d y stro p h y  (focal) +
Ic te ru s -F
In tran u c lea r inclusion bodies in h ep a to cy te s  a n d  m yocardial cells 
In te rs titia l h ep a titis  w ith  in filtra tio n  b y  h e teroph ilic  granulo-

+ +

cytes +
M yocardial degeneration + +
Serous epicarditis + _L_

M yocarditis w ith  in filtra tio n  by  he te ro p h ilic  g ranu locy tes 
Poorer colonization by  lym phocytes o f  th e  follicles of the bu rsa

_L

of Fabricius +
Focal lym pho-histiocytic  periton itis +
Focal lym pho-histiocytic  pancreatitis -F

T he resu lts  o f th e  p a th o m o rp h o lo g ica l ex am in a tio n s  are  sum m arized  in  
T ab le  2 an d  th e  find ings are show n  in  F igs 1-7 . In  b o th  g roup  I and g roup  I I  
em bryos in o cu la ted  a t an  ea rly  s ta g e  o f in cu b a tio n , som e organs showed signs 
o f c ircu la to ry  d is tu rb an ce  (o ed em a o f th e  cho rioa llan to ic  m em brane (CAM), 
haem orrhages in  th e  su b cu tan eo u s  connective tissue  an d  u n d er th e  serous 
m em branes) an d  d egenera tive  ch an g es (m yocard ial d eg en era tio n , in tra n u c le a r  
inclusion bodies in th e  liver a n d  h e a r t) . In  some em b ry o s th e  liver ex h ib ited  
focal d y s tro p h y  and  ic te rus. T h e  lesions were m ore p ro n o u n ced  in em bryos 
from  flock I  th a n  in  those from  flo c k  I I .  In  em bryos in o c u la te d  in a la te r  phase  
of in cu b a tio n , an d  also in  those  su rv iv in g  an  earlier in o cu la tio n , th e  d eg en e ra ti­
ve changes w ere accom panied  b y  in f iltra tio n s  b y  in f la m m a to ry  cells b o th  in  
th e  liver and  th e  h e a r t. C olon iza tion  b y  lym phocy tes o f  developing  follicles of 
th e  b u rsa  o f F ab ric iu s  w as p o o re r  in  th e  e x p e rim en ta lly  in fec ted  em bryos 
th a n  in  th e  con tro ls . In f il tra tio n  b y  in flam m ato ry  cells a n d  poorer ly p h o cy te  
colonization  w ere observed also in  th e  u n h a tch ed  em b ry o s an d  in those k illed  
a t  ha tch ing .

No v ira l p a rtic le s  were seen  in  th e  liver an d  h e a r t  sam ples b y  e lec tro n  
m icroscopy.

D uring  th e  2-week p e rio d  o f observ a tio n  a fte r  h a tc h in g  th e  goslings 
show ed no clin ical signs, an d  no  d e a th s  occurred . G oslings ex san g u in a ted  in  
th e  1st and  2nd  w eek of life w ere devo id  o f gross lesions. H isto log ica lly , focal
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F ig . 10. R esults of ly m p h o c y te  s tim u la tio n  te s ts  o f em bryos an d  goslings derived from  a 
su scep tib le  flock n o t v a c c in a te d  ag a in st D erzsy’s disease, an d  in o cu la te d  w ith  a tte n u a te d  

v iru s . F o r  e x p lan a tio n  see fo o tn o te  to  F ig . 8

F ig . 11. R esults of im m u n o ro se tte  fo rm atio n  te s ts  o f  em bryos an d  goslings derived  from  a 
su scep tib le  flock n o t v a c c in a te d  ag a in st D erzsy’s disease, and  in o cu la te d  w ith  a tte n u a te d  

v iru s . F o r  ex p lan atio n  see fo o tn o te  to  Fig. 8

A g e , w eeks

F ig . 12. R esults of ly m p h o c y te  s tim u la tio n  te s ts  o f em bryos and  goslings deriv ed  from  a large  
f lo ck  v acc ina ted  ag a in st D e rz sy ’s disease, an d  in o cu la ted  w ith  a tte n u a te d  v iru s. F o r ex p lan a ­

tio n  see fo o tn o te  to  F ig . 8
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À

Age .w eek s

F ig . 13. R esu lts of im m u n o ro se tte  fo rm a tio n  te s ts  o f em bryos a n d  goslings derived  fro m  a 
la rg e  flock v acc in a ted  a g a in s t D erzsy’s d isease, and  in o cu la ted  w ith  a tte n u a te d  v iru s . F o r

ex p lan a tio n  see fo o tn o te  to  F ig . 8

in f iltra tio n  b y  in f la m m a to ry  cells w as seen only in  th e  p e rito n eu m  an d  p a n c ­
rea s .

The ty p e  of in f il tra tio n  v a rie d  b y  th e  age of th e  goose em bryos a n d  gos­
ling s: from  th e  th i rd  q u a rte r  of in c u b a tio n  on, i t  w as d o m in a ted  b y  hetero - 
ph ilic  g ranu locy tes, w hile from  th e  la s t  q u a rte r  of in c u b a tio n  up  to  th e  end 
o f  th e  observ a tio n  perio d  ly m p h o -h is tio cy tic  in filtra tio n s , in d ica tin g  th e  ap ­
p ea ran ce  of ce ll-m ed ia ted  im m u n ity , w ere typ ica l.

Reisolation o f  the v iru s  strain

W as successful be tw een  P I  d ay s  5 and  10 from  goose em bryos derived  
fro m  flock I . T he success ra te  of re iso la tio n  was h ig h er in  em bryos in o cu la ted  
on  d a y  12 of in c u b a tio n  (65% ) th a n  in  those  in o cu la ted  on d a y  20 (18% ). F ro m  
eggs o f flock  I I  th e  v iru s  was re iso la te d  a t  a low er r a te  (35% ) and on ly  from  
em b ry o s in o cu la ted  on  d ay  12 o f in c u b a tio n . V irus iso la tio n  failed fro m  th e  
c o n tro l groups of b o th  flocks I  an d  I I .

Specific V N  an tib o d ies  w ere d e m o n s tra te d  in  b lo o d  sam ples ta k e n  a t 
h a tc h in g  from  em bryos o f b o th  flo ck s. I n  em bryos fro m  th e  susceptib le  flock , 
th e  level of VN  an tib o d ie s  ten d ed  to  decline, and  d isa p p e a re d  a t  5 days o f age. 
I n  b lood  sam ples fro m  em bryos o f  th e  im m une flock , on th e  o th e r h a n d , VN 
an tib o d ies  w ere s till d e m o n s tra te d  even  a t  th e  end  o f th e  o b se rv a tio n  period , 
on  d ay  14 of life.

L ym phocy tes se p a ra te d  from  blood  sam ples ta k e n  a t  h a tch in g  recog­
n ized  th e  specific an tig en  in  th e  imm unorosette fo rm a tio n  test an d  show ed 
b lastogén ie  tra n s fo rm a tio n  in  th e  lym phocyte s tim ula tion  test (Figs 10, 11, 12 
a n d  13). H a tch ed  em bryos from  th e  susceptib le  flo ck  show ed  d ifferen t b e h a ­
v io u r  in  th e  ce llu la r te s ts , d ep en d in g  on th e  tim e  o f ex p e rim en ta l in fec tion . 
N am e ly , in  em bryos in o cu la ted  on d a y  20 of in c u b a tio n  th e  p o s itiv ity  r a te  of
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b o th  ce llu lar te s ts  te n d e d  to  decline, s im ila rly  to  th e  level o f Y N  an tibod ies. 
C o n tra rily , in  em bryos in o c u la te d  on d ay  12 th e  ra te  o f p o s itiv e  cellu lar te s ts  
b eg a n  to  rise. In  em b ry o s fro m  flock  I I  h av in g  y o lk -d e riv ed  im m u n ity  th is  
w as t ru e  only  for th e  ly m p h o c y te  s tim u la tio n  te s t.

Discussion

In  th e  experim en t re p o r te d  here, th e  a t te n u a te d  s tra in  BAY of D erzsy’s 
d isease  v iru s  caused a s lig h t re ta rd a tio n  in  g row th  b o th  in  goose em bryos 
e ith e r  susceptib le  or h a v in g  yo lk -derived  im m u n ity . F u r th e rm o re , in  co n tra s t 
to  o b se rv a tio n s m ade b y  K isa ry  e t al. (1977), a sm all p ro p o rtio n  o f th e  em bryos 
w as k illed  by  the  s tra in . T h e  p resen t re su lts  do n o t p rov ide  an  ex p lan a tio n  for 
th is  co n trad ic tio n . I t  sh o u ld  be n o ted , how ever, th a t ,  in s te a d  o f th e  original 
a t te n u a te d  stra in , a v a r ia n t  o f i t  o b ta in ed  fro m  a b a tc h  o f D ep a rv ac  vaccine 
w as u sed  in  our e x p e rim en t. O f th e  p a th o m o rp h o lo g ica l changes seen in  th e  
a ffec ted  em bryos, th e  d eg en e ra tiv e  lesions (m yocard ia l an d  h e p a tic  degenera­
tio n , C ow dry A ty p e  in tra n u c le a r  inclusion bodies) were s im ila r to  those  descri­
b ed  in  goslings by  o th e r in v e s tig a to rs  (P a ly a  an d  K isary , 1978; B ergm an , 1987). 
T h e  ty p e  of p ro life ra tive  changes ( in flam m ato ry  in filtra tio n  b y  heterophilic  
g ran u lo cy te s , th en  b y  ly m p h o -h is tio cy tes) depended  also on th e  em bryo’s 
age. C om pared  to  su scep tib le  em bryos, in  em bryos w ith  y o lk -d e riv ed  im m u n ity  
th e  re ta rd a tio n  in  g ro w th  w as less p ro n o u n ced  and  th e  m o rta li ty  ra te , th e  
se v e r ity  o f p a th o m o rp h o lo g ica l lesions an d  th e  ra te  of v iru s  re iso la tio n  were 
low er. Goslings th a t  h a tc h e d  o u t in fec ted  rem ain ed  free fro m  clinical signs 
th ro u g h o u t the  2-week p e rio d  of observation .*

H u m o ra l and  ce ll-m ed ia ted  im m une response to  th e  a t te n u a te d  v irus 
w as dem o n strab le  a lre a d y  a t  th e  tim e  of h a tch in g . In  em b ry o s lack ing  yolk- 
d e riv e d  im m u n ity  th is  w as th e  re su lt o f v iru s  infection . As reg a rd s th e  im ­
m u n e  s ta tu s  th a t  dev e lo p ed  a fte r  h a tch in g , fu r th e r  s tud ies are  needed  for its  
re liab le  evaluation .
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Fig. 1. D e ta il of liver from  a goose em bryo  w ith o u t yo lk-derived  im m u n ity . T he em bryo was 
in ocu la ted  w ith  103*9 E ID 5o/0.2 m l a tte n u a te d  v iru s on d ay  12, an d  killed  on  day  17, of incu ­
b a tio n . F o ca l d y stro p h y  w ith  n ecro tic  hep ato cy tes . H aem ato x y lin  an d  eosin (H .-E .) , X 63



F ig . 2. Detail of Fig. J. N o te  the  in tran u c lea r  inclusion body (a rrow ) in the swollen nucleus 
of a h epatocy te .  H . - E . ,  X 400



Fig. 3. D e ta il of h e a rt from  a goose em bryo w ith o u t yo lk-derived  im m u n ity . T he em bryo  was 
inocu lated  w ith  103 9 E I D 5O/0.2 ml a tte n u a te d  v iru s on day  12, an d  killed  on d ay  17, o f in cu b a­
tion. N ote  swelling of th e  nuclei of certa in  m y o card ia l cells, pe rich ro m asia  and  inclusion  body

(arrow ). H .-E . ,  X 400



F ig . 4. D etail of liver from  a goose em bryo  hav ing  yo lk-derived  im m u n ity . T he em bryo was 
in o cu la ted  w ith  103 ‘J E I D - o/0.2 m l a tte n u a te d  v irus on d ay  12, and  killed on d ay  27, of in cu b a ­
tio n . N ote in filtra tio n  of th e  p e r ip o rta l tissue w ith  he teroph ilic  g ran u lo cy tes. H .-E ., X 63



Fig. 5. D e ta il o f h e a r t  from  a goose em bryo  h av in g  yolk-derived  im m unity . The em b ry o  was 
in o cu la ted  w ith  103,£ E I D 50/0.2 ml a tte n u a te d  v iru s on day 12, and  killed on d ay  27, o f in cu b a ­

tio n . M yocard itis w ith  in filtra tio n  b y  he terophilic  g ranulocy tes. И .-Е .,  X 160



*

F ig . 6. C ircum scribed ly m p h o -h istio cy tic  in f iltra tio n  of th e  perito n eu m  in a one-day-o ld  
gosling th a t  had h a tc h ed  o u t  a fte r inoculation  w ith  102 9 E I D 5o/0.2 ml a tte n u a te d  v iru s on 

d a y  20 of in cu b a tio n . N o yolk-derived im m u n ity  to  D erzsy’s disease. H .-E .,  X 160



Fig. 7. D etail of p an creas from  a day -o ld  gosling th a t  had  h a tc h ed  o u t  a fte r  inocu lation  w ith  
102*9 E ID 50/0.2 m l a tte n u a te d  v iru s on  day  20 of incubation . No y o lk -derived  im m u n ity  to  

D erzsy’s disease. N ote  th e  ly m p h o -h istio cy tic  in flam m ato ry  in f iltra tio n . H .-E ., X 63
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EFFECT OF VOLATILE FATTY ACID INFUSION ON 
BLOOD PLASMA FREE AMINO ACID PROFILES 

IN GROWING LAMBS

F . HUSVÉTH1 and L. VlNCZE2

•D ep a rtm e n t o f A nim al P h y sio lo g y  an d  H ygiene an d  d e p a r t m e n t  o f A nim al N u tritio n , 
“ G eorgikon”  F a c u lty  o f A g ric u ltu ra l Science, P an n o n ian  U n iv e rs ity  o f A gricu ltu ra l Sciences

H -8 3 6 1  K esz th ely , Pf. 66, H u n g a ry

(R eceived  A pril 28, 1990)

F ive  ra m  lam b s (av erag e  b o d y  m ass: 25 kg) w ere g iven , th ro u g h  a c a th e te r  
in se rted  in to  th e  le f t ru m in a l vein , a  to ta l  of 28.8 mM so d iu m  a ce ta te , 14.4 mM sodium  
p ro p io n ate  and  4.8 mM  sod ium  b u ty ra te  pe r kg  bod y  m ass as a  2-hour infusion. D uring  
a n d  a t  0, 1, 2, 4, 6, 10 a n d  24 h  a f te r  th e  infusion  b lood  sam p les were ta k e n  fro m  th e  
ju g u la r  vein  an d  th e  b lood  p lasm a  w as assayed fo r free am ino  acid  (FA A ) and  im m uno- 
reac tiv e  insu lin  ( I R I )  co n cen tra tio n s .

V olatile f a t ty  acid  (V FA ) in fusion  sign ifican tly  decreased  th e  blood p lasm a con­
cen tra tio n s  o f all F A A  b u t  cy stine . T h e  low est FA A  c o n c e n tra tio n s  were m easured  in 
p lasm a  sam ples ta k e n  a t  th e  end of th e  2-h infusion . S u b seq u e n tly  th e  level o f all 
am ino acids rose a n d  b y  24 h  a f te r  th e  infusion  th e  b lo o d  p la sm a  co n cen tra tio n  of all 
F A A  cam e close to  th e  p re in fu s io n  v a lue . The la rg est d ifferen ces w ere observed in  th e  
co n cen tra tio n  of g lu ta m a te , glycine, leucine and  isoleucine.

In  c o n tra s t  to  FA A , I R I  co n cen tra tio n  w as in c reased  sign ifican tly  (a lm ost 
fivefold) by  V F A  in fusion . B y  10 h  a f te r  th e  infusion  I R I  c o n ce n tra tio n  re tu rn e d  to  th e  
in it ia l  level.

T he re su lts  re p o rte d  h ere  in d ica te  th a t  energy su p p ly  g iven  in  th e  fo rm  of V FA  
infusion  sig n ifican tly  a ffec ts  b lood  p lasm a FA A  profiles, sup p o sed ly  as a  re su lt of 
changes induced  in  p ro te in  sy n th esis  in  tissues. In su lin  p re su m a b ly  p lay s a  role in  th e  
reg u la tio n  of these  changes.

Key words: V ola tile  f a t ty  acid , infusion, blood p la sm a , free am ino acid profiles, 
grow ing lam bs

C hanges in  b lood  p la sm a  free am ino acid (FA A ) p ro files are closely c o r­
re la ted  w ith  p ro te in  s ta tu s . B ased  up o n  th is  c o rre la tio n , in  fa rm  anim als 
blood p lasm a  FA A  p ro file s  p ro v id e  useful d a ta  for s tu d ie s  on th e  n u tr itio n a l 
and  m etabo lic  aspec ts  o f p ro te in  s ta tu s  (B ergen, 1979).

T he blood p la sm a  F A A  poo l serves as th e  p r im a ry  am ino acid (AA) 
source fo r p ro te in  sy n th es is  in  tissues. AA re leased  d u rin g  pro teo lysis also 
ap p ear in  th e  pool. T h u s , fac to rs  affecting  p ro te in  sy n th es is , pro teo lysis and , 
depend ing  on th e  ra tio  o f th e  tw o , also p ro te in  d ep o sitio n , p ro b ab ly  e x e rt a 
m ajo r in fluence on b lood  p lasm a  FA A  profiles.

P ro te in  b io sy n th esis  req u ires  m u ch  energy. As a re s u lt ,  th e  energy supp ly  
of an im als m ark ed ly  a ffec ts  th e  in te n s ity  of p ro te in  sy n th es is  in  th e  tissues. 
In  ex perim en ts w ith  grow ing  pigs, R eeds et al. (1981) fo u n d  th a t  non -p ro te in  
energy  su p p lem en ta tio n  o f th e  feed enhanced  p ro te in  sy n th esis . As th e  AA
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so u rce  of p ro tein  sy n th es is  is th e  F A A  pool of th e  blood p la sm a , fac to rs  affect­
in g  p ro te in  syn th esis  in  th e  tissu es , inc lud ing  th e  an im a ls’ energy  supply  
s ta tu s ,  p robab ly  h a v e  a s ig n ifican t effect on blood p la sm a  FA A  profiles. 
S la te r  and  Mellor (1977) in d u ced  en erg y  defic iency  in  p re g n a n t ewes b y  fasting  
a n d  could  no t observe  im p o r ta n t  changes in  to ta l  p lasm a am in o  acid (TAA) 
c o n c n e tra tio n . A t th e  sam e tim e , th e  b lood  p lasm a c o n c e n tra tio n  of essential 
a m in o  acids (EAA) co n sid e rab ly  in c reased ; th is  rise, how ever, w as co u n te rb a ­
la n c e d  b y  a drop in  n o n essen tia l am ino  acid  (N EA A ) co n c e n tra tio n s . In  fasted  
sh eep , H eitm an n  and  B erg m an  (1980) fo u n d  an  increase p rim a rily  in  the  
c o n c e n tra tio n  of b ran c h e d -ch a in  am ino  acids (BCAA) in c lu d in g  leucine, iso­
leu c in e  and valine.

Blood p lasm a F A A  levels m a y  also be affected  b y  A A  released  from  
sk e le ta l muscles d u rin g  fa s t- in d u ced  ca tab o lism  w hich becom e th e  m ost im ­
p o r ta n t  glucose p recu rso rs  in  th e  o rgan ism . T he FA A  pool o f th e  b lood plasm a 
p la y s  an  im p o rta n t ro le  in  su p p ly in g  A A  th a t  have been  u sed  u p  for gluco- 
n eo g en e tic  processes. T h u s , d u rin g  fa s tin g  th e  blood p lasm a  leve l of p rim arily  
th o s e  AA declines w h ich  are  im p o r ta n t  in  glucose sy n th es is : in  ru m in an ts , 
f i r s t  o f all alanine a n d  g lu ta m a te  a re  such  AA (L indsay , 1981).

In  co n trast to  fa s t-in d u ced  en erg y  deficiency, th e  in tra v e n o u s  infusion of 
co m p o u n d s  rich  in  en e rg y  in  m o st cases resu lts  in decreased  b lood  p lasm a 
F A A  concetra tions th ro u g h  e n h an c in g  p ro te in  syn thesis  in  th e  tissues. F o l­
lo w in g  th e  in trav en o u s  in fusion  o f  g lucose, th e  blood p lasm a  leve l o f alm ost all 
F A A  decreased s ig n ifican tly  in  ex p e rim en ts  w ith  ewes (P rio r  an d  Christensen,
1978) and  beef c a tt le  (H u n tin g to n  a n d  P rio r, 1985).

In  ru m in an ts  th e  la rg e r p a r t  o f th e  energy  req u ired  fo r v ita l  processes is 
p ro v id e d  by  vo la tile  f a t ty  acids (V FA ) p roduced  during  ru m e n  fe rm en ta tio n . 
L i t t le  is know n, how ever, a b o u t th e  effect o f Y FA  ab so rb ed  from  th e  rum en 
o r supp lied  by  exogenous Y F A  in fu sio n  on blood p lasm a F A A  co n cen tra tions 
o f  ru m in a n ts . T herefo re , in  th e  ex p e rim en ts  rep o rted  here th e  in fluence  exerted  
b y  in trav en o u s V F A  in fusion  on th e  b lood  p lasm a FA A  p ro files o f growing 
la m b s  was stud ied . As in su lin  w as show n to  p lay  an  im p o r ta n t  role in  re g u la t­
in g  th e  m etabo lism  o f Y FA , am ino  acids an d  p ro te in  (M ancheste r e t ah, 1971; 
C all e t ah , 1972; Y o u n g , 1980; A hm ed  e t ah , 1983; D ebras e t ah , 1987; etc.), 
ch an g es  in the  b lood p lasm a  c o n cen tra tio n s  o f insulin  w ere also m onito red .

M ateria ls and  m ethods

F ive M erino ra m  lam b s (average  b o d y  m ass: 25 kg) w ere used. One 
w eek  before th e  beg in n in g  o f th e  ex p e rim en t, ca th e te rs  (C lin ical P lastic  P ro ­
d u c ts  SA, 13G) w ere im p la n te d  su rg ica lly  in to  th e  la m b s’ ju g u la r  and  left 
ru m in a l veins. T he an im als received  a conven tiona l lam b  d ie t ad libitum  and

Acta Veterinaria Hungarica 39, 1991



VFA IN FU SION  AND PLASMA F R E E  AMINO ACIDS IN  LAMBS 51

200 g alfalfa  h a y  p er lam b daily . L ick in g  sa lt and  d rin k in g  w a te r  w ere ava ilab le  
also ad lib itum .

A fte r  hav ing  been dep rived  o f  feed  overn igh t (for 12 h), th e  lam b s w ere 
p laced  in to  in d iv id u a l boxes. T h ro u g h  a cannu la  in se rted  in to  th e  le ft ru m in a l 
ve in , w ith  th e  help  of a p e ris ta ltic  p u m p  (P harm acia , P -3) 10 mM  Y F A  m ix ­
tu re  p e r m in  w as in fused  a t a r a te  o f  2 m l/m in , for 2 h . T he com position  o f th e  
V F A  m ix tu re  was as follows: sod ium  ace ta te  (3 Mol/1), sod ium  p ro p io n a te  
(1.5 Mol/1) and sodium  b u ty ra te  (0.5 Mol/1). D uring  2 h  a to ta l  of 28.8 mM ol 
sod ium  a c e ta te , 14.4 mM ol sod ium  p ro p io n a te  and  4.8 m M ol sodium  b u ty ra te

-----b-t-E---- P— Ï ------- i----------- 3r
- 2 0 1 2  Д 6 10 2Л

Sampling t im e , h 
Fig. 1. D esign  o f th e  experim ent

p e r kg  b o d y  m ass w as in fused . B efore an d  a t th e  end  o f  th e  infusion an d  for 
24 h  follow ing it, b lood sam ples w ere ta k e n  th ro u g h  th e  can n u la  in serted  in to  
th e  ju g u la r  vein . T he sam pling  tim es  a re  show n in  F ig . 1.

T he p lasm a sam ples o b ta in ed  from  heparin ized  b lood  sam ples w ere 
d ep ro te in ized  b y  add ing  sulfosalicylic acid . The p ro te in -free  p lasm a sam ple 
w ere assayed  for free am ino acid  (FA A ) co n cen tra tio n  b y  ion-exchange ch ro ­
m a to g ra p h y  using an  LK B -4101 ty p e  am ino acid ana lyser (K ed en b u rg , 1971). 
I in m u n o re a c tiv e  insu lin  (IK I) c o n c e n tra tio n  was m easu red  using  a B oehringer 
E L IS A  k it  (C at. 199648).

A fte r de term in ing  th e  FA A  co n cen tra tio n s, to ta l  essen tia l am ino acids 
(T E A A  =  T h r -f- Cys V al -f- M et -f- L eu  - j-  Ile +  T y r  -f- P h e  -f- L ys -f- 

H is) an d  to ta l  nonessen tia l am ino  acids (TN EA A  =  A sp -f-  Ser -j- G lu +  
G1u-N H 2 -f- Gly -j- Ala -j- A rg) w ere calcu la ted . T he sum  of T E A A  an d  

T N E A A  w as ta k e n  as th e  to ta l  free am ino  acid (TFA A ) c o n te n t of th e  b lood 
p lasm a. T he resu lts  were ev a lu a ted  b y  s ta tis tic a l analysis.

Results

T he T FA A , T E A A , T N E A A  an d  I R I  con cen tra tio n s o f th e  blood p lasm a 
are  show n in  Figs 2 and  3. I t  can  be  seen th a t  b y  th e  end  of th e  2-h in fusion  
period , in fusion  of V FA  in to  th e  ru m in a l vein  caused a sign ifican t (P  <  0.001) 
decrease in  blood p lasm a FA A  co n cen tra tio n . B lood p la sm a  T N E A A  an d  
T E A A  co n cen tra tio n s m easured  a t  th e  end  of V FA  a d m in is tra tio n  w ere less
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F ig . 2. Changes in  th e  b lo o d  p lasm a co n cen tra tio n s o f to ta l  free am ino  acids (TFA A ) and im- 
m u n o reac tiv e  insulin  ( I R I )  a f te r  in trav en o u s  in fusion  of vo la tile  f a t ty  acids to  lam bs (n =  5)

F ig . 3. Changes in th e  b lo o d  p lasm a co n cen tra tio n s o f to ta l  e ssen tia l am ino acids (TEA A) and  
to ta l  nonessential am in o  acid s (TN EA A ) a f te r  in tra v en o u s  infusion  o f v o la tile  fa tty  acids to

lam b s (n  =  5)

th a n  h a lf of th e  p re in fu s io n  values. I n  th e  period  follow ing Y F A  infusion, th e  
b lo o d  plasm a c o n c e n tra tio n  of b o th  FA A  groups (TEA A  an d  TN E A A ) s ta r te d  
to  rise : a sign ifican t (P  <  0.05) e lev a tio n , how ever, w as d em onstrab le  on ly  
4 h  a fte r Y FA a d m in is tra tio n . As a re su lt o f th e  increase in  FA A  co n cen tra ­
tio n s  after the  in fu s io n , a t  24 h th e  b lood  p lasm a  co n c e n tra tio n  of TE A A  and , 
w ith in  it, b o th  T E A A  an d  T N E A A  cam e close to  th e  p re in fusion  values an d  
d id  n o t differ from  th e m  sign ifican tly  (P  >  0.05).

Changes in  th e  b lood  p lasm a co n cen tra tio n s  of in d iv id u a l AA are show n 
in  T ables I  and  2. T h e  p lasm a c o n c e n tra tio n  of all AA b u t  cystine  show ed 
sign ifican t (P <  0 .05 , P  <  0.01, P  <  0.001) changes. T h e  ten d en cy  of th e  
o bserved  changes w as th e  sam e for all AA. B y  th e  end  o f V F A  ad m in is tra tio n , 
th e  concen tra tion  o f  a ll ind iv idual A A  h a d  declined considerab ly . O f the  essen-
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T ab le  1

M ean concentra tions i  s tan d ard  error (//mol/1) o f nonessential am ino acids in th e  free am ino acid pool of th e  blood p lasm a in five lam bs afte r
in tra ru m in a l infusion of 48 m m ol V FA  per kg body  m ass

Aminoacid
Time of sampling (h)

L.S.D.*
__9a ob + 1C +  2C + 4« +6» + 10° j _2 Ie

Asp 2 3 ± 6 3 ± 3 2 +  2 6 ± 3 9 ± 7 1 1 ± 4 1 3 ± 5 2 5 ± 5 0.01 6

S fG lu-N H 2 2 4 1 ± 2 9 1 1 2 ± 2 1 215 +  36 1 2 3 + 1 9 172 +  25 1 7 3 ± 1 7 1 6 3 ±  27 2 0 0 ± 3 8 0.001 31

Glu 11 S ± 2 7 1 3 ± 9 1 2 ± 1 7 20 +  15 2 8 ± 8 2 9 ± 7 53 ±  11 7 6 ± 7 0.001 23

Gly 8 4 0 ± 1 0 1 2 7 8 ± 6 7 2 6 0 ± 9 2 3 5 5 ± 2 8 4 1 6 ± 5 7 490 ± 3 4 697 ± 7 1 7 9 9 ± 9 0 0.001 87

Ala 293 ± 3 1 165 zb 21 174 +  48 198 +  17 1 8 2 ± 2 0 1 8 8 ± 2 0 2 6 9 ± 1 8 2 8 5 ± 1 7 0.001 27

Arg 1 4 5 ± 2 8 6 5 ± 1 8 61 ± 1 9 6 7 ± 1 7 9 1 ± 1 0 90 ± 2 2 1 0 9 ± 3 7 141 ± 2 1 0.01 33

a before V FA  infusion; 0 a t  th e  end of 2-h V FA  infusion; c tim es a fte r  V FA  infusion (h); L .S.D .* =  least sign ifican t difference (P < 0 .0 5 )
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Table 2

M ean concentra tions ^  s ta n d a rd  error (//m ol/1) o f essential am ino acids in th e  free am ino acid pool of th e  blood p lasm a in five lam bs a fte r
in tra ru m in a l infusion of 48 m m ol V FA  per kg  body m ass

Time of sampling (h)

_2* ob +  1C 4-2° + 4° 4-6° + 10° 4-24°
P< L.S.D.*

T h r 1 4 6 + 2 0 64 +  15 6 6 ± 9 70 +  12 9 9 + 1 8 100 +  18 9 4 + 8 1 4 1 + 2 6 0.001 24

Cys 30 +  18 1 0 + 9 1 1 + 1 7 3 1 + 1 4 2 7 + 1 5 3 7 + 1 8 3 0 + 1 1 28 +  9 NS —

M et 3 9 + 1 7 9 ± 5 1 0 + 7 18 +  9 15 +  8 1 9 + 1 6 24 +  6 4 3 + 1 5 0.01 16

Val 1 5 6 + 3 9 85 +  22 80 +  18 1 0 2 + 1 5 142 +  28 1 4 8 + 1 2 140+ 21 151 +  41 0.01 37

He 164 +  20 5 5 + 1 6 55 +  9 6 3 + 7 62 +  7 53 +  8 82 +  10 1 4 6 + 1 5 0.001 21

I.en 125 +  20 4 1 ± 2 1 35 +  15 3 9 + 1 5 4 1 + 1 5 45 +  6 5 6 + 1 5 112 +  30 0.05 45

T y r 8 6 + 1 1 3 6 ± 1 5 32 +  12 3 6 + 1 1 4 8 + 9 5 6 + 1 6 60 +  16 1 1 6 + 1 0 0.001 22
Phe 61 +  15 3 7 ± 1 8 40 +  9 55 +  12 6 9 + 7 7 9 + 2 4 62 +  8 7 3 + 9 0.05 20
Lys 165 +  35 6 9 ± 1 3 81 +  17 89 +  24 1 1 7 + 1 8 1 7 4 + 2 0 165 +  22 165 +  31 0.01 41

His 85 zb 11 5 2 ± 1 0 45 +  9 62 +  8 9 8 + 1 0 82 +  11 94 +  8 8 5 + 1 5 0.01 28

a before V FA  infusion; b a t  th e  end of 2-h V FA  infusion; 0 tim e a fte r  V FA  infusion (h); L .S.D .* =  least significant difference (P < 0 .0 5 )
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tia l  AA, b ranched -c lia in  A A  (BCAA), f irs t o f all leuc ine  a n d  isoleucine show ed 
th e  m ost p ronounced  decrease. O f th e  nonessen tia l A A , g lu ta m a te  and  glycine 
ex h ib ited  th e  g rea te s t co n cen tra tio n  drop. I n  th e  p e rio d  following th e  in fu ­
sion, th e  co n cen tra tio n  o f  a ll AA increased g rad u a lly . As a re su lt, in  b lood p la s­
m a sam ples ta k e n  24 h  a f te r  th e  infusion th e  c o n c e n tra tio n  o f all AA cam e close 
to  th e  p reinfusion  v a lu es . A t th a t  tim e , sign ifican t differences from  th e  p re in ­
fusion value  w ere fo u n d  o n ly  for th ree  AA: n am ely , a t  24 h  a fte r th e  infusion 
th e  co n cen tra tio n  o f g lu ta m a te  and  serine -|- g lu tam in e  w as loAver (P  <  0.05) 
w hile th a t  of ty ro s in e  w as h igher (P  <  0.05) th a n  th e  p re in fusion  values.

Im m u n o reac tiv e  in su lin  (IR I)  co n cen tra tio n  o f th e  b lood  p lasm a show ed 
opposite  changes: d u rin g  V F A  infusion it  u n d e rw en t a sig n ifican t (P  <  0.001), 
a lm o st fivefold increase  as com pared  to  th e  p re in fu sio n  value . A fte r V F A  a d ­
m in is tra tio n  b lood  p la sm a  IR I  co n cen tra tio n  d eclined  rap id ly : b y  1 h  a fte r 
V FA  infusion i t  d ro p p ed  to  a lm ost h a lf  of its  p eak  co n cen tra tio n , th e n  a t  10 h 
a fte r  th e  infusion i t  cam e close to  th e  prein fusion  v a lu e  an d  did  n o t differ from  
th a t  s ig n ifican tly  (P  >  0.05).

D iscussion

In  th e  ex p erim en ts  re p o rte d  here, in tra v e n o u s  in fusion  of V FA  produced  
considerab le  changes in  th e  blood p lasm a c o n c e n tra tio n  o f all free am ino acids. 
V F A  ad m in is tra tio n  ra p id ly  decreased th e  b lood p la sm a  levels of all de tec ted
AA. W ith  tim e  a f te r  th e  infusion , th e  blood p la sm a  co n cen tra tio n  of all AA 
rose. No appreciab le  differences w ere found  in  th e  degree an d  ty p e  of changes 
b e tw een  am ino acids o f d ifferen t m etabolic  fe a tu re s , tliu s  betw een essen tia l 
an d  nonessen tia l AA.

In  ag reem en t w ith  o u r re su lts , T heucr e t a l. (1966) an d  P u rse r e t al. 
(1966) also rep o rted  a decrease  in  blood p lasm a F A A  co n cen tra tio n  2 -4  h  a fte r 
feed in ta k e  or in tra ru m in a l infusion of a g lu c o se -s ta rc h  m ix tu re . A fte r isoca­
loric  in trav en o u s  in fu sio n  o f d ifferen t energy  sou rces, glucose w as found  to  
p ro d u ce  th e  m ost ex p ressed  decrease in  blood p la sm a  F A A  co n cen tra tio n , fo l­
lowed b y  p ro p io n a te , a c e ta te  and , fin a lly , b u ty ra te  (P o tte r  e t al., 1968). A c­
co rd ing  to  th e  re su lts  o f E sk la n d  et al. (1974), th e  b lo o d  p lasm a  FA A  c o n c e n tra ­
tio n  d im in ish ing  e ffec t o f in trav en o u s  energy  in fu s io n  w as in d ep en d en t of 
th e  q u a lity  of th e  en e rg y  source for several AA in c lu d in g  lysine, arg in ine an d  
m eth ion ine .

T he d rop  of b lo o d  p la sm a  FA A  c o n cen tra tio n  o bserved  a fte r  th e  in fusion  
of com pounds rich  in  energy , e.g. V FA  in ru m in a n ts , m a y  p ro b ab ly  be ex p la in ­
ed b y  th e  fa c t t h a t  ra p id  energy supp ly  c o n sid e rab ly  enhances th e  ra te  of 
p ro te in  syn thesis  in  th e  tissues. T he am ino ac id  source of cellu lar p ro te in  
syn th esis  is th e  free am ino  acid pool of th e  e x tra c e llu la r  flu id  and , w ith in  i t ,  
th e  b lood  p lasm a (B ergen , 1979).
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T he experim en ts  described  h e re  w ere conduc ted  on fa s tin g  la m b s  being in 
th e  p o stah so rp tiv e  p h a se  in  w hich th e re  w as p ro b ab ly  no considerab le  am ino acid 
a b so rp tio n  from  th e  a lim e n ta ry  t r a c t .  T h u s, a fresh  supp ly  to  th e  b lood  p lasm a 
o f A A  used up for p ro te in  syn th esis  w as n o t availab le . C on seq u en tly , enhanced  
p ro te in  synthesis re su lte d  in  a d ecrease  o f b lood p lasm a F A A  co n cen tra tio n s.

T he question  arises to  w h a t deg ree  insu lin  p a rtic ip a te s  in  th e  reg u la tion  
o f  th e  above processes. A ccord ing  to  G arlic an d  L obley  (1987), accelera ted  
p ro te in  synthesis s tim u la te d  b y  feed  in ta k e  is m ed ia ted  b y  in su lin . A t th e  
sam e  tim e , th e  re su lts  o f E a rly  e t a l. (1988) in d ica te  th a t  in su lin  is less im p o r­
t a n t  in  reg u la ting  p ro te in  sy n th esis  in  th e  m uscles in  ru m in a n ts  th a n  in  n o n ­
ru m in a n t  anim als. I n  th e  ex p e rim en ts  described  in  th is  p ap e r, a close n egative  
c o rre la tio n  was fo u n d  betw een  b lo o d  p la sm a  insu lin  and  F A A  co n cen tra tio n s. 
T h e  low est FA A  leve ls  alw ays co inc ided  w ith  th e  h ighest in su lin  co n cen tra tio n  
in  th e  blood p lasm a. T his re la tio n sh ip  allow s us to  conclude t h a t  in su lin  also 
h a s  a reg u la to ry  ro le  in  enhanced  p ro te in  syn thesis  s tim u la ted  b y  Y FA .
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BLOOD pH, PLASMA CAROTENE, VITAMIN A, 
ALBUMIN AND GLOBULIN CONCENTRATIONS 
IN NEWBORN CALVES AND IN DAMS DURING 
THE FIRST THREE DAYS OF THE POSTNATAL

PERIOD

L. B á r d o s1, О. Sz e n c i2, K lára  Op p e l 1,
K . G e r szi2 and T. V arg a3

’D e p a rtm e n t o f A n im al Physio logy a n d  H yg iene, U n iv e rs ity  of A g ricu ltu ra l Sciences, H -2 1 0 3  
Gödöllő, P á te r  K . u. 1, H u n g ary ; 2D e p a rtm e n t o f O b s te tric s , U n iv e rsity  of V e terin ary  Science, 

B u d a p es t, H u n g ary ; and  3E n y in g  S ta te  F a rm , K iscséripuszta , H u n g ary

(R eceived  J u n e  22, 1990)

B lood p H , to ta l  p lasm a caro ten e , p la sm a  v itam in  A frac tio n s and som e p la sm a  
p ro te in s  w ere de term ined  in  n ew b o rn  calves (n  =  38) an d  th e ir  dam s. Calves w ere  as­
signed  to  one of tw o groups acco rd ing  to  th e ir  b lood  p H  im m ed ia te ly  a fte r  b i r th :  g ro u p  
1 (n o rm al)  w ith  p H  above 7.2 (n  =  27) a n d  group  2 (sligh tly  acidotic) w ith  p H  7.0 to  
7.2 (n  =  11). T he difference b e tw een  th e  n e o n a ta l  blood p H  values of th e  tw o  g ro u p s 
im m e d ia te ly  p o st p a r tu m  d isap p eared  24 h  a f te r  b ir th . T he blood p H  of th e  d a m s w as 
n o rm al. T h e  ex trem ely  low  p lasm a  ca ro ten e  c o n cen tra tio n  (group 1: 32.7 /zg/1; g ro u p  
2: 20.5 jitg/1) an d  th e  low p lasm a  g lobulin  frac tio n s  (group 1: 19.6 g/1; group 2: 19.2 g/1) 
im m e d ia te ly  a fte r  b ir th  w ere e lev a ted  b y  th e  in ta k e  of co lostrum . T here w as no  sign ifi­
c a n t  ch an g e  in  p lasm a  v ita m in  A  frac tio n s  (re tino l, re tin y l ester) du ring  th e  ea rly  
p o s tn a ta l  p e rio d  (3 days p o s t p a r tu m )  in  new b o rn  calves. T h e  acid-base b a la n ce  of 
n ew b o rn  calves does n o t hav e  a n y  in flu en ce  on  th e  physiological a lte ra tio n s o f p la sm a  
v ita m in  A , caro tene  and  som e p lasm a  p ro te in s  du rin g  th e  f irs t  th ree  days of life.

K ey  words: Cow, calf, b lood  p H , p la sm a  v ita m in  A, p lasm a caro tene, p la sm a  
p ro te in s

T he e a r ly  days in  th e  n e o n a ta l life o f calves are crucial w ith  re g a rd  to  
th e ir  su b se q u e n t rearin g  success an d  p e rfo rm an ce. T he adverse effects o f p e r i­
n a ta l  acidosis b eyond  th e  physio logical leve l m ay  p roduce  a considerab le  eco­
nom ic loss (E ig en m an n  et al., 1981; H e ld  e t  al., 1985; Szenci, 1985). T h e  o p t i ­
m al su p p ly  o f  v ita m in  A and  ca ro ten e  is im p o r ta n t  for m a te rn a l re p ro d u c tiv e  
perfo rm an ce  as w ell as for som atic  an d  im m unolog ica l developm ent o f ca lves 
(A hlsw ede a n d  L o tth am m er, 1978; F ad le , 1966).

T h e  s t ru c tu ra l  a rran g em en ts  o f p ro te in s  are m ain ly  affected  b y  th e  
p h y sicochem ica l ch arac teris tics  o f th e ir  su rro u n d in g s such  as ionic s tre n g th  
and  p H  (N u n n a lly  and  Craig, 1980). T he fin e  s tru c tu ra l a lte ra tio n s  m ay  in d u ce  
changes even  in  th e ir  fu n c tio n  (A q v ist e t ah , 1986). Since b o th  v ita m in  A 
and  /З-ca ro ten e  are  converted  in to  soluble m a tte rs  in  th e  blood w ith  th e  help  
o f tra n s p o r t  p ro te in  com plexes an d /o r lip o p ro te in  m icelles (e.g. re tin o l-b in d in g  
p ro te in  (R B P ), t ra n s th y re tin  (T T R ) an d  chy lom icrons; M uto , 1978; G o o d m an , 
1984), th e  a c tu a l blood p H  m ay  in flu en ce  th e  effects o f these  p ro te in —lip o id  
com plexes.
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T his s tu d y  w as designed  to  d e tec t th e  v a ria tio n s  o f h lood  p H , p la sm a  
c a ro te n e , p lasm a v ita m in  A  and  some p la sm a  p ro te in s  in  n e o n a ta l calves and 
th e ir  dam s d u ring  th e  f ir s t  th ree  days a f te r  b ir th .

M aterials an d  m ethods

H o ls te in -F rics ian  (H F ) and  H F  X  H u n g a r ia n  F leckv ieh  cows (n =  38) 
a n d  th e ir  calves w ere exam ined  in  a d a iry  h e rd . D ry  cows w ere confined  to  
s ta n c h io n  barns a n d  rece iv ed  a m ixed co rn  silage and  fodder ra tio n  along w ith  
g rass  h a y  or a lfa lfa . T h e  delivery  of th e  38 ca lves, all in  n o rm a l an te rio r p re ­
se n ta tio n , was u n co m p lic a te d ; one to  th re e  a t te n d a n ts  assisted  w ith  tra c tio n , 
a n d  delivery  w as co m p le ted  w ith in  30 to  60 m in  a fte r th e  ap p earan ce  an d  
ru p tu r e  of th e  m em b ran es . The new born  ca lv es  w ere n a tu ra lly  suckled  d u rin g  
th e  ex p erim en t.

B lood sam ples w ere  w ithd raw n  an aero b ica lly  b y  needle p u n c tu re  from  
th e  ju g u la r  vein  o f d am s an d  calves in to  hep arin ized  syringes. The syringes 
w ere im m ed ia te ly  sea led  a ir tig h t w ith  a ru b b e r  cap and  s to red  on ice u n til  
a n a ly se d  for p H , w h ich  w as perfo rm ed  w ith in  10 m in  a fte r  sam pling . T he 
f i r s t  blood sam ples w ere  ta k e n  im m e d ia te ly  a fte r  delivery . S am pling  w as 
re p e a te d  24 an d  72 h  a fte r  b ir th . B lood p H  w as de te rm ined  b y  a B iological 
M icroanalyser (R ad e lk is , H ungary ) a t  37 °C.

A fter b ir th , th e  new b o rn  calves w ere assigned  accord ing  to  th e ir  b lood  p H  
v a lu e s  to  one of tw o  g ro u p s: group 1, w ith  b lood  p H  above 7.2 (norm al) an d  
g ro u p  2, w ith  blood p H  betw een  7.0 an d  7.2 (s lig h tly  acidotic). A  sim ilar g ro u p ­
in g  h a d  been used  b y  o th e rs  (E igenm ann , 1981; Szenei and  T averne , 1988).

T he p lasm a w as sep a ra ted  b y  c e n tr ifu g a tio n  (1500 g, -j-4 °C) an d  s to red  
a t  ■—20 °C u n til an a ly sed .

P lasm a to ta l  c a ro te n e  w as e x tra c te d  fro m  1 m l of th e  sam ple w ith  p e tro ­
le u m  e th e r c o n ta in in g  4 %  e th y l e th e r. Q u a n tita tio n  of to ta l  ca ro ten e  level 
w as accom plished b y  re la tin g  th e  ab so rb an ce  a t  450 n m  to  a s ta n d a rd  cu rve  
(Y ah lq u is t, 1974). D u e  to  th e  ex trem ely  low  p lasm a level in  new born  calves, 
a 5 -fo ld  p lasm a v o lu m e  w as ex trac ted .

P lasm a to ta l  v i ta m in  A was d e te rm in e d  p h o to m etrica lly  b y  th e  tr ic h lo ­
ro a c e tic  acid (TCA) m e th o d . T hen  one h a lf  o f  th e  e th er phase w as e v a p o ra te d  
u n d e r  vacuum . T h e  resid u e  was d isso lved  in  chloroform . A dd ition  o f 7.34 
mol/1 aqueous TCA  so lu tio n  teas follow ed b y  a colour reac tio n  (B árdos, 1988). 
T h e  o th e r h a lf  o f th e  e th e r  phase Avas p o u re d  in to  a te s t  tu b e  co n ta in in g  a lu ­
m in a . W hen th e  tu b e  w as shaken, a lu m in a  con ta in in g  8 %  w a te r se lec tive ly  
ad so rb ed  re tino l, le a v in g  th e  re tin y l e s te rs  in  th e  su p e rn a ta n t. A fte r se ttlin g , 
th e  su p e rn a ta n t w as su b jec ted  to  th e  TC A  reac tio n . The re tin o l c o n cen tra tio n  
w as ca lcu la ted  as th e  d ifference betw een  th e  f i r s t  and  second TCA values.
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P lasm a to ta l  p ro te in  w as m easu red  using  th e  b iu re t re a c tio n  (W eichsel­
b a u m , 1946), an d  p la sm a  a lb u m in  b y  th e  brom ocresol g reen  co lour reac tio n  
(K e a y  and  D oxley, 1983).

P lasm a to ta l  g lobulin  w as ca lcu la ted  as th e  difference b e tw een  p lasm a 
to ta l  p ro te in  and  a lb u m in .

S ta tis tic a l com p ariso n  of th e  v a riab les  betw een  a n d  w ith in  groups of 
ca lves an d  dam s w as done using  F ish e r’s F  te s t , S tu d e n t’s t te s t  an d  th e  P ear- 
so n -B ra v is  co rre la tio n  fo rm u la  (Sokai an d  R ohlf, 1981).

R esults

Changes in  th e  b lood  p H  o f new born  calves an d  th e ir  dam s du ring  th e  
e x p e rim en t are show n in  T ab le  1. T he difference betw een  th e  tw o  groups of 
n ew b o rn  calves seen im m ed ia te ly  a f te r  b ir th  d isappeared  24 h  a fte r  b ir th . 
T h e  b lood  pH  of th e  dam s w as n o rm a l th ro u g h o u t.

V alues for p la sm a  to ta l  ca ro ten e  level and  levels of v ita m in  A frac tions 
o f ca lves are given in  T ab le  2. E x c e p t fo r n eo n a ta l p lasm a to ta l  ca ro ten e  (24 h), 
th e re  w ere no s ig n ifican t d ifferences b e tw een  groups 1 and  2 (calves an d  dam s). 
T he va lu es  for calves increased  re m a rk a b ly  (P  <  0.001) from  b ir th  to  24 h  in  
g ro u p  1. This ch an g e  w as less m ark ed  in  th e  acidotic calves (group  2). A t 
b ir th ,  p lasm a ca ro ten e  an d  v ita m in  A frac tio n s were m uch  low er (P  <  0.001) 
fo r ca lves th a n  fo r cows (T able 4).

P lasm a p ro te in s  show ed on ly  n o n-sign ifican t difference b e tw een  acidotic 
a n d  n o rm al calves (T able 3). P la sm a  to ta l  p ro te in  an d  g lobu lin  w ere sign ifi­
c a n tly  (P  <  0.001) low er a t  b ir th  th a n  24 h  a fte r b ir th . Im m e d ia te ly  a fte r 
b i r th  th e  p lasm a p ro te in  levels w ere s ig n ifican tly  low er (P  <  0.001) fo r th e

Table 1

B lood p H  values (m ean  ±  SD) of calves and  dam s

Calves Dems

Group 1 
(n «  27)

G roup 2 
(n =  11)

Group 1 
(.. =  27)

Group 2 
(n =  11)

pp 7.25 ± 0 .0 4 X X 7 .1 1 ± 0 .1 1 7 .4 0 ± 0 .0 7 NS 7 .4 1 ± 0 .0 6
X X X X X X NS NS

24 h 7.38 ± 0 .0 4 NS 7 .3 6 ± 0 .0 6 7 .4 3 ± 0 .0 5 NS 7 .4 3 ± 0 .0 6
NS NS NS NS

72 h 7 .3 9 ± 0 .0 4 NS 7 .3 8 ± 0 .0 4 7 .4 1 ± 0 .0 5 NS 7 .4 2 ± 0 .0 5

Sym bols and abbrev iations:
p p : im m ediately  p o s t p a rtu m
24 h: 24 hours a fte r  calving 
72 h : 72 hours a f te r  calving
N S: no t sign ifican t; x  P < 0 .0 5 ;  x x  P < 0 .0 1 ;  xxx  PcO.OOl
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Table 2
T otal p lasm a caro ten e  and p lasm a v itam in  A frac tions (m ean  ±  SD)

Calves Dams

G roup 1 Group 2 G roup 1 Group 2
(n =  27) (n =  11) (n =  27) (n =  11)

T o ta l caro tene  (/<g/1)

pp 3 2 .7 ± 1 6 .3
X X X

NS 20.5 ±  16.4
X

3374 .9±1028 .2
NS

NS 304 0 .4 ±  1037.9 
NS

24 h 119 .9±97 .2
NS

X 5 8 .1 ± 4 8 .0
X

2988 .8± 762 .8
NS

NS 2812.9±796.6
NS

72 h 105.0 i  91.2 N S 1 4 2 .8 ± 9 4 .0 2783 .3± 802 .6 NS 2416.6±  796.1

T o ta l v ita m in  A (re /i)

PP 141.9±37.7 N S 1 3 9 .8 ± 3 9 .2 28 3 .1 ± 7 4 .9 NS 31 9 .2 ± 6 4 .3
X X X X X NS X X

24 h 215.0 ± 6 0 .8  
NS

N S 2 1 3 .2 ± 4 9 .2
NS

2 5 7 .5 ± 5 0 .9
NS

NS 241 .7± 35 .0
NS

72 h 194 .8±50 .8 NS 2 2 3 .6± 46 .1 2 6 4 .8 ± 5 8 .8 NS 2 4 0 .2± 38 .9

R etin o l (pg/1)

PP 115 .3±42.0
X X X

N S 12 6 .4 ± 4 7 .5
NS

2 3 3 .5 ± 5 2 .9
NS

NS 265.2 ±  58.6
X

24 h 187 .0±58 .9
X

N S 1 7 7 .5 ± 3 7 .3
NS

2 2 1 .1± 33 .7
NS

NS 215 .2± 30 .7
NS

72 h 154.7^=41.5 N S 164.1 ± 4 6 .5 2 1 8 .0 ± 5 0 .4 NS 198.5±43 .7

Sym bols and  abbrev iations:
p p : im m ediately  p o s t p a rtu m
24 h : 24 hours a f te r  calving 
72 h : 72 hours a f te r  calving
N S : no t sign ifican t; x  P < 0 .0 5 ;  x x  P c O .O l;  x x x  P < 0 .0 0 1

calves th a n  for th e ir  d am s. The d ifferences w ere still p re se n t for album in  24 h 
a fte r  b ir th  (Table 4).

T ab le  5 co n ta in s  th e  co rre la tio n s betw een  th e  in v e s tig a te d  p a ram e te rs . 
O n ly  r  0.5 values are  in d ica ted  in  th e  m a trix . Close co rre la tions were found  
b e tw een  th e  fu n c tio n a lly  re la te d  p a ra m e te rs  ( to ta l  v ita m in  A /re tino l; to ta l  
p ro te in /g lobu lin ) in  b o th  groups of calves. T hus, close (r 0.7) and  v e ry  close 
(r 7> 0.9) correlations w ere n o ted  24 an d  72 h  a fte r  b ir th , betw een  to ta l  v i ta ­
m in A  an d  re tino l an d  b e tw een  to ta l  p ro te in  and g lobu lin , respectively .

Discussion

T h e difference in  b lood  p H , seen in  th e  calves im m ed ia te ly  a fte r b ir th , 
d isap p ea red  by  24 h  a f te r  b ir th , due to  th e  m etabo lic  co m p en sa tio n  of th e  a c id -  
base  ba lan ce  (B odenberger, 1979; S ch lerka  e t ah , 1979; Szenei e t al., 1981).
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Table 3
P la sm a  p ro te in  concentra tions (m ean  ±  SD)

Calves Dams

Group 1 
(n =  27)

Group 2 
(n -  11)

Group 1
(n =  27)

Group 2 
(n =  11)

T otal protein (g/1)

pp 4 4 .3 0 ± 9 .3 5 NS 4S.12±5.45 6 1 .0 7 ± 7 .5 1 NS 6 4 .9 3± 6 .51
X X X X NS NS

24 b 6 0 .8 4 ±  13.42 NS 58 .51±  16.13 5 9 .8 2 ± 7 .5 3 NS 64.11 ± 3 .5 1
NS NS NS NS

72 h 6 0 .5 2 ±  15.58 NS 60.22±13.35 63.25 ± 9 .8 9 NS 5 9 .5 8 ±  10.13

A lbum in (g/1)

PP 24.72 +  3.74 NS 25 .86±3.39 3 1 .3 9 ± 2 .9 2 NS 3 1 .8 2 ±  1.84
NS NS N S NS

24 h 24.78 ± 2 .6 3 NS 23.90±2.35 3 1 .2 3 ± 2 .9 3 NS 31.46 ± 2 .1 7
NS NS NS NS

72 h 2 5 .5 3 ± 2 .3 1 N S 25.67±2.64 3 1 .3 9 ± 2 .9 4 NS 29.30 ± 2 .4 2

Globulin (g/1)

PP 1 9 .60± 9 .93 NS 19.25±8.09 2 9 .2 0 ± 8 .4 2 NS 3 3 .1 7 ± 7 .5 1
X X X X NS NS

24 h 36.05 ± 1 4 .4 7 NS 3 4 .5 8 ±  17.70 2 8 .6 1 ± 9 .3 5 NS 32.65 ± 2 .5 7
NS NS NS NS

72 h 35.2 7 ±  16.48 NS 3 3 .9 0 ±  14.00 3 1 .7 2 ±  8.17 NS 31 .06± 8 .75

Sym bols and abbrev ia tions:
pp : im m edia tely  p o st p a r tu m
24 h : 24 hours a fte r  calving 
72 h : 72 hours a fte r calving
N S: n o t  sign ifican t; x  P < 0 .0 5 ;  xx  P < 0 .0 1 ;  x x x  PcO .O O l

T he blood  p H  values o f d am s are in  good ag reem en t w ith  those considered  
physio logical (M iilling e t a l., 1979; H eld, 1983; Szenei, 1985).

In  new born  calves p la sm a  to ta l ca ro ten e  increased  a fte r  b irth . T his su g ­
gests an  in ten siv e  in te s tin a l absorp tion  of ca ro ten e  (T om linson e t ah , 1974; 
S u ry n ek  e t ah , 1976), due  to  th e  h ighly  in ten s iv e  ß -ca ro ten e  secretion  of u d d e r  
in  th e  f irs t 48 h  a fte r  de liv ery  (P ethes et ah , 1987). A sim ilar change was fo u n d  
for v ita m in  A ( to ta l an d  re tin o l) , as it  was o bserved  b y  o th ers , too (O zp inar e t 
ah , 1988). T he v a ria tio n s  observed  in  re tin o l level are  fa irly  stab le  b o th  in  
cows an d  in  th e ir  calves. T h is can  p ro b ab ly  be asso c ia ted  w ith  th e  fu n c tio n  o f 
th e  r e t in o l-R B P  com plex . T h is com plex, re leased  fro m  th e  liver, p rov ides a 
fa ir ly  c o n s ta n t b lood re tin o l level. The p lasm a  level o f th e  o th e r com ponen t o f 
to ta l  v ita m in  A , th e  re tin y l e s te r frac tion , increases a f te r  in te s tin a l a b so rp tio n  
o f v ita m in  A an d /o r ca ro ten e  (B ra n s te tte r  e t  ah , 1973; T om linson  e t ah , 1974; 
S u rynek  e t ah , 1976) an d  in  h y perv itam inosis  (G oodm an , 1984). This is confirm -
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Table 4

S ignifican t d ifferences be tw een  calves and  dam s

Total
carotene

T otal 
v itam in  A Retinol Total

protein Albumin T otal
globulin

C D C D C D C D C D C D
G roup 1 (n =  27) PP X X X X X X X X X X X X X X X X X X

24 h X X X X X X NS X X X X

72 h X X X X X X X X X NS X X X NS

G roup 2 (n =  И ) PP X X X X X X X X X X X X X X X X X X

24 h X X X NS X NS X X X N S

72 h X X X NS NS NS X X NS

S ym bols a n d  abbrev iations:
C : calves
D : dam s
p p : im m ediately  p o s t p a rtu m
24 h : 24 hours a f te r  calving 
72 h : 72 hours a f te r  calving
N S : n o t sign ifican t; x  P < 0 .0 5 ;  x x  P c O .O l;  x x x  PcO.OOl

Table 5

C orrelations ( r > .5 )  betw een th e  in v e s tig a te d  plasm a p a ram ete rs  o f calves

Retinol
BLOOD PLASMA

Globulin

PP 24h 72h PP 24h 72h

В T T
L О PP +  .83 О +  .92
0 t t
0 a 24 h +  .81 a +  .98 +  .55 G R O U P  1
D 1 1

72 h +  .81 -+57 +  .98

P V p
L i PP

(MCO +  .56 r +  .94
A t o
S a 24 h +  .95 t +  .99 +  .66 G R O U P 2
M m e
A i 72 h +  .67 i +  .69 +  .96

n n

A

cd h e re  b y  th e  sm all difference b e tw een  to ta l  v itam in  A a n d  re tin o l p lasm a  
leve ls  a t  b ir th  and  th e  g rad u a l in c rease  o f th e  re tin y l es te r fra c tio n  a f te r  th e  
co m m en cem en t of suck ling  (T able 2), consis ten tly  w ith  p rev ious rep o rts  
(B o u d a  e t ah , 1980; V icék e t ah , 1980).

P la sm a  a lbum in  level show ed s ig n ifican t difference b e tw een  calves and  
d am s a t  every  sam pling  tim e  in  b o th  g roups. A fter th e  f irs t  d a y  o f life, new ­
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bo rn  calves in  b o th  g roups recovered  fro m  a relative liy p o p ro te in aem ia . T h e ir 
va lues ap p ro x im a te d  to  th e  ad u lts  as described  by  T e n n a n t e t al. (1969). 
As n e o n a ta l p lasm a a lbum in  rem ained  n e a r  to  th e  b irth  tim e  v alue  (ap p ro x im a­
te ly  25 g/1), th e  increase of to ta l  p ro te in  could  be a t tr ib u te d  to  th e  increase  
in  th e  g lobu lin  frac tio n  (Table 3). In  th e  early  days of life, g lobulin  ap p ears  
in  n e o n a ta l b lood  m ain ly  due to  co lo s tra l absorp tion  p ro v id in g  th e  so-called 
m a te rn a l im m u n ity . T he h ighest to ta l  d a ily  o u tp u t o f im m unog lobu lin  G 
(IgG ) b y  th e  d a m ’s m am m ary  g land  w as fo u n d  in th e  f irs t  24 h a fte r  calv ing  
(P e th es  e t ah , 1987).

A ccord ing  to  th e  co rre la tion  m a tr ix  (T able 5), th e  e lev a tio n  of re tin o l an d  
g lobu lin  re su lte d  in  th e  increase o f to ta l  v ita m in  A an d  to ta l  p ro te in  levels 
(Tables 2 an d  3).

A lth o u g h  n eo n a ta l ac id -base  ch an g es  g rea tly  in fluence th e  ra te  o f p e ri­
n a ta l  m o r ta l i ty  (E igenm ann  e t ah, 1981; H e ld  et ah, 1985; Szenei, 1985; Szenei 
an d  T av e rn e , 1988), th e y  ex e rt no effect on  th e  specific changes of p lasm a v i ta ­
m in  A, p la sm a  to ta l  ca ro ten e  (w ith  th e  ex cep tion  of s ig n ifican tly  low er (P  <  
<  0.05) to ta l  caro tene  level in  group 2 a t  24 h after b irth ) an d  ce rta in  p lasm a  
p ro te in s  d u rin g  th e  f irs t th ree  days o f  life , w hich are sim ilarly  v e ry  im p o r ta n t 
fac to rs  in  p o s tn a ta l  life.
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LIPID COMPOSITION OF PULMONARY SURFACTANT 
IN RREEDING FOXES WITH CARDIOPULMONARY

INSUFFICIENCY

K .  K O S T R O  a n d  A. L e D W O Z Y W *

Clinic o f In fec tio u s D iseases, and * D ep artm en t o f P a thophysio logy , A g ricu ltu ra l A cadem y, 
A kad em ick a  12, 20-033 L u b lin , P o land

(R eceived J u n e  18, 1990)

T he lip id  com position  of th e  p u lm o n a ry  su rfa c ta n t o f b reed ing  foxes w as e x am in ­
ed. T h e  su rfa c ta n t iso lated  from  h e a lth y  p o la r  and  com m on foxes d id  n o t show  signi­
f ica n t s tra in  d ifferences in  lipid com position . On th e  o th e r h an d , in th e  su rfa c ta n t iso­
la te d  fro m  th e  lu n g  o f com m on foxes t h a t  d ied  w ith  th e  sy m p to m s of ca rd io p u lm o n ary  
insu ffic iency  th e  q u a n ti ty  of p h o sp h a tid y lch o lin e  an d  p h o sphatidy lg lycero l w as low er 
and  th a t  o f sph ingom yelin  and ly sophosphoglycerides was h igher th a n  in  th e  su rfa c ta n ts  
p re p are d  fro m  h e a lth y  anim als. M oreover, in  th e  p h o sp ha tidy lcho line  an d  p h o sp h a ti­
dy lg lycero l f rac tio n s  o f th e  su rfa c ta n t iso la ted  from  th e  d iseased  an im als th e  level of 
p a lm itic  acid w as sign ifican tly  lower.

K ey words: F o x , re sp ira to ry  insu fficiency , lung  su rfa c ta n t, lipids

P u lm o n a ry  s u rfa c ta n t is a phosp h o lip id -rich  m a te ria l lin ing  th e  lung  
alveoli of v e r te b ra te s . D ue to  its  su rface  tension -reducing  p roperties, i t  p re ­
v en ts  stick in g  of alveoli to g e th e r d u rin g  ex p ira tio n  (G oerke, 1974). P rim a ry  
defic iency  o f th e  su rfa c ta n t, caused b y  th e  im m a tu rity  o f th e  ty p e  I I  p n eu m o ­
cy tes, is th e  cause o f th e  so-called in fa n t re sp ira to ry  d istress syndrom e (H a ll­
m an  e t al., 1983). P e r tu rb a tio n s  in  i ts  lip id  com position  cause a d u lt re sp ira to ­
ry  d istress syn d ro m e (Sim m ons e t a l., 1979).

S tud ies on th e  p u lm o n ary  s u r fa c ta n t in  anim als have  been m o stly  con­
cerned  w ith  its  physio logical aspects (K eo u g h  e t al., 1985; K ing  an d  C lem ents, 
1972; Y u  e t a l., 1983). L ittle  a tte n tio n  h a s  been  pa id  so fa r  to  th e  d is tu rb an ces  
in  th e  lip id  co m position  o f su rfa c ta n t in  d iseased  an im als.

In  th e  y ears  1984—1988, y oung  com m on  foxes (aged m ostly  from  3 to  
8 m onths) in  P o lan d  experienced  a d isease w ith  th e  sym ptom s of p u lm o n a ry  
oedem a, ra p id ly  increasin g  dyspnoea, d iso rders in  th e  c ircu la to ry  system , an d  
su d d en  d e a th . T he aetio logy  pa thogenesis  o f th e  disease, w hich in itia lly  w as 
called “ ca rd io p u lm o n a ry  insufficiency sy n d ro m e” , have  n o t been u n d ers to o d  
so far.

T he a im  of th e  p resen t s tu d y  w as to  iso la te  th e  lung  su rfa c ta n t from  
b reed ing  foxes, and  to  in v estiga te  its  lip id  com position  in  an im als th a t  died  
w ith  th e  sy m p to m s o f ca rd io p u lm o n ary  insufficiency.
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M aterials an d  m ethods

A n im a ls

The lungs o f 23 com m on foxes th a t  died  w ith  th e  sy m p to m s of ca rd io ­
p u lm o n a ry  in su ffic ien cy  were exam in ed . T he co n tro l group consisted  o f th e  
lu n g s o f 12 h e a lth y  com m on foxes an d  14 p o la r foxes o b ta in ed  d u rin g  th e  
p la n n e d  s lau g h te r o f  an im als. The tim e  in te rv a l from  th e  d ea th  of th e  an im als 
to  s ta r tin g  th e  iso la tio n  of th e  s u r fa c ta n t  d id  no exceed 2 h.

Iso la tion  o f surfactant fro m  bronchoalveolar lavage

The su rfa c ta n t w as iso lated  b y  th e  m odified  m eth o d  of F rosolono e t al. 
(1970). Lungs w ere w eighed and , a f te r  c a n n u la tio n  of th e  tra c h e a , w ashed  7 
tim es  w ith  50 m l o f 0.154 mol/1 N aC l every  tim e . T he b ronchoalveo lar lavage 
(B A L) th u s  o b ta in e d  w as cen trifuged  fo r 30 m in  a t  1000 g. T he su p e rn a ta n t 
w as d iscarded  an d  th e  residue su sp en d ed  in  0.01 M Tris-H C l buffer o f p H  
7.4, con ta in ing  0.154 mol/1 N aCl an d  1 mmol/1 E D T A . T he residue, a f te r  
th o ro u g h  m ixing , w as sp read  on a n o n -lin ea r g rad ien t of 0.68 mol/1 and  0.25 
mol/1 sucrose p re p a re d  in  th e  sam e b u ffe r  an d  cen trifuged  a t  65,000 g  for 60 
m in . The in te rp h a se  form ed a t  th e  b o rd e r of sucrose layers was tran sfe rred  
to  an o th e r tu b e  w ith  a P as teu r p ip e tte , d ilu ted  w ith  T ris-H C l buffer an d  
cen trifu g ed  ag a in  a t  1000 g fo r 30 m in . T he d ilu tio n  of the  p rim ary  su sp en ­
sion caused th e  fo rm a tio n  of a d ep o sit on th e  b o tto m  of th e  tu b e  (O ulton  e t 
a l., 1986). The s u p e rn a ta n t  was d isca rd ed  again  an d  th e  residue, a f te r  being  
suspended  in  0.01 mol/1 T ris-H C l b u ffe r, w as sp read  on a non -linear sucrose 
g ra d ie n t and  cen trifu g ed  as described  above. T he in te rp h ase  betw een  th e  
tw o  sucrose lay e rs  w as collected an d  cen trifu g ed  a t  1000 g for 30 m in. T he 
p e lle t was w ashed  th re e  tim es w ith  0.01 mol/1 T ris-H C l buffer and suspended  
in  0.154 mol/1 N aC l fo r lip id  e x tra c tio n .

Isola tion  o f surfactant fro m  post-lavaged lung tissue

The w ashed  lu n g s  were w eighed to  d e te rm in e  th e  q u a n tity  o f liqu id  t r a p ­
p ed  in  th e  tissue . T h en  0.01 mol/1 T ris-H C l bu ffer w as added  to  o b ta in  a 
10%  w /v h o m o g en ate . The h om ogenate  w as cen trifuged  a t 1000 g  for 30 m in  
a n d  th e  su p e rn a ta n t w as re jec ted . T h e  residue  w as suspended  in  0.01 mol/1 
T ris-H C l buffer a n d  i t  was sp read  on  a n o n -lin ea r g rad ien t of sucrose. T he 
fu r th e r  p u rific a tio n  o f  th e  su rfa c ta n t w as th e  sam e as in  th e  case of th e  b ro n ­
choalveolar lavage .
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LIPID COMPOSITION OF PULMONARY SURFACTANT IN FOXES G‘J

D eterm ination o f  surfactant p u r ity

To determ ine  th e  degree o f co n tam in a tio n  in  b o th  ty p e s  of su rfac tan t, 
th e  a c tiv ity  of m ark e r enzym es w as assayed.

Succinate dehydrogenase  a c tiv ity  w as assayed as describ ed  b y  P en n in g ­
to n  (1961), N A D P H : cy toch rom e c red u c tase  a c tiv ity  w as e s tim a te d  by  O m ura 
a n d  T akesue’s m e th o d  (1971), an d  5’-nucleotidase a c tiv ity  w as estim a ted  as 
describ ed  by  A v ru ch  an d  W allach  (1971).

P u lm o n ary  tissue  m ito ch o n d ria  and  m icrosom es w ere o b ta in ed  b y  d if­
fe re n tia l cen trifu g a tio n  accord ing  to  H ard in g  c t al. (1983). P ro te in  co n ten t 
w as e s tim a ted  accord ing  to  L ow ry  e t al. (1951) w ith  bov ine  se ru m  album in  as 
s ta n d a rd .

Extraction  o f lip ids

Lipids w ere e x tra c te d  acco rd ing  to  Folch  e t al. (1957). C rude lip id  m a te ­
r ia l w as sep ara ted  on silica gel G p la tes  (M erck, D a rm s ta d t, G erm any) in  th e  
so lv e n t system  h e x a n e -d ie th y l e th e r-a c e tic  acid 90 : 10 : 1 v /v /v . P hospho li­
p id s  w ere sep a ra ted  b y  tw o-d im ensiona l th in -lay e r ch ro m a to g ra p h y  (G ray , 
1967). C hrom atogram s w ere v isua lized  in  iodine v ap o u rs . T h e  spots of in d i­
v id u a l lip id  classes w ere sc raped  o ff th e  p la te  and  e x tra c te d  w ith  5 m l of a 
ch lo ro fo rm -m e th an o l 2 : 1 v /v  m ix tu re . The e x tra c ts  w ere ev ap o ra ted  to  
d ry n ess  in  vacu u m , an d  p h o sp h o ru s  w as determ ined  acco rd in g  to  B a r tle tt  
(1959). The com position  and  q u a n t i ty  of f a t ty  acids in  p h o sp h a tid y lch o lin e

Table 1

D istribu tion  of m arker enzym e ac tiv ities  (nm ole of su b stra te  X m in -1  X m g p ro te in -1) 
in subcellular frac tions of fox lung  (M ean value i  S. D. BAL =  bronchoalveo lar lavage; 
P L L T  =  post-lavaged lung tissue. S tu d e n t’s t te s t  for unpaired  d a ta :  a: P c O .O l I I  vs. I ;

b : P c O .O l IV  vs. I l l )

Succinate dehydrogenase N AD PII: cyt.c reductase S’-nucleotidase

Silver fox Blue fox Silver fox Blue fox Silver fox Blue fox

H ealthy  

M itochondria  
P la sm a  m em branes 
M icrosom es

1 6 .7 ± 1 .1 17.2 зЬ 1-2

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

B A L  su rfac tan t (I) 0.2±0.1 0.2±0.1 0.6±0.1 0 .7 ± 0 .1 2 .7 ± 0 .3 2 .8 ± 0 .3
P L L T  su rfactan t (II) 0 .4 ± 0 .1 “ 0.3 +  0.1 l.l± 0 .2 a 1.2 ±0.2“ 4.4 ± 0 .4 “ 4 .6 ± 0 .5 “

Respiratory insufficiency

M itochondria  
P la sm a  m em branes 
M icrosom es

1 7 .0 ± 1 .0

3 0 .8 ± 1 .5
8 8 .2 ± 2 .5

B A L  su rfac tan t ( I I I ) 0.2±0.1 0 .5 ± 0 .1 2 .6 ± 0 .3
P L L T  su rfac tan t (IV) 0 .5 ± 0 .1 b 1.0±0.2b 4 .3 ± 0 .4 b
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a n d  pho sp h a tid y lg ly cero l frac tio n s w ere analysed  b y  th e  gas-liqu id  ch ro m ato ­
g ra p h y  m ethod  in  P e rk in  E lm er Г  30 gas ch ro m a to g ra p h  as described el­
sew here (M ichalak e t a l., 1988).

S ta tis tica l s ign ificance  o f d ifferences was an a ly sed  b y  S tu d e n t’s t te s t 
fo r  u n p a ired  d a ta .

Tabic 2

Phospho lip id  com position o f su rfa c ta n t isolated from  b ronchoalveo lar lavage (BAL) and p o st­
v a lu e s  ±  S.D. A b b rev ia tions: P E  =  ph o sp h a tid y le th an o lam in e ; P S  =  phosphatidy lserine; 

=  sphingom yelin; LpC =  lysophosphatidy lcho line ; L pE  =  ly sophosphatidy le thano lam ine .

P E  PS P I  PC

B A L  su rfac tan t from  h e a lth y  foxes
S ilver (I) 4.1 ± 0 .2 2 .9 ± 0 .2 4 .3 ± 0 .3 7 6 .3 ±  1.6
B lue (II) 4 .0 ± 0 .2 3 .0 ± 0 .1 4 .4 ± 0 .3 7 6 .2 ± 1 .8

B A L  su rfac tan t from  silver foxes w ith
re sp ira to ry  insufficiency ( I I I ) 4 .3 ± 0 .2 “ 4 .2 ± 0 .2 ” 6 .5 ± 0 .4 a 6 7 .0 ±  2.0a

P L L T  su rfac tan t from  h e a lth y  foxes
S ilver (IV) 4 .5 ± 0 .3 1 .9 ± 0 .2 7 .0 ± 0 .6 8 0 .1 ±  1.3
B lue (V) 4 .6 ± 0 .2 1 .8 ± 0 .2 7 .1 ± 0 .7 7 9 .5 ±  1.4

P L L T  su rfac tan t from  silver foxes w ith
re sp ira to ry  insufficiency (V I) 4.4 ± 0 .2 1 .9 ± 0 .2 9 .2 ± 1 .0 b 7 1 .7 ± 2 .0 b

R esults

A fter th e  f irs t c e n tr ifu g a tio n  of b ronchoalveo lar lav ag e  an d  post-lavaged  
lu n g  tissue su rfa c ta n t on th e  non -linear g rad ien t of sucrose, a phospholip id-rich  
m a te r ia l was o b ta in ed  in  th e  sucrose in te rp h ase . T he second  cen trifu g a tio n  of 
s u rfa c ta n t, using id e n tic a l cond itions, caused  an  a d d itio n a l loss of ab o u t 15%  
o f phospholip ids. A fte r fu r th e r  cen trifu g a tio n s no p h o sp h o lip id  loss was found . 
T herefo re , th is  m a te ria l w as considered  th e  fin a l s u rfa c ta n t p rep a ra tio n , w hich 
w as co n tam in a ted  b y  m ito ch o n d ria  (1—3 % ), m icrosom es (2—4% ) and  p lasm a 
m em b ran es (3 -6 % ) (T ab le  1). I t  shou ld  be n o ted  th a t  th e  su rfa c ta n t iso lated  
fro m  p u lm onary  tissu e  h o m ogenate  w as co n tam in a ted  to  a g rea te r e x te n t w ith  
sub ce llu la r frac tions th a n  th a t  iso la ted  from  b ro n ch o a lv eo la r lavage.

The phospho lip id  com position  of p u lm o n ary  su r fa c ta n t  of h ea lth y  polar 
a n d  com m on foxes d id  n o t  show  considerab le  s tra in  d ifferences. On th e  o ther 
h a n d , in  th e  su rfa c ta n t iso la ted  from  th e  lungs of com m on  foxes th a t  died 
w ith  th e  sym ptom s o f ca rd io p u lm o n ary  insufficiency, th e  phosphatidy lcho line  
a n d  pho sp h a tid y lg ly cero l frac tio n s w ere su b s ta n tia lly  low er, w hereas th e  
sph ingom yelin  an d  lysophosphog lyceride  frac tions w ere h ig h er th a n  in  th e  
s u rfa c ta n t p rep ared  fro m  h e a lth y  foxes (Table 2). T he f a t ty  acid com position 
o f  p h ospha tidy lcho line  fra c tio n  of b o th  ty p es o f su r fa c ta n t  is illu s tra ted  in  
T ab le  3. The m ajo r ac id s of th is  frac tio n  were p a lm itic  an d  oleic, and  th en
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linolenic and  a rach id o n ic  acids. T he f a t ty  acid com position  o f th is  fraction  
■was sim ilar in  b o th  ty p e s  of su rfa c ta n t, b o th  w ith in  s tra in  an d  betw een  th e  
s tra in s  of h e a lth y  an im als u n d er s tu d y . In  th e  p h o sp h a tid y lch o lin e  frac tio n  
iso la ted  from  th e  lungs of diseased an im als, d is tin c t decreases in  th e  q u a n tity  
o f pa lm itic  acid an d  o f o th e r s a tu ra te d  acids w ere observed.

lavaged  lung tissue (P L L T ) of silver and b lue  foxes (%  of to ta l phospholip id  phosphorus) (Mean 
P I  =  p h o sphatidy linosito l; PC =  phosphatidy lcho line; PG  =  phosphatidy lg lycero l; Sph =  
S tu d e n t’s t te s t for u n p a ire d  d a ta : a: < 0 .0 1  I I I  vs, I ;  b ; < 0 .0 1  V I vs. IV)

PG Sph LpC LpE

BA L su rfac tan t from  h e a lth y  foxes 
Silver (I) 7 .4 ± 0 .3 0 .4 ± 0 .1 2 .1 ± 0 .2 2 .5 ± 0 .2
B lue (II) 7 .2 ± 0 .3 0 .3 ± 0 .1 2 .2 ± 0 .2 2 .7 ± 0 .3

B xAlL  su rfac tan t from  silver foxes xvitli 
re sp ira to ry  insufficiency ( I I I ) 3 .6 ± 0 .2 a 6 .2 ± 0 .3 a 4 .9 ± 0 .5 a 3 .3 ± 0 .4 a

P L L T  su rfac tan t from  h e a lth y  foxes 
Silver (IV) 4 .4 ± 0 .6 1 .2 ± 0 .2 0 .4 ± 0 .1 0 .5 ± 0 .1
B lue (V) 4 .2 ± 0 .7 1 .3 ± 0 .2 0 .6 ± 0 .2 0 .9 ± 0 .4

P L L T  su rfac tan t from  silver foxes w ith  
re sp ira to ry  insufficiency (VI) 1 .9 ± 0 .3 b 8 .7 ± 0 .7 b 1 .3 ± 0 .2 h 0 .9 ± 0 .2 b

Table 3

F a t ty  acid com position  of phosphatidy lcho line  frac tion  of su rfa c ta n t iso la ted  from  
b ronchoalveo lar lavage  (BAL) and p ost-lavaged  lung  tissue (PL L T ) of foxes (m ole % ) 

(Mean values ±  S.D . S tu d e n t’s t te s t  for u n p a ired  d a ta :  a: P < 0 .0 1  I I  vs. I ;  
b: P < 0 .0 1  I I I  vs. I I ;  c: P < 0 .0 1  V vs. IV ; d: P < 0 .0 1  V I vs. IV)

F a tty  acid

BAL surfactant PLLT surfactant

Silver
Blue (III)

Silver
Blue (VI)

H ealthy (I) Diseased (11) H ealthy (IV) Diseased (V)

12 : 0 2 .8 ± 0 .3 2 .6 ± 0 .3 2 .6 ± 0 .3 2 .5 ± 0 .2 2 .1 ± 0 .2 C 2 .6 ± 0 .2

14 : 0 0 .6 ± 0 .1 0 .5 ± 0 .1 0 .5 ± 0 .1 0 .6 ± 0 .1 0.5 ± 0 .1 0 .5 ± 0 .1

16 : 0 6 6 .4 ± 1 .2 5 1 .2 ± 1 .3 a 6 5 .6 ± 1 .4 6 4 .4 ± 1 .3 5 2 .8 ±  1.2° 6 5 .7 ±  1.4

16 : 1 4 .2 ± 0 .3 5 .6 ± 0 .4 a 4 .0 ± 0 .4 4 .3 ± 0 .3

О±00 4.1 +  0.3

18 : 0 2 .0 ± 0 .2 1 .4 ± 0 .2 a 2 .1 ± 0 .2 2 .2 ± 0 .2 2 .0 ± 0 .2 2 .3 ± 0 .2

18 : 1 9 .4 ± 0 .6 1 0 .8 ± 0 .8 9 .2 ± 0 .6 1 0 .6 ± 0 .7 1 0 .6 ± 0 .7 9 .6 ± 0 .6

18 : 2 5 .4 ± 0 .4 6 .2 ± 0 .5 5 .0 ± 0 .5 4 .2 ± 0 .3 5 .9 ± 0 .4 ° 5 .4 ± 0 .4 d

18 : 3 0 .4 ± 0 .1 0 .4 ± 0 .1 0 .5 ± 0 .1

О-HLOО

0.4 ± 0 .1 0 .6 ± 0 .1

20 ; 0 1 .6 ± 0 .2 2 .1 ± 0 .2 a 1 .5 ± 0 .2 2.2 ± .0.2 2 .4 ± 0 .2 2 .3 ± 0 .2

20 : 3 0 .7 ± 0 .1 0 .9 ± 0 .1 a 0 .6 ± 0 .1 0 .6 ± 0 .1 0 .9 ± 0 .1 ° 0 .7 ± 0 .1

20 : 4 2 .6 ± 0 .2 3 .1 ± 0 .3 a 2 .8 ± 0 .2 2 .7 ± 0 .2 3 .5 ± 0 .4 C 2 .5 ± 0 .2

Others* 3 .9 ± 0 .4 1 5 .2 ± 1 .2 a 5 .6 ± 0 .4 b 5 .2 ± 0 .4 14 .1± 1 .2° 3 .7 ± 0 .3 d

* O thers include: 20 : 1, 20 : 2, 20 : 3, 20 : 5, 22 : 0, 22 : 1, 22 : 4, 22 : 5, 22 : 6, 24 : 0
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T h e phosphatid y lg ly cero l f ra c tio n  of b o th  ty p e s  of su rfa c ta n t iso la ted  
from  th e  lungs of h e a lth y  foxes h a d  s im ila r f a t ty  acid  com position , b u t i t  w as 
p o o re r  in  palm itic  a n d  stearic  acids th a n  in  th e  p h o sp h a tid y lch o lin e  frac tio n . 
T h e  q u a n tita tiv e  ch an g es of p h o sp h a tid y lg ly ce ro l f a t ty  acids iso la ted  from  
th e  lu n g s  of dead com m on  foxes w ere less in ten se  th a n  th e  changes found  in 
th e  p h o sp h a tid y lch o lin e  frac tio n  (T ab le  4).

Table 4

F a t ty  acid com position  of phosphatidy lg lycero l frac tion  of su rfa c ta n t iso lated  from  
bronchoalveo lar lavage  (B A L) and post-lav ag ed  lung tissue (P L L T ) of foxes (mole % ) 

(M ean values +  S.D . S tu d en t’s t te s t  fo r unpaired  d a ta :  a: P < 0 .0 1  I I  vs. I ;  
b :  P c O .O l V vs. IV ; c: P cO .O l V I vs. V)

BA L surfactant PLLT surfactant

F a tty  acid Silver Silver

Healthy (I) Diseased (II)
Blue (III)

Healthy (IV) Diseased (V)
Blue (VI)

12 : 0 0.6 +  0.1 0.8 ± 0 .1 a 0.5 +  0.1 0.5 +  0.1 0.6 + 0 .1 0.6 +  0.1
14 : 0 0 .4 + 0 .1 0.5 ± 0 .1 0.5 +  0.1 0.5 +  0.1 0 .7 ± 0 .1 b 0.5 +  0.1
16 : 0 51.6dl 2.2 48.3 +  2.0“ 52.4 +  2.1 49.2 +  2.3 47.3 +  2.1 49.8 +  2.2
16 : 1 6.2 +  0.4 6.4 +  0.4 6.4 +  0.5 6.1 +  0.4 6.2 +  0.5 6.0 +  0.5
18 : 0 7.1 +  0.5 7.0 +  0.5 6.7 + 0 .5 6.8 +  0.5 7.1 +  0.6 6.6 + 0 .5
18 : 1 24.1 +  1.1 2 4 .9 + 1 .0 23.5 +  1.2 21.5 +  1.3 20.3 +  1.4 22.6 + 1 .2
18 : 2 4.5 +  0.4 4.3 +  0.3 4 .6 + 0 .4 4.2 +  0.4 4.4 +  0.4 4.1 +  0.4
18 : 3 0 .5 ± 0 .1 0.6 + 0 .1 0.6 +  0.1 0.5 +  0.1 0.5 +  0.1 0.6 +  0.1

20 : 0 0.8 zb 0.1 0.9 +  0.1 0.7 +  0.1 0.8 +  0.1 0.7 +  0.1 0.7 + 0 .1

20 : 3 1 .4 + 0 .2 1.5 +  0.2 1.2 +  0.2 1.0 +  0.2 1.2 +  0.2 1.1 +  0.2
20 : 4 1.6 ± 0 .2 1.8 +  0.2 1.5 +  0.2 1.4 +  0.2 1.5 +  0.2 1.3 +  0.2
O thers* 1.2 +  0.2 3.0 + 0 .4 “ 1.4 +  0.2 7.5 +  0.6 9 .5 ± 0 .7 b 6.1 +  0.5°

^O thers include: 20 : 1, 20 : 2, 20 : 3, 20 : 5, 22 : 0, 22 : 1, 22 : 4, 22 : 5, 22 : 6, 24 :

D iscussion

D en sity  g rad ien t c en tr ifu g a tio n  m ethods for p td m o n a ry  su rfa c ta n t, b o th  
fro m  b ronchoalveo lar lavage an d  fro m  p ost-lavaged  lu n g  tissue , have  been 
d esc rib ed  by  several au th o rs  (P eleger an d  T hom as, 1971; Y u  e t al., 1983; 
S he lley  e t al., 1982; P aw low ski e t a l., 1971). K a ty a l e t al. (1977) and  O ulton  
e t al. (1986) d e tec ted  tw o  su rfa c ta n t pools in th e  lu n g : an  ex trace llu la r pool 
w h ich  can  be w ashed  o u t th ro u g h  th e  re sp ira to ry  t r a c t ,  an d  an  in trace llu la r 
one, s to red  in th e  fo rm  of lam ella r bodies in ty p e  I I  pneum ocy tes. O ur re ­
sea rch  proved  the  ex is ten ce  of b o th  ty p e s  of p u lm o n ary  su rfa c ta n t in  b reeding  
foxes as well, and we described  a m e th o d  for th e ir  iso lation .

A d a  Veterinaria Hungarica 39, 1991



LIPID COMPOSITION OF PULMONARY SURFACTANT IN FOXES 73

I t  was found  th a t  th e  s u r fa c ta n t iso lated  from  b ro n ch o a lv eo la r lavage 
is c o n ta m in a te d  w ith  subcc llu la r frac tio n s to  a lesser degree th a n  th a t  iso la ted  
from  p ost-lavaged  lu n g  tissue . T hese d a ta  confirm  th e  re su lts  o b ta in ed  b y  
o th e rs  (K a ty a l e t ah , 1977; O u lto n  e t ah, 1986). A ccord ing  to  H u b e rt e t al. 
(1966) an d  R eid b o rd  (1967), th e  sm aller e x te n t o f e x tra c e llu la r  su rfa c ta n t 
c o n ta m in a tio n  is th e  re su lt o f u n d is tu rb e d  in te g rity  o f b ro n ch ia l and  a lveolar 
cells d u ring  w ashing  th e m  w ith  saline. On th e  basis o f th e  re su lts  of th e  au th o rs  
c ited  an d  of our own w ork , one can  assum e th a t  th e  s u r fa c ta n t iso la ted  from  
th e  b ronchoalveo lar lavage  c o n s titu te s  a b e tte r  m a te r ia l fo r stud ies as (i ) it 
is easy  to  o b ta in , (i i ) i t  is less co n tam in a ted  w ith  su b ce llu la r fractions, and  
(iii)  th e  m e th o d  w ith  i t  can  be ap p lied  in tra v ita lly .

W hile th e  p u lm o n a ry  s u r fa c ta n t was p u rified  in  a tw o-step  sucrose 
g rad ien t, th e  loss of th e  phosph o lip id  m ateria l from  th e  pool o b ta ined  p r i­
m arily  d id  n o t exceed 15% . S im ilar resu lts  have been  o b ta in e d  b y  Frosolono 
e t al. (1970), K a ty a l et al. (1977) and  O ulton e t al. (1986) w ith  su rfac tan ts  of 
dog, r a t  and  ra b b it  origin, re sp ec tiv e ly .

T he lip id  com position  o f p u lm o n a ry  su rfa c ta n t in  d iffe ren t m am m alian  
species is sim ilar. P h o sp h a tid y lch o lin e  and  p h o sp h a tid y lg ly ce ro l con stitu tes  
8 0 -8 7 %  an d  8 -1 1 %  o f th e  to ta l  phospholip id  frac tio n , re spec tive ly . O ur own 
stud ies have  p roved  th a t  phosp h a tid y lch o lin e  c o n s titu te s  76%  of th e  to ta l  
s u rfa c ta n t phospholip ids iso la ted  from  b ronchoalveo lar lavage , and  80%  in 
th e  case o f su rfa c ta n t from  p o st-lav ag ed  lung  tissu e . O n th e  o th e r h an d , 
p a lm itic  acid c o n stitu te s  ca. 65 %  of phosp h a tid y lch o lin e  f a t ty  acids, and  ca. 
52 %  of f a t ty  acids in  th e  ph o sp h a tid y lg ly ce ro l frac tio n . T h e  d a ta  th u s  o b ta ined  
in d ica te  th a t  th e  lip id  com position  of pu lm o n ary  su r fa c ta n t  o f b reed ing  foxes 
is s im ilar to  th a t  of o th e r m am m alian  species.

T he su rfa c ta n t iso la ted  from  th e  lungs of h e a lth y  com m on and po la r 
foxes d id  n o t reveal su b s ta n tia l species differences in  lip id  com position . On 
th e  o th e r h an d , i t  differs from  th e  su rfa c ta n t iso la ted  from  th e  lungs of com ­
m on foxes th a t  died w ith  th e  sy m p to m s of ca rd io p u lm o n a ry  failu re . The d if­
ferences consisted  of a su b s ta n tia l  decrease in  th e  p h o sp h a tid y lch o lin e  and  
p h o sp h a tid y lg ly ce ro l levels, b y  13%  an d  53% , resp ec tiv e ly , an d  of an  increase 
in  p h o sp h a tid y lse rin e , sp h ingom yelin  and  ly so p h o sp h a tid y lch o lin e  b y  41% , 
1425%  an d  128% , respective ly .

F o r lack  of stud ies concerned  w ith  th is su b jec t, th e  re su lts  of our s tu d y  
are  d ifficu lt to  com pare w ith  o th e r  d a ta . Sim ilar changes h av e  been described 
b y  H a llm an  e t al. (1982) in  h u m a n  p a tie n ts  w ith  p n eu m o n ia . T hey  included  
decreased  p h o sp h a tid y lch o lin e  an d  phosphatid y lg ly cero l levels an d  increased 
p h o sp h a tid y le th an o lam in e , p h o sp h a tid y lse rin e  an d  ly so p h o sp h a tid y lch o lin e  
co n ten ts .

O ur own s tu d y  has show n su b s ta n tia l changes in  th e  lip id  com position  
o f p u lm o n ary  su rfa c ta n t o f com m on foxes th a t  died  w ith  th e  sy m ptom s of
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ca rd io p u lm o n ary  fa ilu re . T he re su lts  o f our w ork show  th a t  in d ep en d en tly  of 
th e  p rim ary  cause (bac te rio lo g ica l, v iro logical, m ycological an d  parasito log ical 
s tu d ie s  gave n eg a tiv e  re su lts ) , th e  changes in  th e  lip id  com position  of th e  
s u r fa c ta n t c o n s titu te d  an  a d d itio n a l cause of th e  sy m p to m s’ in ten sifica tio n  in 
d iseased  anim als. R ecen t s tu d ies  (C atanzaro  e t al., 1988; W ilsher e t al., 1988) 
concerned  w ith  th e  su p p ressiv e  ac tio n  of ce rta in  lip id  frac tio n s  of pu lm onary  
s u r fa c ta n t upon  im m u n ity , shou ld  also be stressed . T he a u th o rs  cited  above 
s ta te d  th a t  h igh c o n c e n tra tio n s  o f ce rta in  lip id  frac tio n s o f p u lm o n ary  su r­
fa c ta n t  caused re ta rd a tio n  o f ly m p h o cy te  p ro life ra tion  an d  reduced  the  
c y to to x ic ity  of N K  cells.
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EFFECT OF SOME ELECTROLYTES ON I N  V I T R O  
RUMEN MICRORIAL PROTEIN SYNTHESIS 

IN BUFFALOES

S .  S O O D ,  V. K . S a r E E N  a n d  S U D A R S H A N  S l N G H *

D e p artm en t o f B iochem istry , P u n ja b  A g ric u ltu ra l U n iv ersity , L u d h ian a—141004, In d ia

(R eceived J u n e  2, 1990)

I n  vitro  s tud ies w ere carried  o u t  to  exam ine  th e  effect o f M nCl2, MgCl2, CoCl2 a n d  
CaCl2 o n  p ro te in  sy n th esis by  ru m en  m icroorgan ism s o b ta in e d  from  fis tu la ted  bu ffa lo  
calves (B ubalus bubalis). T he co n ce n tra tio n  of th e  e lec tro ly tes  in stra ined  ru m en  flu id  
(S R F ) ra n g ed  fro m  1 to  20, 1 to  20, 0.25 to  5 and  1 to  20 mM, respectively . M nC l2 
(15 m M ), M gCl2 (10 mM ), CoCl2 (2.5 m M ) an d  CaCl2 (20 m M ) increased th e  p ro te in  
c o n te n t in  th e  in cu b a tio n  m ix tu re  (IM ) b y  501, 230.8, 537.6 an d  84%  and  th e  p e r  c en t 
in co rp o ra tio n  of 35S from  (N H 4) 2 35S 0 4 in to  m icrobial p ro te in  b y  125.6, 108.5, 113.4 an d  
40.3, resp ec tiv e ly , over th e  contro l v a lu es, w hen  th e  in cu b a tio n  las ted  8 h. T he N H 3-N  
c o n te n t in  IM  decreased by  8, 14, 43 a n d  16%  w hen 10 mM  M nCl2, 20 mM  M gCl2, 
1 mM  CoCl2 an d  1 mM  CaCl2, re sp ec tiv e ly , w as ad ded  a n d  th e  incu b a tio n  la s te d  6 h . 
T he reaso n s fo r increased  p ro te in  b io sy n th es is  b y  ru m en  m icroorganism s in th e  p resence  
of th e  ab o v e  e lec tro ly tes  are discussed.

K ey words: P ro te in  syn thesis, ru m e n  m icrobes, ru m in a n ts , buffaloes, e lec tro ly te

In  ru m in a n ts , m ost of th e  d ie ta ry  p ro te in s  an d  o th e r n itrogenous co m ­
pounds are d eg rad ed  b y  m icroorganism s in  th e  re ticu lo -ru m en  w ith  am m o n ia  
as th e  m ain  en d  p ro d u c t. A m m onia c o n s titu te s  th e  m a jo r  source of n itro g en  
for m icrobial p ro te in  syn thesis (P ilg rim  e t al., 1970; S a lte r e t al., 1979). M ic­
rob ia l p ro te in  o f ru m en  origin m eets m o st o f th e  am ino  acid req u irem en t of 
th e  host an im al. I t  m ay  be, th e re fo re , desirab le  to  enhance  m icrobial p ro te in  
syn thesis  in  th e  ru m en . O ur earlier s tu d ies  (Saini a n d  Singh, 1987, 1988a, 
1988b) d e m o n s tra te d  t h a t  ce rta in  e lec tro ly tes , like M nC l2, MgCl2, CoCl2 an d  
CaCl2, en h an ced  th e  a c tiv ity  of vario u s am m o nia-u tiliz ing  enzym es from  m ix ed  
ru m en  b a c te ria l f lo ra  of buffaloes a n d  c a ttle . I t  is possib le th a t  an  in c reased  
a c tiv ity  o f th e se  enzym es m ay  re su lt in  an  e leva ted  m icrob ia l p ro te in  sy n th es is  
in  th e  ru m en . T his s tu d y  deals w ith  in  vitro  effects o f th e  above e lec tro ly tes  
on ru m en  m icrob ia l p ro te in  syn thesis  in  buffaloes.

Materials and methods

Tw o ru m e n -fis tu la te d  buffalo ca lves (B ubalus bubalis) o f 200 kg  av erag e  
bo d y  m ass w ere fed a g row th  ra tio n  o f 3 k g  w h ea t s tra w , 2 kg  green lu ce rn e ,

* A ddress re p r in t req u ests  to  Dr. S u d a rsh a n  Singh, P ro fesso r of B iochem istry .
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0.6 k g  m u s ta rd  cake a n d  0.4 kg  cru sh ed  m aize grains p er d ay . T he an im ais 
w ere fed  th is  d ie t fo r 3 m o n th s.

T h e  anim als w ere fa s ted  for 12 h  a n d  sam ples of ru m en  flu id  were ta k e n  
b efo re  feed ing  in  th e  m orn in g  b y  su c tio n  th ro u g h  a p e rfo ra ted  p lastic  tu b e  
fro m  v ario u s p a rts  o f th e  rum en . A n e q u a l vo lum e of sam ples from  b o th  a n i­
m als w as pooled an d  th e  pool was s tra in e d  th ro u g h  four lay e rs  o f cheese-clo th  
in to  a p rew arm ed  th e rm o s  (39 °C).

S a lts  (MgCl2 0 .01 -0 .20  m m ole, M nC l2 0 .01-0.20 m m ole, CoCl2 0 .0 0 2 5 - 
0.05 m m ole or CaCl2 0 .01-0 .20  m m ole; s ta rc h , 160 m g; u rea , 17.4 m g; and  an  
am in o  ac id  m ix tu re  (18 am ino acids m ix ed  on an  equal m o la r basis), 17 mg) 
w ere d ispersed  in  10 m l bu ffer (pH  6.8). T h e  suspension w as s a tu ra te d  w ith  
n itro g e n  gas (S harm a e t ah , 1981) in  con ica l flasks f i t te d  w ith  s to p p er and  
B u n sen  valves (Jo h n so n , 1966). T h ir ty  («Ci (N H 4) 2 35S 0 4 w as added  to  each  
f la sk  fo r d e te rm in ing  m icrob ial p ro te in  sy n th es is . The flasks w ere in cu b a ted  a t  
39 °C in  an  a tm o sp h ere  o f C 0 2 for 20 m in . S R F  (10 m l, s a tu ra te d  w ith  C 0 2) 
w as th e n  added  to  each  in cu b a te  a n d  th e  co n ten ts  w ere gassed  w ith  C 0 2 
ag a in ; th e y  were s to p p e re d  and  in c u b a te d  as above for d iffe ren t periods in  
a te m p e ra tu re -c o n tro lle d  w a te r b a th  w ith  a  shak ing  p la tfo rm . Z ero-hour an d  
in c u b a te d  contro ls w ere ru n  sim u ltan eo u sly  in  each ex p erim en t. All th e  in c u b a ­
tio n s  w ere done in  d u p lica te . A t th e  end  o f  th e  incu b a tio n  p erio d , fe rm e n ta tio n  
w as s to p p e d  in  each f la sk  b y  adding  1 m l s a tu ra te d  m ercuric ch lo ride so lu tion . 
Since th e  no rm al b u ffe r used  for in c u b a tio n  co n ta in ed  M g S 0 4 an d  CaCl2, th ese  
sa lts  w ere om itted  fro m  th e  buffer used  fo r M gCl2 and  CaCL in cu b a tio n s .

P ro te in s  were p re c ip ita te d  from  th e  in c u b a tio n  m ix tu re  (IM ) w ith  e th an o l 
(M cL aren  e t ah , 1976), dissolved in  0.1 N  N aO H , cell debris w as rem oved  b y  
c e n tr ifu g a tio n , and  in  th e  su p e rn a ta n t th e  ra d io a c tiv ity  w as m easured  b y  
L iq u id  S c in tilla tion  S p ec tro m ete r using  sc in tilla tio n  flu id  as suggested  b y  
B ra y  (1960). The p ro te in  co n ten t w as e s tim a te d  b y  L ow ry’s m e th o d  (L ow ry  
et a l., 1951). IM w as also analysed  for am m o n ia-n itro g en  (C onw ay, 1950).

R esu lts

In  th e  p resen t in v es tig a tio n , th e  e x te n t  of 35S-incorpora tion  from  (N H 4) 2 
35S 0 4 in to  p ro te in  is ta k e n  as an in d ex  o f p ro te in  synthesis b y  ru m en  m icro ­
o rgan ism s. The p ro te in  co n ten t and  th e  p e r  c en t 35S in co rp o ra tio n  in to  m icro ­
bial p ro te in s  proved  to  increase w hen M nC l2, MgCl„, CoCl2 an d  CaCl2 concen­
tra t io n s  w ere increased  u p  to  0.15, 0 .10, 0.025 and  0.20 m m ole/10 m l S R F , 
re sp ec tiv e ly , and  th e  in cu b a tio n  was done fo r 8 h (Table 1). A t these  o p tim u m  
c o n cen tra tio n s  of M nC l2, M gCl2, CoCl2 a n d  CaCl2 th e  p ro te in  c o n te n t increased  
b y  501, 230.8, 537.6 an d  84%  and per c en t in co rpo ra tion  of 35S in to  m icrobial 
p ro te in  increased  b y  125.6, 108.5, 113.4 a n d  40.3, respective ly , over th e  res-
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Table 1

E ffec t of different electrolytes on  th e  syn thesis of 
p ro te in  b y  rum en m icroorganism s from  buffalo  calves (n =  2)

Electrolyte 
(m m ole/10 ml 

R F ) added
Protein content 
(mg/10 ml RF)

35S incorporation 
in to  protein (%)

M nC l,
0 .0 0 3.68 20.7
0.01 3.38 20.9

(0.9)
0.05 9.83 28.7

(167) (38.6)
0.10 18.68 42.5

(407) (105.3)
0.15 22.13 46.7

(501) (125.6)
0.20 16.43 38.5

(346) (8 6 .0 )
M gCl2

0.00 3.14 20.0
0.01 2.59 22.4

( 12 .0 )
0.05 7.23 34.8

(130.4) (74.0)
0.10 10.38 41.7

(230.8) (108.5)
0.15 10.23 41.7

(226) (108.5)
0.20 6.96 35.3

(121.7) (76.5)
Co Cl 2

0.00 4.65 21.6
0.0025 8.85 26.0

(90.3) (20.4)
0.005 14,85 28.0

(219.3) (25.6)
0.01 20.10 33.0

(332.2) (52.8)
0.025 29.65 46.1

(537.6) (113.4)
0.050 29.65 43.9

(537.6) (103.2)
C aC l,

0.00 3.41 21.6
0.05 3.86 28.10

(14) (30.1)
0.15 5.51 29.0

(62) (34.3)
0.20 6.26 30.3

(84) (40.3)

In cu b atio n  for 8 h. T he figures rep resen t ne t p ro te in  fo rm atio n  afte r sub tracting  zero- 
h o u r con tro l (42.75, 37.7, 52.3 and 51.9 m g for M nCl,, M gCl2, CoCl2 and  CaCl2, respectively). 
F igu res in  paren theses rep resen t per cen t increase over th e  corresponding control value.
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T ab le  2

E ffec t o f d ifferen t e lectro ly tes on  th e  con ten t of am m onia 
(mg N H 3-N/IOO m l rum en flu id ) in  th e  incubation  m ix tu re  (n  =  2)

Electrolyte 
(m m ole/10 ml 

R F ) added

Incubation  tim e (h)

2 4 6

M nC l2
0.00 45.5 60.2 55.3
0.01 37.8 53.2 55.3

( - 1 6 .9 ) ( - 1 1 .7 ) (0 .0 )
0.05 35.6 53.2 53.2

( - 21 .8 ) ( - 1 1 .7 ) ( - 3 .8 )
0.10 30.1 56.0 51.1

(— 33.8) ( - 7 .0 ) ( - 7 .6 )
0.15 38.2 56.0 57.4

( - 1 6 .0 ) ( - 7 .0 ) (+ 3 .8 )
0.20 37.8 58.8 59.5

( - 1 7 .0 ) ( - 2 .3 ) (+ 7 .6 )
MgCl2

0.00 52.5 69.3 66.5
0.01 55.3 75.2 66.5

(+ 5 .3 ) ( +  8.5) (0 .0 )
0.05 52.4 69.6 63.7

( - 0 .2 ) ( +  0.4) ( - 4 .2 )
0.10 41.3 63.7 60.2

( - 2 1 .3 ) ( - 8 .1) ( - 9 .5 )
0.15 49.1 65.4 60.2

( - 6 .4 ) ( - 5 .7 ) ( - 9 .5 )
0.20 52.5 63.7 57.0

(0 .0 ) ( - 8 .1) ( - 1 4 .3 )
CoCl2

0.00 51.8 69.0 65.6
0.0025 65.3 68.6 57.4

(+ 2 6 .0 ) ( - 0 .6 ) ( - 12 .8 )
0.005 64.4 65.2 60.2

(+ 2 4 .3 ) ( - 5 .4 ) (— 8.5)
0.01 60.5 47.9 37.8

(+ 1 6 .9 ) (— 30.6) (— 42.5)
0.025 54.6 68.6 67.2

(+ 5 .4 ) ( - 0 .6 ) ( + 2 . 1)
0.050 58.8 70.0 68.6

(+ 1 3 .5 ) ( +  1+ ) (+ 4 .2 )
CaCl2

0.00 53.2 67.2 63.0
0.01 60.2 63.7 52.6

(+ 1 3 .2 ) ( - 5 .2 ) ( 16.4)
0.05 63.0 68.6 61.6

(+ 1 8 .5 ) ( +  2 .1) ( - 2 .2)
0.10 62.3 68.6 61.6

(+ 1 7 .1 ) ( +  2 .1) ( - 2 .2)
0.15 56.0 65.8 64.4

(+ 5 .3 ) ( - 2 .1) ( +  2 .2)
0.20 58.8 65.8 64.4

(+ 1 0 .5 ) ( - 2 .1) ( + 2 .2)

T he figures rep re sen t n e t am m onia n itro g e n  co n ten t a fte r su b tracting  zero-hour contro l 
(11.2, 13.3, 7.0, 9.8 m g N H 3-N/100 ml rum en  flu id  fo r MnCl2, MgCl2, CoCl2 and  CaCl2, re sp ec t­
ively . F igures in  p a ren th eses represen t pe r c en t increase  ( + )  or decrease (— ) co m pared  to  th e  
co n tro l value.
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p ec tiv e  con tro l v a lu es . A n ad d itio n  of fu r th e r  M nCl2 an d  M gCl2 (up to  0.20 
m m ole/10 m l S R F ) decreased  m icrob ia l p ro te in  syn thesis , th o u g h  th e  values 
rem ain ed  m uch  h ig h er th a n  th e  co n tro l values.

N H 3-N c o n te n t a t  a p a r tic u la r  tim e  o f in cu b a tio n  m a y  depend  upon th e  
ra te  of N H 3-N p ro d u c tio n  and  u tiliz a tio n  b y  ru m en  m icroorganism s. The effect 
o f d iffe ren t co n cen tra tio n s  of M nCl2, M gCl2, CoCl2 and  CaCl2 on th e  co n ten t 
of N H 3-N in  th e  IM  in c u b a te d  fo r 2, 4 an d  6 h  w as, therefo re , also investig a ted  
(T able 2). M nCl2 a n d  M gCl2 decreased  th e  c o n te n t o f N H 3-N a t  a lm ost all th e  
in c u b a tio n  periods a n d  a t  all th e  co n cen tra tio n s  used. M nC l2 a n d  MgCl2 d e ­
creased  th e  c o n te n t o f N H 3-N m ax im ally  (b y  33.8 an d  21 .3% ) a t  0.1 m m ole/10 
m l S R F  c o n c e n tra tio n , over th e  co n tro l v a lu es , w hen in c u b a tio n  la s ted  2 h . 
CoCl, and  CaCl2 in creased  N H 3-N  c o n te n t in  IM  a t  all th e  co n cen tra tio n s used , 
as co m p ared  to  c o n tro l values o b ta in e d  a fte r  2 -h  in cu b a tio n . M axim um  increase 
occu rred  a t  0.0025 an d  0.05 m m ole/10 m l S R F  co n cen tra tio n  o f CoCl2 an d  
CaCl2 respec tive ly . H ow ever, N H 3-N  c o n te n t w as decreased  in  m ost of th e  
cases w hen  th e  perio d  of in cu b a tio n  w as pro longed . M axim um  reduc tion  (over 
th e  co n tro l va lues) occurred  in  th e  p resence o f 0.01 m m ole/10 o f CoCl2 w hen  
in c u b a tio n  w as done fo r 4 h  (30.6% ) or 6 h  (42 .5% ). T he correspond ing  figures 
fo r p e r c e n t decrease  in  th e  N H 3-N  c o n te n t in  th e  presence o f 0.01 m m ole/10 
m l S R F  of CaCl2 w ere 5.2 and  16.4.

D iscussion

I t  was re p o r te d  earlier (Saini and  S ingh , 1987, 1988a, 1988b) th a t  th e  
m a in  am m o n ia -u tiliz in g  enzym es in  th e  ru m e n  b ac te ria  fro m  buffaloes an d  
c a tt le  w ere N A D H -d ep en d en t g lu ta m a te  dehydrogenase  (G D H ), g lu tam ic-o x a­
lo acetic  tra n sa m in a se  (GOT), g lu tam ic -p y ru v ic  tran sam in ase  (G PT ), g lu tam ine  
sy n th e ta se  (GS) a n d  asparag ine  sy n th e ta se  (AS). I t  has also b een  observed b y  
th e  sam e au th o rs  t h a t  M gCl2 (10 mM ) en h an ced  th e  ac tiv itie s  o f N A D H -de­
p e n d e n t G D H , G O T an d  G P T  b y  20, 88 an d  62% , resp ec tiv e ly ; M nCl, (4 
mM  for GOT an d  G P T  and 10 mM for GS an d  AS) increased  th e  activ ities of 
GOT, G PT , GS an d  AS b y  88, 360, 16 an d  3 0 % , respec tive ly ; CoCl2 (1 mM) 
increased  th e  a c t iv i ty  of GS b y  117% ; СаС12 (10 mM) increased  th e  ac tiv ities 
o f  G P T  an d  AS b y  38 an d  25% , respec tive ly . I t  is possible t h a t  th e  su b s ta n tia l 
increase  in  ru m en  m icrob ia l p ro te in  syn thesis  in  th e  presence o f M nCl2, M gCl2, 
CoCl2 an d  CaCl2 (T ab le  1) in  th is  s tu d y  m ay  be due to  en h an ced  ac tiv ities o f 
th e  abo v e-m en tio n ed  am m onia-u tiliz ing  enzym es lead ing  to  a n  increased u t i l i ­
z a tio n  of N H 3-N fo r m icrobial p ro te in  syn th esis . This v iew  is su p p o rted  b y  
th e  decrease in  N H 3-N  c o n te n t in  IM  in  th e  presence o f th e se  electro ly tes 
(T able 2). H ow ever, th e  possib ility  o f m ore energy  p ro d u c tio n  an d  m ore D N A
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a n d  R N A  syn thesis in  th e  presence o f  these  e lec tro ly tes and  a conseq u en t 
en h an ced  p ro life ra tion  o f rum en  m icroorgan ism s an d  increased  ru m en  m i­
c ro b ia l p ro te in  sy n th es is  can  n e ith e r  be  ru le d  out.

References

B ra y , G. A. (1960): A  sim p le  efficient liq u id  sc in tilla to r  for co u n tin g  aqueous so lu tions in  a 
liq u id  sc in tilla tion  c o u n te r. Anal. B iochem . 1, 279-285.

C onw ay, E . J .  (1950): M icrodiffusion  an d  V o lu m etric  E rro r. 2nd edn . Crossby Lockw ood and 
Son, London.

J o h n s o n , R . R. (1966): T ech n iq u es and  p ro c ed u re s  for in  vitro an d  in  vivo ru m en  stud ies . J .  
A nim . Sei. 25, 855—875.

L o w ry , O. H ., R osebrough , N . J . ,  F a rr, A. L . a n d  R andall, R . J .  (1951): P ro te in  m easu rem en t 
w ith  Folin  p heno l re a g e n t. J .  Biol. C hem . 193, 265-275.

P ilg rim , A. F ., G ray, F . V ., W eller, R . A . a n d  B elling, C. B. (1970): Synthesis o f m icrobial 
p ro te in  from  a m m o n ia  in  sheep’s ru m en  a n d  th e  p ro p o rtio n  o f d ie ta ry  n itro g en  c o n v e rt­
ed in to  m icrob ial n itro g en . Br. J .  N u tr .  24, 589-598.

M cL aren , G. A., W illiam , J .  E ., F ahey , G. C. G ., S m ith , J .  R ., S m ith , J .  E . and  W olf, H . A. 
(1976): In fluence of acid  re s is tan t hem icellu lase  on u rea  n itro g en  u tiliza tio n  b y  lam bs. 
J .  A nim . Sei. 43, 1072—1076.

S a in i, R . and  Singh, S u d a rsh a n  (1987): S tu d ies  on  g lu tam ate  d eh ydrogenase  from  ru m en  b a c ­
te r ia  of buffalo (B u b a lu s  bubalis) an d  cow . J .  V et. Med. A 34, 227—233.

S a in i, R . an d  Singh, S u d a rsh a n  (1988a): S tu d ies  on  g lu tam ic-oxaloace tic  an d  g lu tam ic -p y ru v ic  
transam inases fro m  m ix ed  rum en  b a c te r ia l  f lo ra  o f buffaloes a n d  ca ttle . A c ta  V et. H ung . 
36, 87-94.

S a in i, R . and  Singh, S u d a rsh a n  (1988b): S tu d ie s  on g lu tam ine  a n d  asparag ine  sy n th e ta se s  
fro m  m ixed ru m en  b a c te r ia l  flora o f b u ffa lo es and ca ttle . A c ta  V et. H ung. 36, 95-100. 

S a lte r , D . N ., D aneshvar, K . and  Sm ith , R . H . (1979): O rigin o f n itro g e n  in co rp o ra ted  in to  
com pounds in  th e  ru m e n  bac teria  o f s te e rs  g iven  p ro te in  an d  u rea-co n ta in in g  d ie ts. B r. 
J .  N u tr . 41, 197-209.

S h a rm a , C. P ., K au sh a l, G. P ., Sareen, V . K ., S ingh, S ud arsh an  a n d  B h a tia , I . S. (1981): 
T he in  v itro  m etab o lism  of flavonoids b y  w hole rum en c o n te n ts  and  its  frac tio n s . Zbl. 
V et. Med. A 28, 27 -3 4 .

Acta Veterinaria Hungarica 39, 1991



Acta Velerinaria Hungarica 39 ( l —2 ) ,p p .  83 — 93 (1991)

IMMUNIZATION OF DAY-OLD CHICKS HAYING 
MATERNALLY DERIVED ANTIBODIES 

AGAINST INFECTIOUS BRONCHITIS: DEGREE OF 
PROTECTION AS MONITORED BY CILIARY 

ACTIVITY AFTER INTRATRACHEAL CHALLENGE

B. A l -T a r c h a , J .  K o j n o ic  and  Cs. V a r r ó  

P H Y L A X IA  V eterin ary  B iologicals Co., H -1486  B u d ap est 10, P f. 23, H u n g ary  

(R ece iv ed  M ay 29, 1990)

O ne-day-o ld  chicks w ith  m a te rn a lly  derived  an tibod ies w ere v a cc in a ted  ag a in s t 
in fectious b ro n ch itis  (IB ) w ith  3000 E I D 50 of th e  IB  vaccine v iru s  d esig n ated  H I  20. 
T h e  degree o f  p ro tec tio n  in d u ced  b y  in tra n a sa l-e y e  drop  ( IE )  v a cc in a tio n  w as com p ared  
to  t h a t  ach ieved  b y  sp ray  (S) v a cc in a tio n .

T he p ro tec tio n  afforded b y  v a cc in a tio n  w as m o n ito red  b y  in tra tra c h e a l  challenge 
w ith  IB V  s tra in  M-41 (clinical signs, c iliary  a c tiv ity  in  trac h ea l e x p ia n ts , v iru s iso la tion ) 
a n d  b y  serological te s ts  (o v o n eu tra liza tio n , m ic ro n eu tra liza tio n  in  cell c u ltu re , haem ag- 
g lu tin a tio n  in h ib itio n  (H I) te s t,  E L IS A ).

In tra n a sa l-e y e  drop  v a cc in a tio n  p rov ided  p ro tec tio n  ag a in s t in tra tra c h e a l ch al­
lenge. Im m u n ity  developed a ro u n d  31 days o f age. S p ray  v a cc in a tio n  failed  to  give 
p ro tec tio n  ag a in s t challenge b y  th e  sam e rou te.

No difference w as d em o n s trab le  in  effectiveness be tw een  th e  tw o  ro u tes  o f v a c ­
c in a tio n  b y  serological te s ts . N o e lev a tio n  of th e  a n tib o d y  level occu rred  in  e ith e r 
g ro u p . T he level o f m a te rn a lly  d e riv ed  an tib o d ies declined w ith  age.

K ey w ords: In fec tious b ro n ch itis , im m uniza tion , day -o ld  ch icks, m a te rn a l a n ti­
bodies, p ro tec tio n , in tra tra c h e a l challenge, ciliary  a c tiv ity , tra c h e a l e x p la n t

T here  are d issen ting  view s in  th e  lite ra tu re  ab o u t th e  p ro tec tiv e  value  
o f m a te rn a lly  derived  im m u n ity  a g a in s t in fectious b ro n ch itis  (IB ) of chickens. 
Specific  an tibod ies are dem o n strab le  b y  serological te s ts  u p  to  th e  age of 28-35 
d a y s  (Ju n g h e rr  an d  T errel, 1948; D av e laa r an d  K ouw enhoven , 1977; A ndrade  
e t  a l., 1982; K ing , 1986; M ockett e t ah , 1987; A l-T archa, 1990). T he serological 
re su lts  are, how ever, n o t a lw ays con sis ten t w ith  th e  success o f challenge 
(S tu m p e l, 1980). M aternal an tib o d ies  give only  v e ry  w eak , or no , local p ro te c ­
tio n  ag a in s t in fec tio n  (M ockett e t ah , 1987). T he degree o f m a te rn a l im m u n ity  
h a s  b e e n  found  to  depend  on th e  ro u te  of challenge (A l-T archa, 1990). B ased  
on c ilia ry  a c tiv ity  in  tra c h e a l e x p ia n ts , p ro tec tio n  ag a in st in tra n a sa l ch a l­
lenge la s ted  up  to  7-10 days o f age. M aternally  derived  an tib o d ies  fa iled  to  
p ro te c t  b ird s ag a in s t in tra tra c h e a l challenge; th e y  only  de lay ed  th e  onset an d  
re d u c e d  th e  sev e rity  of clinical sy m p to m s and  sh o rtened  th e  course o f th e  d is­
ease.

T h e  dub ious value of m a te rn a lly  derived  im m u n ity  p ro m p te d  severa l 
a u th o rs  to  p ro te c t young  chicks b y  v acc in a tio n  a t  d ay  old. In te rp re ta t io n  of
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th e  re su lts  was, h o w e v e r, ham pered  b y  th e  d issim ilar ro u tes  of v accination  
( in tran asa l-ey e  d ro p , v iru s  sp ray , in tra tra c h e a l in o cu la tio n ) and  challenge 
(in tra n a sa l-ey e  d ro p , in tra tra c h e a l in ocu la tion ) used  b y  th e  d ifferen t au th o rs .

A ll th ree ro u te s  o f  vacc in a tio n  ( in tra n a sa l-e y e  d ro p , sp ray , in tra tra c h ea l)  
a ffo rd  p ro tec tion  a g a in s t challenge a t  4 w eeks old, b u t  o n ly  ag a in st hom ologous 
v iru s  stra in s (A n d rad e  e t  ah , 1982). T here  is no m a jo r d ifference betw een  these  
ro u te s  of vacc ina tion  in  th e  level of in d u ced  p ro te c tio n  (G ough an d  A lexander,
1979) . E ye drop im m u n iz a tio n  p ro tec ts  th e  b ird s  o n ly  ag a in st challenge by  
th e  sam e rou te  b u t  n o t  against in tra tra c h e a l challenge (D av e laa r an d  K ou- 
w enhoven , 1981). I n t r a t r a c h e a l  im m u n iza tio n  p ro v id es  sa tis fa c to ry  p ro tec tio n  
(R ag g i and  Lee, 1958). I n  day-o ld  ch icks eye d rop  v acc in a tio n  gives b e tte r  
p ro te c tio n  th a n  th e  v iru s  sp ray  (S tum pel, 1980; D a v e la a r  an d  K ouw enhoven ,
1980) . In  chicks w ith  m a te rn a l an tibod ies s tro n g er im m u n ity  can  be induced  
b y  v accination  a t  2 w eek s old th a n  a t  d a y  old (D erb y sh ire  an d  P e te rs , 1985).

T he purpose o f  th e  experim en ts described  here  w as to  determ ine  th e  
leve l o f p ro tec tion  in d u c e d  b y  in tra n a sa l-e y e  d rop  or v iru s  sp ray  v acc ina tion  
o f  one-day-old  b ro ile rs  a g a in s t in tra tra c h e a l challenge.

Materials and methods

Chicks

O ne-day-old b ro ile r  chicks derived  from  “ H y b ro ”  lay e rs  im m unized  a t  
one d a y  old w ith  a s p ra y  con ta in ing  IB  vaccine s tra in  H -120 (In te rv e t)  and  
a t  16 weeks old w ith  a  com bined  IB - IB D -N D  in a c tiv a te d , o il-ad ju v an t v a c ­
cine w ere used.

Vaccine

T he chicks w ere v a c c in a ted  w ith  th e  com m ercial IB V  vaccine B ronchovac 
I  (P H Y L A X IA , B u d a p e s t)  conta in ing  s tra in  H 120. T he im m uniz ing  dose was 
3000 E I D 50 per b ird . P B S  w as used as d ilu en t.

Challenge virus

IB V  stra in  M -41 (8 th  chicken em bryo  passage) w as used as challenge 
s tra in . I ts  titre  w as 107'5 (0.1 m l. T he challenge s tra in  w as in o cu la ted  in tra tra -  
chea lly  a t a dose o f 1000 E I D 5o/0.1 ml.

D esign o f  the experim en ts

Im m un iza tion . F o rty -f iv e  chicks w ere v a cc in a ted  b y  th e  in tra n a sa l-e y e  
d ro p  (IE ) rou te . 0.1 m l vaccine was d iv ided  in to  fo u r p a r ts  an d  d ropped  in to  
th e  tw o  eyes and  tw o  n o strils .
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F o rty -fiv e  ch icks were im m unized  b y  sp ray ing  (S). T he vaccine w as d ilu t­
ed accord ing  to  th e  n u m b er of b ird s  to  be v a cc in a ted  an d  th e  vaccine t i t r e ,  
so t h a t  0.5 m l vaccine  p er b ird , co n ta in in g  3000 E I D 5a, w as sp rayed  o n to  th e  
b ird s p laced  in  a tra n sp o r tin g  box , from  a d istance  of a b o u t 50 cm , a t  an  angle 
of 50°, using  a p o rta b le  sp rayer. P a rtic le  size (a b o u t 1/10 m m ) w as checked  
b y  m icroscopy.

F o rty -f iv e  ch icks served as u n v acc in a ted  con tro ls .
T he groups o f  chicks were p laced  in  iso la to rs. B efore v acc in a tio n  b lood 

sam ples w ere ta k e n  from  10 b ird s , pooled , an d  u sed  as ‘‘baseline”  serum .
Test fo r  vaccination reaction. O n d ays 3, 6 an d  10 a fte r  v acc in a tio n  (a t  4, 

7 and  11 days o f  age) 5 b irds p e r g roup  were ex am in ed  for th e  p resence of 
clin ical signs an d  c ilia ry  a c tiv ity  in  tra c h e a l ex p ian ts .

Tests fo r  protective im m u n ity

T he b ird s w ere te s te d  for p ro tec tiv e  im m u n ity  b y  in tra tra c h e a l challenge 
an d  b y  serological m ethods.

Intratracheal challenge. On p o stv acc in a tio n  day s 10, 21 and  31 (a t  11, 
22 an d  32 days old), 10 b irds p er group  were challenged  in tra tra c h e a lly  w ith  
1000 E I D S0 (0.1 ml) o f s tra in  M-41.

E xa m in a tio n  o f  tracheal expiants fo r  ciliary activ ity . C iliary a c tiv ity  in  
tra c h e a l e x p ian ts  w as checked on postchallenge d ay s  4 an d  7, using  5 b ird s 
each. T he chicks w ere sacrificed, th e  tra c h e a  of each  b ird  was rem oved  an d  
tra n sv e rse  sections, ap p ro x im a te ly  0.5 to  1.0 m m  th ic k , w ere cu t from  th e  u p ­
p er (5 ex p ian ts), m id- (5) and low er (5) p o rtions, m ak in g  a to ta l  of 15 e x p ia n ts  
from  each  b ird . T he in d iv id u a l e x p ia n ts  w ere ex am in ed  fo r c iliary  a c tiv ity  b y  
low -pow er m icroscopy  a t  a m agn ifica tion  of X 100. C iliary  a c tiv ity  w as ex p ress­
ed in  p er cen t fo r each  ex p lan t an d  th e  m ean  va lu e  fo r th e  given b ird  ( t r a ­
chea) w as ca lcu la ted . G roup averages w ere also ca lcu la ted . In d iv id u a l b ird s 
an d  g roups w ith  5 0 %  or m ore c ilia ry  a c tiv ity  w ere considered  to  h av e  been 
p ro te c te d  b y  th e  v acc ine  against th e  challenge s tra in  (D arb y sh ire , 1980).

V irus isolation. O n postchallenge d ay  4 (s im u ltan eo u sly  w ith  th e  ex am i­
n a tio n  of tra c h e a l ex p ian ts) an a b o u t 5 m m  th ic k  e x p la n t was cu t from  th e  
m id -p o rtio n  of th e  tra c h e a , p laced  in  M inim al E sse n tia l M ed iu m -H an k s  
(M E M -H ) c o n ta in in g  200 m g/m l gen tam ic in  an d  s to red  a t  —70 °C u n til  used. 
S P F  em b ry o n a te d  h e n ’s eggs p re in c u b a te d  for 10-11 d a y s  were used  fo r v iru s  
iso la tion . The tra c h e a l ex p ian ts  w ere th aw ed , c u t u p , shaken  th o ro u g h ly  in  
th e  m ed ium , an d  5 eggs were in o cu la ted  in to  th e  a llan to ic  sac w ith  0.2 m l 
of each  sam ple. T h e  eggs were in c u b a te d  a t 37 °C. E m b ry o s  th a t  died  w ith in  
24 h  w ere rem o v ed . T he eggs w ere cand led  tw ice da ily . A t 30 h  of in c u b a tio n  
th e  a llan to -am n io tic  flu id  of 3 eggs each  w as co llec ted  for fu r th e r  passage , 
an d  s to red  a t  —20 °C. T he rem ain ing  2 eggs p e r sam ple  w ere in cu b a ted  fu r th e r
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u p  to  d a y  7 w hen th e  path o lo g ica l changes o f th e  em bryos w ere recorded . A 
seco n d  or th ird  passage  w as done if  in  th e  f ir s t  passage no em b ry o n ic  lesions 
ty p ic a l  o f IB  h ad  been  observed .

Serological tests

Blood sam pling. B efore in tra tra c h e a l challenge, blood sam ples w ere ta k e n  
fro m  th e  b irds’ c u b ita l v e in  an d  pooled  b y  g roup . T he sera  w ere in a c tiv a te d  a t  
56 °C fo r 30 m in an d  s to re d  a t  —20 °C.

O voneutralization test. T he b e ta  m e th o d  w as carried  o u t w ith  s tra in  M-41 
as describ ed  by  P ic a u lt  e t al. (1986).

V irus neutralization (  V N )  test in  cell culture. Cell cu ltu re s  w ere p rep ared  
a n d  th e  VN te s t w as done b y  a m ic ro -m eth o d  as described b y  E l-Z ein  e t al. 
(1972), on L inbro  p la te s  using  s tra in  M -41. T he te s t  w as re a d  on th e  3rd  day .

H aem agglutination inhibiton  ( H I )  test. T he m ethod  described  b y  A lexan­
d e r  e t  al. (1983) w as u sed .

E L I S A .  A n ti-IB V  an tib o d ies  w ere m easu red  by  in d ire c t E L IS A  using 
D y n a te c h  129A p la te s . M-41 v iru s  p u rified  in  th ree  steps ( to ta l  p ro te in : 12.7 
m g /m l) was used as an tig en , d ilu ted  1 : 5000 in  ca rb o n a te  b u ffe r of p H  9.6. 
T h e  p la te s  were in c u b a te d  a t  4 °C for 16 h . A fourfold  d ilu tio n  series, s ta r tin g  
w ith  th e  1 : 20 d ilu tio n , w as m ade from  th e  serum  sam ples, u sing  p h o sp h a te  
b u ffe r  (2000 m l)-T w een  20 (1 ml) -f- 0.5 M N aCl as d ilu en t, an d  ad d ed  to  th e  
w ells. T he p lates w ere in c u b a te d  a t  ro o m  te m p e ra tu re  fo r 60 m in. T he con­
ju g a te  used was a pero x id ase-lab elled  g o a t an ti-ch icken  IgG  d ilu ted  1 : 3000 
in  p h o sp h a te  b u ffe r-T w een  20 +  0.5 M N aCl +  1%  bov ine  se ru m  album in . 
T h e  su b s tra te  was 34 m g o rth o -p h en y len ed iam in e  -f- 20 p \ H 20 2 in  100 m l 
o f  c itr ic  a c id -p h o sp h a te  buffer, p H  5.25. T he reac tio n  w as s to p p ed  using 2M 
su lp h u ric  acid. The re su lts  are expressed  in  e x tin c tio n  e x tra p o la te d  to  u n d ilu ted  
se ru m  (E 0) a fte r su b tra c tin g  th e  va lu e  o b ta in e d  for th e  n e g a tiv e  serum . E x ­
t in c t io n  was m easu red  w ith  a T IT E R T E K  M U L T ISK A N  in s tru m e n t a t  a 
w a v e le n g th  of 492 n m .

Results

T est fo r  vaccination reaction

C iliary a c tiv ity  in  tra c h e a l e x p ian ts  an d  clinical signs fo u n d  on p o s tv a c ­
c in a tio n  days 3, 6 an d  10 (w hen th e  b ird s  w ere 4, 7 and  11 day s o ld , respectively ) 
show ed  th a t  by  p o s tv acc in a tio n  d ay  3 IE  v acc in a tio n  p ro d u ced  14%  red u c tio n  
in  c ilia ry  ac tiv ity  in  tra c h e a l ex p ian ts . O n day s 6 and  10 c ilia ry  a c tiv ity  was 
p ra c tic a lly  th e  sam e in  th e  th re e  groups.
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O n pressure e x e r te d  on th e  n asa l reg ion , serous e x u d a te  appeared  in  one 
b ird  v acc in a ted  b y  th e  IE  ro u te  an d  in  one sp ray -v acc in a ted  chick , on p o s tv a c ­
c in a tio n  d ay  10.

Tests fo r  protective im m u n ity

Results o f  intratracheal challenge. T he  g roup  m eans o f c ilia ry  a c tiv ity  in  
tra c h e a l ex p ian ts , d e te rm in ed  on d ay  4 an d  7 a fte r  in tra tra c h e a l challenge 
on p o stv acc in a tio n  d a y s  10, 21 an d  31, w ere as follow.

On d ay  4 a f te r  challenge p erfo rm ed  on p o s tv a c c in a tio n  d ay  10, th e re  
was no ciliary  a c t iv i ty  in  tra c h e a l ex p ian ts  from  th e  v a c c in a ted  b irds, w hereas 
in  th e  con tro l ch icks m ean  c ilia ry  a c tiv ity  w as 8 %  (ranges: 0 -2 3 % ). On d ay  
7 a f te r  challenge, m ean  ciliary  a c tiv ity  in  th e  g roup  v a c c in a ted  b y  th e  IE  
ro u te  (fu rth e r on : g roup  IE ) , in  th e  sp ra y -v a c c in a te d  (S) an d  contro l (C) 
g roup  w as 54%  (4 7 -6 4 ), 7%  (0-19) and  7 %  (0 -23), resp ec tiv e ly .

O n day  4 a f te r  challenge carried  o u t on p o s tv a c c in a tio n  d ay  21, m ean  
c ilia ry  a c tiv ity  o b ta in e d  for g roup  IE , S an d  C w as 30%  (0 -51 ), 0%  and  8 %  
(0 -40 ), re spec tive ly . O n d ay  7 a fte r  challenge, m ean  c ilia ry  a c tiv ity  in  group 
IE , S an d  C was 5 8 %  (0 -93), 0%  and  4 %  (0 -2 0 ), re spec tive ly .

On day  4 a f te r  challenge on p o stv acc in a tio n  d a y  31, m ean  ciliary  a c tiv ity  
in g ro u p  IE , S an d  C w as 51%  (0 -90), 0 %  an d  0 % , resp ec tiv e ly . On d ay  7 th e  
re sp ec tiv e  values w ere 85%  (69-93), 4 %  (0-13) an d  0 % , respective ly .

The ind iv idua l m eans o f  ciliary activ ity , the results o f  v irus isolation and  
the clinical signs a re  sum m arized  in  T ab le  1. O n d a y  4 a f te r  challenge carried  
o u t on  d ay  10 fo llow ing  IE  v acc in a tio n  th e re  w as com ple te  absence of c ilia ry  
a c tiv ity  in  e x p ian ts  fro m  all b irds, th e  v iru s  w as re iso la ted  from  th e  trach eas , 
an d  3 o u t of 4 ch icks show ed ra th e r  severe clin ical signs.

A fte r challenge on p o stv acc in a tio n  d a y  21, one ch ick  w as free from  clin i­
cal signs, tw o show ed  m ild  w hile a n o th e r tw o  severe re sp ira to ry  sym ptom s. 
C iliary  a c tiv ity  w as d em o n strab le  in  fou r o u t of fiv e  b ird s . T he v irus w as 
re iso la ted  from  th e  tra c h e a s  of th re e  chicks.

A fte r challenge on  p o stv acc in a tio n  d a y  31, fou r o u t o f th e  five b ird s 
w ere sym ptom less a n d  one show ed severe c lin ica l signs. C iliary  a c tiv ity  w as 
observed  in  tra c h e a l e x p ian ts  from  fo u r ch icks: its  m ean  va lu e  was h igher 
th a n  th a t  found  a f te r  challenge on p o s tv a c in a tio n  d ay  21. V irus re iso la tion  
w as successful fro m  tw o  chicks.

In  group S, one sym ptom less ch ick  an d  tw o  chicks show ing m ild  re s ­
ponse w ere found  o n ly  a fte r  challenge on d a y  10. A ll o th e r  b ird s  show ed severe 
clin ical signs. C hallenge on d ay  10, 21 or 31 a f te r  v acc in a tio n  caused com plete 
loss o f ciliary  a c tiv ity , an d  re iso la tion  o f th e  v iru s  from  th e  tra c h e a  was con­
s is te n tly  successful.
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In  th e  u n v a c c in a ted  co n tro l g ro u p , challenge on p o stv acc in a tio n  d ay  10 
w as follow ed b y  th e  loss o f c ilia ry  a c tiv ity . V irus iso la tio n  w as po sitiv e  an d  
c lin ica l signs inc lud ing  la c h ry m a tio n  a n d  serous nasa l d ischarge  occurred . F ive 
b ird s  responded  to  challenge on p o s tv acc in a tio n  d ay  21 w ith  to ta l  loss of 
c ilia ry  ac tiv ity . T he challenge s tra in  w as re iso la ted  from  all tra c h e a s . F ro m  
th e  n o strils  of all b ird s  a  serous e x u d a te  could  be squeezed  o u t. C hallenge on 
d a y  31 also resu lted  in  com p le te  loss o f c ilia ry  a c tiv ity , a ll b ird s  show ed clinical 
s ig n s, an d  th e  v iru s w as co n sis ten tly  re iso la ted  from  th e ir  tra c h e a s .

Serological tests. T h e  resu lts  o f th e  serological te s ts  are  su m m arized  in  
T a b le  2. W ith  th e  e x c e p tio n  of one E L IS A  v alue  (day  10 se ru m  o f sp ra y -v a c ­
c in a te d  chicks), th e  g ro u p s v a c c in a ted  b y  th e  tw o d iffe ren t ro u te s  gave id e n ­
t ic a l  o r v e ry  sim ilar re su lts  b y  th e  th re e  serological te s ts .

Discussion

In tra n a sa l-e y e  d ro p  or sp ra y  v ac c in a tio n  w ith  IB V  s tra in  H 120 o f one- 
d a y -o ld  chicks w ith  m a te rn a lly  d e riv ed  im m u n ity  elic ited  a m ild  v acc in a tio n  
re a c tio n . No overt c lin ica l signs o ccu rred , only v e ry  slig h t serous ex u d a te  
co u ld  be  squeezed o u t fro m  th e  n o strils  o f one chick in  each  group  on d ay  10. 
A  s lig h t (14% ) re d u c tio n  in  c ilia ry  a c t iv i ty  was observed  on ly  in  th e  group 
v a c c in a te d  b y  th e  in tra n a s a l-e y e  d ro p  ro u te , a t  p o s tv acc in a tio n  d ay  3.

A fte r  v acc in a tio n  b y  th e  eye d ro p  ro u te  a t one d a y  old , D a v e la a r  e t al. 
(1983) could no t d e te c t th e  vaccine v iru s  b y  im m unofluorescence in  th e  tra c h e a  
o f  ch icks w ith  m a te rn a lly  derived  an tib o d ies .

I n  th e  p resen t ex p e rim en ts  th e  in tra tra c h e a l ro u te  o f challenge w as 
ch o sen  fo r tw o reasons. T h e  tra c h e a  is th e  m ain  ta rg e t o rg an  o f IB V  in fec tio n  
(D arb y sh ire  et ah, 1976); th e re fo re , p ro te c tio n  against challenge b y  th a t  ro u te  
is o f  unquestio n ab le  v a lu e . T he o th e r  reaso n  is th a t  b y  in o cu la tin g  th e  challenge 
s t r a in  d irec tly  in to  th e  tra c h e a  we can  ru le  ou t th e  fac to rs  o f u n c e r ta in ty  
a sso c ia te d  w ith  in tra n a s a l  or eye d ro p  challenge (e.g. t h a t  a ce rta in  p a r t  o f 
th e  challenge dose is lo s t  because o f sneezing, lach ry m a tio n  an d  h ead  shak ing ).

T h e  m ean v a lu es  o f  c ilia ry  a c t iv i ty  c learly  in d ica te  th e  su p e rio rity  of 
in tra n a s a l-e y e  drop  v acc in a tio n . T ak in g  as a basis th e  va lu es  found  on p o s t­
ch a llen g e  day  4 (as is th e  u su a l p ro ced u re ), b irds v a c c in a ted  b y  th a t  ro u te  
beco m e p ro tec ted  a g a in s t in tra tra c h e a l challenge b y  d ay  31, show ing a m ean  
c ilia ry  a c tiv ity  of 5 1 % . T ak in g  as a basis  th e  values o b ta in e d  on postchallenge 
d a y  7, th e  m ean c ilia ry  a c tiv ity  o f  5 4 %  ind ica tes p ro te c tio n  a lread y  a t  d ay  
10. T h e  level of p ro te c tio n  (i.e. c ilia ry  a c tiv ity )  is p ra c tic a lly  th e  sam e a t  d ay  
21 a n d  increases to  8 5 %  a t  d ay  31.

T h e  values fo u n d  fo r sp ra y -v a c c in a te d  chicks co n s is ten tly  in d ica ted  a 
la c k  o f  p ro tec tion , s im ila rly  to  th o se  o f  th e  contro ls.
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Table 1

Ciliary ac tiv ity , v iru s iso lation  resu lts  and  clinical signs on d ay  4 a fte r challenge in  chicks v acc ina ted  against infectious b ronch itis  a t  one d a y  old 
b y  th e  in tran asa l —  eye drop ro u te  o r b y  spray , and  challenged in tra trach ea lly  on postvacc ina tion  days 10, 21 and  31

R oute of Challenge 
on postvac-

Total

Param eter Chick no.
cination day

1 2 3 4 5
CA V I CS

Ciliary a., % 0 0 0 0 NT 0/4*
10 V irus isol. p- p- p- N T NT 3/3*

In tran a sa l- Clinical s. + + + + + + +  +  + NT 3/4*
eye drop CA 51 32 30 33 0 4; 5

21 V I n. n. p- p- p- 3/5
CS + — +  +  + + + + + 4/5

CA 32 0 90 86 45 4/5
31 V I P- p- n. n. n. 2/5

CS — +  + — — — 1/5

CA 0 0 0 0 NT 0/4
10 V I p- p- p- p- P- 5/5

CS + + + — + _L_ NT 3/4
CA 0 0 0 0 0 0/5

S p ray  21 V I p- p- p- p- P- 5/5
CS +  +  +  + + + + + + + + + + + +  +  +  + 5/5
CA 0 0 0 0 NT 0/4

31 V I p- p- p- p- NT 4/4
CS + + + + + + + + + + + 5/5

CA 0 0 0 0 NT 0/4
10 V I p- p- p- p- NT 4/4

CS + + + + + + + + + + + + + + + + NT 4/4
CA 0 0 0 0 0 0/5

Control 21 V I p- p- p- p- P- 5/5
CS "Г + + + + + +  + 5/5

CA 0 0 0 0 0 0/5
31 V I p - p- p- p- p- 5/5

CS + + + + + + + + 5/5

CA: ciliary a c tiv ity ; Y I: v irus iso lation; CS: clinical signs; 0: no ciliary a c tiv ity ; N T: n o t tes ted ; x : no. o f positive b irds/no . of b irds tes ted ; 
p .: successful v irus iso lation; n .: unsuccessful v irus iso lation; -f- to  +  +  +  +  : severity  scores of clinical signs; — : no clinical signs
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F rom  c ilia ry  a c t iv i ty  values fo u n d  in  tra c lie a l ex p ian ts  on d ay  4 a fte r  
challenge (Table 1) i t  ap p ears  th a t  challenge on  p o s tv acc in a tio n  d a y  10 resu lted  
in  to ta l  loss of c ilia ry  a c tiv ity  in  all b ird s  o f th e  tw o  groups. T he s itu a tio n  w as 
d iffe ren t in  th e  case o f  challenge on p o s tv a c c in a tio n  d ay  21. W hile four o u t of 
th e  five  chicks o f  g ro u p  IE  show ed c ilia ry  a c t iv i ty  in  tra c h e a l ex p ian ts , in  
g ro u p  S there  w as to ta l  loss of c ilia ry  a c tiv ity . Fo llow ing  challenge on p o s tv a c ­
c in a tio n  day  31, th e  difference b e tw een  th e  tw o  groups increased  fu rth e r , as 
th e  m ean  ciliary  a c t iv i ty  o f group IE  ch icks rose. A lthough  m ean  ciliary  a c ti­
v i ty  showed r a th e r  la rg e  v a r ia tio n  b y  in d iv id u a l, th e  group m eans can  be 
considered  a re liab le  in d ic a to r  as g roup  size w as su ffic ien tly  large.

The resu lts  o f  v iru s  iso la tion  a n d  th e  clin ica l signs show ed a sim ilar 
te n d e n c y . R e iso la tio n  o f  th e  challenge s tra in  w as successful from  th e  tra c h e a  
o f  8 ou t of th e  13 b ird s  o f  group IE . T he v iru s  w as re iso la ted  from  all 14 b ird s  
o f  th e  sp ra y -v a c c in a te d  group . V irus iso la tio n  u su a lly  failed  from  trach eas  
show ing  high c ilia ry  a c tiv ity .

As regards th e  clin ical signs, especia lly  th e ir  sev erity  (T able 1), in tr a n a ­
sa l—eye drop v a c c in a tio n  w as superio r to  sp ra y  v acc in a tio n  (in  group IE  8 
o u t  o f the  14 w hile in  g roup  S 13 o u t o f th e  14 chicks show ed clinical signs).

The in d iv id u a l m ean s of c iliary  a c tiv ity  an d  th e  v iru s iso lation  resu lts  
a re  w o rth y  of an a ly s is . T he in d iv id u a l m ean s show  ra th e r  h igh  d ev ia tion  h u t  
th e  group m eans g ive re liab le  in fo rm atio n  espec ia lly  if  group size is su ffic ien tly  
la rg e . V irus iso la tio n  u su a lly  failed  from  tra c h e a s  show ing h igh  cilia ry  a c tiv ity .

The resu lts  p re se n te d  here allow  us to  conclude th a t  th e  in tra n a sa l-e y e  
d ro p  ro u te  is m ore  e ffec tive  th a n  sp ra y  v a c c in a tio n  fo r im m uniz ing  one-day- 
o ld  chicks w ith  m a te rn a lly  derived  an tib o d ie s  ag a in st IB . T his is consisten t 
w ith  S tum pel’s v iew  (1980): in  his opin ion , a  b ig  d raw back  o f sp ray  v acc in a ­
t io n  is th a t  its  te c h n ic a l im p lem en ta tio n  is d iff ic u lt an d  th e  vaccine v iru s often  
fa ils  to  get to  th e  t a r g e t  site in  a su ffic ien tly  la rg e  dose. D av e laa r and  K ou- 
w en lioven  (1980) a lso  ach ieved  b e tte r  p ro te c tio n  b y  co n ju n c tiv a l v acc ina tion  
th a n  b y  sp ray ing .

The resu lts  o f  se ria l challenge a fte r  in tra n a sa l-e y e  drop  v acc in a tio n  in ­
fo rm  us abou t th e  t im e  o f th e  d eve lopm en t o f  p ro tec tio n . A t d a y  10 a fte r v a c ­
c in a tio n  there  is n o  vacc ine-induced  im m u n ity  y e t b u t m a te rn a l an tibod ies 
a ffo rd  some p ro te c tio n  for th a t  period  a g a in s t eye drop  challenge (A l-T archa, 
1990). A t day  21 a  m o d e s t ac tive  im m u n ity  can  be d e m o n s tra te d  th e  level o f 
w h ich  rises b y  d a y  31. F u r th e r  s tud ies are  n eed ed  to  es tab lish  w hether th is  
p ro te c tio n  lasts  u n t i l  th e  end of b ro iler re a r in g  ( th e  age of 49-56  days). A c­
co rd in g  to  D a v e la a r  a n d  K ouw enlioven  (1980), co n ju n c tiv a l im m uniza tion  
a t  one day  old e lic its  im m u n ity  to  challenge b y  th e  sam e ro u te  b y  th e  age of 
3 w eeks, and  th is  p ro te c tio n  still ex ists w hen  th e  b ird s  are 7 w eeks old.

In tra n a sa l-e y e  d ro p  im m u n iza tio n  in d u ced  p ro tec tio n  desp ite  th e  p re ­
sence of m a te rn a l an tib o d ies . W e c a n n o t give an  e x p lan a tio n  for th e  inef-

Acta Velerinaria Hungarica 39, 1991



A
cta 

V
eterinaria 

H
ungarica 

39, 
1991

Table 2

Serological results obtained with blood samples taken on postvaccination days 10, 21 and 31 from chicks vaccinated against infectious
gronchitis at one day old by the intranasal-eye drop route or by spraying

Route of vaccination
Control

ELISA  I I I

Baseline serum 8* 1 : 330** 1 : 256 3.044*** 8 1 : 330 1 : 256 3.044 8 1 : 330 1 : 256 3.044

Day 10 5 1 : 32 1 : 8 1.644 5 1 : 32 1 : 16 2.623 6 1 : 32 1 :: 16 1.940

Day 21 4 1 : 2 1 : 4 1.036 5 1 : 3 1 : 4 1.054 3 1 :: 5 1 : 4 0.883

Day 31 4 0 1 : 2 0.686 3 0 1 : 2 0.621 3 0 1 : 2 0.591

VN
-----------------------------------ELISA
eggs cell c.

Serum
In tranasal-eye drop 

VN

Spray

eggs cell I

*: exponent in log 2 (starting dilution: 1 : 2).
**: the highest dilution which still neutralizes.

***: extrapolated extinction of undiluted serum, minus the value obtained for the negative serum (E0).
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fec tiveness of sp ra y  v acc in a tio n  in  th is  s tu d y  and , hence , c an n o t ta k e  a s ta n d  
as reg a rd s  its  v a lue  in  v acc in a tio n  p ra c tic e . (The p re lim in a ry  resu lts  o f our 
s tu d ies  c u rren tly  in  p rogress in d ica te  t h a t  sp ray  v acc in a tio n  p ro tec ts  th e  
ch icks aga in st in tra n a s a l-e y e  drop challenge).

T he serological te s tin g  of sera ta k e n  before in tra tra c h e a l  challenge gave 
id e n tic a l or v e ry  s im ila r resu lts  in  all th re e  groups, w ith  th e  exception  o f one 
E L IS A  value (d ay  10 se ru m  of group S; T ab le  2). T he se ru m  titre s  g rad u a lly  
declined  w ith  tim e , w h ich  is consisten t w ith  d a ta  re p o r te d  on th e  changes in  
m a te rn a l a n tib o d y  t i t r e s  (Ju n g h e rr  an d  T erre l, 1948; A n d rad e  et al., 1982; 
D a v e la a r  and  K o u w en h o v en , 1981; H o fs ta d , 1984; K ing , 1986; M ockett e t al., 
1987; A l-T archa, 1990).

T he resu lts  o f th e  serological te s ts , un like  tho se  o b ta in ed  a fte r in t r a t r a ­
cheal challenge, d id  n o t  in d ica te  differences betw een  th e  groups. I t  is know n, 
how ever, th a t  in  IB  th e  serological re su lts  are  n o t a lw ays co nsisten t w ith  
th e  success of challenge (R aggi and  L ee, 1965; D a v e la a r  an d  K ouw enhoven , 
1977).

T he fac t th a t  I E  v acc in a tio n  p ro te c te d  th e  chicks ag a in st challenge and  
th a t  th e  serological te s ts  d em o n stra ted  v e ry  low  a n tib o d y  levels, or no a n ti­
bodies a t  all, leads us to  conclude th a t  th e  observed  p ro tec tio n  was f ir s t  of 
a ll due to  local im m u n ity . This is in  good h a rm o n y  w ith  D avelaar an d  K ou- 
w en h o v en ’s (1977) v iew , i.e. th a t  i t  is n o t necessary  fo r v iru s  to  reach  deeper 
s itu a te d  im m u n o co m p e ten t cells to  s tim u la te  p ro tec tiv e  im m u n ity  ag a in st IB . 
G om ez an d  R aggi (1974) discussed th e  local p ro te c tio n  o f th e  tra c h e a  aga in st 
IB . M ention ing  th e  possib le  role o f in te rfe ro n , an tib o d ie s  of th e  IgA  class, 
red u ced  v iab ility  o f th e  trach ea l ep ith e liu m  a fte r  in fec tio n , and  secre tion  of 
aspecific  a n tiv ira l an tib o d ies , th e y  concluded  th a t  th e  m ode of ac tio n  was 
u n k n o w n . In  th e ir  v iew , changes of th e  tra c h e a l m ucosa  cells were responsib le  
fo r p rev en tin g  co m p le te  m an ifes ta tio n  o f IB Y  in fec tion .

To sum  up : ch ickens hav ing  m a te rn a lly  d eriv ed  an tibod ies can be p ro ­
te c te d  aga in st in tra tra c h e a l  challenge b y  v acc in a tio n  a t  one d ay  old b y  th e  
in tra n a sa l-e y e  d rop  ro u te . The vaccine ad m in is te red  b y  th e  sp ray  ro u te  does 
n o t p ro te c t chicks a g a in s t in tra tra c h e a l challenge. T h is m u st be considered  
w hen  resu lts  are co m p ared  w ith  th o se  from  v ac c in a tio n  tr ia ls  described  in  
th e  l i te ra tu re  in  w h ich  a large v a r ie ty  o f challenge ro u te s  w as used (W in ter- 
fie ld  c t al., 1978; D a v e la a r  an d  K ouw enhoven , 1977, 1980, 1981; G ough and  
A lexander, 1979; D e rb y sh ire , 1980).
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CROSS-PROTECTION STUDIES WITH VACCINE 
STRAIN H-120 OF INFECTIOUS RRONCHITIS VIRUS 

USING CILIARY ACTIVITY

B. A l -Tak ch a  and S. A. Sa d o o n

PHYLAXIA Veterinary Biologicals Co., Ii-1486 Budapest 10, Pf. 23, Hungary 

(Received May 10, 1990)

Forty 3-day-old chickens were immunized intratracheally and another 40 intra- 
nasally-intraocularly with vaccine strain H-120 of infectious bronchitis virus (IBV). 
The chickens were divided into groups of five and each group was challenged intratra­
cheally or intranasally-intraocularly with one of 8 different heterologous strains of 
IBV 4 weeks after vaccination. The vaccinated chickens were protected against chal­
lenge with three heterologous strains (Massachusetts M41, В and ÁEG), showing 89, 86 
and 89% ciliary activity, respectively, but were not protected against challenge with 
strains D-3896 and D-3128.

Clinical signs and/or a reduction in ciliary activity was observed neither for the 
vaccinated nor for the unvaccinated groups challenged with strains Sz, D-207 and D-212. 
This suggests that these isolates have no primary pathogenic role in broiler flocks. The 
remaining 5 strains (M41, B, ÁEG, D-3896 and D-3128) caused mild respiratory signs 
and ciliostasis in birds of the unvaccinated groups.

Key words: Infectious bronchitis virus, cross-protection, ciliary activity

In fec tious b ro n ch itis  v iru s (IB V ) produces a h ig h ly  contag ious v ira l d i­
sease o f chickens ch a rac te rized  b y  a sh o rt incub a tio n  p e rio d  and  rap id  sp read  
th ro u g h  a suscep tib le  flock . I t  p ro d u ces m ore severe re sp ira to ry  signs in  y o u n g  
chickens th a n  in  o lder b ird s.

T he ex tensive  use of IB V  vaccine  has p rovided  a genera lly  effective c o n t­
ro l o f th e  in fec tion  in  ch ickens. M any  investig a to rs  (W in te rfie ld , 1973; W in- 
te rfie ld  an d  F a d ly , 1975; R osenberger e t al., 1976) h a v e  ind ica ted  th a t  th e  
H o llan d  H -120 s tra in  of IB V  p rov ides a w ide range o f  p ro tec tio n  ag a in s t d if­
fe ren t v a r ia n t s tra in s  of IB V  occu rring  in  th e  field.

N eu tra liza tio n  te s ts  h av e  p ro d u ced  sufficient ev idence  of th e  ex istence 
of an tigen ic  v a r ia tio n  am ong IB Y  s tra in s  (H ofstad , 1958; B erry  an d  S tokes, 
1968; D aw son an d  Cough, 1971; H o p k in s, 1974; Cow en an d  H itch n er, 1975; 
Jo h n so n  an d  M a rq u a rd t, 1985; D arb y sh ire  e t al., 1979).

H ow ever, th e re  are  also in d ica tio n s  th a t  th e  serological re la tio n sh ip s  
d e te rm ined  in  vitro  are n o t alw ays re flec ted  b y  th e  re s u lt  o f cross-im m unity  
stud ies in  chickens (W in te rfie ld  an d  H itch n er, 1962; H itc h n e r e t al., 1964; 
R aggi and  Lee, 1965; W in te rfie ld  an d  F ad ly , 1972).

D ifferen t m eth o d s h av e  been  used  to  in te rp re t th e  im m une s ta tu s  to  
IB Y  (H o fstad , 1967; Lucio an d  H itc h n e r, 1970; L u k é r t , 1969; D arb y sh ire ,
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1980). R esults based  on  d e tec tio n  o f re sp ira to ry  sym ptom s a n d  v iru s recovery  
f ro m  trach ea l sw abs a re  v a riab le  an d  sub jec tiv e .

C ro ss-neu tra liza tion  te s ts  in  e m b ry o n a te d  hen’s eggs h a v e  been used 
fo r  d iffe ren tia tin g  im m un o lo g ica l v a r ia n ts  o f IB V  (H itc h n e r  e t al., 1964; 
H o fs ta d , 1967). D iscrepanc ies are  ev id en t be tw een  th is  m e th o d  and  cross 
ch a llen g e  (C hom iak e t  a l., 1963).

This s tu d y  w as done to  d e te rm in e  th e  ab ility  of th e  H o lland  s tra in  
(B ro n ch o v ac  H -120, P h y lax ia )  o f IB V  to  ind u ce  p ro tec tio n  a g a in s t challenge 
w ith  s tra in  M41, fo u r D u tc h  v a r ia n t  s tra in s  (D-207, D -212, D -3896 and  D- 
3128) an d  th ree  H u n g a ria n  iso la tes (B , Sz an d  A EG ).

Materials and methods

V iruses

T he following IB V  s tra in s  w ere u sed : H -120 (vaccine s tra in , P hy lax ia ); 
M assach u se tts  M41, 8 th  passage , k in d ly  supp lied  b y  D r. M á rta  Csermelyi, 
V e te r in a ry  M edical R e se a rc h  I n s t i tu te  of th e  H u n g a rian  A cad em y  of Sciences; 
th r e e  H u n g arian  iso la te s  o f  IB V  desig n a ted  A E G , В and  Sz; a n d  four lyophi- 
lized  D u tch  (D oom ) v a r ia n ts  (D -207, 62nd ch icken em bryo  passage ; D-212, 
6 0 th  chicken em bryo  passage ; D -3896, 23 rd  chicken em b ry o  passage; and  
D -3128, 66th  ch icken  em bryo  passage). T he s tra in s  were p assag ed  tw ice, p ro ­
p a g a te d  and  t i t r a te d  in  S P F  em b ry o n a te d  eggs before use.

In fec tiv ity  t i t r e s  w ere ca lcu la ted  acco rd ing  to  R eed a n d  M uench (1938) 
a n d  expressed  as em b ry o  in fec tiv e  dose ( E I D S0) per 0.1 m l.

C hickens

One h u n d red  a n d  s ix ty  one-day -o ld  S P F  chickens w ere o b ta in ed  from  
a n  S P F  flock (D abas, P h y la x ia )  an d  w ere re a re d  in  iso la to rs befo re  and  th ro ­
u g h o u t th e  exp erim en ts .

Im m u n iza tio n

F o r ty  3-day-o ld  ch ickens w ere in o cu la ted  in tra n a sa lly -in tra o cu la rly  w ith  
104 E I D 50/b ird  of IB V  s tra in  H -120. A n o th e r 40 b irds w ere in o cu la ted  w ith  
th e  sam e dose of s tra in  H -120 b y  th e  in tra tra c h e a l rou te . E ig h ty  u n v acc in a ted  
b ird s  served  as con tro ls .

Challenge

Challenge w as ca rr ied  o u t b y  one o f tw o  d ifferen t ro u te s  4 weeks a fte r 
im m u n iza tio n .
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E xp erim en t 1. F o r ty  in tra tra c h e a lly  im m u n ized  an d  40 u n v acc in a ted  
chickens w ere d iv ided  in to  8 groups (5 b ird s  in  each) an d  th e  groups w ere 
challenged in tra tra c h e a lly  w ith  one o f th e  challenge s tra in s  M41, B, Sz, A E G , 
D-207, D -212, D-3896 an d  D-3128. E ach  b ird  was challenged  w ith  ap p ro x i­
m ate ly  104 E I D 50 of th e  specified v irus.

E xp erim en t 2. F o r ty  in tra n a sa lly - in tra o cu la r ly  im m unized  chickens an d  
40 u n v a c c in a ted  b ird s w ere challenged  b y  th e  sam e ro u te  w ith  th e  sam e s tra in s  
as in  E x p e rim e n t 1. E ach  b ird  w as challenged  w ith  ap p ro x im a te ly  104 E I D 50 
of th e  specified  v irus.

E xa m in a tio n  o f  tracheal rings

F o u r d ay s a fte r  challenge all b ird s w ere k illed, th e ir  trach eas  w ere r e ­
m oved w ith  m in im um  in ju ry , and  rings, a p p ro x im a te ly  1-1 .5  m m  th ic k , w ere 
cu t from  th e  u p p e r, m id- and  low er p a r t  o f th e  tra c h e a  (3 rings from  each , 
m ak ing  a to ta l  o f 9 rings from  each b ird ).

E a c h  tra c h e a l rin g  w as exam ined  u n d e r  low -pow er m icroscope fo r ev i­
dence of c ilia ry  a c tiv ity  as described  b y  D erb y sh ire  (1980).

To s im p lify  th e  in te rp re ta tio n  of th e  re su lts , in d iv id u a l b ird s w ere co n ­
sidered  p ro te c te d  b y  th e  vaccine ag a in s t th e  challenge s tra in  i f  th e ir  tra c h e a l 
rings show ed 50%  or h igher ciliary  a c tiv ity .

Clinical signs

All b ird s  w ere checked carefu lly  fo r c lin ica l signs o f in fectious b ro n ch itis  
(IB ) da ily  fo r 4 days a fte r  challenge.

R esults

T he re su lts  o f ex p erim en t 1 are  su m m arized  in  T ab le  1. T he de fin ite  
presence or absence of c ilia ry  a c tiv ity  in  each  rin g  affords possib ility  to  q u a n ­
tify  th e  re sponse  to  th e  challenge v iru s.

C hickens v acc in a ted  w ith  s tra in  H -120 w ere c learly  p ro tec ted  ag a in st 
challenge w ith  s tra in s  M41, В an d  A E G , b u t  n o t  aga in st challenge w ith  s tra in s  
D-3896 an d  D -3128.

T rach ea l rings from  th e  u n v a c c in a ted  co n tro l chickens challenged w ith  
M41, В or Á E G  show ed no evidence o f c ilia ry  a c tiv ity . T rach eal rings from  
chickens ch allenged  w ith  iso lates Sz, D -207 an d  D-212 show ed 86 (72-100), 
85 (61-96) an d  81%  (50-100% ) cilia ry  a c tiv ity , respective ly .

In  ex p e rim en t 2, p ro te c tio n  w as challenged  in tra n a sa lly -in tra o cu la rly  
w ith  th e  sam e s tra in s  as in  ex perim en t 1. T h e  re su lts  are p resen ted  in  T ab le  2.
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Table

Ciliary activ ity  fo u r days a fte r challenge in  chickens vacc ina ted  in tra trach ea lly  w ith  IB Y
(resu lts  of

Ciliary activ ity  (%) in immunized chickens

l 2 3 4 5** Average (% )

M41 85 100 95 75 89 89

В 90 84 91 80 85 86
Sz 84 96 81 87 85 86
Á E G 82 97 86 89 90 89

D -207 74 83 ND 71 78 77

D -212 76 86 83 78 83 81

D-3896 0 0 0 0 0 0
D-3128 0 0 0 0 0 0

* challenge virus 10,000 E ID 5U/0.1 m l; ** 5 b irds per group; + clinical signs; N D  =  n o t

Table

C iliary  ac tiv ity  four d ay s a fte r  challenge in chickens in tran asally -in trao cu larly  v acc in a ted  w ith
(resu lts  of

Virus*
Ciliary ac tiv ity  (% ) in immunized chickens

1 2 3 4 5** A verage (% )

M41 75 85 95 80 90 85

В 100 100 85 90 90 93

Sz 100 100 100 100 85 96

Á E G 100 100 90 90 85 93

D -207 91 89 84 79 91 87

D -212 80 84 72 84 78 87

D-3896 79 81 84 62 86 79

D -3128 84 86 90 93 92 89

* challenge virus 10,000 E I D 5O/0.1 m l; ** 5 b irds p e r group; + clinical signs

In  th e  co n tro l g roups, c iliary  a c tiv ity  w as n o t affec ted  b y  challenge w ith  
th e  above s tra in s  ex c e p t s tra in  M41 (c ilia ry  a c tiv ity : 0). In  th e  v a c c in a ted  
g ro u p s  th ere  w as com plete  ciliary  a c tiv ity  a fte r challenge w ith  an y  o f  th e  
challenge s tra in s  in c lu d in g  M41.

Clinical signs like  sneezing, ra le s , h e a d  shaking  an d  sligh t nose b low ing  
w ere  observed in  th e  u n v acc in a ted  g roups (except g roups challenged  w ith  
Sz, D-207 and  D -212), especially  a fte r  in tra tra c h e a l challenge (Table 1).
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1

s tra in  H-120 and challenged b y  th e  sam e ro u te  w ith  heterologous s tra in s  four weeks la te r 
experim ent 1)

Virus*
Ciliary activity (% ) in  control chickens

1 2 3 4 5** Average (% )

M41 0 0 0 0 0 0 +
В 16 15 0 23 0 10 +
Sz 76 72 92 100 90 86
Á EG 9 10 10 15 18 13 +

D-207 96 ND 94 61 93 85
D-212 100 88 50 89 ND 81

D-3896 0 0 0 0 0 0 +

D-3128 0 0 0 0 0 0 +

determ ined

2

IB Y  s tra in  H-120 and  challenged b y  th e  sam e rou te  w ith  hetero logous stra ins four weeks la te r  
experim en t 2)

Virus*
Ciliary activity  (%) in control chickens

1 2 3 4 5 Average (%)

M41 0 0 0 0 0 0 +
В 100 80 80 90 100 90
Sz 100 90 100 100 80 94
ÁEG 100 90 85 80 90 89
D-207 87 80 86 100 92 89
D-212 77 89 88 80 94 86
D-3896 86 87 74 59 90 79
D-3128 78 100 74 77 78 83

D iscussion

In  c ross-p ro tec tion  te s ts  w ith  m ost re sp ira to ry  v iru ses, ob jective in te r ­
p re ta tio n  of th e  clin ical response m ay  be d ifficu lt, i f  n o t  im possible.

In  sim ilar ex p e rim en ts  w ith  IB Y , th e  p ro b lem  o f assessm ent of im m u n ity  
has been ap p roached  b y  re iso la tion  of th e  challenge v iru s  w ith in  a lim ited  
period  (H itch n er e t ah , 1964; H o fstad , 1967; W in tc rf ie ld  an d  F ad ly , 1972).
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S u c h  re iso la tion  a t te m p ts  h av e  been  m ad e  from  trach ea l sw abs o f chickens 
cha llen g ed  a fte r im m u n iza tio n .

T he p rim ary  ta r g e t  o rgan  of IB V  in fec tion  in  ch icken  is th e  tra c h e a  
(C u n n in g h am , 1976; D a rb y sh ire  e t ah , 1976) and  u n co m p lica ted  IB  is clin i­
ca lly  an  acu te , b rie f  a n d  se lf-lim iting  disease of th a t  organ  (P u rce ll an d  C larke, 
1972). A dem o n strab le  re s is tan ce  to  in fec tio n  a t th a t  s ite  w ou ld  suggest a 
m o re  generalized im m u n ity  in  an  in d iv id u a l chicken. G eilhausen  e t al. (1973) 
o b se rv ed  th a t  d u rin g  th e  f irs t  seven  d a y s  a fte r  challenge w ith  a v iru le n t s tra in  
o f  IB V  no ciliary  a c t iv i ty  could  be d e te c te d  in  th e  tra c h e a l rin g s, w hile infec­
t io n  w ith  an a v iru le n t s tra in  h a d  no  such  effect. In  th is  s tu d y , we observed 
t h a t  iso la tes Sz, D -207 a n d  D-212 d id  n o t  in fec t chickens o f th e  u n v acc in a ted  
g ro u p s b y  e ith er ro u te  o f challenge, a n d  c ilia ry  a c tiv ity  w as 85, 85 an d  81% , 
re sp ec tiv e ly , a f te r  in tr a tr a c h e a l  challenge (Table 1) and  94, 89 a n d  86% , res­
p e c tiv e ly , a fte r in tra n a sa l- in tra o c u la r  challenge (Table 2). N o clin ical signs 
w ere observed  a fte r challenge b y  e ith e r  ro u te .

A ccording to  th e  s ta te m e n t m ad e  b y  G eilhausen e t al. (1973), th is  sug­
g es ts  th a t  iso lates Sz, D -207 an d  D -212 alone do n o t p lay  a n y  ro le  in  in fection  
o f  b ro ile r flocks.

In  o th e r u n v a c c in a te d  g roups challenged  in tra tra c h e a lly  w ith  stra in s 
B , A E G  and  M41 (T ab le  1) ciliostasis an d  re sp ira to ry  signs w ere d e tec ted . 
I n tr a n a s a l  challenge w ith  s tra in s  В an d  A E G  gave no ev idence o f in fec tion  in  
th e  co n tro l groups (T able  2), in d ic a tin g  th a t  these  iso la tes are  n o t  able to  
in fe c t chickens w h en  g iven  th ro u g h  th e  in tra n a sa l ro u te . T h is re su lt is con­
s is te n t  w ith  th a t  o b ta in e d  b y  us ea rlie r (A l-T archa and K o jn o k , 1990).

E arlie r we fo u n d  (A l-T archa a n d  K o jnok , 1990) t h a t  in tra tra c h e a l  in ­
fe c tio n  of u n v acc in a ted  chickens lead s to  ciliostasis and  ap p e a ra n ce  of re sp i­
r a to r y  signs. In  th is  s tu d y , we o b serv ed  ciliostasis in  u n v a c c in a te d  chickens, 
b u t  th e  v acc in a ted  g roups show ed c ilia ry  a c tiv ity  and  w ere p ro te c te d  against 
ch a llen g e  w ith  th e se  iso la tes.

C iliary a c tiv ity  w as 79 an d  83 %  a fte r  in tra n a sa l challenge of u n v a c c in a t­
ed  chickens w ith  iso la tes  D -3896 an d  D -3128, respective ly  (T ab le  2), b u t  th e re  
w as ciliostasis in  b o th  th e  v a c c in a te d  an d  th e  u n v a c c in a ted  g roups w hen 
th e y  wrere challenged  w ith  these  s tra in s  in tra tra c h e a lly  (T able 1). T hese resu lts  
in d ic a te  th a t  v a c c in a tio n  w ith  s tra in  H -120 does n o t p ro te c t ch ickens against 
in tra tra c h e a l  challenge. T herefo re , w e suggest using a hom ologous vaccine 
a g a in s t these v iruses if  th e y  occur in  b ro ile r flocks.

Challenge w ith  s tra in  M41 b y  e ith e r  ro u te  caused in fec tio n  an d  acu te  
re s p ira to ry  signs in  th e  u n v a c c in a ted  ch ickens. Chickens im m u n ized  w ith  v a c ­
cine s tra in  H-120 w ere p ro te c te d  a g a in s t challenge w ith  s tra in  M41.
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IN S T R U C T IO N S  TO A U T H O R S

M an uscrip ts a re  a cc ep te d  on th e  b asis o f sc ien tific  sign ificance a n d  su ita b ility  for p u b li­
cation  on  th e  u n d e rs tan d in g  t h a t  th ey  hav e  n o t  been published- su b m itte d  o r accep ted  for p u b li­
ca tio n  elsew here. A ccep tan ce  depends on  th e  op in ion  o f tw o  referees an d  th e  decision of th e  
E d ito ria l B oard . P ap e rs  accep ted  for p u b lica tio n  are  su b je c t to ed ito ria l rev is ion .

M A N U S C R IPT  ST Y L E

M an uscrip ts m u s t he  in  E nglish  o r H u n g a rian  a n d  c learly  and  concisely  w ritten . T h ey  
shou ld  be ty p e d  double  sp aced  w ith w ide m arg ins. Tw o copies o f th e  m a n u sc r ip t should be  
su b m itted .

FO R M  O F M A N U S C R IPT
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SEDATIVE EFFECT OF DETOMIDINE 
IN INFANT CALVES

P . K . P e s h i n , A. P . S i n g h * ,  J i t  S i n g h ,  D. B. P a t i l  an d  D av o o d  S h a r i f i

D e p a r tm e n t of V e te rin a ry  Surgery a n d  R ad io lo g y , College o f V e te rin a ry  Sciences, H a ry a n a  
A gricu ltu ral U n iv e rs ity , H isa r-1 2 5  004, In d ia

(R ece iv ed  N o vem ber 2, 1990)

D etom id ine  ad m in istered  in tra m u sc u la r ly  a t  a  dose o f 10, 20 or 40 p g /kg  b o d y  
m ass was e v a lu a te d  for its  s e d a tiv e  effects in  15 u n fa sted  in fa n t calves (age: 15-20  
d ays; body  m ass: 18-33 kg). T he d ru g  p ro d u ced  dose -d ep en d en t sed a tio n . A t a dose o f  
10 pg/kg  detom id ine  produced  e ffec tiv e  sed a tio n  fo r 30 to  45 m in  w ith o u t  a n y  observab le  
analgesia. A t doses o f 20 or 40 p g /k g  i t  caused  deep sedation , s te rn a l recu m b en cy , 
an d  m o d era te  analgesia o f th e  t r u n k .  H y p erg lycaem ia  w as reco rded  a t  a ll dose levels. 
T he changes in  resp ira to ry  ra te ,  re c ta l  tem p e ra tu re , haem oglobin , p ack ed  cell vo lum e, 
to ta l  e ry th ro c y te  count and  p la sm a  c o n cen tra tio n  of to ta l  p ro te in  w ere n o t  sign ifican t.

Key w ords: D etom idine, se d a tiv e  effects, in fan t calves

D etom id ine , an  alpha-2 a g o n is t has been  show n to  possess good sed a tiv e  
an d  analgesic p ro p erties  in  horses (S tenberg , 1986; Joch le  a n d  H am m , 1986). 
C linical experience for tre a tin g  horses an d  c a ttle  has also been  described  
(C larke an d  T ay lo r, 1986; A lita lo , 1986). W e have  recen tly  e v a lu a te d  d iffe ren t 
low  doses of detom id ine  for s e d a tiv e  effect in  6 -m onth-o ld  to  1 -year-o ld  calves 
(P esh in  e t al., 1990). E n co u rag in g  resu lts  w ere o b ta in ed . T hese fav o u rab le  
experiences p ro m p te d  us to  e v a lu a te  th ree  d iffe ren t doses o f  de to m id in e  in  
in fa n t calves. T he resu lts  are re p o r te d  in  th is  p ap er.

M aterials and methods

F ifteen  in fa n t calves (age: 15 -20  days; bo d y  m ass: 18-33 kg) w ere used . 
T he calves w ere fed  skim m ed m ilk  an d  w ere n o t fasted  before  a d m in is tra tio n  
o f th e  drug. T h ree  d ifferent doses o f de tom id ine , viz. 10, 20 an d  40 pg /kg  
w ere ad m in is te red  in tra m u sc u la rly  to  5 calves each. The v a riab les  observed  
w ere sedation  a n d  analgesia, h e a r t  ra te , re sp ira to ry  ra te , re c ta l  te m p e ra tu re , 
haem og lob in  (H b ), packed  cell v o lu m e  (PCV), to ta l  e ry th ro c y te  co u n t (TEC ), 
p la sm a  co n cen tra tio n  of to ta l  p ro te in  (TP), an d  blood glucose (F o lin  an d  W u, 
1920).

F o r sed a tio n , th e  position  o f  th e  head , th e  position  an d  expression  o f 
ca lves, th e  response to  noise a n d  ap p ro ach , an d  th e  presence or absence o f
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a ta x ia  were recorded . S eda tion  was g ra d e d  as m ild  (an im al calm  b u t responds 
to  noise, approach  a n d  to u ch ), m o d era te  (calm  w ith  sluggish  response to  noise, 
a p p ro ach  and  to u ch ), a n d  deep (calm  w ith  no response to  noise, ap p ro ach  an d  
to u c h ). F or analgesia , th e  p in -p rick  m e th o d  w as used  a t  th ree  po in ts  on th e  
t r u n k  (neck, sh o u ld e r a n d  h in d q u a rte r)  a n d  tw o spo ts each  on th e  forelim bs 
an d  hindlim bs (c o ro n a ry  border, c a rp a l an d  ta rsa l  a rea). A nalgesia of th e  
lim bs and  th a t  o f  th e  tru n k  were g ra d e d  sep a ra te ly . M iscellaneous clinical 
signs w ere also reco rd ed . S ta tis tica l an a ly s is  o f th e  d a ta  w as done b y  S tu d e n t’s 
t te s t  a t  a p <  0.05 lev e l o f significance.

R esults

In tra m u sc u la r  ad m in is tra tio n  o f de to m id in e  p ro d u ced  dose-dependen t 
sed a tio n  in  the  ca lves (Table 1). In d u c tio n  was q u ick e r a t  h igher doses. The

T able  1

O nset, to ta l duration  o f seda tion , du ra tion  of effective seda tion  an d  com plete recovery tim e 
(m ean  ^  SE) in min a f te r  in tram u scu la r ad m in is tra tio n  of d e tom id ine  in in fan t calves a t  th ree

dose levels (ug/kg)

Dose Onset of sedation
Total duration 

of sedation
D uration of 

effective sedation
Complete recovery 

tim e

10 18.2 ±  1.4 100 ±  3.0 37 ±  2.6 158 ±  2.3
20 6 .8  ±  0.8 122 ±  9.0 67 ±  7.5 183 ±  7.5
40 5.2 ± 167 ±  8.5 115 ±  8.5 223 ±  7.2

dose of 10 pg/kg p ro d u c e d  effective sed a tio n  fo r 30 to  45 m in. C om plete 
reco v ery  from  se d a tio n  a t  th is  dose to o k  140-170 m in . E lev a tio n  of th e  dose 
p ro longed  th e  d u ra tio n  of effective sed a tio n  as w ell as th e  recovery  tim e. 
A fte r  th e  20 /tg dose, calves were deep ly  sed a ted  an d  h a d  a sleepy look. T heir 
eyes were closed w ith  re laxed  u p p er eyelids. T he 40 pg /kg  dose p roduced  a 
v e ry  s trong  sed a tio n . A fte r  10 pg, 3 an im als  were in  a fix ed  s tan d in g  position , 
w ith  a w eak response to  noise d u ring  th e  period  o f effective sedation . A tax ia  
w as m ild. Two calves w en t in to  s te rn a l recu m b en cy  15 m in  a fte r  th e  in jec tion . 
A t th e  higher doses (20 an d  40 fig) a ll calves w en t in to  e ith e r  s te rn a l or la te ra l 
recu m b en cy  d u ring  th e  period of e ffec tive  sed a tio n . I n  s te rn a l recum bency , 
e ith e r  th e  jaw  w as re s tin g  on th e  g ro u n d  or th e  n eck  w as tu rn e d  on to  th e  
shou lder. The jaw  w as re lax ed  30 m in  a f te r  th e  in jec tio n . T he degree of low er 
ja w  re lax a tio n  was h ig h e r  a fte r th e  40 ц g dose, an d  in  m o st an im als th e  tongue  
p ro tru d e d . S a liv a tio n  w as m ild (10 a n d  20 pg) or m ild  to  m o d era te  (40 pg). 
A t h igher doses, m o st o f  th e  anim als d id  n o t  respond  to  noise a t  all.
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T h ere  was no  observable an a lg es ia  o f th e  tru n k  or lim bs a t  th e  dose of 
10 fig. H igher doses p roduced  m ild  to  m odera te  analgesia. T h e  d u ra tio n  of 
ana lgesia  was less th a n  th a t  of e ffec tiv e  seda tion  (Table 2). F re q u e n t u r in a tio n  
o ccu rred  a t all th e  th re e  dose levels.

Table 2

D u ra tio n  (m ean ^  SE ) o f m oderate  analgesia  o f tru n k  and lim bs in  m inutes a f te r  in tram u scu la r  
ad m in istra tion  o f detom idine in in fa n t  calves a t  th ree  d ifferen t dose levels (/ig/kg)

Dose T runk Limbs

10 _ _
20 49 ±  7.0 34 ±  8.0
40 74 ±  9.4 46 ±  4.3

D etom id ine  caused  b ra d y c a rd ia  in  th e  calves (Fig. 1). T h e  m ax im um  
p e r c e n t decrease in  h e a r t ra te  w as 18, 20 an d  25%  w ith  th e  doses o f 10, 20 
an d  40 fig, respective ly . T here w as n o  effect on th e  re sp ira to ry  ra te  a fte r  th e  
10 fig  dose. The 20 fig  dose s lig h tly  depressed  resp ira tio n , w hile th e  40 fig 
dose in d u ced  its  m ild  stim u la tio n . T h e  decrease in  rec ta l te m p e ra tu re  was n o t 
s ig n ifican t. The changes in H b , РС У , TEC  an d  T P  were m in o r an d  non-

F ig. 1. E ffec t of detom id ine  on th e  h e a r t  r a te  o f  young  calves a f te r  in tra m u sc u la r  a d m in is tra tio n
a t  d iffe re n t doses

Table 3

E ffec t o f th ree  d ifferent dose levels of in tra m u sc u la rly  adm inistered  detom id ine on  blood glucose 
level (mg/100 ml) a t  d iffe re n t in te rvals (m ean ±  SE)

Dose
O'g/kg)

Time (h)

0 1 3 24

10 70.6 ±  2.05 126.8 ±  2.45 119.6 ±  5.60 76.8 ±  0.95
20 62.0 ±  2.83 129.2 ±  4.75 140.0 ±  4.91 65.2 ±  3.51
40 67.8 ±  5.02 131.6 ±  5.01 152.8 ±  5.87 74.4 ±  5.56
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s ig n ifican t. H y p erg ly caem ia  occurred  a t  all th e  th re e  dose levels (Table 3). 
T h e  m axim um  p er c e n t increase in  p lasm a glucose co n cen tra tio n  was 80%  
w ith  10 fig and 125%  w ith  20 an d  40 fig. G lucose co n cen tra tio n  re tu rn ed  to  
n e a r  in itia l values a t  24 h.

Discussion

In  com bination  w ith  local analgesic ag en ts , a safe an d  effective sedative  
can  be used  in  in fa n t calves for m inor surg ical p rocedures. The resu lts  of th e  
p re se n t s tu d y  show  t h a t  an  in tra m u sc u la r  dose o f 10 fig/kg produces effective 
sed a tio n  of su ffic ien t d u ra tio n . I f  req u ired , th e  d e p th  an d  d u ra tio n  of sedation  
can  be increased b y  u sin g  th e  20 fig /kg  dose. H ow ever, th e  use o f local a n a l­
gesia fo r painfu l p ro ced u res  will be m a n d a to ry  as d e tom id ine  d id  n o t produce 
good analgesic effect. T h e  dose of 40 fig m ay  n o t be desirab le  because of s trong  
sed a tio n  and p ro longed  recovery  tim e.

T he su ffic ien t dose o f detom id ine  for a d u lt c a tt le  was rep o rted  to  be in  
th e  ran g e  of 30 to  60 fig/kg  (A litalo , 1986). W e p rev io u sly  ev a lu a ted  detom idine 
in  calves (six m on th s to  one y ea r old) o lder th a n  used  in  th e  p resen t s tu d y  and  
fo u n d  th a t  doses o f  5 fig  in trav en o u sly  an d  10 fig  in tram u scu la rly  were su f­
f ic ie n t to  produce e ffec tiv e  sedation . A n in trav en o u s  dose of 10 fig an d  h igher 
doses o f 20 and  40 fig  b o th  iv . and  im . caused  deep sedation . S edation  ob­
ta in e d  w ith  th e  h ig h er doses (20 an d  40 fig) in  th e  in fa n t calves o f th is  s tu d y  
w as m uch  deeper th a n  th a t  induced  in  th e  o lder calves. A lthough  a dose of 
40 fig  produced  s tro n g  sedation  w ith  p ro longed  recovery , th e re  were no ob­
se rv ab le  harm fu l effec ts . T herefore, th e  efficacy  o f low detom idine doses in  
in fa n t calves is a cco m p an ied  b y  a good m arg in  o f  sa fe ty .

D etom idine causes ch a rac te ris tic  b ra d y c a rd ia  in  horses (C larke and  
T ay lo r, 1986) w hich  is re la te d  to  its  cen tra l d e p re ssa n t ac tion . T he m in im um  
h e a r t  ra te  a fte r d e to m id in e  ad m in is tra tio n  (10-40  fig/kg) was 28 -43%  of th e  
in it ia l  values in  foals (O ijalo  and  K a tila , 1988) a n d  3 0 -5 0 %  in horses (Clarke 
an d  T ay lo r, 1986). I n  in fa n t calves o f th is  s tu d y  m in im um  h e a r t ra te  was 
2 5 -2 8 %  as com pared  to  2 9 -3 3 %  in o lder calves (P esh in  e t al., 1990) a fte r 
th e  sam e dose an d  ro u te  of ad m in is tra tio n . H y p erg ly caem ia  as observed  in  
th e  p re se n t s tu d y  h as  also been rep o rted  in  horses (S h o rt e t al., 1986), sheep 
(K o ich ev  e t al., 1988; S ingh  e t al., 1990) an d  o lder calves (P esh in  e t al., 1990). 
T he m echanism  o f th e  h y perg lycaem ia-induc ing  effect of detom id ine  has n o t 
b een  elucidated  so fa r.
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EVALUATION OF DETOMIDINE 
AS A SEDATIVE IN GOATS

A. P .  S i n g h * , P .  K . P e s h i n , J i t  S i n g h , D avood S h a r i f i  an d  D . B. P a u l

D e p a r tm e n t o f V e te rin a ry  Surgery a n d  R adio logy , College of V e te rin a ry  Science, H a ry a n a  
A gricultural U n iv e rs ity , H isar 125 004, In d ia

(R ece iv ed  N ovem ber 2, 1990)

In tra m u sc u la r  (i.m .) an d  in tra v e n o u s  (i.v.) a d m in is tra tio n  of d e to m id in e  a t  doses 
o f  10, 20 a n d  40 /rg/kg body m ass w as ev a lu a ted  for its  sed a tiv e  and  analgesic  p ro p erties  
in  15 goats (C apra hircus). T he d ru g  produced  dose- an d  ro u te -d e p en d e n t seda tion . 
T he 10 /ig /kg  dose was effective o n ly  w hen adm in iste red  i.v . T here  w as no  observab le  
analgesia  a t  th is  dose. H igher doses p ro d u ced  effective sed a tio n  a n d  m o d era te  analgesia  
o f  th e  body  w ith  e ither rou te  o f a d m in is tra tio n . Severe a ta x ia  an d  s te rn a l recu m b en cy  
w ere seen in  all th e  anim als a f te r  th e  dose of 40 /ig/kg. O th e r effects o f d e to m id in e  in 
these  goats in c lu d ed  mild to  m o d e ra te  sa liva tion , depressed  re sp ira to ry  ra te ,  decreased  
re c ta l te m p e ra tu re , b rad y ca rd ia  a n d  hyperg lycaem ia . P la sm a  c o n ce n tra tio n s  o f  to ta l  
p ro te in , sod ium , po tassium  an d  ch lo rid e  were no t affected .

Key w ords: D etom idine, g o a t, sed a tiv e  effects

T he alpha-2  agonist d e to m id in e  is q u ite  a new  sed a tiv e  w hich  has y e t to  
be  m ark e ted  in  m a n y  countries. T h e  d ru g  has p ro v ed  useful in  horses (V ainio, 
1985; C larke an d  T ay lo r, 1986; S h o rt e t ah, 1986). Clinical tr ia ls  in  c a ttle  
h a v e  been  re p o rte d  from  F in lan d  (A lita lo , 1986). W e have recen tly  e v a lu a ted  
th is  d ru g  as a sed a tiv e  in  ca ttle , sh eep  an d  buffaloes, given a t  d iffe ren t doses 
in tra m u sc u la r ly  (i.m .) as well as in trav en o u sly  (i.v .). T he resu lts  o f these  
s tu d ie s  are u n d e r pub lication .

G oats are agile in  n a tu re , a n d  a good sedative  is alw ays u sefu l in  th e  
h a n d lin g  an d  clin ical ex am in a tio n  o f th is  species. Since th e  effects o f de­
to m id in e  in  goats  have  no t been  in v e s tig a te d  so far, we e v a lu a ted  th re e  dose 
levels o f th is  d ru g  w ith  tw o ro u te s  o f  ad m in is tra tio n .

M aterials and methods

E x p e rim en ts  were co n d u c ted  on  15 goats w eighing 15 to  20 kg . T hree 
d iffe ren t doses o f detom idine, v iz . 10, 20 and  40 jitg/kg w ere tr ie d  o u t in  five  
an im als  each. Tw o rou tes of a d m in is tra tio n , viz. i.m . an d  i.v . ( ju g u la r  vein), 
w ere u sed  for each  dose a t 10-day  in te rv a ls . T he goats w ere c lin ically  h e a lth y
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an d  h a d  been k ep t u n d e r  th e  sam e m an ag em en ta l cond itions before th e  ex ­
p e rim en ts . The v a riab les  observed  included  degree o f sed a tio n  an d  analgesia, 
h e a r t  r a te , re sp ira to ry  r a te ,  rec ta l te m p e ra tu re , b lood  glucose level (Folin  an d  
V u ,  1920), p lasm a c o n c e n tra tio n  o f to ta l  p ro te in  (b iu re t m ethod), sodium  
an d  p o tass iu m  (flam e p h o to m e te r)  an d  ch loride (ch loride m eter). F o r sedation , 
th e  p o sitio n  of head , d ro op ing  of u p p e r eyelid , position  an d  expression o f 
an im al, response to  no ise  an d  app roach , an d  p resence or absence o f a ta x ia  
w ere reco rded . Since th e  to ta l  d u ra tio n  o f sed a tio n  inc luded  m ild  effects too , 
e ffec tive  sedation  tim e  w as recorded  sep a ra te ly . S ed a tio n  was g raded  as m ild 
(an im al calm  b u t re sp o n d s  to  noise, ap p ro ach  a n d  to u ch ), m o d era te  (calm  
w ith  sluggish  response to  noise, app roach  an d  to u ch ), or deep (calm  w ith  no 
response  to  noise, to u c h  an d  approach). T he d u ra tio n  o f effective sedation  
w as ta k e n  as the  sum  o f m o d era te  and  deep sed a tio n . F o r analgesia , th e  p in ­
p ric k  m eth o d  (O ijalo a n d  K a tila , 1985) was used  a t  th ree  po in ts  on th e  tru n k  
(neck , shoulder and  h in d q u a rte rs )  an d  a t  tw o  sp o ts  each  on th e  forelim bs 
(co ro n a ry  border an d  c a rp a l area) and  h ind iim be (co ronary  b o rd e r an d  ta rsa l 
a rea). T he lim b and  th e  tru n k  were graded  sep a ra te ly . U rin a tio n , sa liva tion  
a n d  lac rim a tio n  d u rin g  th e  effect of d ru g  w ere also recorded . T he s ta tis tic a l 
an a ly sis  o f d a ta  was done by  S tu d e n t’s t te s t  a t  p <  0.05 significance.

Results

T h e signs of e ffec tiv e  sedation  in  th ese  goa ts  w ere calm , u n in te rested  
exp ression , fixed  s ta n d in g  position  or s te rn a l recu m b en cy , m o d era te  re lax a tio n  
o f th e  u p p e r  eyelids, w eak  response to  noise, a p p ro ach  an d  to u ch , and  m inim al 
r e s t r a in t  requ ired  fo r c lin ica l exam ina tion . L ow ering  o f h ead  w as n o t a reliable 
in d ic a to r  of sedation . T h e  dose of 10 /xg i.m . fa iled  to  produce  sa tisfac to ry  
re su lts : only  one g o a t developed  effective sed a tio n  of 20 m in  d u ra tio n . In  th e  
rem a in in g  anim als se d a tio n  was m ild and  th e y  responded  qu ick ly  to  th e  
a p p ro a c h  o f th e  in v e s tig a to r . T he in d u c tio n  tim e , d u ra tio n  of effective sedation  
an d  com plete  recovery  tim e  a fte r  de tom id ine  a d m in is tra tio n  are show n in  
T ab le  1. The d ep th  a n d  d u ra tio n  of effective sed a tio n  w ere dose as well as 
ro u te  dependen t. I .v . a d m in is tra tio n  p ro d u ced  qu ick  in d u c tio n  an d  b e tte r  
d e p th  o f sedation . T h e  recovery  tim e  was also dose d ep en d en t. A tax ia  was 
m ild  to  m odera te  a f te r  10 to  20 /tg and  m o d era te  to  severe a fte r  40 /xg. S ternal 
recu m b en cy  was reco rd ed  in  a few anim als a f te r  20 /xg an d  in  all a fte r 40 /xg.

T he developm ent o f analgesia in  th e  an im als  w as n o t sa tisfac to ry . 
M o d era te  analgesia o f th e  tru n k  and  m ild analgesia  of th e  forelim bs developed 
a t  doses o f 20 and  40 /xg. A nalgesia of th e  h ind iim be did  n o t develop and  m ost 
an im als  responded  to  s tim u li exerted  on th e  co ro n ary  bo rd er. S a liva tion  was 
m ild  a f te r  10 to  20 /xg a n d  m ild  to  m odera te  a f te r  40 /xg detom id ine.
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Table 1

O nset an d  d u ra tio n  of effective sedation a n d  com ple te  recovery  tim e (m ean d= SE ) in  m in u tes  
a f te r  detom idine a d m in is tra tio n  a t  th ree  dose levels

Route and 
dose fug/kg)

Onset of 
sedation

D uration of effective 
sedation

Complete recovery- 
time

In tram uscular

10 — — —

2 0 12 ±  2.5 50 ±  6.0 170 ±  5.5
40 8.4 ±  1.5 78 ±  7.0 199 dr 5.7

Intravenous

10 1 .6  ±  0 .2 43 ±  4.5 124 ±  5.0
2 0 1.3 ±  0.3 62 ±  5.8 152 ±  9.3
40 1 .2  ±  0 .2 107 ±  6.4 220 ±  5.5

T he change in  re sp ira to ry  ra te  w as n o t sign ifican t. H ow ever, de to m id in e  
caused  a general decrease in  re sp ira to ry  ra te  a t  all dose levels used. A h y p o ­
th e rm ic  effect o f th e  d ru g  was also re co rd ed  in  th ese  goats. The decrease in  
re c ta l te m p e ra tu re  ran g ed  betw een 0 .8  an d  2.0 °F . T h e  decrease in  re c ta l 
te m p e ra tu re  was n e ith e r  dose nor ro u te  d ep en d en t. R ec ta l te m p e ra tu re  r e tu r n ­
ed  to  th e  in itia l va lu es  w ith in  3 h a f te r  d ru g  ad m in is tra tio n . S ign ifican t b ra d y ­
ca rd ia  occurred  in  a ll th e  goats a fte r  th e  ad m in is tra tio n  o f detom id ine  (F ig . 1). 
M inim um  h ea rt ra te  w as observed 30 to  45 m in a fte r  i.m . in jec tion  an d  w ith in

Fig. 1. E ffec t o f d e to m id in e  on th e  h e a r t r a te  o f g oa ts a fte r  in trav en o u s  and  in tra m u sc u la r
ad m in istra tio n  a t  d iffe ren t doses
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10 m in  a fte r i.v . in je c tio n . The decrease in  h e a r t  ra te  was s ta tis tic a lly  sign i­
f ic a n t  u p  to  90 to  150 m in  in  th e  d iffe ren t g roups. The h e a r t ra te  rem ain ed  
below  th e  in itia l v a lu e s  even 3 h a f te r  i.v . ad m in is tra tio n  o f th e  drug. T he 
d ev e lo p m en t of h y p erg ly caem ia  was s ig n if ic a n t a t  all th e  dose levels (Table 2). 
C hanges in  th e  p la sm a  co n cen tra tio n  o f to ta l  p ro te in , sod ium , p o tassiu m  
a n d  ch loride were n o t  sign ifican t.

Table 2

E ffec t o f detom idine adm in iste red  a t th ree  dose levels on  blood glucose levels (m g/100 m l ) 
a t  d iffe ren t in tervals a fte r  a d m in is tra tio n  (m ean i  SE )

R oute  and Tim e (h) Maximum
increase,

%
dose (ßg/kg)

0 1 3 24

In tram uscular

10 64.4 ±  3.41 108.0 ± 6.52 108.6 ± 6.83 66.2  ± 2.16 69
20 61.8 ±  3.75 120.0 ± 7.00 110.4 ± 2.89 71.0 ± 4.84 94
40 62.0 ±  3.74 120.0 ± 7.67 126.0 ± 4.93 88.6  ± 5.26 103

Intravenous

10 90.4 ±  4.92 103.4 ± 7.23 157.0 ± 8.75 135.8 ± 7.01 74
20 86.6  ±  4.65 124.2 ± 12.71 165.6 ± 8.10 121.0 ±  10.54 91
40 80.4 ±  3.55 140.0 ±  14.26 166.2 ± 11.1 115.4 ± 7.28 107

D iscussion

T he goats u sed  in  th is  s tu d y  w ere h ig h ly  agile in  n a tu re . Before sed a tio n  
i t  w as very  d ifficu lt to  ca tch  th em  as th e y  ra n  aw ay w hen an y  ap p ro ach  w as 
m ad e . T herefore, a f te r  sedation  th e  g o a ts ’ response to  th e  ap p ro ach  of th e  
in v e s tig a to r  p ro v id ed  a m easure of th e  degree o f sedation . M ild response in  
th e se  goats was a lw ay s accep ted  even  a f te r  deep sedation , unless th e  an im als 
w ere in  ste rn a l recu m b en cy . The re su lts  o f th is  s tu d y  show  th a t  de tom id ine  
p ro d u ces excellent se d a tiv e  effects in  th e  g o a t. T h e  sedative  effects o f th e  d ru g  
w ere  dose as well as ro u te  dependen t. T h e  d e p th  an d  th e  d u ra tio n  o f effective 
se d a tio n  were b e t te r  a t  h igher doses an d  a f te r  i.v . ad m in is tra tio n .

The dose o f 10 jitg/kg i.v. was n o t su ffic ien t to  produce effective sed a tion . 
I t  ap p ears  th a t  doses o f 20 to  40 /xg/kg shou ld  be su ffic ien t to  p roduce sa tis ­
fa c to ry  sedation . T h e  40 ,ug/kg dose cau sed  deep sedation  o f longer d u ra tio n  
a n d  recovery  tim e  w as m uch pro longed . W h en  i.m . doses o f 10 an d  20 [ig 
w ere used, re s tra in t o f  th e  an im al’s h ead  w as essen tia l during  clin ical ex am in a ­
tio n . T he resu lts d id  n o t show sa tis fa c to ry  analgesia  in  these  goats a fte r  d e ­
to m id in e  a d m in is tra tio n . Only th e  h ig h es t dose (40 /xg) p roduced  m o d era te
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an a lg esia  of th e  tru n k . Clarke a n d  T a y lo r  (1986) d id  n o t observe analgesia  in  
ho rses a t  th e  dose range betw een  5 an d  20 /ig. O th e r in v e s tig a to rs  re p o rte d  
analgesic  effects o f  detom idine in  ho rses an d  c a ttle  (V ainio, 1985; Jo ch le  an d  
H a m m , 1986; S ten b erg  et ah , 1986; O ijalo an d  K a tila , 1988).

B rad y ca rd ia , h y p o th e rm ia , d ep ressed  re sp ira to ry  ra te  an d  hyperg lycae- 
m ia  w ere observed  in  th e  goats a f te r  de tom id ine  a d m in is tra tio n . A s ligh t 
d ep ression  of th e  re sp ira to ry  ra te  w as observed  w ith  deto m id in e  in  c a ttle  
(V ain io , 1985). In  goats , a s ig n ifican t red u c tio n  in  re sp ira to ry  ra te  w as rep o rted  
a f te r  xy lazine (0.22 mg/kg) a d m in is tra tio n  (K u m ar an d  T h u rm o n , 1979). 
In h ib itio n  of sy m p a th e tic  tone  in  th e  CNS b y  alpha-2 agon ist was s ta te d  to  
be th e  cause of b rad y ca rd ia , h y p o th e rm ia  an d  sedation  (V irtan en , 1986). In  
ho rses, A -V  and  S-А  block was re p o r te d  to  cause b ra d y c a rd ia  a f te r  de tom id ine  
a d m in is tra tio n  (C larke and  T ay lo r, 1986). H yperg lycaem ia  in  connection  w ith  
d e to m id in e  ad m in is tra tio n  has b een  observed  in  horses (S h o rt e t ah , 1986), 
sheep  (K oichev e t ah , 1986; S ingh e t  ah , 1990) an d  c a ttle  (P esh in  e t ah , 1990). 
T h e  e x a c t m echanism  b y  w hich th is  hyperg lycaem ia  develops rem ains to  be 
in v e s tig a te d . In h ib itio n  of in su lin  p ro d u c tio n  m ay  be one o f th e  fac to rs in ­
v o lv ed  (H su  an d  H im m el, 1981; T r im  an d  H anson , 1986).

T h e  resu lts show  th a t  a 20 /tg /k g  dose of detom id ine  shou ld  be su ffic ien t 
to  cause  effective sedation  of g o a ts  fo r clinical ex am in a tio n . T h e  10 ^ig/kg 
dose, g iven i.v ., m ay  be useful in  re la tiv e ly  docile an im als, b u t  i.m . a d m in is tra ­
tio n  o f  th is  dose m a y  n o t p roduce  sa tis fa c to ry  resu lts . T he h ig h est dose te s te d , 
40 jUg/kg, m ight be useful in  co m b in a tio n  w ith  local an a e s th e tic  so lu tions for 
m in o r surgical p rocedures, b u t re c o v e ry  tim e  is prolonged.
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SLEEP AND ACTIVITY OF PIGLETS 
WEANED INTO CAGES

У. K o t r b á c e k

D e p a rtm e n t o f A n im al Physiology, U n iv e rs ity  o f V e te rin a ry  Sciences, B rn o , Czech a n d  S lo v ak
R ep u b lic

(R eceived  N o v em b er 30, 1990)

T he d u ra tio n  and ty p e  o f sleep an d  a c tiv ity  were m o n ito red  in  a  g roup  o f  9 
D u ro c  p ig le ts w eaned a t  7 weeks of age an d  p laced  in to  a cage of 1.2 X 1.2 m . A v erag e  
a ir  te m p e ra tu re  in the  cage ra n g ed  b e tw een  20 an d  23 °C an d  re la tiv e  h u m id ity  w as 
a ro u n d  7 0 % . T he piglets w ere fed  a n d  w a te red  ad libitum . T he m easu rem en ts  w ere  
p e rfo rm ed  one week afte r th e  p igs h a d  been  tran sfe rred  to  th e  cages, in  th e  p e rio d  
b e tw een  8 a .m . and  1 p .m .

A p p ro x im ate ly  h a lf o f th e  5 -hour period  of ob se rv a tio n  w as occupied  b y  sleep . 
T h ere  w ere, how ever, m arked  in d iv id u a l d ifferences (ranges: 66  a n d  24% ). N o n -R E M  
sleep  o ccup ied  79%  while R EM  sleep 21%  o f th e  w hole sleep tim e. R E M  episodes la s te d , 
on  th e  av erag e, 3.8 -f- 0.58 m in.

T he o th e r  ha lf of th e  p e rio d  s tu d ied  was occupied b y  w akefu lness w hich  w as 
d e v o te d  to  m ovem ent, lying an d , also, m assag ing  and  sucking each  o th er. In  som e 
an im als  th is  a c tiv ity  was h igh  a n d  w as th e  cause of u n re s t in  th e  w hole group.

D ifferences in re sp ira to ry  ra te  be tw een  non-R E M  an d  R E M  sleep reco rd ed  in  
h e av ie r  an im als  were th e  re su lt o f th e ir  h e a t load.

K ey w ords: Pig, cage b reed ing , a c tiv ity , m assaging, sucking, R E M  sleep, non« 
R E M  sleep

Sleep is essen tia l for th e  d ev e lo p m en t an d  g row th  o f y o u n g  p ig le ts . 
U n d er o p tim a l conditions th e  tim e  sp e n t sleeping m ay  reach  90%  o f th e  d a y ­
tim e  (P o k o rn á  e t  al., 1988). D u rin g  rea rin g , how ever, th e re  are  periods w hen  
sleep is s tro n g ly  affected b y  e x te rn a l fac to rs  such as th e  w ean ing  o f p ig le ts  
from  th e ir  m o th e rs . In  th a t  period  n o t on ly  th e  en v iro n m en t b u t  th e  n u tr i t io n  
an d , f re q u e n tly , also th e  com position  o f th e  g roup  change. A ll th is  b rings a b o u t 
p rob lem s w hich  usually  cause a t ra n s ie n t  decrease in  b o d y  m ass gain  an d  in  
som e an im als  even  a prolonged re ta rd a tio n  in  grow th . A fte r w ean ing  th e  
an im als’ a c t iv i ty  decreases to  th e  d e tr im e n t of th e  restin g  period  an d  sleep. 
T he e s ta b lish m e n t of a new w ak e-sleep  rh y th m , w hich g rad u a lly  increases th e  
tim e  sp e n t sleep ing  in  th e  c ircad ian  cycle, ind ica tes  th a t  th e  an im al is becom ing  
a d a p te d  to  th e  new  conditions.

Sleep is kn o w n  to  be accom pan ied  b y  reduced  sy m p a th e tic  an d  increased  
p a ra sy m p a th e tic  tone . As a re su lt o f th e  elim ination  o f m o v em en t, sleep 
s ig n ifican tly  co n trib u tes  to  decreasing  th e  level o f energy m etabo lism  (Z epelin  
an d  R ech tsch a ffen , 1974). In  a d d itio n , R E M  sleep was fo u n d  to  reduce  th e  
p o s tp ra n d ia l increase  in  th e  p ig le ts ’ h e a t p ro d u c tio n , suggesting  th a t  th is  
sleep c o n tr ib u te s  to  a m ore econom ical use o f feed energy (K o trb ácek , 1988;
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K o trb á c e k  and H o n ig , 1990). F rom  th e  above  i t  follows th a t  in v estig a tio n s 
in to  th e  sleep of pigs a re  u n d o u b ted ly  v e ry  im p o r ta n t because th e y  in fo rm  us 
a b o u t th e  an im als’ a b il i ty  to  ad ap t to  d iffe re n t b reed ing  m easures an d  various 
technologies. The a im  o f th is s tu d y  w as to  c o n tr ib u te  to  e luc ida ting  these  
p rob lem s.

Materials and methods

T h e in v estig a tio n s rep o rted  here w ere aim ed a t  de te rm in in g  th e  d u ra tio n  
o f v ig ilance  and  sleep in  a group of w ean ed  p ig lets k e p t in  cages. In  ad d itio n , 
th e  ty p e  o f th e ir  a c t iv i ty  as well as th e  d u ra tio n  an d  course o f th e  in d iv id u a l 
s leep—w ake stages w ere  s tu d ied  A g roup  o f  9 D uroc p ig le ts, w eaned a t  th e  age 
of 7 w eeks and p la c e d  in to  an  ex p e rim en ta l g ra ted -flo o r cage 1.2 X  1.2 m  in  
size, w as used. T he w alls  and  ceiling w ere m ade o f p lexiglass and  could be 
m o v ed  an d  used fo r  closing th e  cage. F a n s  w ith  au to m a tic  reg u la tio n  of 
in co m in g  air te m p e ra tu re  were used fo r v e n tila tio n . A verage a ir  te m p e ra tu re  
ra n g e d  betw een 20 °C a n d  23 °C, a n d  re la tiv e  h u m id ity  o f a ir  w as a ro u n d  
7 0 % . T he piglets w ere  fed  and  w a te red  ad lib itum . T he  m easu rem en ts w ere 
p e rfo rm ed  in th e  p e rio d  betw een 8 a .m . a n d  1 p .m ., one week a fte r  th e  pigs 
h ad  been  tran sfe rred  to  th e  ex p erim en ta l cages. T he p ig le ts’ b eh av io u r w as 
o b se rv ed  and  reco rd ed  a t  20-second in te rv a ls  on p a p e r  o f  a record ing  in s tru ­
m e n t equ ipped  w ith  a c h a r t  drive of 1 cm  p e r 20 seconds. A c tiv ity  was spoken 
of w h en  th e  piglets m o v ed  in  the  cage, w ere ea tin g , d rin k in g  w ater, or w hen a 
p ig le t com m unicated  w ith  th e  o thers. M u tu a l m assag ing  an d  sucking  were 
s tu d ie d  separa te ly . T h e  active phase also  inc luded  peacefu l ly ing  dow n on 
th e  g ra te d  floor w ith  eyes open.

T he period o f  p eacefu l lying dow n w ith  eyes closed, la s tin g  a t  leas t 
2 m in , was te rm ed  peacefu l non-R E M  sleep. The ac tiv e  sleep stage , th e  so- 
ca lled  R E M  sleep, w as iden tified  acco rd in g  to  th e  ty p ic a l tw itches o f th e  
ro s tra l  an d  m im ic m uscles spreading to  th e  legs w ith  a sim ultaneous visible 
re d u c tio n  in m uscle to n e  (K o trbácek , 1988). T he re sp ira to ry  ra te  was d e te r­
m in ed  in  b o th  stages o f  sleep by  co u n tin g  th e  m ovem en ts of th e  chest. These 
d a ta  w ere ob ta ined  fro m  6 ou t of th e  9 p ig le ts  an d  an a lysed  s ta tis tic a lly  by  
S tu d e n t’s t te s t. T h is  m e th o d  of o b se rv a tio n  was sim ple b u t  v e ry  accu ra te  
a n d  req u ired  full co n cen tra tio n . I ts  a d v a n ta g e  was th e  e lim ina tion  o f d is tu rb ­
ing  m om en ts arising  fro m  con tac t w ith  th e  an im als, e.g. w hen  tak in g  E E G  or 
w hen  using o ther in s tru m e n ts .

R esults

A ppro x im ate ly  h a lf  o f the  5-hour p e rio d  o f o b se rv a tio n  was occupied by  
sleep . T here were, h ow ever, m arked  in d iv id u a l d ifferences w ith in  th e  experi­
m e n ta l group. P eacefu l non-R E M  sleep occupied  79%  o f th e  w hole period,

Acta Veterinaria Hungarica 39, 1991



SLEEP AND ACTIVITY OF PIGLETS 117

w hile  21%  was ac tive  R E M  sleep. T he frequency  of R E M  sleep w as a p p ro x i­
m a te ly  3 episodes p er h  an d  w as cha rac terized  by  slacken ing  of th e  ske le ta l 
m u scu la tu re , reg u la r tw itch es o f th e  m im ic m uscles an d  la te r , also o f th e  
m uscles of th e  legs. R E M  episodes, la s tin g  3.8 +  0.58 m in  on th e  average , 
w ere observed a fte r  a sh o rte r  o r longer period  of non -R E M  sleep an d  m o stly  
a p p e a re d  s im ultaneously  in  sev era l p ig lets. A very  im p o r ta n t  change d u rin g  
R E M  sleep was th e  decreased  re sp ira to ry  ra te  (Fig. 1), w hich  was s ta tis tic a lly  
s ig n ifican t in  pig lets o f h ig h er live bo d y  m ass (p <  0.01).

I

Average body mass

F ig . 1. Changes in re sp ira to ry  r a te  in  p ig le ts o f d ifferen t body  m ass in  R E M  sleep
(N R  =  no n -R E M  sleep)

The o th e r h a lf  of th e  perio d  o f s tu d y  was occupied  b y  w akefulness. 
T h e  longer p a r t  o f w akefu lness w as occupied  b y  lying, e ith e r  com pletely  q u ie t 
o r accom pan ied  b y  sm all m o v em en ts  o f th e  head  an d  legs. T his m o v em en t 
w as d evo ted  firs t of all to  c o n ta c ts  am ong th e  p ig lets, m ostly  p lay fu l m ovem en ts 
b u t  also figh ts. The p ig lets w ere also observed  to  m assage each  o th e r’s belly  
a n d  to  suck each o th e r. Som e an im als perfo rm ed  th is  a c tiv ity  on ly  spo rad ica lly  
w hile o thers v e ry  fre q u e n tly  a n d  reg u la rly . F o r exam ple in  p ig le t no. 396 th is  
a c t iv i ty  occupied m ore th a n  o n e -th ird  o f th e  period o f w akefulness, t h a t  is 
7 6%  o f the  whole period  of o b se rv a tio n . Feed  u p tak e  w as, to  a ce rta in  e x te n t, 
synch ron ized  and  usu a lly  d id  n o t ta k e  m uch tim e. The p ig le ts  d ran k  im m ed i­
a te ly  a fte r th e y  h ad  consum ed  th e  feed, b u t  also d u rin g  th e  q u ie t period , 
a n d  in  th e  lim ited  space av a ilab le  to  th em  th is  was th e  cause o f m u tu a l 
d is tu rb an ce .

Discussion

A lthough th e  period  o f o b se rv a tio n  used in  th is  s tu d y  was sh o rt and  
concerned  only few p ig lets, th e  re su lts  are consisten t w ith  o u r p rev ious f in d ­
in g s, i.e. th a t  sleep occupied  a p p ro x im a te ly  h a lf  of th e  w hole period  o f ob-
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se rv a tio n  (K o trb ácek  e t  a l., 1990). The in te rn a tio n a l l i te ra tu re  also gives th is  
p ro p o rtio n  (R uckebusch  a n d  Morel, 1968; R o b e rt an d  D alla ire , 1986). P o k o rn á  
e t al. (1988) found  t h a t  th e  percen tage o f  sleep was m u ch  h igher in  p ig lets 
d u rin g  th e  firs t tw o w eeks o f life. H ow ever, th ese  p ig lets w ere k e p t ind iv id u a lly  
in  th e rm a l com fort a n d  w ere fed ad lib itum . Sleep occupied  as m uch as 90%  
o f th e  period of o b se rv a tio n , suggesting th a t  juven ile  p ig le ts  are capab le  of 
co n sid e rab ly  increasing  th e  p roportion  o f sleep u n d er fav o u rab le  cond itions.

Table 1

S leep -w ak e  s ta tes, ty p es  o f sleep  an d  activ ities  d u rin g  w akefu lness in th e  ex p erim en tal p ig le ts

Piglet
no.

Total
sleep,

%

Non-REM
sleep,

% of to ta l

REM
sleep,

% o f to tal

Total
wakefulness,

%

ty in g , %  of
to tal

wakefulness

Movement, 
%  of total 

wakefulness

Massaging and 
sucking,

% of to ta l 
wakefulness

389 53 82 18 47 62 28 10
384 60 78- 22 40 27 64 9
385 63 75 25 37 51 48 1
383 66 88 12 34 45 55 0
395 39 73 27 61 53 43 4
396 24 76 24 76 15 50 35

A verage 50.8 78.7 21.3 49.2 42.2 48.0 9.8
± S D 16.3 5.5 5.5 16.3 17.7 11.8 13.0

M arked in d iv id u a l differences w ere fo u n d  in  th e  d u ra tio n  of sleep in  
th is  ex p erim en t (Table 1). I n  p iglet no. 395 sleep occupied  39%  while in  p ig let 
no. 396 i t  took  only 2 4 %  o f th e  period o f ob serv a tio n . T h is m eans th a t  these  
p ig le ts  con tinued  to  be  a c tiv e  even w hen th e  o th e r p ig le ts w ere falling asleep 
or w ere  a lready  sleep ing . P ig le t no. 396 d ev o ted  m ore th a n  one-th ird  o f th e  
tim e  to  sucking, an d  m assag in g  th e  belly  of, o th e r  an im als. This r itu a l w as so 
in te n s iv e  th a t  th e  p ig le t cou ld  no t fall asleep w ith o u t suck ing  an o th e r pig let. 
R eg u la r  m assaging w as also  observed in  tw o  o th e r p ig le ts, th o u g h  i t  was less 
f re q u e n t. This a c tiv ity  w as an  im p o rta n t source o f d is tu rb an ce  in  th e  group. 
T h is could  be said to  b e  one of th e  m ain  reasons for th e  co m p ara tiv e ly  big 
d ifference betw een th e  t im e  of ly ing (i.e. a b o u t 70%  o f th e  en tire  period  of 
in v es tig a tio n ) and  sleep w h ich  occupied on ly  h a lf  o f th is  period .

T he causes of m assag in g  and  sucking  are  n o t q u ite  clear. Algers e t al. 
(1988) associated  th ese  a c tiv itie s  w ith  th e  q u ick  w eaning  o f pig lets an d  th e ir  
t ra n s i t io n  to  solid feeds. T h is change m ay  a ffec t p ig lets w ith in  a l i t te r  d if­
fe re n tly  due to  th e  d iss im ila r m ilk p ro d u c tio n  o f th e  sow ’s te a ts . Algers e t al. 
(1988) suggest th a t  th e  tra n s it io n  from  an  en v iro n m en t rich  in  ex te rn a l s tim uli 
to  k eep in g  in  cages (i.e. a n  env ironm en t p o o r in  such stim u li) co n trib u tes  to
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the  d ev e lo p m en t of th e  suck ing  an d  m assaging  b eh av io u r. The red u c tio n  of 
sleep, especia lly  R E M  sleep, m ight p lay  a ce rta in  role. E x p erim en ts  p ro v ed  
th a t  th e  d e p riv a tio n  o f exp erim en ta l r a ts  o f R E M  sleep led to  in creased  
locom otion  an d  to  a g ra d u a l increase o f ex p lo ra to ry  as well as aggressive 
b eh av io u r (H icks e t al., 1979). Longer periods of th e  m assaging  r itu a l a ffec ted  
th e  p ig lets them selves as well as th e  w hole group. I ts  com m on co n co m itan t 
p h en o m en a  inc luded  genera l d iscom fort an d  d is tu rb an ce  of th e  ly in g  an d  
dozing, or a lread y  sleeping, p ig lets. The questio n  arises w h e th e r these  s i tu a ­
tio n s can  be p rev en ted  in  th e  prac tice , e.g. b y  iso la ting  th e  piglets or rea rin g  
th em  in s e p a ra te  cages. R earin g  on l i t te r  is know n to  reduce  th e  incidence  o f 
these  p h en o m en a  to  a considerab le ex ten t.

As fa r  as th e  ty p e  o f sleep, i.e. th e  p ercen tage  o f non -R E M /R E M  cycles 
an d  th e  d u ra tio n  an d  freq u en cy  of R EM  episodes, is concerned , th e  p ig le ts  of 
th is  e x p e rim en t v ir tu a lly  d id  n o t differ from  th e  1- to  14-day-old ex p e rim en ta l 
p ig lets w h ich  h ad  been k e p t ind iv id u a lly  u n d e r com fortab le  th e rm a l an d  
n u tr itio n a l co n d itions in  a previous ex p erim en t (K o trb ácek , 1988). I t  w as 
in te re s tin g  to  n o te , how ever, th a t  in  som e p ig le ts th e  change of th e  ty p e  of 
sleep w as accom pan ied  b y  a lte ra tio n  of th e  re sp ira to ry  ra te . This w as th e  
case w ith  p ig le ts  o f h igher live body  m ass w hich co n sis ten tly  had  considerab ly  
e leva ted  re sp ira to ry  ra te  in  th e  non-R E M  cycle. On th e  basis of w hat we know  
ab o u t R E M  sleep we can  a t tr ib u te  th is fin d in g  to  a com m encing th e rm a l load . 
In  acco rdance  w ith  ou r prev ious find ings, du ring  R E M  sleep th e  th e rm o ­
reg u la tin g  m echan ism s a re  of reduced  in te n s ity , an d  polypnoea is also a 
th e rm o re g u la tin g  response to  h ea t (K o trb ácek , 1988). T he decrease in  th e  
necessary  o u tp u t  d u rin g  R E M  sleep m u s t th e n  be b a lan ced  by  an  e lev a ted  
re sp ira to ry  ra te  in  th e  follow ing non-R E M  cycle (F ig. 1). T he p a rticu la r  R E M  
episodes m a y  th e n  g rad u a lly  be reduced  or even e lim ina ted . In  our e x p e ri­
m en ta l p ig le ts  th is  did n o t occur. In  sp ite  of th is  fac t th e  above find ings show  
th a t  th e  th e rm a l cond itions o f th e  cage su ited  pig lets o f low er live bo d y  m ass 
m uch  b e tte r  th a n  p ig lets o f h igher live b o d y  m ass. I t  is ev iden t th a t  such  a 
sim ple physio log ica l o b se rv a tio n  can w arn  us of th e  d an g er of o v erh ea tin g  
th e  p ig le ts. T h is is especially  im p o rta n t i f  p ig lets are rea red  in cages as th e y  
c a n n o t co m p en sa te  e lev a ted  te m p e ra tu re  b y  th e rm o reg u la tin g  b ehav iou r, e.g. 
by  seeking cool, w et p laces, b y  cooling them selves in  th e  d ra in  near th e  w alls, 
e tc . T his is one o f th e  reasons w hy special a tte n tio n  shou ld  be p a id  to  th e  
th e rm a l reg im en  o f th e  cage.

F ro m  th e  resu lts  i t  can  he concluded  th a t  n o t all p iglets w eaned in to  
cages are  cap ab le  of a q u ick  a d a p ta tio n  to  th e  new  cond itions and  of e s ta b lish ­
ing a physio logical s leep -w ak e  p a tte rn . Som e an im als are  cha rac terized  by  
h igh ly  ac tiv e  b eh av io u r evoked  especially  b y  m assaging  an d  sucking reflexes. 
As th is  leads to  u n re s t in  th e  whole g roup , such an im als should be iso la ted  
from  th e  o th ers .
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D ifferences in  re sp ira to ry  ra te  b e tw een  th e  n o n -R E M  a n d  R E M  cycles 
a re  a m an ifes ta tio n  o f increased  h e a t o u tp u t  and  could be used  fo r tim e ly  
s ig n a liza tio n  of th e  p ig le ts’ excessive th e rm a l load.
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H A E M A G G L U T IN A T IN G  A N D  A D H E S I V E  
A C T IV IT Y  O F  BORDETELLA BRONCHISEPTICA 

T R E A T E D  W IT H  S U B -M IN IM A L  I N H I B I T O R Y  
C O N C E N T R A T IO N S  O F  G E N T A M IC IN

G. S e m j é n 1 a n d  T . M a g y a r 2

d e p a r t m e n t  o f P harm aco logy  and  T oxico logy , U n iv e rsity  of V e te rin a ry  Science, H -1400 
B u d a p e s t P .O . B ox  2; 2V eterinary  M edical R esea rch  In s t i tu te  o f th e  H u n g a ria n  A cad em y  

of Sciences, H-1581 B u d a p e s t P .O . B ox 18, H u n g ary

(R eceived  J a n u a ry  18, 1990)

T he effect of sub-m inim al in h ib i to ry  con cen tra tio n s o f g en tam ic in  on  th e  hae- 
m ag g lu tin a tin g  a c tiv ity  of Bordetella bronchiseptica  was stud ied .

G en tam icin  exerted  d issim ilar e ffec t on  th e  p ro d u c tio n  o f h aem ag g lu tin in  to  
c a lf  a n d  dog ery th ro cy tes . T he d ru g  s ig n ifican tly  reduced  th e  h a em ag g lu tin a tin g  t i t r e s  
o f  ca lf-negative  s tra in s  w ith  dog re d  b lo o d  cells while i t  caused  only a s lig h t decrease  
in  th e  h a em ag g lu tin a tin g  t i t r e s  o f ca lf-p o sitiv e  stra in s  w ith  bovine e ry th ro c y te s .

T h e  re su lts  su p p o rt th e  v iew  th a t  bovine haem ag g lu tin in  is a n  ad h es in  o f 
B . bronchiseptica.

K ey words: G entam icin , Bordetella bronchiseptica, h aem ag g lu tin a tio n , ad h eren ce

Bordetella bronchiseptica is a re sp ira to ry  p a th o g en  im p lica ted  in  th e  
ae tio lo g y  of a tro p h ic  rh in itis  (A R ) o f  sw ine (G oodnow , 1980). I t  p ro d u ces a 
range  o f p o te n tia l viru lence d e te rm in a n ts : h aem agg lu tin in s, an  ad hesin  to  n a sa l 
ep ith e lia l cells (Sem jén and  M agyar, 1985), m ouse le th a l fac to r, c y to to x in  (Col- 
lings a n d  R u tte r , 1985; M agyar, 1990), ad en y la te  cyclase (W eiss a n d  H ew le tt, 
1986) a n d  haem olysin  (G oodnow, 1980). A lthough  th e ir  role is n o t c learly  
u n d e rs to o d  y e t, colonisation  of th e  n a sa l c a v ity  by  tox igen ic  B . bronchiseptica  
seem s to  be a p re req u is ite  fo r its  c o n tr ib u tio n  to  th e  deve lopm en t o f A R .

T h e  a b ility  of Bordetella bronchiseptica  to  ag g lu tin a te  bov ine  red  b lood  
cells (ca lf-positive  stra ins) seems to  be a v iru lence fac to r  th a t  co rre la tes  well 
w ith  its  adherence  to  nasal ep ith e lia l cells in  vitro an d  in  vivo  (Y okom izo an d  
Shim izu , 1979; Sem jén and  M agyar, 1985). S tra in s of B . bronchiseptica t h a t  fa il to  
a g g lu tin a te  bovine e ry th ro cy tes  b u t  m a in ta in  h aem ag g lu tin a tin g  a c tiv i ty  (H A ) 
to  can in e , lap ine  and  porcine red  b lood  cells are called ca lf-negative  v a r ia n ts .

G ro w th  in  sub-m inim al in h ib ito ry  co ncen tra tions (sub-M ICs) o f a n ti­
b io tics h as  been  show n to  a lte r th e  a t ta c h m e n t of b ac te ria  to  h ost cells (Shibl,
1985). D eneke et al. (1985) found  t h a t  sub-M IC of te tracy c lin e  red u ced  th e  
a t ta c h m e n t o f K 88+ en tero tox igen ic  s tra in s  of Escherichia coli to  po rc ine  sm all 
in te s tin a l cells. H ow ever, th e  l i te ra tu re  con ta in s no d a ta  on w h e th e r H A  of 
B . bronchiseptica  or its  adhesion to  th e  ta rg e t  cells can  be m odified  b y  sub- 
MIC o f an tim ic ro b ia l agents.

Acta Veterinaria Hungarica 39, 1991 
Akadémiai K iadó, Budapest



122 SEMJÉN and MAGYAR

T he p resen t s tu d y  was u n d e rta k e n  to  d e te rm in e  if  su b in h ib ito ry  co n ­
c e n tra tio n s  (sub-M IC s) o f gen tam icin  h av e  a n y  in fluence  on th e  H A  an d  in  
vitro  a tta c h m e n t o f B . bronchi septica  s tra in s .

Materials and m ethods

Bacteria l strains

B . bronchiseptica  s tra in s desig n a ted  B 58, C E , CF, B III /4 /4  and  5052 
w ere iso la ted  from  d iffe ren t pig herds a ffec ted  b y  clinical A R . These s tra in s  
show ed  th e  ch a ra c te ris tic s  of phase I  iso la tes (M agyar, 1990), including  th e  
a b ili ty  to  a g g lu tin a te  ca lf  red  b lood cells (ca lf-positive  s tra in s). B . bronchi­
septica  s tra in s B 65, C E p27 and  CFp61 w ere d eriv ed  from  th e  fresh  iso lates b y  
re p e a te d  su b cu ltu re  on  M acConkey agar. T hese  s tra in s  d id  n o t ag g lu tin a te  
ca lf  e ry th ro cy tes  (ca lf-negative  s tra in s) an d  show ed  phase I I I  ch a rac teris tic s  
(M agyar, 1990).

D eterm ination o f  M IC s

T he MIC v a lu es  o f gen tam icin  fo r th e  s tra in s  were dete rm in ed  b y  th e  
a g a r  diffusion m e th o d  described b y  E ricsson  a n d  Sherris (1971).

H aem  agglu tination

The s tra in s w ere cu ltu red  on 5%  sheep b lood  ag a r p la tes w ith  or w ith o u t 
g en tam ic in  a t  a level o f one th ird  M ICs fo r 24 h  a t  37 °C. B ac te ria l g row ths 
w ere harv ested  in  p h o sp h a te  bu ffered  saline (P B S ), pH  7.2, and  the  co n ­
c e n tra tio n  of th e  suspension  was a d ju s te d  to  a p p ro x im a te ly  5 x lO 'J co lony  
fo rm in g  un its (cfu) m l-1  by  p h o to m e try . H a e m ag g lu tin a tin g  a c tiv ity  w as 
d e te rm in ed  on m ic ro titre  p lates as described  b y  B em is an d  P lo tk in  (1982) 
u s in g  1%  calf an d  dog red  blood cell suspensions.

Adherence assay

In  vitro ad h eren ce  was te s te d  on po rc ine  c ilia ted  nasa l ep ithelia l cells 
iso la ted  from  th e  tu rb in a te s . The te s t  w as p e rfo rm ed  as described  earlier by  
S em jén  and  M agyar (1985).

S ta tistica l analysis

T he t te s t w as perfo rm ed  by  C lin -S ta t p ro g ram m e using  A pple I I  com  - 
p u te r .
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Results

T he MICs of g en tam ic in  fo r th e  s tra in s  ranged  betw een  2 an d  4 m g x l -1 .
T h e  h aem ag g lu tin a tin g  a c tiv ity  o f  calf-positive an d  calf-negative  s tra in s  

grow n w ith  or w ith o u t g en tam ic in  is show n in T ab le  1. The sub-M IC s o f  th e  
d ru g  d id  n o t affect s ig n ifican tly  th e  h aem ag g lu tin a tin g  a c tiv ity  (H A ) o f  ca lf­
po sitiv e  s tra in s  w ith  bovine red  b lood  cells. H ow ever, gen tam icin  s ig n ifican tly  
red u ced  th e  H A  o f b o th  ca lf-positive an d  ca lf-negative s tra in s  of B . bronchi- 
septica  w ith  canine e ry th ro cy tes . T he ra te  o f decrease in  H A  titre s  w ith  dog 
re d  b lood  cells w as h igher in  th e  g roup  o f  ca lf-negative s tra in s  th a n  in  t h a t  of 
ca lf-p o sitiv e  iso lates.

Table 1

H aem ag g lu tin a tin g  a c tiv ity  o f B . bronchiseptica s tra in s  cu ltu red  on blood agar w ith o u t o r w ith
one th ird  MIC of gentam icin

H A  titres1 with

Strains
n

Calf RBCs Dog RBCs

Control G entamicin Control G entamicin

Calf-positive 17 6.12 ±  0.21 5.47 ±  0.32 16 6.12 ±  0.37 4.19* ±  0.55
(5) . - T

C alf-negative 9 0 0 17 5.82 ±  0.34 1.94** ±  0.44
(3)

1Log, m ean  ±  SE , n: num ber o f tes ts , *: P  <  0.05, **: P  <  0.001

Table 2

Adherence of B . bronchiseptica s tra in s  to  n asa l c ilia ted  ep ithe lia l cells

Strains
N um ber of adhered bacteria1

Control Gentamicin

Calf-positive
B58 22.83 ±  4.672 22.0 ±  6.43
5052 23.88 ±  5.95 22.0 ±  4.95

Calf-negative
CEP27 0.99 ±  1.49 0.18 ±  0.38

1 N u m b er of b ac teria  a tta ch e d  to  20 ep ithe lia l cells were counted  and th e  m eans were 
ca lcu la ted ; 2 m ean ±  SD

Irre sp ec tiv e  of g en tam ic in  t re a tm e n t, all g row ths of ca lf-positive  B . 
bronchiseptica  s tra in s  adhered  well to  porcine c ilia ted  nasa l ep ith e lia l cells 
(T able 2) w hile ca lf-negative  v a r ia n ts  fa iled  to  a tta c h .
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Discussion

T h e adherence o f  b a c te r ia  to  ep ith e lia l cell surfaces is considered to  be 
th e  f i r s t  s tep  in  b a c te r ia l  co lon isa tion  an d  in itia tio n  of several in fectious 
d iseases (B eachey, 1981). P hase  I  s tra in s  o f B . bronchiseptica also a tta c h  to  
sw ine n a sa l ep ithe lia l cells (Yokom izo an d  S h im izu , 1979; Sem jén and  M agyar, 
1985; Jacq u es  e t al., 1988) an d  b y  dam ag in g  th e  m ucosal surface, th e y  allow 
th e  p o o rly  adhering  P . m últoddá  to  colonise th e  ta rg e t tissu e  (P edersen  an d  
B a rfo d , 1981). B . bronchiseptica  phase I  s tra in s  ag g lu tin a te  e ry th ro cy tes  o f 
sev e ra l an im al species inc lud ing  calf, w hereas phase  I I I  v a r ia n ts  lack  th e  
a b ili ty  to  ag g lu tin a te  c a lf  red  blood cells an d  also to  adhere  to  c ilia ted  ep i­
th e lia l  cells (Sem jén a n d  M agyar, 1985). B ased  u p o n  th is  o b se rv a tio n  i t  has 
b een  suggested  th a t  b o v in e  h aem ag g lu tin in  fu n c tio n s also as a ligand  in  th e  
lin k ag e  betw een  B . bronchiseptica  b a c te ria  an d  h o s t cells.

A tta c h m e n t o f b a c te r ia  to  ta rg e t cells can  be m odified  b y  several fac to rs 
in c lu d in g  en v iro n m en ta l conditions (ionic s tr e n g th , p H , te m p e ra tu re  e tc .), 
chem ical analogs o f th e  b ac te ria l ligand  or h o s t cell recep to rs, an tibod ies 
a g a in s t th e  adhesins, c u l tu r a l  cond itions (n u tr ie n ts , te m p e ra tu re , an tim ic ro ­
bials) w hich m ay in flu en ce  th e  expression a n d  syn thesis  o f b ac te ria l surface 
lig an d  (Sem jén an d  M agyar, 1983).

In h ib itio n  o f th e  b ind ing  of b a c te ria  (Escherichia coli, Streptococcus 
pyogenes , Neisseria gonorrhoeae, Proteus vulgaris, Actinom yces viscosus, e tc.) b y  
a n tib io tic s  was d e m o n s tra te d  in  a v a r ie ty  o f  in  vitro m odels (Shibl, 1985). 
A n tim ic ro b ia ls  can  a ffec t th e  adhesive a b ility  o f b ac te ria l cells to  d ifferen t 
e x te n t.

I n  th is  s tu d y , w h ich  was th e  f irs t  in  th is  line, gen tam icin  h ad  no in ­
flu e n c e  on th e  ad h eren ce  of phase I  s tra in s  o f B . bronchiseptica. In  h a rm o n y  
w ith  th is  o b serva tion , th e  H A  a c tiv ity  w ith  ca lf  RBCs was h a rd ly  m odified  
b y  th is  d rug . The o b serv ed  decrease in  H A  ti tre s  w ith  bovine e ry th ro cy tes  w as 
n o t s ign ifican t. O n th e  c o n tra ry , th e  d ru g  a d d e d  to  th e  cu ltu re  m edium  a t  
one th i rd  MIC re su lte d  in  a sign ifican t re d u c tio n  of H A  titre s  w ith  dog RBCs. 
T he decrease was m ore  p ronounced  w ith  ca lf-negative  s tra in s  th a n  w ith  calf­
p o sitiv e  p a re n t s tra in s . T hese d a ta  ad d  fu r th e r  evidence to  o u r earlier sugges­
tio n  th a t  th e  bovine H A  and  th e  ligand  responsib le  for a tta c h m e n t to  h o st 
cells a re  closely re la te d .

G en tam icin  e x e rts  its  an tim icro b ia l e ffect th ro u g h  th e  inh ib itio n  o f 
p ro te in  synthesis (T ai a n d  D avis, 1979). H A  a n d  adherence are m ostly  m e­
d ia te d  b y  fim briae  w h ich  are of p ro te in  n a tu re . A lthough  d a ta  on gen tam icin  
are  v e ry  scan ty  in  th is  respec t, som e ev idence c learly  show ed th a t  a t 50%  
M IC th is  drug decreased  th e  p ilia tion  an d  m annose-specific  b in d ing  of E . coli 
to  h u m a n  buccal ep ith e lia l cells (E isenste in  e t a l., 1980). Since th e  in fluence 
o f g en tam ic in  on th e  H A  w ith  dog RBCs m ark ed ly  differed from  th a t  ob ta in ed
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w ith  bov ine  RBCs, i t  seem ed logical to  assum e th a t  B . bronchiseptica  phase  I  
s tra in s  h ad  a t  least tw o  ty p es  o f haem ag g lu tin in .

T he few stud ies done on th e  association  of h a em ag g lu tin a tio n  w ith  
adherence  h av e  led  to  conflic ting  re su lts . Yosbeck e t al. (1982) found  good 
ag reem en t w hen  exam in ing  th e  e ffec t o f low levels o f an tib io tic s  on th e  
h a em ag g lu tin a tio n  an d  ep ithe lia l ad h esio n  of E . coli. H ow ever, in  a n o th e r 
s tu d y  (D eneke e t ah , 1985) in h ib itio n  o f th e  adhesion o f E . coli to  porcine 
sm all in te s tin a l cells b y  te tra c y c lin e  w as n o t accom panied  b y  an y  change in  
i ts  H A . O ur resu lts  m ay  give som e ex p lan a tio n  for th is  inconsistency  b y  
d e m o n s tra tin g  th e  d ifference in  th e  b eh av io u r of g e n tam ic in -trea ted  b ac te ria  
to w a rd s  ca lf and  dog RBCs. T herefo re , i t  can  be concluded  th a t  H A  shou ld  
be  considered  m erely  a screening to o l fo r revealing m o d ifica tio n s caused b y  
an tim ic ro b ia ls  a t  subM ICs in  th e  ad h eren ce  of bac te ria  to  ta rg e t  cells.
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P R E V E N T I O N  A N D  T R E A T M E N T  O F  A T R O P H IC  
R H I N I T I S  I N  P IG S  W IT H  G E T R O X E L , 

C H L O R Q U IN A L D O L  A N D  O X Y T E T R A C Y C L IN E

J . V a r g a 1, K . Ma g y a r 2, L. F o do r1 and A. R o m vá ry3

'D e p a rtm e n t o f M icrobiology an d  In fec tio u s D iseases and  3D e p a r tm e n t o f P h arm aco lo g y  and  
T oxicology, U n iv e rs ity  o f V e te rin a ry  Science, H-1581 B u d a p es t, P .O . B ox 22; an d  2E G IS  

P h a rm aceu tica ls , B u d a p es t 10, P . O. B ox  100, H u n g a ry

(R eceived  O ctober 31, 1990)

T he se n s itiv ity  o f ten  Bordetella bronchiseptica  a n d  te n  Pasteurella m ú lto d d á  
s tra in s , each  iso la ted  from  cases o f a tro p h ic  rh in itis  (A R ), w as ex am ined  in tu b e  d ilu tio n  
te s t. G etroxel, ch lo rq u in a ld o l a n d  O xytetracycline a n d  th e  fo rm er tw o ones com b in ed  
w ith  tr im e th o p rim  in h ib ited  th e  g ro w th  of b o th  species in  vitro. T he m in im um  in h ib ito ry  
an d  th e  m in im u m  b ac te ric id a l c o n cen tra tio n  w as less th a n  0.5 fig/m l. W hen  efficacy  
w as te s te d  in  S P F  pigs in th e  g ro u p  fed a co m b in a tio n  of G etroxel, ch lo rqu inaldo l an d  
O xytetracycline  (60 m g, 240 m g a n d  360 m g/kg of feed , respec tive ly ), P. m ú ltoddá  
d isappeared  fro m  th e  n asa l c av ity  b y  th e  end  of a  3 0 -day  t re a tm e n t. B . bronchiseptica  
was re iso la ted  in  low  n u m b ers fro m  2 o u t of 9 p ig le ts. T h e  da ily  body  m ass g a in  was 
b y  7 .9%  h ig h er an d  th e  feed  conversion  ra te  w as b y  19%  b e tte r  th a n  in th e  co n tro l 
group. A fte r s lau g h te r , on ly  m ild  signs o f A R  w ere seen in  3 o u t o f 9 p ig le ts t r e a te d  
w ith  th e  ab o v e-m en tio n ed  d ru g  com bination , w hile in  th e  con tro l group  severe 
lesions w ere obse rv ed  in  8 o u t o f 9 pigs.

I n  t r e a te d  com m ercial h e rd s  P . m últoddá  d isa p p ea red  from  th e  n asa l c a v ity  of 
th e  p ig le ts b y  th e  end  of th e  t re a tm e n t  (42nd d ay  o f life), b u t  th e  B . bronchiseptica  
s tra in s  could  n o t  be  co m ple te ly  e lim inated . D ue to  th e  tre a tm e n t,  m o rta lity  be tw een  
2 and  6 w eeks o f age decreased  b y  0 .8 -7 .6 % . D aily  b o d y  m ass gain  was, on th e  av erag e, 
16.4%  h igher, th e  a m o u n t o f feed  needed  for 1 kg  b o d y  m ass ga in  w as by  15.3%  low er 
an d  th e  d u ra tio n  of fa tte n in g  w as b y  30.8 days sh o rte r  th a n  in  th e  co n tro l g roups,

Key w ords: Pasteurella m últoddá , Bordetella bronchiseptica, a t r o p h i c  r h i n i t i s ,  

c a r b a d o x ,  c h l o r q u i n a l d o l ,  O x y t e t r a c y c l i n e

A troph ic  rh in itis  (AR) o f sw ine is an  in fec tious disease of g rea t econom ic 
significance in  all coun tries  w here pig rearing  is in ten s iv e . A lthough  th e  ex ac t 
cause of A R  is s till d eb a ted , tox in -p ro d u c in g  Pasteurella m últoddá  an d  Borde­
tella bronchiseptica s tra in s  are  recognized as th e  p r im a ry  pathogens (P ed ersen  
and  B arfod , 1981; R u t te r  an d  R o jas, 1982). I t  is also accep ted  th a t  th e  sev e rity  
of th e  patho log ica l lesions is g re a tly  in fluenced  b y  m an ag em en t an d  hygien ic  
conditions (Giles a n d  S m ith , 1983; de Jong , 1981).

V accines h av e  p roved  to  be effective in  p re v e n tin g  th e  disease (B arfo d  
and  P edersen , 1984; É liás an d  T örök , 1984; Giles an d  S m ith , 1983).

C hem oprophy lax is, viz. su lphonam ides, tr im e th o p rim , ty lo sin , ca rb ad o x , 
te tracy c lin es  an d  th e ir  co m bina tions b y  m ed ica tio n  o f w eaner an d  grow er 
ra tio n s , and  som etim es sow ra tio n s , is an o th e r w ay  o f con tro lling  A R  (F a rr in g ­
to n  and Shively , 1979; Giles e t a l., 1981; M efford e t a l., 1983; R u tte r , 1981).

Acta Veterinaria Hungarica 39, 1991 
Akadémiai Kiadó, Budapest



128 VARGA e t al.

Since AR causes considerab le  losses to  th e  H u n g arian  p ig  in d u s try , our 
a im  w as to  com pose a d ru g  co m b in a tio n  capab le  of p re v e n tin g  th e  disease, 
a n d  to  t r y  the  new co m b in a tio n  in  th e  fie ld .

Materials and methods

I n  vitro  tests o f drugs

Sensitiv ity  of 10 B . bronchiseptica  a n d  10 P . m ú ltoddá  s tra in s , each 
iso la te d  from  cases o f A R , w as ex am in ed  in  tu b e  d ilu tion  te s t  using  phenol 
re d  d ex tro se  b ro th  (D IF C O ). T he m ed ium  co n ta in ed  increasing  co n cen tra tio n s 
(0 .5 , 1, 5, 10, 25, 50, 100 an d  200 pg/m l) o f G etroxel (a H u n g a rian -m ad e  
e q u iv a le n t of ca rb ad o x ), ch lo rqu ina ldo l, O xy tetracycline or tr im e th o p rim  as 
w ell as certa in  co m b in a tio n s o f th e se  d ru g s. T he com b in a tio n s co n ta in ed  
e q u a l am ounts of th e  co m p o n en ts . T he tu b e s  w ere in o cu la ted  w ith  25 pi o f a 
1 6 -1 8 -h  cu lture  of th e  te s t  o rganism  an d  in c u b a te d  a t  37 °C fo r 4 days. The 
lo w e s t concen tra tion  o f  th e  d rug  capab le  o f p rev en tin g  b a c te ria l g row th  for 
24 h  w as regarded as m in im u m  in h ib ito ry  co n cen tra tio n  (M IC) w hile th a t  
in h ib itin g  bacteria l m u ltip lic a tio n  fo r 4 d ay s  was th e  m in im um  b ac te ric id a l 
c o n c e n tra tio n  (MBC).

E ffic a c y  testing in  S P F  p ig s

In  an  experim en t using  5 g roups o f  four-w eek-old  S P F  p ig le ts  w ith  
10 an im als  in each g ro u p  fo u r co m b in a tio n s of th e  ab o v e-m en tio n ed  drugs 
w ere te s ted .

G etroxel 60 m g/kg feed
C hlorquinaldol 120 m g/kg feed
O xy te tracycline 360 m g/kg feed

Getroxel 60 m g/kg feed
C hlorquinaldol 240 m g/kg feed
O xy te tracycline 360 m g/kg feed

G etroxel 60 m g/kg feed
C hlorquinaldol 240 m g/kg feed
T rim ethoprim 360 m g/kg feed

Getroxel 30 m g/kg feed
C hlorquinaldol 60 m g/kg feed
O xy te tracycline 360 m g/kg feed
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T he f if th  g roup  (C) served  as in fec ted  b u t n o t tre a te d  con tro l.
P ig le ts  w ere in o cu la ted  in tra n a sa lly  w ith  0.5 m l ( 6 x l 0 8 cfu/m l) o f  a 

b ro th  cu ltu re  o f tox igenic  P . m ú lto d d á  an d  B . bronchiseptica on th e  3 0 th  d ay  
o f life. T re a tm e n t w ith  m ed ica ted  food w as s ta r te d  on th e  sam e d a y  an d  
la s te d  30 days. A ppearance  o f  clin ical signs, feed consu m p tio n , b o d y  m ass 
gain , feed  conversion ra te  an d  p resence of P. m últoddá  an d  B . bronchiseptica  
in  th e  n asa l c a v ity  w ere m o n ito red . N asal sw abs were ta k e n  a t  th e  b eg inn ing  
of th e  ex p e rim en t and  on th e  15 th , 3 0 th  an d  60 th  days a fte r  in fec tio n . To 
re iso la te  P . m últoddá , sam ples w ere c u ltu red  on beef b lood  ag ar co n ta in in g  
0 .5%  y e a s t e x tra c t;  for re iso la tio n  o f B . bronchiseptica, M acC onkey ag ar 
co n ta in in g  10 ^ l/m l penicillin  a n d  50 fj, 1/ml n itro fu ra n to in  (É liás an d  G algóczi,
1981) w as used.

T he pa tho log ic  lesions w ere exam ined  a t  s lau g h te r on th e  60 th  d a y  p o s t 
in fec tio n  a fte r  a tran sv erse  sec tion  w as m ade a t th e  level of th e  f irs t p rem o la r 
to o th  (M iniats and  Jo h n so n , 1980). T he lesions were scored as follow s: ( +  ): 
m ild  lesion of one tu rb in a te ;  +  : severe a tro p h y  of one or m ild  lesion o f  tw o 
tu rb in a te s ;  severe a tro p h y  o f tw o  or m ild  a tro p h y  of m ore tu rb in a te s ;
-(- +  +  : severe a tro p h y  of sev era l tu rb in a te s ;  +  +  +  +  : severe a tro p h y  o f all 
tu rb in a te s , d is to rtio n  o f th e  nose.

T he an tib a c te ria l a c tiv ity  o f m uscle, liver, k idney , fa t  an d  lung  sam ples on 
th e  3 0 th  d ay  a fte r  th e  end o f th e  t re a tm e n t was m easured  (Acs and  S im onffy , 
1984). R esidue o f G etroxel w as checked  by  gas ch ro m a to g rap h y  (P a c k a rd  419 
EC ty p e ) (U SD A , 1987).

D u rin g  th e  ex perim en t one p ig le t each from  groups B, C an d  D d ied  of 
an  in te rc u rre n t disease.

F ield  tria l fo r  efficacy

B ased  on th e  resu lts o b ta in e d  in  S P F  piglets, e fficacy  o f a co m b in a tio n  
of G etroxel, ch lo rqu inaldo l an d  O xytetracycline was te s te d  in  four com m ercia l 
pig h e rd s  severely  affected  w ith  A R . Several te s t  groups to g e th e r w ith  co n tro l 
g roups were form ed from  th e  offsp ring  of 30-40 sows. O n th e  fo u r fa rm s, a 
to ta l  o f 3100 p ig lets received  m ed ica ted  feed. The dose of th e  drugs w as as 
follow s: 3 m g G etroxel/kg  b o d y  m ass, 12 m g ch lo rqu inaldo l/kg  b o d y  m ass, 
an d  18 m g o x y te tracy c lin e /k g  b o d y  m ass.

A d rug  m ix tu re  co n ta in in g  th e  follow ing com pounds (1000 g) w as p re ­
p a re d : 12 g G etroxel, 48 g ch lo rqu ina ldo l, 72 g O xytetracycline, 424 g s ta rc h  
(am y lu m ), 424 g dex trose  an d  20 g silicon dioxide. P ig lets received  m ed ica ted  
feed  co n ta in in g  th e  ab o v e-m en tio n ed  m ix tu re  a t  1 .5%  from  th e  14 th  to  
th e  2 8 th  d ay  (i.e. up  to  w eaning) an d  th e re a f te r  0 .5%  u p  to  th e  6 th  w eek of 
life. N asal sw abs w ere ta k e n  from  15 pig lets of each m ed ica ted  an d  co n tro l
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g ro u p  a t  th e  b eg inn ing  a n d  a t th e  end  o f  th e  t re a tm e n t a t  th e  age o f 2 and  
6 w eeks. Tests for th e  p resence  of P. m ú lto d d á  an d  B . bronchiseptica s tra in s  
w ere done as above.

E xa m in a tio n  o f in  vitro developed resistance

A fte r the  e ff icacy  tr ia ls , developm ent o f in d u ced  an tib io tic  resistance 
w as exam ined  in  vitro  a g a in s t th e  m ix tu re  o f  G etroxel, ch lo rqu inaldo l and  
O xytetracycline. O ne s t r a in  each of B . bronchiseptica, P . m últoddá , Escherichia 
coli a n d  Staphylococcus aureus  was seria lly  p assaged  in  pheno l red  dextrose 
b ro th  conta in ing  ris in g  con cen tra tio n s o f  eq u a l q u a n titie s  of th e  drugs. The 
d ev e lo p m en t of a n tib io tic  resistance was ex am in ed  th ro u g h  20 passages.

R esults
I n  vitro  susceptibility

G etroxel, ch lo rq u in a ld o l and O xyte tracycline, an d  th e  fo rm er tw o ones 
co m b in ed  w ith tr im e th o p r im , inh ib ited  th e  g ro w th  of b o th  P . m últoddá  and  
B . bronchiseptica  s tra in s  in  vitro; the  m in im u m  in h ib ito ry  co n cen tra tio n  was 
less th a n  0.5 jUg/ml (T ab le  1). The m in im um  b ac te ric id a l con cen tra tio n s show ed

Table 1
M in im u m  inh ib ito ry  c o n c e n tra tio n  of selected ch em o th e ra p eu tic  ag en ts  an d  th e ir  com bina 

tions aga in st te n  B . bronchiseptica an d  te n  P . m ú ltoddá  s tra in s  (^g /m l)

B . bronchiseptica P. m últoddá

G etroxel 200-  > 2 0 0 1-10
Chlorquinaldol 5-100 < 0 .5
O xytetracycline < 0 .5 -1 < 0 .5
Trim ethoprim 50-200 < 0 .5 -2 5
G etroxel-C hlorqu inaldo l 25 < 0 .5
G etro x el-C h lo rq u in a ld o l-O x y te tracy  cline < 0 .5 < 0 .5
G etroxel-C h lo rqu ina ldo l-T rim ethoprim < 0 .5 < 0 .5

a s im ila r  p a tte rn  (T ab le  2). The co m bina tion  o f G etroxel, ch lo rqu inaldo l an d  
O xytetracycline in  a c o n c e n tra tio n  of less th a n  0.5 pg /m l n o t only in h ib ited  
b u t  even  killed s tra in s  o f  b o th  species.

E ffic a c y  tests with S P F  piglets

T h e infected b u t  n o t  tre a te d  co n tro l p ig le ts  becam e ill w ith in  2 weeks 
a f te r  in fection : th e y  h a d  nasa l discharge a n d  all w ere sneezing. Mild clinical 
signs w ere seen am o n g  th e  piglets of g roup  D ; th e  o th e r an im als show ed no
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Table 2

M inim um  bacteric idal co n cen tra tio n  of selected chem otherapeu tic  ag en ts  and  th e ir  com binations 
against ten  B .  b r o n c h is e p t i c a  an d  te n  P .  m ú l t o d d á  s tra in s  («g/rnl)

B .  b r o n c h is e p t ic a P .  m ú l to d d á

G etroxel 2 0 0 -> 2 0 0 1-10
C hlorquinaldol 5 0- 100 < 0 .5
O xytetracycline < 0 .5 -5 < 0 .5 -1
T rim ethoprim 100-200 < 0 .5 -2 5
G etroxel-C hlorquinaldol 25 < 0 .5
G etroxel-C h lo rqu ina ldo l-O xy  tetracycline < 0 .5 < 0 .5
G etroxel-C h lo rqu ina ldo l-T rim ethoprim < 0 .5 < 0 .5

clin ica l signs. The n u m b ers  o f B . bronchiseptica  and  P . m ú lto d d á  carriers are 
sh o w n  in  T ab le  3. In  g roup  B, P . m ú ltoddá  d isappeared  from  th e  nasa l c a v ity  
b y  th e  end of th e  tr e a tm e n t,  b u t  B . bronchiseptica cou ld  be iso la ted  in  low  
n u m b e rs  from  2 ou t of 9 p ig le ts . In  g roups A and  E th e  bacterio log ical re su lts  
w ere  less expressed, th e  n u m b e r of P . m últoddá  and  B . bronchiseptica  carrie rs  
s lig h tly  decreased. In  g roup  D, th e  co m bina tion  of G etro x e l, ch lo rqu inaldo l 
a n d  tr im e th o p rim  d id  n o t p rove  to  be effective. F u rth e rm o re , th e  daily  b o d y  
m a ss  gain was b y  7 .9%  an d  th e  feed conversion ra te  w as b y  19%  h igher in 
g ro u p  В th a n  in  th e  co n tro l. T he incidence of pa tho log ica l lesions in  S P F  pigs 
a t  s lau g h te r is p resen ted  in  T able  4. In  th e  con tro l g roup  severe lesions were 
fo u n d  in  6 ou t o f 9 an im als  (Figs 1 an d  2). In  group E  no  lesions were found  
a t  all, while in  group В 3 pigs show ed v e ry  m ild lesions (F ig . 3). In  g roup  D, 
w h  ere th e  co m bina tion  w ith  tr im e th o p rim  was used, 8 an im als show ed m ore 
o r  less pronounced  lesions (F igs 4 an d  5).

Table 3

N u m b e r of carriers o f B .  b r o n c h is e p t i c a  (B. b.) an d  P .  m ú l t o d d á  (P . m .) am ong S P F  piglets a fte r
in fection

Group
0 day 15 th  day 30th day 60th day

B . b. P . m. B . b. P . m. B . b. P . m. B . b. P . m.

A 0 / 10* 0 /10 n .t. n .t. 3/10 0 /1 0 3/10 0/10
В 0/10 0/10 7/10 1/10 2/9 0/9 2/9 0/9
D 0/10 0/10 10/10 1/10 8/10 1/10 n.t. n .t.
E 0/10 0 /10 n .t. n .t. 4/10 1/10 4/10 2/10

C ontrol 0/10 0 /10 10/10 4/10 4/9 4/9 n .t. n .t.

* N um ber of carrie rs /n u m b er of anim als exam ined; n .t.: n o t te s ted
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Table 4

P ath o lo g ie  lesions in  S P F  pigs a fte r slaugh ter

Group
L e s i o n s c o r e s

Negative (+) + +  + +  +  + +  +  + +

A 7 _ 3 _ _ _
В 6 2 l — — —
D 1 1 2 5 — —
E 10 — — — - —

Control 2 - 1 2 2 2

M uscle, k idney , l iv e r , fa t  and  lung  sam ples of th e  p ig le ts  s laugh te red  
30 d ay s a fte r  the  end  o f  t r e a tm e n t h ad  no a n tib a c te ria l a c tiv ity . No G etroxel 
re s id u e  could be d e tec ted .

E ffic a c y  in  fa rm  experim ents

T he ra te  of ca rrie rs  am ong 2-w eek-old p ig lets befo re  beg inn ing  th e  
ex p e rim en ts  is given in  T ab le  5. P ig lets on farm s C and  D w ere heav ily  in fec ted  
b y  b o th  B . bronchiseptica a n d  P . m últoddá . B y  th e  end o f tre a tm e n t P . multo-

Table 5

N u m b er of carriers am ong  2-week-old p ig lets in  fa rm  experim ents before trea tm e n t

Farm s
P . m últoddá

heavy m ed ium  m ild  negative 
infection

B . bronchiseptica 
heaxy m edium  m ild  negative 

infection

Free of 
both 

species

F a rm A 2/15*; 1/15 0/15 12/15 7/15 2/15 1/15 5/15 4/15
F a rm В 0/15 0/15 0/15 15/15 4/15 0/15 1/15 10/15 10/15
F a rm C 4/15 2/15 0/15 9/15 4/15 1/15 :2/15 8/15 4/15
F a rm D 3/15 5/15 0/15 7/15 8/15 3/15 10/15 4/15 0/15

* N um ber of ca rrie rs /n u m b er of anim als exam ined

Table 6

N um ber of carriers am o n g  6-week-old p ig lets in  fa rm  ex p erim en ts a f te r  trea tm e n t

Farm s
P . m últoddá

heavy m edium  m ild negative 
infection

B. bronchiseptica 
heavy m edium  m ild negative 

infection

Free of 
both

species

F a rm A 0/15*! 0/15 0/15 15/15 0/15 0/15 1/15 14/15 14/15
F a rm В 0/15 0/15 0/15 15/15 0/15 0/15 0/15 15/15 15/15
F a rm C 0/15 0/15 0/15 15/15 1/15 1/15 0/15 13/15 13/15
F a rm D 0/15 0/15 1/15 14/15 1/15 1/15 1/15 12/15 11/15

* N um ber of carrie rs /n u m b er of anim als exam ined
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Fig. 1. Severe lesions in th e  nose of a con tro l pig

Fig. 2. Severe a tro p h y  in  th e  nose of a con tro l pig

Fig. 3. S ligh t lesions in pigs of group В



Fig. 4. L esions in th e  lower tu rb in a te s  (group D)

Fig. 5. Severe  a tro p h y  in th e  low er tu rb in a te s  (group D)
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cida  d isappeared  from  th e  n a sa l cav ity  o f th e  p ig lets b u t  B . bronchiseptica 
cou ld  no t be com plete ly  e lim in a te d  (Table 6).

The econom ic aspects o f  th e  fa rm  experim en ts are su m m arized  in  T ab le  7. 
T h e  m o rta lity  o f pig lets d u rin g  th e  f irs t six weeks o f life decreased  by  0 .8 -  
7 .6 %  (on th e  average  b y  3 .7 % ) as com pared  to  th e  con tro ls . D aily  body  m ass 
g a in  was, on th e  average, b y  15 .5%  higher th a n  in  th e  co n tro l herds, th e  feed 
conversion  ra te  w as b y  15.3%  h ig h er, an d  th e  d u ra tio n  o f th e  fa tte n in g  period  
w as b y  30.8 days sh o rte r th a n  in  th e  con tro l groups. T he incidence of lesions 
in  th e  nasal c a v ity  o f pigs a t  s la u g h te r  decreased b y  54 .7 % .

Table 7

Econom ic asp ec ts  of th e  fa rm  experim ents

Variable Treated group Control group

Body m ass, kg 
a t 2 weeks old 3.60 ±  0.74 3.78 ±  0.86
a t 6 weeks old 9.03 ±  1.96 10.47 ±  3.51

M ortality , %  (0-6  weeks) 7.76 11.49
D uration  of fa tten in g , days 198.70 ±  6.65 229.50 ±  11.76»

Daily body m ass gain, kg 0.52 ±  0.01 0.45 ±  0.03*

Feed conversion ra te , kg/kg 3.47 ±  0.19 4.10 ±  0.21*
Anim als w ith  a tro p h y  of th e  nose , % 17.5 72.2

* significant difference (p  <  0 .001 )

I n  vitro antibiotic resistance

A fter 20 passages, th e  M IC  o f th e  com bination  fo r P .  m últoddá  show ed 
n o  change, w hile th a t  for S . aureus  increased  to  1 jUg/ml, fo r B . bronchiseptica 
to  25 /xg/ml an d  fo r E . coli to  100 pg/m l.

D iscussion

Several ex perim en ts h a v e  been carried  ou t on th e  chem oprophy lac tic  
c o n tro l of A R . S u lphonam ides alone or com bined w ith  tr im e th o p rim , ty lo sin  
p lu s  su lp liad im id ine were fo u n d  to  be effective; how ever, an tib io tic  resistance 
lim ite d  th e ir  use in  th e  fie ld  (G iles e t ah, 1981; R u tte r , 1981). C arbadox  in  
co m b in a tio n  w ith  su lp h am e th az in e  reduced  th e  p reva lence  o f lesions o f A R  
a n d  im proved  g row th  ra te  a n d  feed efficiency; how ever, in  som e fie ld  cases 
th e  p ropo rtio n  o f an im als w ith  tu rb in a te  lesions an d  th e ir  score rem ained  
considerab le  (F a rrin g to n  an d  S h ively , 1979). O x y te tacy c lin e  th e ra p y  con-
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s is tin g  of th ree  in jec tions before w ean ing  followed by  feed m ed ica tio n  or long- 
a c tin g  O xytetracycline in jec tio n s p rev en ted  A R ; th ese  m e th o d s  are , how ever, 
tim e  consum ing (M efford e t al., 1983; R u tte r , 1981).

O n th e  basis o f in  vitro  an tib io tic  su scep tib ility  te s ts , com binations of 
G etro x e l, ch lo rqu inaldo l a n d  O xytetracycline, an d  th e  fo rm er tw o  drugs com ­
b in e d  w ith  tr im e th o p rim , p ro v ed  to  be effective a g a in s t P .  m últoddá  an d  
B . bronchiseptica s tra in s . T h e  M IC an d  MBC w ere less th a n  0.5 jUg/ml for b o th  
co m b in a tio n s.

Clinical signs o f A R  could  be in d u ced  b y  in o cu la tin g  28-day-o ld  S P F  
p ig le ts  w ith  tox igenic  P . m ú ltoddá  an d  B . bronchiseptica  s tra in s . A t th e  age 
o f  90 days, lesions of th e  tu rb in a te s  an d  d is to rtio n  o f th e  nose were ev id en t. 
I n  o u r experim en t, d ru g  m ix tu re  В p roved  to  be th e  m o st effective in  p re ­
v e n tin g  A R  and  m in im izing  econom ic losses due to  th e  d isease. This co m b in a­
tio n  w as able to  p re v e n t co lon iza tion  o f th e  nasa l m ucous m em b ran e  of S P F  
p ig le ts  b y  a v iru len t P . m ú ltoddá  s tra in  an d  i t  could rep ress  B . bronchiseptica 
as w ell, th u s  reducing  th e  risk  of A R . C om bination  В help ed  to  increase th e  
d a ily  b o d y  m ass gain  a n d  im p ro v ed  th e  feed conversion ra te . R ed u c tio n  of th e  
dose of th e  com pounds (groups A an d  E) led  to  im p a ired  efficacy.

The resu lts of efficacy  tria ls  in  S P F  piglets w ere con firm ed  b y  th e  fie ld  
tr ia ls . T he m odera te  in fec tio n  on fa rm  A an d  th e  s lig h t in fec tio n  on fa rm  В 
b o th  were p rac tica lly  e lim in a ted ; on th e  heav ily  in fec ted  fa rm  D P . m últoddá  
a n d  B . bronchiseptica con sid erab ly  decreased  in  n u m b er. T h e  sporad ic  b ac te riu m  
ca rrie rs  w ere th e  sm alle r an d  w eaker pigs w hich w ere su rp assed  a t  feeding so 
t h a t  th e y  could n o t ta k e  up  th e  drugs in  effective doses.

E lim ina tion  of P . m ú lto d d á  an d  B . bronchiseptica s tra in s  from  th e  n asa l 
c a v ity  or th e ir  red u c tio n  in  n u m b er is im p o rta n t because p ig le ts  are  susceptib le  
to  th e  agents of A R  on ly  in  th e  f irs t  6 w eeks of life. I f  th e y  get in fec ted  la te r , 
c lin ica l signs and  econom ic losses u su a lly  w ill n o t occur (de Jo n g , 1981).

T he bacterio log ical resu lts  w ere confirm ed  b y  th e  clin ica l signs, b y  th e  
la ck  o f lesions in  th e  n asa l c a v ity  a t  s lau g h te r, an d  b y  th e  econom ic indices 
(d a ily  w eight gain, feed  conversion  ra te , d u ra tio n  of fa tte n in g ).

T he co m b in a tio n  of G etroxel, ch lo rqu inaldo l an d  O xytetracycline de­
scrib ed  above was cap ab le  of p rev en tin g  A R  and  th e  co n seq u en t econom ic 
losses. W e failed to  develop  in  vitro  an tib io tic  resistance  to  th e  d rug  m ix tu re . 
B esides p rev en tin g  A R , th e  co m b in a tio n  can  e lim inate  o th e r  in fectious diseases 
o f  p ig le ts  a t  th e  age o f 2—6 weeks (am ong o thers strep tococcosis , E . coli 
d ia rrh o ea , swine d y se n te ry , H aem ophilus  in fections, e tc .) .

C om bination  В has been reg istered  in  H u n g a ry  u n d e r th e  n am e of 
V etricin®  (E G IS  P h a rm aceu tica ls , B u d ap est) .
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A NEW SEROTYPE
OF E R Y S I P E L O T H R I X  R H U S I O P A T H I A E  

ISOLATED FROM PIG SLURRY
(SHORT COMMUNICATION)

У. N 0 R R U N G 1 a n d  G . M O LIN 2

'N a tio n a l  V e te rin a ry  L ab o ra to ry , P .O . B o x  373, D K -1503, C openhagen, D e n m ark ; an d  
d e p a r t m e n t  o f A pp lied  M icrobiology, C h em ical C enter, U n iv e rs ity  o f L u n d , P .O . B o x  124,

S-221 00 L u n d , Sw eden

(R eceived  N o v em b er 19, 1990)

Since W a tts  (1940) observed  t h a t  s tra in s  of E rysipelo thrix  rhusiopathiae  
could  be divided in to  tw o a n tig en ica lly  d ifferen t g roups, num erous sero ty p es 
have  been  found.

K ucsera  (1972), who ex am in ed  a n d  ty p e d  s tra in s  of E . rhusiopathiae  from  
d iffe ren t p a r ts  o f th e  world, d isco v ered  th a t  som e s tra in s  w ith  th e  sam e 
d esig n a tio n  w ere o f  d ifferent se ro ty p e s  and  o th e r s tra in s  w ith  d iffe ren t de­
s ig n a tio n  belonged to  the  sam e se ro ty p e . K ucsera , th ere fo re , p ro p o sed  to  
in tro d u c e  a system  using A rabic n u m era ls  in stead  of cap ita ls  an d  w ith  re f­
erence s tra in s  w ith in  each se ro ty p e . B y  th a t  tim e  15 d iffe ren t se ro ty p es h ad  
been  rep o rted . B y  now  10 a d d itio n a l se ro ty p es have  been found  an d  described : 
se ro ty p e  16 b y  F á b iá n  et al. (1973), sero ty p es 17, 18, 19 an d  20 b y  W ood e t al. 
(1978), sero types 21 and  22 b y  N o rru n g  (1979), sero types 23 an d  24 b y  X u  
e t al. (1984, 1986), an d  sero type 23 b y  N orrung  e t al. (1987). A t th e  tim e  of 
p u b lica tio n  of se ro ty p e  23 b y  N o rru n g  e t al., th e  au th o rs  w ere n o t aw are  of 
tw o  Chinese p ap ers  dealing w ith  se ro ty p es  23 an d  24, since th e y  w ere p u b ­
lished  in  th e  Chinese language. H a v in g  received an d  ty p e d  th e  tw o  Chinese 
s tra in s , th e y  p ro v ed  to  be of d iffe re n t sero types an d  n o t id en tica l w ith  our 
se ro ty p e  23. F o r th is  reason, i t  h a s  b een  decided to  change d esig n a tio n  o f our 
s tra in , K S20A , to  sero type  25.

M olin e t al. (1989) found am o n g  s tra in s  of d ifferen t sero types one s tra in  
(L136) iso la ted  from  pig slu rry  w h ich  could  n o t be ty p e d  b y  m eans o f  a n y  of 
th e  ty p e  sera av a ilab le  (1 th ro u g h  25).

R a b b its  w ere im m unized w ith  an tig en  from  th e  s tra in  an d  th e  an tise ra  
p ro d u ced  were te s te d  w ith  a n tig e n  from  all recognized ty p e  s tra in s . The 
m e th o d  of an tig en  p roduc tion , im m u n iz a tio n  o f ra b b its  an d  th e  ag a r gel 
diffusion te s t  h ad  been described b y  N o rru n g  e t al. (1987).

A n tise ra  p ro d u ced  w ith  s tr a in  L136 did n o t reac t w ith  an y  a n tig e n  p ro ­
duced  from  th e  recognized 25 se ro ty p e s . T he only reac tio n  observed  w as using
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a n tis e ru m  and  a n tig e n  from  s tra in  L136, in d ica tin g  th a t  s tra in  L136 is a 
s e ro ty p e  which h a d  n o t  been described  earlie r. T he s tra in  was designated  
se ro ty p e  26 and  s t r a in  L136 is p roposed  as reference  s tra in .
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IMMUNE REACTIONS AND IMMUNOPATHOLOGIC 
CHANGES INDUCED IN OVINE FETUSES 

AND LAMBS BY MAEDI-VISNA VIRUS

S. T u b o l y 1, R . G l á v i t s 2, Z. M e g y e r i 1 and V . P á l f i 2

d e p a r t m e n t  o f  Epizootio logy, U n iv e rs ity  o f V e te rin a ry  Science, H-1581 B u d a p es t, P .O . 
B ox  22; 2C en tra l V e terin ary  In s t i tu te ,  H -1149 B u d ap es t, T áb o rn o k  u. 2, H u n g a ry

(R eceived  J a n u a ry  16, 1991)

S even ty - to  80-day fe tuses o f M erino ewes w ere inocu lated  in tra m u sc u la rly  in  
utero an d  2-week-old lam bs of th e  sam e breed  in tra tra c h e a lly  w ith  106 3 T C ID 50/0.1 m l 
o f m aed i-v isna  v iru s s tra in  K 1512 iso la ted  in  Iceland .

W hile  no  p recip itin s ap p ea red  in  th e  serum  o f fe tuses, such an tib o d ies  w ere 
d e m o n s trab le  in  th e  lam bs fro m  p o stin o cu la tio n  (P I)  d a y  30. In d irec t im m u n o flu o res­
cence ( I I F )  revea led  th e  p resence of an tib o d ies  in  sam ples fro m  b o th  fe tuses a n d  lam b s; 
th e  d e te c ta b ili ty  o f these an tib o d ies , how ever, v a ried  ev en  w ith in  a given an im a l d u rin g  
th e  ex p erim en t. T he serologic re su lts  w ere inversely  p ro p o rtio n a l to  th e  k in e tic s  o f 
c ircu la tin g  im m une com plex (cIC ) p ro d u c tio n .

B y  th e  ly m p h o cy te  s tim u la tio n  te s t  (LST), th e  b lastogénie  tra n s fo rm a tio n  of 
ly m p h o cy tes  as m easured  b y  3H -T d R  in co rp o ra tio n  w as 6- 8 %  and  6 -1 4 %  in  th e  
fe tuses an d  lam bs, respectively .

B y  a n tib o d y -d ep en d en t cell-m ed ia ted  c y to to x ic ity  (ADCC) te s t,  cy to to x ic  
cap a c ity  (1 0 -1 4 % ) was only d e m o n s trab le  in  lam bs in o cu la ted  a t  2 w eeks o f  age, in  
th e  2nd  m o n th  o f life.

H isto log ic  ex am in atio n  show ed t h a t  in  th e  lu n g s of b o th  fe tuses a n d  lam b s 
ly m p h o -h istio cy tic  in filtra tio n  developed  from  P I  w eek 4. T his was la te r  jo in e d  by  
ly m p h o id  h y p e rp la sia  in th e  p e rib ro n ch ia l ly m p h  nodes. T lym phocy te  p ro life ra tio n  
w as d o m in a n t in  these  lesions as show n by  a h istochem ical p rocedure  (a lp h a -n a p h th y l-  
-ace ta te -e s te ra se , A N A E). B y im m unofluorescence (IF ) , deposited  im m une com plexes 
(IC ) w ere d em onstrab le  in v a rio u s o rgans (w all o f cereb ral ven tricles, e n d o th e liu m  o f 
b lood  vessels o f th e  b ra in  stem , cerebellum , lungs, k idneys). These IC m ay  p la y  an  
im p o r ta n t  role in th e  pathogenesis o f m aedi-v isna.

K ey w ords: M aedi-visna, v iru s, sheep, fe tus , lam b , im m une reac tions, im m u n o - 
p a th o lo g ica l changes

T he pa thogenesis  of m aed i-v isna  depends n o t on ly  on th e  b reed  a n d  age 
of sheep (N a ra y a n  c t al., 1974; P e tu rsso n  e t al., 1976) b u t  also on th e  v iru len ce  
o f th e  cau sa tiv e  v iru s s tra in  (L airm ore  e t al., 1988). T he disease m ay  m an ife s t 
itse lf  e ith e r  as chronic in te rs ti t ia l  p neum on ia  (S igurdsson, 1954) or as p ro ­
gressive m en ingoencephalitis  (S igurdsson  an d  P alsson , 1958). Ow ing to  th e  
“ m u ltip le  tissu e  tro p ism ” of th e  v iru s  (L airm ore e t al., 1988), th ese  m a n i­
fes ta tio n s  m ay  be accom panied  b y  a r th r it is  an d  m a s titis  (O liver e t al., 1981; 
N a ra y a n  an d  Cork, 1985; D eng e t  al., 1986).

Im m u n e  responses to  th e  v iru s  m ay  also v a ry  depend ing  on th e  v iru len ce  
o f v iru s  s tra in s  (T horm ar et al., 1966; C lem ents e t a l., 1988). H ow ever, n e ith e r  
p rec ip itin s  n o r v iru s-n eu tra liz in g  an tib o d ies  can  p re v e n t th e  d ev e lo p m en t of 
th e  pa th o lo g ica l processes (K lein  e t al., 1985; L a irm o re  e t al., 1988) as th e  
v iru s  is ab le to  evade th e  h o s t’s defences (H aase , 1975; N a th an so n  e t a l., 1985)
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a n d  d issem ina te  in  th e  organism  b y  a so-called  “ T ro jan  ho rse”  m echan ism  
(N a ra y a n  e t ah, 1977; C lem ents e t ah , 1980; Peluso  e t ah, 1985). A ntigenic 
v a r ia t io n  has been  in v o k ed  as an  e x p la n a tio n  fo r v iru s sp read  (T h o rm ar e t ah, 
1966; C lem ents e t ah , 1980; L u tley  e t ah , 1983). P e rs is ten t v ira l in fec tio n  m ay  
le a d  to  th e  fo rm a tio n  o f  im m une com plexes (Jo h n so n  e t ah , 1983; Cheevers 
a n d  M cG uire, 1985).

T h e  aim  of th is  w ork  was to  s tu d y  th e  im m u n e  reac tions a n d  im m uno- 
p a th o lo g ica l changes in d u ced  by  th e  v iru s  in  a m odel ex p erim en t.

M aterials an d  m ethods

A n im a ls . T w elve 70- to  80-day-o ld  fe tu ses  of M erino ewes (group A) 
a n d  12 tw o-w eek-old  M erino lam bs (g roup  B) w ere used. A suspension  of 
m aed i-v isn a  v iru s s tra in  K1512 iso la ted  in  Ic e la n d , con ta in ing  106'3 T C ID 50/m l 
v iru s , w as used fo r ex p erim en ta l in fec tion  as follows. In  g roup  A, th e  fetuses 
o f 6 lap a ro to m ized  ewes w ere in o cu la ted  in tra m u sc u la rly  w ith  0.1 m l of th e  
v iru s  suspension, an d  th e  fetuses of 6 c o n tro l ewes were tre a te d , in  th e  sam e 
w ay , w ith  v irus-free b u ffe r so lu tion . O n p o stin o cu la tio n  (P I) d ay s  30 an d  60 
one fe tu s  was e x tra c te d  from  one e x p e rim e n ta l an d  one con tro l ewe, respec­
tiv e ly . T he lam bs de livered  b y  th e  o th e r ew es w ere ex san g u in a ted  a t  1 an d  2 
m o n th s  o f age, re sp ec tiv e ly . B lood an d  o rg an  (spleen, liver, lungs, k id n ey , 
ly m p h  node, b ra in , sp in a l cord) sam ples w ere ta k e n  to  assess th e  h u m o ra l an d  
th e  ce ll-m ed ia ted  im m u n e  responses a n d  th e  im m unopatho log ie  changes. In  
g ro u p  B , 6 lam bs w ere in o cu la ted  in tra tra c h e a lly  w ith  0.3 ml of v iru s  suspension  
a n d  th e  con tro l lam b s w ere tre a te d , b y  th e  sam e ro u te , w ith  v irus-free  bu ffer 
so lu tio n . B lood sam ples w ere ta k e n  from  th e  experim en ta l a n d  th e  con tro l 
la m b s  a t  30-day in te rv a ls  fo r a period  o f 6 m o n th s. A t th e  tim e  of b lood 
sam p lin g  one ex p e rim en ta l an d  one co n tro l lam b  each was k illed , an d  organ  
sam p les  described fo r g roup  A w ere ta k e n  fro m  th em .

A gar-gel p recip ita tion  (A G P ) test. T h e  sera  were te s ted  in  O u ch te rlo n y ’s 
sy s te m  against an  a n tig e n  p rep ared  from  m aed i-v isn a  v irus o f sheep  (NADC, 
A m es, USA).

Indirect im m unofluorescence ( I I F )  test. T h e  v ira l an tigens w ere adsorbed  
o n to  th e  surface o f gu inea  pig e ry th ro c y te s  a n d  te s te d  ag a in st d iffe ren t d ilu ­
tio n s  (1 : 2-1  : 6) o f th e  te s t  sera, th e n  a g a in s t a n  an ti-sheep  Ig  F IT C  co n ju g a te  
(M IL E S , V ienna).

Lym phocyte separation. L y m phocy tes w ere sep ara ted  from  heparin ized  
b lo o d  sam ples w ith  F ico ll-P aque. Cell d e n s ity  was ad ju s ted  to  106/m l, th e n  
1 .5-m l a liquo ts o f th e  cell suspension w ere m easu red  in to  L e igh ton  tu b es.

Lym phocyte s tim ula tion  test ( L S T ) .  A fte r  add ing  0.1 m l v ira l an tig en , 
th e  s tim u la te d  cell suspensions were in c u b a te d  a t  37 °C for 72 h . A t 56 h  of
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in cu b a tio n  10 pCi 3H -T d R  was added  to  each  sam ple an d  th e  sam ples w ere 
covered w ith  Ilfo rd  N u clear (Ciba-G eigy) em ulsion. T he ra te  of b lastogén ie  
tra n s fo rm a tio n  w as d e te rm in ed  b y  a u to ra d io g ra p h y  on th e  basis o f 3H -T d R  
in co rp o ra tio n .

A ntibody-dependent cell-mediated cytotoxicity (A D C C ). G uinea p ig  e ry th ­
rocy tes sensitized  w ith  m aed i-v isna  v iru s  w ere used  as ta rg e t  cells. T he re a c tio n  
was ca rried  o u t as described  earlier (K iss a n d  T uboly , 1981), w ith  th e  on ly  
d ifference t h a t  10 p i an ti-m aed i-v isn a  se ru m  (A G P t i tre :  1 :2 , d ilu tio n : 1 : 10) 
was ad d ed  to  th e  sam ples.

D eterm ination o f  circulating im m  une complexes (c IC ). Im m u n e  com plexes 
p resen t in  th e  serum  w ere de term ined  b y  a po lyethy lene  glycol (PE G )-6000 
p re c ip ita tio n  m e th o d  (H ask o v a  e t al., 1978) as m odified  b y  M ayr e t al. (1982). 
S p ec tro p h o to m e try  w as carried  ou t a t  450 n m  using 1%  aggrega ted  sheep 
IgG  tre a te d  in  a w a te r -b a th  of 63 °C fo r 30 m in  as s ta n d a rd . T he presence of 
v ira l an tig en s an d  IgG  in  th e  p re c ip ita te  w as de te rm ined  b y  E L IS A  (N eel 
and  S tevens, 1980) a fte r  w ashing  th e  p re c ip ita te  w ith  3 .75%  PE G -6000 so lu ­
tio n  an d  d isso lv ing  i t  in  P B S  (pH  7.2).

A n ti-m aed i-v isn a  im m une  serum  a n d  an ti-sheep  IgG  perox idase co n ­
ju g a te  (H U M A N  I n s t i tu te ,  B udapest) w ere used  as im m unological reag en ts .

D eterm ination o f  deposited im m une complexes (d IC ) .  T he sections p re ­
p a red  from  o rg an  sam ples fixed  an d  em b ed d ed  accord ing  to  S ain te-M arie  
(1962) w ere ex am in ed  b y  im m unofluo rescence  using an ti-sheep  IgG  an d  a n t i ­
sheep IgM  co n ju g a tes . E v a lu a tio n  w as c a rr ie d  o u t in  an  NU2 Zeiss m icroscope.

D eterm ination o f  T  and В  lym phocytes. This was done b y  th e  a lpha- 
n a p h th y l-a c e ta te -e s te ra se  (A N A E) p ro ced u re  (M ueller e t a l., 1975) a n d  b y  
d irec t im m unofluo rescence  using an ti-sh eep  IgG  an d  an ti-sheep  IgM  co n ­
ju g a te s  in  sec tions p re p a re d  from  th y m u s , sp leen, lym ph  node, lung  an d  b ra in  
sam ples from  ovine fe tuses and  lam bs.

H istologic exam ination . Sam ples w ere  em bedded  in  p a ra ff in  an d  th e  
sections w ere s ta in ed  w ith  haem alum  as described  in  m anuals.

R esu lts

D ifferences w ere fo u n d  in  th e  a p p ea ran ce  and  persistence  o f an tib o d ies  
d e tec tab le  b y  A G P an d  I I F .  In  fe tuses o f g roup  A, th e  I I F  te s t  d e m o n s tra te d  
serum  an tib o d ie s  a lread y  on P I  d ay  60, w hile p rec ip ita tin g  an tib o d ies  a p ­
peared  in  th e  serum  on ly  2 m on th s a f te r  b ir th .

T he se ra  o f ex p e rim en ta l an im als o f  g roup  В w ere p ositive  b o th  b y  th e  
I I F  a n d  th e  A G P  te s t  on P I  day  30, a n d  sero p o sitiv ity  changed  as show n in  
T ab le  1.
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Table 1

A ntibodies dem onstrable in group В an im als by  I I F  and  AG P

No. of 
animal

S a m p l i n g  t i m e s  (P I months)

1 2 3 4 5 6 7

Infected
anim als

+  / =  p o sitiv e  b y  th e  I I F  te s t  (serum  d ilu tion : 1 : 2) 
/ +  =  po sitiv e  b y  th e  AGP te s t  (serum  d ilu tion : 1 : 2)

A fter P I  d ay  30, cICs were d e te c ta b le  in  serum  sam ples from  b o th  th e  
fe tu ses  (group A) a n d  th e  lam bs (group B , as show n in T ab le  2). T heir a m o u n t 
w as inversely  re la te d  to  th e  p o sitiv ity  o f  th e  serologic te s ts . N am ely , i f  th e  
a m o u n t of cICs exceeded  a sp ec tro p h o to m e trica lly  m easu red  ex tin c tio n  v a lu e  
o f 0.020, b o th  th e  A G P  an d  th e  I I F  te s ts  w ere nega tive .

B eyond P I  d ay  30 th e  LST show ed a b lastogén ie  tran sfo rm a tio n  ra te  
o f  6 -8 %  and  6 -1 4 %  in  sam pl es from  g roup  A an d  g roup  B, respectively .

ADCC in xenogenous system  w as n eg a tiv e  fo r sam ples from  b o th  fe tu ses  
a n d  lam bs. In  th e  2 n d  m o n th  a fte r in o cu la tio n , lam bs in o cu la ted  a t  2 w eeks 
o f age show ed a c y to to x ic  cap ac ity  (CTC) o f  10-14%  (excep t lam b no. 4). 
S u b seq u en tly  th e  te s t  becam e nega tive .

O n P I  d ay  60, d IC s were observed  in  perib ro n ch ia l areas of th e  lungs 
a n d  in  th e  wall o f b ro n ch i, in th e  ren a l g lom eruli an d  in  th e  w all of th e  ce reb ra l 
v en tric le s  of th e  fe tu ses  b y  d irect I F  u sing  IgM  con jugate .

U sing a n ti-Ig G  a n d  an ti-IgM  co n ju g a te s , in  sam ples from  lam bs dIC s 
w ere d em onstrab le  in  th e  walls of b lood  vessels and  b ronch i in  th e  lungs, 
in  th e  glom eruli an d  tu b u le s  of th e  k id n ey , an d  a ro u n d  th e  cen tra l a r te rie s  
o f  th e  liver. D ep o sited  ICs were also d e tec ted  in  th e  endo thelium  of b lood  
vessels o f th e  b ra in  s tem  in sam ples ta k e n  from  tw o experim en ta l an im als
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Table 2

C ircu la ting  im m une com plexes (cIC) in group В inocu la ted  a t  lam b  age

No. of S a m  p 1i n g  t i m e s (P I months)
animal

1 2 3 4 5 6 7

In fected
anim als

1 0.040 0.020
2 0.080 0.010 0.015
3 0 .020 0.010 0.070 0.015
4 0.075 0.080 0.060 0.080 0.085
5 0.030 0.020 0.010 0.020 0.040 0 .010
6 0 .010 0.020 0.015 0.020 0.010 0 .010 0.020

Control
anim als

7 0.000 0.000 0.000 0.000 0.000 0.000 0.000
8 0.000 0.000 0.000 0.000 0.000 0.000
9 0.000 0.000 0.000 0.000 0.000

10 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000
12 0.000 0.000

cIC: eq u iv a len t to  m g/m l aggregated  sheep IgG

in  th e  2nd an d  6 th  m o n th  a fte r  in ocu la tion , an d  in  one an im al such  ICs were 
seen a t  th e  b o rd e r o f th e  grey an d  w hite  m a tte r  o f th e  cerebellum . Spleen, 
ly m p h  node an d  th y m u s  sam ples w ere co n sis ten tly  n eg a tiv e .

H isto logic  ex a m in a tio n  a t P I  w eek 4 revea led , in  b o th  th e  fetuses an d  
th e  lam b s, p ro life ra tiv e  ly m p h o h istio cy tic  in f iltra tio n  in  th e  in te rs titiu m  of 
th e  lungs, m ain ly  pe riv ascu la rly . A ccording to  th e  h istochem ical exam in a tio n  
(A N A E ), T  ly m p h o cy te s  w ere d o m in an t in  these  lesions. In  th e  lam bs, th e  
above lesions w ere la te r  jo in ed  by  fo llicular an d  p a ra c o rtica l lym p h o id  h y p e r­
p lasia  in  th e  p e rib ro n ch ia l ly m p h  nodes.

D iscussion

In  recen t y ea rs  num erous d a ta  have been o b ta in ed  on im m u n e  reactions 
to  len tiv iru ses an d  th e  pathogenesis o f diseases caused  b y  th e m  (B rah ic  e t al., 
1981; N a ray an  e t a l., 1982; H aase  e t al., 1984; G endelm an  e t a l., 1985; N aray an  
e t a l., 1985; K en n e d y  e t al., 1985; S harp  an d  Jo rg en sen , 1985; H aase, 1986; 
Z ink e t al., 1987; H aa s , 1987).

As regards th e  k ine tics  of h u m o ra l im m u n e  response an d  a n tib o d y  p ro ­
d u c tio n , several a u th o rs  (S tow ring  e t ah, 1979; C lem ents e t ah , 1980; D ahlberg
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e t  a l., 1981; Jo h n so n  e t al., 1983) re p o rte d  th e  p ro d u c tio n  o f an tib o d ies  to  
v ira l  g lycopro teid  an tig en s  a lread y  a t  an  early  s tag e  of in fec tion . P rec ip itin s  
w ere  dem onstrab le  as ea rly  as P I  w eek 5 (L airm ore e t a l., 1988).

In  th is  s tu d y , p rec ip itin s  w ere d em o n stra ted  in  th e  serum  of lam bs on 
P I  d a y  30. No p rec ip itin s  w ere p ro d u ced  in  th e  fe tu ses; how ever, in  th e  2nd  
m o n th  a fte r b ir th  th e ir  presence w as dem o n strab le  in  th e  serum . T he k inetics 
o f  a n tib o d y  p ro d u c tio n  w as s tu d ied  also b y  I I F ,  a te s t  w hich  has been  found  
to  be  su ffic ien tly  sen sitiv e  n o t o n ly  in  m aedi-v isna (D aw son e t ah , 1985) b u t  
a lso  in  H IV  in fections (Gallo e t ah , 1986; Jack so n  an d  B alfou r, 1988). The 
re s u lts  of I I F  in d ic a te  th a t  an tib o d ies  to  th e  v iru s are  p ro d u ced  in  b o th  th e  
fe tu se s  and  the  lam b s; how ever, th e ir  am o u n t m ay  v a ry  even  w ith in  a given 
a n im a l a t  th e  d iffe ren t te s tin g  tim es  an d  m ay  be below  th e  th re sh o ld  of 
d e tec tio n .

Several ex p lan a tio n s  ex ist fo r th is  “ f lu c tu a tio n ” , inc lud ing  reduced  
a c t iv i ty  of an tibod ies to  chang ing  v ira l an tigens (G u d n a d o ttir , 1974; K ennedy- 
S to sk o p f  and  N a ra y a n , 1986), low  level o f a n tib o d y  p ro d u c tio n  or fa ilu re  of 
a n tib o d ie s  to  reach  th e  th resh o ld  o f de tec tio n  (L a irm ore  e t ah , 1988). O ur 
re su lts  show th a t  th e  phenom enon  is re la ted  to  cIC fo rm atio n . F o rm a tio n  of 
cIC s w as observed in  b o th  in fec ted  fe tu ses an d  in fec ted  lam b s, an d  its  k inetics 
w as inversely  p ro p o rtio n a l to  th e  d e te c ta b ility  o f an tib o d ies , i.e. a t  a cIC 
v a lu e  exceeding an  e x tin c tio n  o f 0.20 th e  serologic te s ts  gave n eg a tiv e  re su lts . 
P ro d u c tio n  of cICs h as  been  o bserved  in  o th e r le n tiv ira l in fec tions inc lud ing  
in fec tio u s  anaem ia o f horses an d  a rth ritis -en cep h a litis  o f goa ts  (Jo h n so n  e t ah , 
1983; Cheevers an d  M cG uire, 1985), an d  th e  k inetics o f th e ir  p ro d u c tio n  was 
s tu d ie d  in  H IV  in fec tio n s (E u le r e t ah , 1985; M orrow e t ah , 1986; L ange e t ah , 
1987). T he d e te c ta b ility  of an tig en  in  th e  serum  (P au l a n d  F a lk , 1986) was 
close ly  re la ted  to  changes in  a n tib o d y  titre s  to  gag (p24) an tig e n  (L ange e t al.,
1986).

Few  com parab le  d a ta  ex ist on in  vitro reac tions o f  th e  p e rip h era l ly m ­
p h o c y te s . In  our ex p erim en ts , th e  re su lt o f LST w as 6—8%  an d  6—14%  for 
th e  fe tuses and th e  lam b s, re spec tive ly .

ADCC was n eg a tiv e  for sam ples from  fetuses an d  lam bs of g roup  A. 
I n  sam ples of g roup  В lam bs, how ever, a cy to to x ic  c a p a c ity  of 10—14%  was 
m easu red  in  th e  2nd  m o n th  a fte r  in fec tion . L a te r  on ADCC was co n sis ten tly  
n e g a tiv e . This is in  h a rm o n y  w ith  th e  find ings o f F au c i an d  L ane (1987), 
n a m e ly  th a t  in  H IV  in fections an tib o d ies  app earin g  in  th e  serum  are f irs t 
a c tiv e  against b o th  gag  (p24) an d  env (p l20 ) an tigens b y  ADCC, b u t  la te r , 
w ith  the  progression o f  th e  disease process, th e y  m ay  lose th e ir  responsiveness 
to  gag  and  re ta in  a c t iv i ty  to  th e  env (p l2 0 ) an tig en  only .

A t P I  w eek 4, h isto logic ex am in a tio n  revealed  ly m p h o -h is tio cy tic  in ­
f i l t r a t io n  con ta in ing  m ain ly  T  cells in  p eriv ascu la r areas o f th e  lungs. L a te r  
th is  w as jo ined b y  ly m p h o id  h y p e rp la s ia  in  th e  p e rib ro n ch ia l ly m p h  nodes.
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In  a s tu d y  b y  L airm ore  e t al. (1988) ly m p h o p ro lifé ra tiv e  processes w ere o b ­
served  only  a f te r  P I  week 10.

No in te rp re ta b le  h is to p a th o lo g ic  changes w ere found  in  th e  b ra in  of 
fetuses an d  la m b s . This is con sis ten t w ith  th e  resu lts  of N aray an  e t al. (1977) 
w ho in o c u la te d  lam bs in trace reb ra lly  w ith  th e  A m erican  s tra in  D l-2  a n d  th e  
Ice land ic  s tr a in  1514. A lthough  th e y  could  de tec t th e  v iru s in  b ra in  sam ples, 
no h is to p a th o lo g ic  lesions were seen. In  th is  s tu d y , deposited  ICs w ere d e m ­
o n s tra te d  in  th e  w all o f th e  ce reb ra l v en tric les o f th e  fetuses an d  in  th e  
en d o th e liu m  o f b lood  vessels of th e  b ra in  stem  as well as a t  th e  b o rd e r o f th e  
g ra y  and  w h ite  m a tte r  in  th e  cerebellum  in  lam bs in o cu la ted  in  utero o r a t 
2 weeks o f age.

IC fo rm a tio n  due to  p e rs is ten t v ira l in fec tion  an d  th e  deposition  o f  ICs 
in  d iffe ren t tissu es  have been re p o rte d  fo r o th e r len tiv ira l in fec tions, too  
(C heevers a n d  M cG uire, 1985; Jo h n so n  e t ah , 1983). T he dICs found  in  th e  
b ra in  and  in  o th e r  organs in  th is  ex p e rim en t suggest th a t  fo rm a tio n  an d  
deposition  o f im m u n e  com plexes p la y  an  im p o r ta n t role in  th e  pa th o g en esis  
of m aed i-v isna  as well.
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S U B A C U T E  T O X IC IT Y  T E S T IN G  O F O C H R A T O X IN  A  
A N D  C IT R I N I N  I N  S W IN E

G abrie lla  S á n d o r 1* , A ngela B u s c h 2, H . W a t z k e 2, J .  R e e k 2 a n d  A. V á n y i 1

1C en tra l V e terin ary  In s t i tu te ,  H -1149 B u d a p es t, T á b o rn o k  u . 2, H u n g a ry ; ‘ P re se n t ad d ress : 
D e p a r tm e n t o f P h arm aco lo g y  an d  T oxicology, U n iv e rs ity  o f V e te r in a ry  Science, H-1400 
B u d a p es t, P .O .B . 2, H u n g a ry ; S ta a t l ic h e s  V eterinärm edizin isches P rü fu n g s in s ti tu t, 1040 

B erlin , H an n o v ersch e  S trasse  27, G erm any

(R eceived  N o v em b er 20, 1990)

F o u rte en  p igs w ere fed  o ch ra to x in  A  an d  c itrin in  th ro u g h  a  sto m ach  tu b e  a t  
da ily  doses o f 0.02 an d  0.01 m g/kg b o d y  m ass fo r 57 days. T hese  to x in  doses co rrespond  
to  th e  average to x in  co n ta m in a tio n  leve l o f  feeds in  C entral E u ro p e . T h e  clinical s ta tu s  
o f  th e  pigs w as m o n ito red  a n d  c lin ical lab o ra to ry , h aem ato lo g ica l a n d  m y co tox in - 
an a ly tica l ex am in atio n s w ere pe rfo rm ed  th ro u g h o u t th e  tria l. A t th e  en d  of th e  e x p eri­
m e n t gross an d  h is to p atho log ical ex am in a tio n s  were carried ou t.

T he re su lts  o f o c h ra to x in  A  a n d  c itr in in  d e te rm in a tio n  in  th e  b lood, o b ta in e d  
b y  h igh-perfo rm ance  liq u id  c h ro m a to g ra p h y  (H PLC ), are im p o r ta n t  from  th e  food 
hygien ic  p o in t o f  view . T he se n sitiv ity  o f th e  m eth o d  was 2 and  10 n g /m l fo r o c h ra to x in  
A and  c itrin in , re sp ec tive ly . T h e  reco v ery  r a te  o f th e  m y co to x in s  w as above 6 0 % .

K ey w ords: O ch ra to x in  A, c itrin in , to x ic ity , blood levels, H P L C , pig

O chra to x in  A an d  c itr in in  belong  to  th e  com m onest m yco tox ins p ro ­
d uced  in  n a tu re . B o th  to x in s  are  p ro d u ced  b y  Aspergillus  o r P énic illium  spp ., 
m o stly  on barley , o a t o r w h ea t su b s tra te s . B o th  m yco tox ins a re  nephro to x ic  
a n d  h ep a to to x ic  an d  m ay  be im p o r ta n t  causes of m yco tox ic  porc ine  n e p h ro ­
p a th y  (M PN ). M PN  is an  endem ically  occu rring  disease in  S can d in av ia . I t  w as 
f i r s t  d iscovered in  D en m ark  (L arsen , 1928). T he renal d iso rd e r is ch arac terized  
b y  d egenera tion  o f th e  p rox im al tu b u le s  a n d  in te rs titia l c o rtic a l fib rosis. M ic ro ­
scop ically  th e  k idneys are en larged  an d  p a le , an d  cortical fib ro s is  is d is tin c tly  
o b servab le  on th e  c u t surface in  a d v an ced  cases, as rep o rted  fro m  fie ld  su rveys 
(E llin g  e t al., 1973). M PN  w as id en tified  also in  H u ngary  (S án d o r e t al., 1982). 
O f th e  tw o to x ins, especially  o ch ra to x in  A  has im portance  in  re sp e c t of res id u a l 
to x ic ity . T herefore, num erous an im al experim en ts w ith  o c h ra to x in  A h av e  
b een  rep o rted  in  th e  l i te ra tu re . C itrin in  is less tox ic  th a n  o c h ra to x in  A.

T h e  aim  of th e  ex p erim en t describ ed  here was to  s tu d y  th e  sep a ra te  
a n d  com bined  effects of th e  tw o to x in s  on  th e  average level o f  co n tam in a tio n  
occu rrin g  in  n a tu re , an d  to  ev a lu a te  to x in  concen tra tions d em o n strab le  in  th e  
b lo o d  in  resp ec t o f residua l to x ic ity , an im a l h ea lth  and  d iagnostics.

M ateria ls an d  m ethods

E xperim en ta l anim als

F o u rteen  pigs w ere used. A t th e  beg inn ing  of th e  e x p e rim en t th e  pigs 
w ere 8 weeks old an d  th e ir  average  b o d y  m ass was 16 kg. F ro m  8 to  14 weeks
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o f age th e y  w ere fed  a p ig le t d ie t, w hile from  th e  1 5 th  w eek  a fa tten in g  feed  
w as given, tw ice da ily . D rin k in g  w a te r w as p rov ided  ad lib itum .

Preparation and adm in istra tion  o f  toxin solutions

T he so lu tions u sed  fo r m yco tox in  a d m in is tra tio n  w ere p repared  b y  d is­
so lv ing  crysta lline  o c h ra to x in  A and  c itr in in  in  ab so lu te  e th an o l and  b y  su b ­
seq u e n t d ilu tion  o f th e  o b ta in ed  so lu tions in  w ater. T h e  to x in  co n cen tra tio n  
o f th e  exp erim en ta l so lu tio n  was 0.04 m g/m l 10%  e th a n o l. Fresh  so lu tions 
w ere p rep ared  every  d a y  an d  th e ir  co n cen tra tio n  w as checked b y  sp e c tro ­
p h o to m e try  before use . T he te s t  so lu tion  con ta in in g  o ch ra to x in  A +  c itr in in  
w as a 1:1 m ix tu re  o f th e  orig inal so lu tions.

The to x in  so lu tions w ere ad m in is te red  th ro u g h  a g a s tr ic  tu b e  30 m in -1  h  
a f te r  th e  m orn ing  feed ing  on every  w o rk -d ay . The c o n tro l pigs received 10%  
e th a n o l so lu tion  b y  th e  sam e ro u te . A to ta l  of 43 to x in  tre a tm e n ts  w ere p e r­
fo rm ed  during  th e  5 7 -d ay  exp erim en ta l period .

Table 1

Design of th e  experim ent

Group A nim al no. Sex

Toxin dose, mg/kg body m ass

Ochratoxin A 
(daily dose)

Citrinin 
(daily dose)

Total

Control 4
9

f
f

— — —

12 m — — —

13 m — — —

15 m — — —

G roup 1 3 m 0.02 ____ 0.86
(OA) 11 f 0.02 — 0.86

15 f 0.02 — 0.86

G roup 2 1 f — 0.02 0.86
(C) 5 m — 0.02 0.86

6 m — 0.02 0.86

G roup 3 2 f 0.01 0.01 0.43 OA +  0.43 C
(OA +  C) 14 f 0.01 0.01 0.43 OA +  0.43 C

17 m 0.01 0.01 0.43 OA +  0.43 C

f  =  fem ale; m  =  m ale; OA =  o ch ra to x in  A; C =  c itr in in

The design of th e  ex p erim en t is show n in  T ab le  1. T he tox in  dose w as 
ca lcu la ted  on th e  basis  o f th e  feed in ta k e . I t  co rresp o n d ed  to  0 .2-0 .9  m g 
to x in /k g  of feed d u rin g  th e  experim en t.
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The pigs w ere w eighed once a w eek, before th e  m o rn in g  feeding. T he 
b o d y  m ass served as a basis for ca lcu la tin g  th e  su b seq u en t 5 to x in  doses.

Design o f  the experim ent

Clinical exam ina tion . T he p ig s’ general condition  w as checked daily .
Clinical laboratory exam inations. B lood and  urine  sam ples for la b o ra to ry  

ex am in a tio n  w ere ta k e n  on d ay  3 an d  14 and  a t 4, 6 a n d  8 weeks a f te r  th e  
beg inn ing  of th e  ex p erim en t. T he v a riab le s  te s ted  in c lu d ed  enzym es (a sp a r ta te  
am ino transfe rase , gam m a g lu tam y lp ep tid a se , c reatine phosphok inase), m e ta b ­
olites (glucose, c rea tin in e , u rea), p ro te in s  (to ta l p ro te in  a n d  p ro te in  frac tio n s 
such  as a lbum in , a lp h a , b e ta  an d  g am m a globulins), e lec tro ly tes  (Ca, N a, K , 
C l- , inorganic p h osphorus), an d  h aem ato log ica l variab les (haem oglobin , p ack ed  
cell volum e, w hite  b lood  cell coun t an d  d ifferen tia l b lood  co u n t). U rine sam ples 
w ere te s ted  for p H , den sity , p ro te in , glucose, haem oglob in , sed im ent, an d  n e t 
acid-base excretion .

A ssa y  o f  blood sam ples fo r  m ycotoxins. B lood sam ples w ere ta k e n  before 
to x in  tre a tm e n t every  day . The p re s la u g h te r  blood sam ple  w as w ith d raw n  3 h  
a f te r  th e  la s t to x in  tre a tm e n t. A fte r cen trifu g a tio n  th e  p la sm a  sam ples w ere 
s to red  a t  —21 °C u n til  assayed . O ch ra to x in  A and  c itr in in  w ere assayed b y  th e  
follow ing p rocedure.

( i )  Sam ple p u rifica tio n . F iv e  m l o f p lasm a sam ple  w as m easured  in to  a 
250-m l screw -cap b o ttle , an d  40 m l hydroch lo ric  m agnesium  chloride so lu tio n  
w as added . (P re p a ra tio n  of h yd roch lo ric  m agnesium  ch lo ride  so lu tion : 0.1 M 
M gCl2 was dissolved in  0.05 M HC1, i.e. 20.32 g MgCl2 X  6 H 20  -j- 50 m l 1 M 
HC1. A fter d isso lu tion  it  w as m ade u p  to  1,000 ml w ith  d istilled  w ate r.) T he 
p H  was checked an d  a d ju s te d  to  a v a lu e  less th a n  3 b y  ad d in g  some d rops of 
1 M hydrochloric  acid . A fte r ad d in g  10 m l chloroform  th e  cap of th e  b o ttle  
w as screwed on an d  th e  sam ple w as e x tra c te d  b y  sh ak in g  i t  for 30 m in. T his 
w as followed b y  cen trifu g a tio n  a t  3,000 rp m  for 10 m in . F iv e  ml of th e  low er 
chloroform  phase w as sucked  o u t w ith  a syringe and  tra n s fe rre d  in to  a 100-m l 
sep a ra tin g  funnel. A fte r e x tra c tio n  w ith  2 X 5 ml 0.1 M N a H C 0 3 so lu tion  th e  
u p p e r, N a H C 0 3 phases  w ere pooled  a n d  ad ju sted  to  p H  2.5 w ith  form ic acid 
(ap p r. 0.5 m l form ic acid  w as needed). T h e  N a H C 0 3 p h ase  w as e x tra c te d  in  a 
sep a ra tin g  funnel w ith  2 X 5 m l ch lo ro fo rm , th e  low er ch lo ro fo rm  phases w ere 
pooled  and  ev ap o ra ted  d ry  on R o ta d e s t in  a ro u n d -b o tto m e d  flask . I f  a su b ­
s ta n tia l  am o u n t of em ulsion was fo rm ed  during  e x tra c tio n  because of th e  lip id  
co n ten t of the  sam ple , e x tra c tio n  w as rep ea ted  w ith  5 m l chloroform . T he 
chloroform  phase w as added  to  th e  p rev ious ones in  th e  ro u n d -b o tto m ed  f la sk  
a n d  evapora ted . T he ev ap o ra ted  e x tra c t  w as w ashed in to  a v ia l w ith  4 X  1 m l 
chloroform  and  e v a p o ra te d  d ry  u n d e r n itro g en  s tream . F o r  h igh-perfo rm ance 
liq u id  ch ro m ato g rap h y  (H PL C ) th e  sam ple  was d isso lved  in  250 pi e lu en t.
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Table 2

T h e  conditions o f H P L C  determ ination

O ch ra to x in  A 
(0A )

C itr in in
(C)

S ta n d a rd  co n cen tra tio n  (fig/m l) 0.1 1.7
E x c ita tio n  w av elen g th  (nm ) 330 335
E m ission  w av elen g th  (nm ) 460 500

E lu en t Flow  ra te  R T qa ( imin) R Tc
a) ace to n itrile—w a te r-a ce tic  acid 

(99 +  99 +  2) (Fig. 2/a)
m l/m in

1 5.2 — 5.6 —
b) ace to n itrile—w a te r—acetic  acid

(57 +  41 +  2) (Fig. 2/b) 1.3 2.8 —
c) ace to n itrile -iso p ro p y l a lcohol- 

-0 .0 8  M phosphoric  acid
(35 +  10 +  55) (Fig. 2/c) 2 4.7 2.7

R T  =  re te n tio n  tim e

( i i )  In strum en t. H igh -perfo rm ance  liq u id  c h ro m a to g rap h : W aters 501 
p u m p , contro ller m odel 680, U 6K  in jec to r , C18 G u ard -P ak  co lum n , /x B o ndapak  
C18 1 5 0 x 3 .9  m m , S h im ad zu  fluorescence detec to r R F  535, W aters D a ta  
M odul 745.

( i i i )  M easurem ent conditions. T he  conditions o f ch ro m a to g rap h y  are  
p re sen ted  in  T ab le  2.

Table 3

A verage b o d y  m ass gain  o f th e  p igs during  th e  ex p erim en t

G ro u p B o d y  m ass  g a in  
(g /an im a l/d ay )

Control 555

G roup 1 (0.02 m g O A /kg body  m ass/day) 491
G roup 2 (0.02 m g C/kg body  m ass/day) 577
G roup 3 (0.01 m g OA +  0.01 m g C/kg body

m ass/d ay ) 506

Gross and histopathological exam inations. On d ay  57 o f  th e  experim en t 
th e  pigs were s lau g h te red  an d  necropsied . T he abso lu te  a n d  th e  re la tive  m ass 
o f  th e  liver, k id n ey s, th y ro id  g land  an d  h e a r t were d e te rm in ed . Sam ples from  
th e  following organs w ere exam ined  h isto log ica lly : liver, oesophagus, stom ach , 
d u o d en u m , je ju n u m , th y ro id  g land , sp leen, ingu inal ly m p h  node, k idneys, 
u re te r , u rin a ry  b la d d e r  a n d  u re th ra . T he organs were fix ed  in  fo rm alin  (pH  7.2), 
em b ed d ed  in  p a ra ff in , a n d  th e  sections w ere sta ined  w ith  h aem ato x y lin  an d  
eosin .
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C linical observation
R esults

N o clin ical signs in d ica tiv e  o f disease w ere observed  du ring  th e  e x p e ri­
m e n t. F eed  a n d  d rink ing  w a te r  in ta k e , u rin a tio n , defecation , m o tility  an d  
g enera l b eh av io u r w ere no rm al. T he p ig le ts’ b o d y  m ass gain  du ring  th e  ex p e ri­
m en t is show n in  T able  3.

Table 4
Changes in  blood b e ta  globulin  levels during  th e  experim ent 

(% )

Groups W eek 4 Week 8

C ontrol (0) 18.1 18.2

G roup 1 (0.02 mg OA) 15.3 19.3
G roup 2 (0.02 mg C) 12.6 14.3
G roup 3 (0.01 mg OA +  0.01 m g C) 16.0 20.0

Table 5
Changes in blood p lasm a chloride levels (m mol/1) during  th e  experim ent

Groups D ay 14 Week 4 Week 6 Week 8

C ontrol (0) 105.9 122.7 125.9 121.9

G roup 1 (0.02 m g OA) 100.9 112.3 111.0 104.2
G roup 2 (0.02 m g C) 110.2 124.9 131.8 130.5
G roup 3 (0.01 m g OA -f- 0.01 m g C) 105.2 126.2 129.3 123.7

C linical laboratory exam inations

T he enzym es, m etab o lites , to ta l  p ro te in , haem ato log ica l an d  u r in a ry  
v a ria b le s  te s te d  show ed no s u b s ta n tia l  dev ia tio n  from  th e  n o rm al va lues. 
In  g roup  2 (c itr in in -tre a ted  pigs) b e ta  g lobulin  c o n cen tra tio n  was decreased  
a t  4 a n d  8 w eeks (Table 4). S erum  chloride c o n cen tra tio n  of group 1 pigs 
decreased  from  d ay  14 of th e  ex p erim en t (Table 5). B lood p o tassiu m  level 
in creased  in  b o th  groups 1 an d  2 a f te r  d ay  3; su b seq u en tly , how ever, no fu r th e r  
e lev a tio n  occurred .

M ycotoxin  assays. T he m y co to x in  co n cen tra tio n s o f p lasm a sam ples, 
d e te rm in e d  b y  H P L C , are p re sen ted  in  T ab les 6 an d  7. T he m ean  values of 
o c h ra to x in  A  levels are il lu s tra te d  in  F ig . 1. F igs 2/a, b  an d  c show  H P L C  
ch ro m a to g ram s o f serum  o c h ra to x in  w hile F ig . 3 illu s tra te s  serum  c itr in in  
d e te rm in a tio n .

Gross and  histopathological exam inations. N o appreciab le  difference w as 
fo u n d  be tw een  th e  con tro l a n d  th e  ex p erim en ta l groups.
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Fig. 1. C hanges in th e  o c h ra to x in  A c o n cen tra tio n  o f p lasm a  sam ples du rin g  th e  experim en t

Table 6

O chratox in  A  co n cen tra tio n  of th e  p lasm a  sam ples (ng/m l)

Group
Sampling times

Day 3 D ay 14 D ay 28 D ay 42 D ay 56 D ay 57

Control 4 NT NT NT 11.4 3.5 5.1
(0) 9 NT NT N T 10.1 5.5 5.9

12 NT N T N T 3.7 5.1 4.0
13 NT NT NT 10.6 6.6 6.2
16 NT NT N T 3.3 5.1 5.5

M ean: 7.8 5.2 5.3

G roup 1 3 NT NT 384 537 310 409
(0.02 m g OA) 11 709 352 330 466 246 339

15 289 620 638 634 350 361
M ean: 499 486 517 545 302 370

G roup 2 1 NT NT NT NT 8 12
(0.02 m g C) 5 NT NT N T NT 3 5

6 NT NT NT NT 3 4
M ean: 4.7 7

G roup 3 2 307 189 153 143 118 150
(0.01 m g 
OA +  0.01 
m g C)

14 156 134 130 145 107 143
17 NT 253 197 107 165 233

M ean: 232 192 160 132 130 175

N T  =  no t tes ted ; sen sitiv ity  of th e  m ethod  fo r och ra to x in  A: 2 ng /m l; de tection  lim it: 
45 pg ; recovery  ra te : 67%
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C hannel  В inject 23/02/89 12 :35 :05  S tored  to bin #  71

Fig. 2/a. C h ro m ato g ram s of o c h ra to x in  A s ta n d a rd  (I) and  o c h ra to x in  A co n ta in ing  p lasm a
sam ple  ( I I )  w ith  e luent (a)

Table 7

C itrin in  co n cen tra tio n  of th e  plasm a sam ples (ng/m l)

Group Animal no. -
Sampling times

Week 6 W eek 8 D ay 57

G roup 2 l 127 131 121
(0.02 m g C) 5 92 95 134

6 33 48 79
M ean: 84 91 111

G roup 3 2 51 41 49
(0.01 m g 14 48 28 33
OA +  0.01 17 56 51 66m g C)

M ean: 69 40 49

S ensitiv ity  o f th e  m ethod  for c itrin in : 10 ng/m l; detection  lim it: 600 pg ; recovery  ra te : 61%
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C h a n n e l  B Inject 2А/10/88 12:01:59 S to re d  to  bin # 6 7

D a ta  sa v e d  to  bin #  67

2A /1 0 /  88 12:01:59 C H = " B "  PS= 1. 

File 1 M e th o d  5 Run 3 Index  2 C a l ib  b in  67

Analyst  : SG

N am e

Ochra

T o ta ls

PPB RT A rea  BC RF

110 275 207198 01 1883.618

110 207198

C h a n n e l  В I n j e c t  2A/ 1 0 /8 8  13:5A:A7 S t o r e d  to  b in  #  7A II

2A /1 0 /8 8  13:5A : A7 CH= " В " PS =1.

F ile  1 M eth o d  5 Run 10 Index 1 Bin 7A

A n a ly s t  : SG

S am p le 7 12 Bin 7A N am e B ru n 0 0 0 9

SA
1

IS XF 
0 0 2 5

N am e PPB RT A rea  BC RF

O ch ra 1.789 27A 13A21 01 1875.395

T o ta ls 1.789 13A21 b)

Fig. 2/b. C hrom atogram s o f o c h ra to x in  A s ta n d a rd  (I) an d  o c h ra to x in  A co n ta in in g  p lasm a
sam ple  ( I I )  w ith  e lu en t (b)
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C hannel  В In jec t  2 1 /11 /88  14:37:49 S to r e d  to  bin *  73

>

-  ^  0

ER 0
D a ta  sa v e d  to bin =& 73

A 72

21/11/88 14:37:49

II
1ЛQ-coиXо

Fi le 1 M e th o d  5 R u n  1 Index  1 Calib  Bin 73

A nalys t  : SG

Name PPB RT A re a  BG RF

O c h ra 91 472 102968 01 1131.516

T ota ls 9 1 102968

C h a n n e l  В Injec t 17/11/88 14 :42 : 33 S to red t o  b in  #  75

Fig. 2/c. C hrom atogram s o f  o ch ra to x in  A  s ta n d a rd  (I) a n d  o c h ra to x in  A co n ta in in g  p lasm a
sam ple ( I I )  w ith  e luen t (c)
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Channel  B In j ec t  16 /11/88 1 3 : 12 :0 8  S t o r e d  to bin #  67

F i l e  1

A n a l y s t  : SG

N a m e

Ci t r in i n

T o t a l s

16 / 11 /88  13:12:08 CH -  " B "  PS=1.

Me t h o d  5 Run 3 I n d e x  1 Calib Bin  67

PPB RT A r e a  BC RF

86 0 2.58 182658 01 212.393

860 182658

C h a n n e l  В In j ec t  16/11/88 13 : 42 :52  S t o r e d  to  b i n  #  73

16/11

F i l e  1 M e t h o d  5 Run 9

Ana l ys t :  SG

S a m p l e  5 5 Bin 73

SA IS XF
3 0 0.25

N a m e PPB RT

1 0 19
Ci t r i n i n 20.992 2 58

- T o t a l s ------- ---------------  20.992

88 1 3 : 4 2 : 5 2  C H = " B "  PS = 1

Index  1 Bin 73

N a m e  ВгипОООЭ

A r e a  BC RF

6208 01
54853 01 217.759

61061----------------------

F ig . 3. C hrom atogram s o f c itr in in  s ta n d a rd  (I )  a n d  c itrin in -co n ta in in g  p la sm a  sam ple  ( I I )
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D iscussion

T h e  to x in  co n cen tra tio n s  chosen  for th e  exp erim en t co rresponded  to  th e  
leve l o f co n tam in a tio n  d e tec ted  in  th e  C en tra l E u ro p ean  reg ion . These to x in  
co n cen tra tio n s  (0.86 m g o ch ra to x in  A an d  c itrin in  se p a ra te ly  an d  0.43 m g 
o c h ra to x in  A p lus 0.43 m g c itrin in ) d id  n o t cause in te rp re ta b le  clin ical o r 
p a th o m o rp h o lo g ica l changes d u rin g  th e  57-day ex p erim en ta l period . A p o s­
sib le e x p lan a tio n  fo r th is  is th a t  low  to x in  doses were used  aű d  th a t  to x in  
ex p o su re  was too  sh o rt to  re su lt in  d e tec tab le  m orphological changes. T h is is 
c o n s is ten t w ith  th e  p ra c tic a l ob se rv a tio n s. A lthough  a c e r ta in  re ta rd a tio n  in  
g ro w th  d id  occur, because  o f th e  sm all g roup  size i t  could  n o t be e v a lu a te d  
s ta tis tic a lly .

T h e  sign ifican t d ro p  in  p lasm a  chloride co n cen tra tio n  in  group 1 a n d  
b e ta  g lobulin  co n c e n tra tio n  in  g roup  2, as well as th e  in itia l e lev a tio n  o f 
b lood  p o tassium  level in  b o th  g roups, m ay  in d ica te  ren a l d y sfu n c tio n . To save  
space , th e  values o f b iochem ical v ariab les  w hich d id  n o t s ig n ifican tly  d iffer 
fro m  th e  con tro l are n o t  show n here.

I n  developing a m e th o d  fo r sim u ltaneous d e te rm in a tio n  o f blood o c h ra ­
to x in  A  and  c itrin in  co n cen tra tio n s  we m ade use o f an a ly tic  experience gain ed  
b y  B a u e r  e t al. (1984), H u it  e t al. (1979), L epom  (1986) an d  N esheim  e t al. 
(1991). B y  m odify ing  an d  im p ro v in g  th e  procedures used  b y  th em  we h a v e  
o b ta in e d  a m ore sen sitive  m e th o d . T h is s tu d y  is th e  f irs t seria l d e te rm in a tio n  
o f b lo o d  m yco tox in  co n cen tra tio n s  in  H u n g ary .

B lood o ch ra to x in  A co n c e n tra tio n  was n ea rly  id en tica l in  th e  f irs t w eeks. 
T he co n cen tra tio n  rise fo u n d  on d ay  57 was v ir tu a l as sam pling  to o k  p lace 3 h , 
an d  n o t 24 h, a f te r  to x in  a d m in is tra tio n . C itrin in  co n cen tra tio n  of th e  b lood  
w as m u ch  low er th a n  its  o ch ra to x in  A co n cen tra tio n . T h is m ay  have  b een  
due  to  low er s ta b ility  an d  possib ly , m ore rap id  e lim ina tion  o f c itrin in . Low  
levels o f o ch ra to x in  A w ere fo u n d  in  th e  blood of co n tro l pigs an d  pigs of 
g ro u p  2 (anim als g iven  c itr in in  only) as well, p ro b ab ly  because  o f o ch ra to x in  A 
c o n ta m in a tio n  of th e  feed . This fin d in g , how ever, does n o t a ffec t in te rp re ta tio n  
of th e  experim en t even  i f  th e se  values are  su b tra c te d  fro m  resu lts  o f  th e  
e x p e rim e n ta l an im als.

As to x in  a d m in is tra tio n  v ia  a tu b e  differs from  th e  n a tu ra l ro u te  o f 
to x in  ingestion , a se p a ra te  s tu d y  should  be devo ted  to  th e  effects o f th is  
d ifference.

T h e  im p o r ta n t fin d in g  o f th is  w ork  is th a t  to x in  co n cen tra tio n s  w h ich  
fa il to  cause ap p rec iab le  clin ical or subclin ical dam age m u st n o t be neg lec ted  
from  th e  food hygien ic  an d  p ub lic  h e a lth  p o in t of view . T he to x in s  can  easily  
be d e tec ted  in  tb e  b lood  som e h ours a fte r  th e ir  ingestion . T h e ir b lood levels 
are  dose d ep en d en t. T h is fa c t can  be u tilized  in  d iagnostics. H igh -perfo rm ance
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liq u id  ch ro m ato g rap h y  is especially su ita b le  for assay ing  blood sam ples for 
to x in  concen tra tion .

T he residue levels m a y  have tox ico log ica l effects on m an  if  th e  b lood  of 
to x in -c o n ta m in a te d  a n im a ls  is processed fo r food.
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INTESTINAL ABSORPTION OF GLYCYLPROLINE 
IN CHICKS INFECTED WITH E I M E R I A  A C E R V U L I N A

S. J .  B a l l , C h r i s t i n e  A. H e a d i n g  a n d  H .  M . M e a d e

D ivision  of M icrobiology an d  G enetics, School o f  Science, P o ly tech n ic  o f E a s t L o n d o n , 
R o m fo rd  R oad , S tra tfo rd , L ondon  E 15  4 LZ, U n ited  K ingdom

(R eceived  D ecem ber 4, 1990)

T h e  a b so rp tio n  o f glycine an d  p ro line  th ro u g h  th e  m id -in tes tin es o f ch ick s 
in fec ted  w ith  E i m e r i a  a c e r v u l in a  was im p a ired  w hen  th e  am ino  acids were p re sen te d  
to  th e  m ucosal surface  as th e  d ipep tide , g lycylproline .

Key words: E i m e r i a  a c e r v u l in a ,  coccidia, m alab so rp tio n , glycylproline, g lyc in e ,
proline

Coccidiosis, a p ro to zo an  disease w hich  is o f m a jo r econom ic im p o rtan ce  
in  p o u ltry , causes in te s tin a l tissue dam age assoc ia ted  w ith  decreased a b so rp ­
tio n  of v a rious n u tr ie n ts  inc lud ing  p ro te in s  a n d  am ino  acids (T urk , 1978; 
R uff, 1986). S tud ies on m alab so rp tio n  of am ino  acids in  in fec ted  chicks h a v e  
used  th e  com pounds in  a free form . H ow ever, am ino  acids can  be ab so rb ed  
from  th e  g u t in  d ip ep tid e  form  an d  h y d ro ly sed  to  am ino  acids w ith in  th e  
in te s tin a l cells (M atthew s, 1975). T he p re se n t s tu d y  w as a p re lim in ary  e x ­
am in a tio n  o f th e  a b so rp tio n  o f a d ip ep tid e  across th e  in te s tin a l tra c t  o f ch icks 
in fec ted  w ith  a coccidian . E im eria  acervulina  w as used  because its la te r  s tag es  
develop m ain ly  in  th e  p ro x im al regions o f  th e  in te s tin e  an d  are co n fin ed  
to  th e  surface ep ithe lia l cells of th e  villi. G lycylpro line w as used because  
th e  p ro d u c ts  o f hyd ro lysis , th e  am ino acids g lycine an d  p ro line , can  be d is t in ­
guished  b y  th e ir  d ifferen t reac tions w ith  n in h y d rin .

M aterials and m ethods

W hite  L eghorn  cockerels rea red  in  w ire-floored  cages were each in o c u ­
la te d  w hen 18 days old w ith  5 X Ю6 sp o ru la ted  oocysts (1 m o n th  old) of E . acer­
vu lin a  (W eybridge  s tra in ). S ix days la te r , a t  th e  tim e  o f in te s tin a l d am ag e , 
ab so rp tio n  w as assessed in  vitro  b y  using  a m odified  version  of th e  e v e rte d  
sac m eth o d  of W ilson an d  W isem an (1954) w hich  is p a r tic u la r ly  sensitive  to  
ep ith e lia l dam age. B irds w ere k illed b y  cerv ica l d islocation . M ucosal co n ­
c e n tra tio n s  o f 20 mM glycylpro line w ere used  an d  sacs from  3 in te s tin a l 
regions from  in fec ted  an d  un in fec ted  con tro l b ird s  w ere in c u b a te d  for 20 m in  
in  o x y g en a ted  K reb s-H en se le it so lu tion  a t  37 °C. T he sacs w ere selected  from
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th e  duodenum , m id -in te s tin e  (halfw ay  be tw een  duo d en u m  an d  y o lk  s ta lk ) 
a n d  d is ta l in te s tin e  (halfw ay  betw een  y o lk  s ta lk  an d  th e  caecal ju n c tio n ) . 
In fe c tio n  was p o sitiv e ly  confirm ed b y  m icroscopic e x am in a tio n  of in te s tin a l 
sm ears  and  sections s ta in e d  w ith  h a e m a to x y lin  and  eosin.

Results and discussion

The re la tiv e  ab so rp tiv e  ab ility  o f th e  d ifferen t segm en ts of in te s tin e  an d  
th e  effects of in fec tio n  are  given in  F ig . 1. Serosal sam ples exam ined  b y  th in -  
la y e r  ch ro m a to g rap h y  co n ta in ed  less th a n  0.5 mM of th e  d ip ep tid e . As ju d g e d  
b y  th e  serosal co n c e n tra tio n  of am ino  ac ids, th e  m id -in tes tin a l reg ion  is m ore 
e ffec tive  a t abso rb ing  th e  d ipep tide  th a n  th e  o th e r regions in  u n in fec ted  chicks. 
T h is re su lt is analogous to  th e  find ings in  r a ts  in  w hich th e  je ju n u m  ap p ea red  
to  be th e  b e tte r  in te s tin a l s ite  for in ta c t  u p ta k e  of g lycylpro line (H ead in g  e t a l., 
1977). A lthough  m o n ito re d  only on a sing le day , ab so rp tio n  o f g lycy lp ro line  
a n d /o r  th e  passage o f  p ro line and  g lycine w ere im paired  in  th e  in fec ted  m id- 
in te s t in a l  region. T h e  v a lu e  of proline in  in fec ted  chicks w as also sig n ifican tly

F ig . 1. A bsorp tion  of th e  d ip ep tid e , g lycy lpro line , w hen presen ted  to  th e  m ucosal surface  
o f  th e  in te stin e  o f chicks in fec ted  w ith  E im eria  acervulina. C on cen tra tio n  o f p ro line  an d  
g lycine  d e tec ted  in  serosal f lu id  a f te r  20 m in. *V alues sign ifican tly  h ig h er th a n  co rrespond ing  
in fec te d  va lues (p <  0.05). V e rtica l b a rs are  s ta n d a rd  errors o f th e  m ean . E ac h  v a lu e  is th e  

m ean  of 4 rep lica tes  from  2 in fec te d  or 2 u n in fec ted  b irds
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less in  th e  d u o d en u m . All b u t  one o f th e  o th e r  va lu es  from  infec ted  b ird s  
w ere low er th a n  from  th e  correspond ing  u n in fec ted  con tro ls, b u t  w ere n o t  
s ta tis tic a lly  d iffe ren t. T he increased  glycine value  in  th e  d is ta l in te s tin e  fro m  
in fec ted  b ird s m ig h t ind ica te  a co m p en sa to ry  m echan ism  for th e  passage o f 
th is  am ino  acid  in  a region of u n p a ra s itiz ed  tissu e . I n  general, these  re su lts  
w ith  E . acervulina  in  chicks are sim ilar to  tho se  fo u n d  w ith  E . nieschulzi w hich  
causes in te s tin a l coccidiosis in  ra ts  (B all e t al., 1980; D uszynski e t al., 1982) 
an d  in d ica te  th a t  th e  m easu rem en t o f glycine an d  p ro line  tra n sp o rt across th e  
g u t w all is su itab le  fo r th e  s tu d y  of d ip ep tid e  ab so rp tio n  in  chicken coccidiosis.
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STUDY OF THE ACETYLCHOLINESTERASE ACTIVITY 
OF A S C A R I D I A  G A L L I : KINETIC PROPERTIES 

AND THE EFFECT OF ANTHELMINTICS

S u sh m a G u p t a 1, S. N. S a n y a l 2 an d  C. L . D u g g a l 1

d e p a r t m e n t  o f  Z oology an d  d e p a r t m e n t  o f  B iophysics, P a n ja b  U n iv ersity , C h a n d ig a rh -
160 014, In d ia

(R eceived  F e b ru a ry  6 , 1991)

A cety lcho linesterase  (EC 3.1.1.7) a c tiv ity  was d e m o n s tra ted  in  w hole w o rm  
h o m o g en a tes  o f a d u lt  A s c a r i d i a  g a l l i  w ith  acety lth iocho line  as su b stra te . T h e  p H  
o p tim u m  w as n o t m easu rab le  because o f a n  au toh y d ro ly sis  o f th e  su b s tra te . T h e  
M ichaelis c o n s ta n t (K m ) w as 4 mM w ith  sa tu ra tio n  by  excess su b s tra te . O p tim u m  
enzym e a c t iv ity  w as n o ted  a t  a p ro te in  co n ce n tra tio n  of 200  m g/m l assay m ed iu m  
an d  a t  a  te m p e ra tu re  o f 37 °C. A rrhen ius p lo t o f te m p e ra tu re  dependence of th e  en zy m e 
a c t iv ity  show ed an  energy  of ac tiv a tio n  (A  E a ) o f 28.962 К  joule/m ole above, a n d  
25.448 К  jou le /m ole  below , th e  tra n s it io n  te m p e ra tu re  (37 °C). Com plete in h ib itio n  
b y  eserine  (physostigm ine), a specific  a n d  classical ace ty lcho linesterase  in h ib ito r , 
e stab lish ed  th e  id e n tity  o f th e  enzym e. A  m arg inally  h ig h er enzym e a c tiv ity  w as 
o bserved  in  fem ales th a n  in  m ales as well as in  hom ogenates from  w orm s of m ix ed  
sexes. T h e  enzym e w as m ark ed ly  a c t iv a te d  b y  d iv a len t m e ta l cations such as F e 2+, 
Mg2+, Cd2+, Cu2+, Zn2+ an d  Ca2+, w hile Co2+ an d  Mn2+ in h ib ite d  th e  a c tiv ity . P ip e r ­
azine a d ip a te  a t  a  c o n cen tra tio n  of 1 0 ~ 3 M caused  45 .5%  a n d  a lbendazole, a b en z im id ­
azole a n th e lm in tic , 37 .5%  in h ib itio n  in  th e  enzym e a c tiv ity , while levam isole a n d  
m ebendazo le  p ro v ed  to  be p ra c tica lly  in effective , causing a n  in h ib itio n  of 12 a n d  9 % , 
re spec tive ly .

Key words: A s c a r i d i a  g a l l i ,  ace ty lch o lin esterase , k in e tic  p roperties , a n th e lm in tic s

A sca rid ia  ga lli is a pa thogen ic  n em a to d e  occurring  in  th e  in te s tin e s  o f 
d om estic  fow l (S ad u n , 1950). I t  causes haem orrhage, en te ritis  and  severe 
an aem ia  to  th e  h o st, im p a rtin g  considerab le  econom ic loss b y  low ering egg 
a n d  p o u ltry  p ro d u c tio n . L ike in  v e r te b ra te s , th e  im p o rtan ce  of ace ty lch o lin ­
este rase  in  in te rn e u ro n a l an d  en d -p la te  n e u ro tra n sm itte r  release is well d o cu ­
m en ted  in  n em a to d es  (Lee an d  H o d sd en , 1963) and  has been th e  ta rg e t  o f 
o rganop h o sp h o ro u s an th e lm in tic  a t ta c k  in  ch em o th erap eu tic  contro l m easures 
(K now les a n d  C asida, 1966). T he enzym e m ay  ex ert an  in te restin g  effect on 
h o s t tis su e  also , in  th a t  acety lcho line secre ted  in  large am o u n ts  b y  c e r ta in  
n em a to d es  is th o u g h t to  c rea te  a “ b iochem ical h o ld fas t”  fo r th e  p a ra s ite  b y  
in h ib itin g  th e  p e ris ta ltic  ac tion  o f th e  h o s t’s g u t (Y eates an d  Ogilvie, 1976). 
A ce ty lch o lin e s te ra se  has been  s tu d ied  in  a n u m b er o f nem atodes (H a r t a n d  
L ee , 1966), ex cep t A . galli. T he  enzym e show ed w ide v a ria tio n  in  its  k in e tic  
b eh av io u r, s u b s tra te  u tiliza tio n , se n s itiv ity  to  in h ib ito rs  an d  an th e lm in tic s , 
a n d  o th e r p ro p e rtie s . Since th e  enzym e is a lread y  know n to  p lay  an im p o r ta n t 
ro le in  s tu d ie s  o f th e  pharm aco logy  o f th e  nem atode  nervous system  an d  of 
th e  im m uno logy  o f n em ato d e  in fec tions, th e  p resen t s tu d y  was u n d e rta k e n  to
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c h a rac te rize  th e  k in e tic  a n d  o ther p ro p e rtie s  o f th e  enzym e a n d  its  in te ra c tio n  
w ith  an th e lm in tic s  in  A .  galli, p a r tic u la r ly  in  view  o f th e  ex trem ely  g re a t 
econom ic im p o rtan ce  o f  th e  p arasite .

Materials and methods

Preparation o f  homogenates. A d u lt A .  galli specim ens w ere collected from  
th e  in te s tin e  of fowls p rocu red  from  loca l p o u ltry  farm s. T he w orm s w ere 
th o ro u g h ly  w ashed in  cold  0 .9%  N aC l so lu tio n  to  rem ove in te s tin a l debris 
a n d  o th e r  adhering  m a te ria ls . A 20%  (w /v) hom ogenate  in  d istilled  w a te r  w as 
p re p a re d  in  a m o to r-d riv en  teflon-g lass hom ogenizer accord ing  to  th e  m e th o d  
o f P ro b e r t  and  Lw in (1974). The h o m o g en a te  was cen trifuged  a t  1000 g in  
cold  a n d  th e  s u p e rn a ta n t w as used as th e  source of enzym e a c tiv ity . E n zy m e 
assay s w ere carried  o u t w ith  fresh ly  p re p a re d  hom ogenate , a lth o u g h  th e re  
w as n o  ind ica tio n  o f a loss in  enzym e a c tiv i ty  during  s to rage . P re p a ra tio n s  
w ere d ilu ted , w herever needed , w ith  d is tilled  w a te r to  give th e  desired  f in a l 
c o n c e n tra tio n  in  te rm s  o f p ro te in .

E nzym e assay. A ce ty lcho lineste rase  w as ro u tin e ly  assayed  by  sp e c tro ­
p h o to m e try  a t  25 °C a n d  412 nm  follow ing th e  m ethod  o f E llm an  e t al. (1961) 
u s in g  acety lth iocho line  iodide (A TC hl) as su b stra te . E x cep t w here th e  te s t  
co m p o u n d s were ad d ed , th e  rou tine  a ssay  m edium  co n ta ined  2.6 m l of 0.1 M 
p h o sp h a te  buffer, p H  8.0, 0.1 ml of th e  hom ogenate , 0.1 m l of buffered  E ll- 
m a n ’s reag en t (39.6 m g o f d ith iob is-n itro b en zo ic  acid an d  15 m g of N a H C 0 3 
in  10 m l p h o spha te  b u ffer) and  0.2 m l o f  7.5 mM acety lth iocho lin  iodide. A ll 
re a g e n ts  were in c u b a te d  for 5 m in p r io r  to  add ition  of th e  su b s tra te . T h e  
in c rea se  in  absorbance a t  412 nm  was reco rd ed  on a B aush  an d  L om b Spectron ic  
21 a f te r  20 m in ag a in s t a b lank  of th e  ab o v e  m ix tu re  p rep a red  a t  th e  sam e 
tim e  b u t  in  th e  la t te r  case th e  0.2 m l su b s tra te  (A TChl) w as rep laced  w ith  
0.2 m l o f th e  bu ffer so lu tion . P ro te in  co n cen tra tio n  w as dete rm in ed  colori- 
m e tric a lly  b y  th e  m e th o d  of Low ry e t  a l. (1951). C rystalline bovine serum  
a lb u m in  w as used as s ta n d a rd .

K in e tic  and therm odynam ic analysis. F o r  s tudy ing  th e  k ine tic  p a ra m e te rs  
o f  th e  acety lcho linesterase  of A . ga lli, M ichaelis co n stan t (K m ) and  m ax im u m  
o f th e  ap p a re n t in itia l enzym e velo c ity  (Ymax), th e  enzym e was assayed  a t  
s u b s tra te  co n cen tra tio n s  rang ing  from  0.1 to  50 mM. L inew eaver-B urk  p lo t 
(Segel, 1975) was c o n s tru c te d  from  th e  doub le  reciprocal expressions o f th e  
s u b s tra te  con cen tra tio n s and  the  enzym e velocities. T he enzym e ac tiv itie s  
w ere also de term ined  a t  a fixed  s u b s tra te  co n cen tra tion  b u t  a t  d iffe ren t 
te m p e ra tu re  po in ts ran g in g  from  2 to  60 °C, and  log10 of th e  in itia l a p p a re n t 
v e lo c ity  of th e  reac tio n  w as p lo tted  a g a in s t th e  reciprocal o f abso lu te  te m p e ra ­
tu re  (°K ) to  co n stru c t th e  A rrhenius p lo t (Segel, 1975). T he slope of th e  cu rve
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was d e te rm in ed  b y  th e  least sq u a re  p rocedure  a n d  th e  energy  o f a c t iv a ­
tio n  (E a) w as ca lcu la ted  from  th e  slope following th e  eq u a tio n : S lope =  
=  -  E a/2 .303  X R , w here R  re p re se n te d  th e  gas c o n s ta n t. T ra n s itio n  te m p e ­
ra tu re  (T 0) w as d irec tly  recorded  fro m  th e  p lo t.

R esults

A cety lcho line  ace ty lhydro lase  (EC  3.1.1.7) a c tiv ity  w as m easu red  in  
A . galli hom ogenates w ith  ace ty lth io ch o lin e  as su b s tra te  a t  25 °C. T he re su lts  
on enzym e reac tio n  velocity  w ere exp ressed  in  te rm s o f u  m oles o f  th e  s u b ­
s tra te  h y d ro lysed /m g  p ro te in /m in . T h e  enzym e a c tiv ity  was found  to  be lin e a r  
w ith  tim e  o f in cu b a tio n  up to  a b o u t 60 m in ; fu r th e r  in cu b a tio n s fa iled  to  
p roduce  a n y  change in  a c tiv ity  (F ig . 1). T he te m p e ra tu re  dependence  cu rv e  
show ed th a t  th e  a c tiv ity  reached  th e  m ax im u m  a t 37 °C; how ever, th e  p eak  
discern ib le  w as n o t p a rticu la rly  sh a rp  (F ig . 2). A rrhen ius p lo t c o n s tru c te d  
from  th e  lin ea r  re la tionsh ip  of lo g 10 a p p a re n t v e loc ity  m ax im um  v e rsu s  re ­
ciprocal o f th e  abso lu te  te m p e ra tu re  show ed ty p ica l n o n lin ea rity  w ith  a b re a k  
p o in t ( tra n s itio n  tem p era tu re ) a ro u n d  37 °C (Fig. 3). E n erg y  o f  a c tiv a tio n  
(A  E a) ca lcu la ted  from  th e  slope o f  th e  line was found  to  be 28.962 К  jo u le / 
m ole an d  25.448 К  joule/m ole fo r ab o v e  an d  below  th e  tra n s itio n  te m p e ra tu re , 
re sp ec tiv e ly  (Table 1). The m ore u su a l bell-shaped  p H  curve as seen in  o th e r

Table 1
T herm odynam ic  param eters of acety lcholinesterase  a c tiv ity  in Ascaridia galli

Transition tem perature
Energy of activation (Ea) 

К  joule/mole
(To) (°C)

below T 0 above T 0

37 25.448 28.962

T ran s itio n  tem p era tu re  (T0) w as d irec tly  recorded from  A rrhen ius p lo t (Fig. 3). E n e rg y  o f 
ac tiv a tio n  (E a) w as calculated  from  th e  slope o f curve de term ined  b y  least square  p ro ced u re . 
Values are m eans of th ree  different d e te rm in a tio n s.

enzym e system s w as n o t p resen t in  o u r s tu d y . B eyond  p H  9.0 a n d  u p  to  
p H  10.5 an  excessive colour w as seen in  th e  b lan k , in d ica tin g  a ra p id  a u to ­
hydro lysis  o f th e  su b s tra te  (F ig. 4). T he p H  op tim u m  w as, th e re fo re , n o t 
m easu rab le . T yp ical non-linear s a tu ra t io n  k inetics w as seen w ith  enzym e p ro ­
te in  co n cen tra tio n s  (F ig. 5) an d  th e  a m o u n t of th e  acety lth io ch o lin e  (su b ­
s tra te )  a d d ed  (F ig. 6). O p tim al a c t iv i ty  w as reached  a t  200 m g/m l in c u b a tio n  
m edium  o f p ro te in  an d  a t  10 mM acety lth io ch o lin e . No in h ib itio n  in  enzym e 
a c tiv ity  w as, how ever, seen a t  excess enzym e or su b s tra te  co n cen tra tio n s . 
L in ew eav er-B u rk  p lo t show ed th a t  th e  su b s tra te  co n cen tra tio n  a t  w h ich  th e
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Fig. 1. A c tiv ity  o f  ace ty lcho linesterase  o f A sca rid ia  galli in re la tio n  to  tim e

F ig . 2 . E ffect of te m p e ra tu re  on th e  a c t iv ity  o f  ace ty lch o lin esterase  o f A scarid ia  galli

Table 2

A cetylcholinesterase ac tiv itie s  o f whole w orm  hom ogenates o f d ifferent sexes o f Ascaridia ga lli

Source of 
homogenate

Specific ac tiv ity  of 
acetylcholinesterase 

(^moles A TChl 
hydrolysed/m g 

protein/m in)

Male 0.0098
Fem ale 0.0119
Mixed sexes 0.0101
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Temperature, °C

Fig. 3. A rrhen ius p lo t o f ace ty lcho linesterase  a c tiv ity  in  th e  ho m o g en a te  of A scarid ia  ga lli

F ig . 4. E ffec t o f p H  on th e  a c tiv ity  o f ace ty lch o lin esterase  in  th e  hom ogenate  o f A sca rid ia
galli

F ig . 5. A c tiv ity  o f ace ty lch o lin esterase  o f A scarid ia  galli in  re la tio n  to  hom ogenate  c o n c e n tra ­
tio n
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h a lf  m ax im al ve locity  occurred  (K m  o r su b s tra te  a ff in ity  co n stan t) was 
4.0 m M  while th e  Vmax (th e  m ax im um  o f a p p a re n t in itia l enzym e velocity) 
w as ca lcu la ted  to  be 0.0625 ц  m ole/m g p ro te in /m in  (Fig. 7). A slig h tly  h igher 
en zy m e a c tiv ity  w as o bserved  in  fem ale A .  galli as co m p ared  to  th e  m ales 
(T ab le  2) an d  even in  m ixed  sex e x tra c ts  h ig h e r specific a c tiv ity  was o b ta in ed  
th a n  in  th e  m ales. T h e  enzym e a c tiv ity  show ed p a r tic u la r  p reference for 
d iv a le n t m e ta l ions (T able  3) w ith  th e  ex cep tio n  of Mn2+ an d  Co2+ ions w hich

Table 3
E ffec t of various d iv a len t m e ta l cations on 

acety lcholinesterase a c tiv ity  o f  Ascaridia galli

M etal ions 
(1 mM)

% activation  ( -f ) or 
inhib ition  (—)

Co2 + 1 4 .5 ( - )
F e2 + 88  ( + )
Mg2 + 10 .6 ( +  )
Cd2 + 129 ( +  )
Cu2 + 319 ( + )
Zn2 + 48 ( +  )
Ca2+ 194 ( + )
Mn2 + 27 ( - )

E nzym e activ ity  in con tro l hom ogenate (w ith o u t addition  of m eta l ion) is 0.01262 /t moles 
A T C h l hydro lysed /m g p ro te in /m in  a t  25 °C.

p ro d u c e d  27%  and  14.5%  in h ib itio n , re sp ec tiv e ly . The enzym e was a c tiv a te d  
b y  F e 2+ (88% ), Mg2+ (10 .6% ), Cd2+ (1 2 9 % ), Cu2+ (319% ), Zn2+ (48% ) an d  
Ca2+ (194% ) w hich show ed th a t  m e ta l ions in  trace  co n cen tra tio n s  can  b rin g  
a b o u t rem ark ab le  changes in  th e  a c tiv ity  o f  th e  enzym e.

T he effect o f d ru g  t re a tm e n t on ace ty lcho linesterase  a c tiv ity  is p resen ted  
in  T ab le  4. A t co n cen tra tio n s  of 10-3  a n d  1 0 -4 M eserine (physostigm ine), a

Table 4
P ercen tage  inh ib ition  of acety lcho linesterase  ac tiv ity  
in A scarid ia  galli caused by  an the lm in tics/inh ib ito rs

A nthelm intic/Inhibitor 1 0 -3 M 10-4 M

E serine 100 100
A lbendazole 37.5 —

M ebendazole 9.0 —

P iperazine 45.5 —

Levam isole 1 2 —

E nzym e activ ity  in con tro l hom ogenate (w ith o u t inh ib ito r added) is 0.013 ft moles A TChl 
h y d ro ly zed  pro tein /m in  a t  25 °C.
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F ig. 6 . E ffec t of su b s tra te  co n ce n tra tio n  on th e  ace ty lcho linesterase  a c t iv ity  o f A scaridia galli

Fig. 7. L in ew eaver-B urk  p lo t o f acety lcho linesterase  a c tiv ity  in  A scaridia galli

know n  in h ib ito r o f ace ty lch o lin esterase , caused com plete  (100% ) in h ib itio n  of 
A . galli ace ty lcho linesterase . A m ong th e  tw o benzim idazoles te sted , viz. a l­
bendazole  and  m ebendazole, th e  fo rm er proved  to  be effec tive  w ith  37.5%  
in h ib itio n , while th e  la t te r  w as p ra c tic a lly  ineffective (9 %  inh ib ition ). P ip e r­
azine a d ip a te  p roduced , u n ex p ec ted ly , 45 .5%  inh ib ition . L evam isole, a b ro ad - 
sp ec tru m  an th e lm in tic  ag a in s t com m on helm in th  in fe s ta tio n s  of b irds, c a ttle  
a n d  m an , also p roduced  a m o d era te  (12% ) depression o f  th e  enzym e a c tiv ity .

D iscussion

T he a c tiv ity  of th e  hom ogenates o f A . galli to  h y d ro ly se  ace ty lcho linester 
h as  been d em o n stra ted  an d  th e  k in e tic  p roperties of th e  enzym e charac terized . 
T h e  in h ib itio n  of th e  enzym e b y  eserine, an  ace ty lcho linesterase  in h ib ito r  a t 
le a s t in  m am m alian  sy stem , in h ib itio n  b y  benzim idazole an d  o ther a n th e l­
m in tics, an d  th e  use of specific  su b s tra te  p u t  evidences b e y o n d  any  reasonab le  
d o u b t th a t  th e  enzym e in  q u es tio n  is in d eed  ace ty lcho linesterase , th e  enzym e 
responsib le  for n e u ro tra n sm itte r  release.
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T he k inetic  s tu d ies  show ed only  a single peak  o f a c t iv i ty  w ith  v a ried  
s u b s tra te  con cen tra tio n s u n like  th e  double locates rep o rted  b y  H u tch inson  an d  
P ro b e r t  (1972) in  A scaris  su u m . T hese in v estig a to rs  also show ed  com petitive  
in h ib itio n  of th e  enzym e w ith  excess su b s tra te  w hich cou ld  n o t  be confirm ed 
in  th e  p resen t s tu d y . T h e  excessively  h igh  b lan k  yield  in  o u r assay  system  
co n firm s th a t  a t  h igh p H  th e re  is considerab le  non-enzym ic hydro lysis o f th e  
su b s tra te , ace ty lch o lin ester (W h itta k e r , 1984). M axim um  en zy m e a c tiv ity  w as 
o b serv ed  a t 37 °C an d  like w ith  H aem onchus contortus (Lee a n d  H odsden, 1963) 
o r  A .  suum  (H u tch in so n  a n d  P ro b e rt, 1972) hom ogenates, in a c tiv a tio n  of th e  
en zy m e was rap id  above 40 °C an d  com plete  a t  ab o u t 60 °C b u t  te m p e ra tu re  
dependence  below th e  o p tim u m  a c tiv ity  p o in t was n o t p a r tic u la r ly  critical. 
W h it ta k e r  (1984) show ed th a t  th e  assay  o f ace ty lch o lin esterase  was equally  
v a lid  a t  20, 25 or 37 °C, w hich , th ere fo re , p rovides an  a d d e d  ad van tage  to  
a s sa y  th e  enzym e a t  ro o m  te m p e ra tu re . T yp ical n o n -lin e a r A rrhenius p lo t 
w as observed of th e  th e rm a l dependence of th e  enzym e a c tiv i ty  w hen a p lo t 
w as co n stru c ted  be tw een  log10 Vmax of th e  a c tiv ity  v e rsu s  th e  reciprocal o f 
a b so lu te  te m p e ra tu re . T h e  d isco n tin u ity  in  A rrhenius exp ression  is ind ica tive  
o f  a n  effective d é n a tu ra tio n  o f  th e  enzym e p ro te in  an d  suggests  th a t  a p a r t i ­
tio n in g  of th e  ac tive  enzym e ta k e s  place betw een  th e  f lu id  an d  ordered lip id  
d o m ain s of th e  m em b ran e . T he energy  o f ac tiv a tio n  (E a ) , as no ted , m ig h t 
h a v e  been needed for th e  b in d in g  and  so lub ilization  o f th e  su b s tra te  to  th e  
en zy m e m olecule. T h e  a c tiv i ty  o f th e  enzym e increased w ith  th e  rise in  su b ­
s t r a te  concen tra tio n , w ith  a  M ichaelis c o n s ta n t o f 4.0 m M . T he a c tiv ity  in ­
c reased  from  0.1 to  10 m M , w hich  agrees w ell w ith  th e  o b se rv a tio n  of Lee 
a n d  H odsden  (1963) in  H . contortus an d  K now les and  C asida (1966) in  A . suum . 
E n zy m e  a c tiv ity  w as also e s tim a te d  w ith  increasing  h o m o g en a te  co n cen tra tio n  
a n d  in cu b a tio n  tim e  to  choose assay  cond itions assu ring  lin e a r  k inetics an d  
excess of su b s tra te , i.e . th e  m ax im al ve lo c ity , in  su b se q u e n t experim en ts. 
O p tim u m  enzym e a c tiv i ty  w ith  a lin ea r fea tu re  was o b ta in e d  a t  enzym e 
in c u b a tio n  of 200 m g/m l assay  m edium  a n d  an  excess o f  i t  d id  n o t p roduce  
a n y  in h ib itio n , w hich agrees well w ith  th e  o bserva tion  o f  G u n n  an d  P ro b e rt 
(1981) in  M oniezia expansa  (Cestoda) hom ogenates. T h e  a c tiv ity  was also 
essen tia lly  linear up  to  60 m in , th e n  p la teau in g  off b u t  n o t  inh ib ited  w hen 
s tu d ie d  up to  180 m in, th u s  confirm ing  th e  resu lts  o b ta in e d  earlier by H u t­
ch in so n  and  P ro b e rt (1972) in  A . suum  or G unn  and P ro b e r t  (1981) in M . ex­
p a n sa .

T he enzym e w as also fo u n d  to  be a c tiv a te d  to  a g rea t e x te n t  b y  a n u m b er 
o f  d iv a len t m eta l ions, a lth o u g h  ra th e r  unex p ec ted ly . A c tiv a tio n  was p a r t i ­
c u la rly  m arked  w ith  Cu2+, Ca2+, Cd2+, F e2+ and  Zn2 + . T h ere  has been no 
re p o r t  o f th e  enzym e bein g  a c tiv a te d  b y  m e ta l ions in  a n y  n em ato d e  or, fo r 
t h a t  m a tte r , in  o th e r  h e lm in th  species, a lth o u g h  th e  re q u ire m e n t of Mg2 + 
fo r  m am m alian  enzym e system s is well know n (N ach m an so h n  and  W ilson,
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1955). A slight in h ib itio n  b y  Co2 + an d  Mn2+ as observed  in  th e  p resen t s tu d y  
m a y  n o t prove to  be su ffic ien t fo r fu r th e r  s tud ies of th e ir  possible use in  
design ing  ch em o th erap eu tic  o rgan o -m eta l com plexes.

A 45%  in h ib itio n  of th e  enzym e a c tiv ity  b y  p iperazine  as observed  in  
th e  p re sen t s tu d y  is well w ith in  th e  b ro ad  lim its  described  b y  H u tch in so n  an d  
P r o b e n  (1972) in  A . suum , i.e . 63%  in h ib itio n  w ith  p iperaz ine  an d  45%  w ith  
p h en o th iaz in e . K now les an d  C asida (1966) re p o rte d  52%  in h ib itio n  o f th e  
en zy m e in  A scaris lum bricoides using  a co n cen tra tio n  o f 10 ~4 M p iperazine  
c i tra te . P iperazine  ad ip a te  also caused a m o d era te  in h ib itio n  of enzym e 
a c tiv i ty  in  A . suum  (Z ukovic an d  Sir, 1960). T he p re sen t re su lt assum es 
p a r tic u la r  significance since p iperaz ine  is n o t know n  to  be effective in  A . galli 
(G ovorova and  P o ly k o v a , 1971). A lbendazole, b u t  n o t m ebendazole, p roduced  
a h ig h ly  sign ifican t in h ib itio n  (37 .5% ), w hich is c o n tra ry  to  th e  find ings of 
G u n n  and  P ro b e rt (1981) in  M . expansa, w here none of th e  benzim idazoles 
in c lu d in g  albendazole, m ebendazo le , arecoline h y d ro b ro m id e , p ra z iq u a n te l an d  
p ip eraz in e  ad ip a te  d id  cause a n y  in h ib itio n  of enzym e a c tiv ity . H ow ever, th e  
co n cen tra tio n  used  in  th e ir  s tu d y  was 10 _4 M as com pared  to  th e  10~ 3 M 
co n cen tra tio n  used  here. H a lo x an , w hich is also know n to  be a cho linesterase 
en zy m e in h ib ito r, p ro d u ced  a 9 7 %  in h ib itio n  a t  th e  dose level of 10~4 M in  
th e ir  assay  system  w ith  a re la tiv e ly  high in h ib itio n  c o n s ta n t (K i) o f 4 X 10 “ 5 M. 
P o o r  ab ility  of benzim idazo le  com pounds in  enzym e in h ib itio n  has also been  
re p o r te d  by  G ovorova an d  P o ly k o v a  (1971). I n  th e ir  ex p erim en t, A . galli w as 
sen s itiv e  to  pheny lbenz im idazo le  to  a m o d era te  e x te n t (17%  in h ib itio n ). 
T h erefo re , a su itab le  c h em o th e rap eu tic  ag en t exp lo iting  th e  ace ty lch o lin ­
e ste rase  p a th w a y  o f para ly sis  an d  cell d ea th  is y e t to  com e w hich  could be 
v e ry  effec tive  in  th e  con tro l of in te s tin a l nem ato d es inc lud ing  A . galli.
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T H E  IN V O L V E M E N T  O F P O L Y M O R P H O N U C L E A R  
L E U K O C Y T E S  I N  T H E  P A T H O G E N E S IS  
O F  B R O N C H O P N E U M O N IA  I N  C A L V E S

I. A C T IV A T E D  G R A N U L O C Y T E  I N D U C E D  L IP ID  
P E R O X I D A T I O N  IN  R E D  B L O O D  C E L L S

A. L e d w o z y w  and H . S t o l a r c z y k

D e p a rtm e n t o f P a th o p h y sio lo g y , T he V e terin ary  F a c u lty , A g ricu ltu ra l A cadem y, u l .  A k a-
dem icka  12, 20-033 L ub lin , P o land

(R eceived  N ovem ber 1, 1990)

T he in fluence of free rad ica ls  g en era ted  b y  p o ly m o rp h o n u c lea r leukocy tes fro m  
b ro n chopneum onic  calves on  lip id  p e ro x id a tio n  in  red  b lood  cells was stud ied . In c u b a ­
tio n  of g ran u lo cy tes  w ith  red  blood cells causes a rise in m alond ialdehyde  p ro d u c tio n  
in these  cells in  lin ea r dependence  on  th e  g ran u lo cy te  n u m b er. In c u b a tio n  of red  b lood  
cells w ith  m alo n d ia ld eh y d e  causes a  g en era tio n  o f a d d u c t m o ie ty  o f th is  co m p o u n d  
w ith  p h o sp h a tid y lse rin e  a n d  p h o sp h a tid y le th an o lam in e . T h is a d d u c t is also p re se n t in  
e ry th ro c y te s  w h ich  hav e  been  in cu b a ted  w ith  n e u tro p h ils  o f b ronchopneum onic  calves. 
C ytochrom e c loaded  e ry th ro c y te  ghosts show ed a h ig h  re d u c tio n  r a te  o f  th is  co m p o u n d  
during  in cu b a tio n  o f ghosts w ith  neu tro p h ils  o f d iseased  calves.

I t  is suggested  t h a t  n eu tro p h ils  o f b ro n ch o p n eu m o n ic  calves are in  an  a c t iv a te d  
s ta te  in  th e  b lo o d -stream , a n d  free rad ica ls  g en era te d  b y  th ese  cells are cap ab le  o f 
perox id izing  th e  red  blood cell m em brane  lip ids an d  causing  cross-links be tw een  p h o s­
pholip id  m oieties in e ry th ro c y te  m em branes.

Key words: Calf, b ro n chopneum onia , n e u tro p h il, e ry th ro c y te , m alond ialdehyde , 
lip id  p e ro x id a tio n

R ed blood cells are  especially  suscep tib le  to  p e ro x id a tio n  because o f th e ir  
haem oglobin  co n te n t an d  ab u n d an ce  of p o ly u n sa tu ra te d  fa t ty  acids in  th e  
cell m em brane (Chiu e t al., 1982; P ry o r, 1976). H igh ly  reac tiv e  oxygen species, 
w hich can in itia te  lip id  pe ro x id a tio n , m ay  be g en era ted  endogenously  in  red  
b lood  cells d u rin g  norm al au to -o x id a tio n  o f oxyhaem oglob in  to  m ethaem o- 
g lobin  (S u tto n  e t ah , 1976), or m ay  come from  exogenous sources (Jaffe , 1981). 
T hese reac tiv e  oxygen  species are capab le  o f a tta c k in g  th e  red  blood cell 
m em branes an d  a lte rin g  th e ir  p ro te in  an d  lip id  s tru c tu re  (S nyder e t ah, 1981; 
S tocks e t ah , 1972). T he a lte ra tio n s  m ay  u ltim a te ly  re su lt in  lysis o f th e  cells 
(C arrell et ah , 1978).

The a c tiv a te d  n eu tro p h ils  are know n to  p ro d u ce  oxygen radicals th a t  
m ay  leak  o u t o f th e  cell an d  cause dam age to  th e  su rro u n d in g  tissues (Sacks 
e t  ah , 1978; S u tto rp  an d  S im on, 1982). B aeh n er e t ah (1971) have show n th a t  
a c tiv a te d  n eu tro p h ils  can  p roduce  e ry th ro c y te  in ju ry  in  p a tie n ts  w ith  co n ­
g en ita l g lucose-6-phosphate  dehydrogenase  defic iency . W eiss (1980,1982) show ­
ed th a t  in cu b a tio n  o f a c tiv a te d  n eu tro p h ils  w ith  e ry th ro cy te s  p ro d u ced  
haem olysis w hich could  be in h ib ited  by  free rad ica l scavengers. The clin ical
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o b se rv a tio n  th a t  in fec tion  enhances th e  r a te  of e ry th ro c y te  d e s tru c tio n  is 
c o n s is te n t w ith  th e  p o ssib ility  th a t  s im ila r dam age m ay occur in  vivo (Carson 
an d  F risch e r, 1966; L ub in  an d  V ich insky , 1979).

T h e  aim  of th is  s tu d y  w as to  in v e s tig a te  th e  effect o f free rad ica ls  g e n e ra t­
ed  b y  po ly m o rp h o n u clear leukocy tes o f  b ronchopneum on ic  calves on lip id  
p e ro x id a tio n  in  red  blood cells of h e a lth y  anim als.

M aterials a n d  m ethods

T h e  blood of 40 four-w eek-old  ca lves affected  w ith  b ro n ch o p n eu m o n ia  
w as u sed  as th e  source o f p o ly m o rp h o n u c lea r leukocytes. R ed  blood  cells w ere 
o b ta in e d  from  th e  b lood  of 20 h e a lth y  an im als  of th e  sam e age. To o b ta in  red  
b lo o d  cells, c itra ted  b lood  w as cen trifu g ed  a t  1500 g  for 10 m in . T he p lasm a 
a n d  th e  b u ffy  coat w ere rem oved , a n d  th e  e ry th ro cy tes  w ere w ashed  w ith  
0.154 M N aCl 3 tim es.

M alond ialdehyde (MDA) w as p re p a re d  b y  hydrolysis o f m alond ia ld eh y d e  
b is -d im e th y l ace ta l (E . M erck, D a rm s ta d t, G erm any) w ith  co n c e n tra ted  HC1.

A  5%  e ry th ro cy te  suspension (in  a b u ffe r consisting  o f 7.808 g N aCl, 
0.373 g KCl, 2.302 g N a 2H P 0 4, 0.194 g N a H 2P 0 4 and  2 g o f glucose in  1000 
m l; p H  7.4) was shaken  w ith  various co n cen tra tio n s  (0 .5 -5 .0  mM) of M DA in 
E rle n m e y e r  flasks in  a w a te r  b a th  a t  37 °C for various tim es. E ry th ro c y te  
lip ids w ere e x trac ted  accord ing  to  R ose a n d  O klander (1965). P hospho lip ids 
w ere an a ly sed  by  th in -la y e r c h ro m a to g ra p h y  on silica gel G p reco a ted  p la te s  
(E . M erck , D a rm s ta d t, G erm any) as described  by  M ichalak  e t al. (1988). 
C h ro m ato g ram s w ere v isualized  w ith  io d in e  vapours, an d  p h o sphorus w as 
e s tim a te d  in  p a r tic u la r  spo ts accord ing  to  B a r t le t t  (1959).

Since ch rom atog ram s of lip ids o f e ry th ro c y te s  in cu b a ted  w ith  M DA show 
a new  phospho lip id  sp o t, m ig ra ting  b e tw een  th e  ph o sp h a tid y lse rin e  (PS) and  
p h o sp h a tid y le th a n o la m in e  (P E ) frac tio n s  in  a so lvent sy stem  o f ch lo ro fo rm - 
m e th a n o l-a c e tic  a c id -w a te r  (50 : 25 : 7 : 3 b y  volum e), th is  p h ospho lip id  w as 
assu m ed  to  be a reac tio n  p ro d u c t o f M D A  an d  th e  ab ove-m en tioned  p h o sp h o ­
lip id s  ( J a in  and  S hohet, 1984). T his f ra c tio n  was scraped  o ff th e  p la te , an d  
th e  gel w as e x tra c te d  w ith  a 2 : 1 m ix tu re  o f chloroform  an d  m ethano l. The 
e lu a te  w as ev ap o ra ted  to  dryness an d  th e  d ry  residue was dissolved in  ch lo ro ­
fo rm . A  p a r t  o f th is  e x tra c t was re p e a te d ly  ev ap o ra ted  to  d ryness, an d  th e  
d ry  resid u e  was h y dro lysed  w ith  6 M HC1 in  boiling w a te r b a th  fo r 4 h . In  
c o n tro l tu b es , s tan d a rd s  o f serine an d  e th an o lam in e  (S igm a, S t. L ouis, USA) 
w ere sim ila rly  tre a te d  w ith  HC1. In  th e  acid  h y d ro ly sa te  th e  am ines w ere 
re so lv ed  on cellu lose-precoated  p la te s  (E . M erck, D a rm s ta d t, G erm any) in  a 
so lv e n t sy stem  of b u ta n o l—p y rid in e -a c e tic  a c id -w a te r  (3 : 3 : 1 : 1 b y  volum e). 
T he am ines were localized on th e  p la te  w ith  n in h y d rin  re a g e n t (P a ta k i, 1966).
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The coloured com plexes w ere e lu ted  o ff th e  p la te  w ith  p h o spha te  b u ffe r (50 
mM , p H  7.4) an d  th e  am ine  co n cen tra tio n  w as e s tim a te d  sp ec tro p h o to m etri-  
cally . In  th e  rem ain in g  p a r t  o f th e  chloroform  e x tra c t,  g lycerol and p h o sphorus 
w ere estim a ted  acco rd ing  to  v an  H an d e l an d  Z ilv e rsm it (1957) and  F iske an d  
S ubbarow  (1925), re spec tive ly .

P o ly m o rp h o n u c lea r leukocy tes were o b ta in ed  b y  d e x tra n  sed im en ta tio n  
an d  g rad ien t c e n tr ifu g a tio n  on F ico ll-H y p aq u e  (P h a rm a c ia , U ppsala , Sw eden) 
accord ing  to  C laster e t  al. (1984). Z ym osan  (Sigm a,- S t. Louis, USA) w as 
opsonized in  au to logous serum  accord ing  to  M ark ert e t  al. (1984). G ranu locy tes 
were a c tiv a te d  b y  ad d in g  0.8 m l o f opsonized zy m o san  (10 m g X m L 1) to  1 
m l of cell suspension  ( 2 x l 0 7 cells X m l-1). T he m ix tu re s  o f e ry th ro cy te s  (3 
m l, l X l O 9 cells X m l-1) and  po ly m o rp h o n u clear leu k o cy tes  (1 m l, 2 x l 0 7 
cells X m l-1 ) w ere cen trifu g ed  a t  2000 g for 5 m in  to  in d u ce  cell-to-cell c o n ta c t 
(W eiss, 1980) an d  th e n  in c u b a te d  fo r various tim es. M D A  concen tra tions w ere 
m easured  as described  b y  Ledw ozyw  e t al. (1986). H aem oglob in  co n ten t w as 
e s tim a ted  accord ing  to  D rab k in  (1946).

In  some ex p e rim en ts , to  id e n tify  th e  oxygen  species th a t  m igh t be in ­
vo lved  in  p e ro x id a tiv e  processes, th e  free rad ica l scavengers superox ide dis- 
m u tase  (Sigm a, S t. L ouis, USA, specific a c tiv ity  3000 u n its  X mg p ro te in -1 ) 
an d /o r ca ta lase  (E . M erck, D a rm s ta d t, G erm any , 5000 u n its  X m g p ro te in -1 ) 
w ere ad d ed  to  th e  in c u b a tio n  m ix tu re  before zy m o san  a d d itio n . In  these  cases, 
th e  in cu b a tio n  m ix tu re  consisted  o f 1 m l o f g ra n u lo c y te  suspension (2x10®  
cells X m l-1), 0.8 m l opsonized zym osan  (10 m g X m l-1 ), 3 ml of e ry th ro c y te  
suspension ( l x l O 9 cells X m l-1), a n d  0.2 m l o f sup ero x id e  d ism utase  (0.5 
m g X m l-1) an d /o r c a ta la se  (1 m g X m l-1 ) in  a to ta l  v o lu m e  of 5.2 ml.

Erythrocyte ghost preparation . E ry th ro c y te s  w ere  w ashed 3 tim es w ith  
0.154 M NaCl co n ta in in g  5 mM M gCla. T he p ack ed  cells w ere suspended  in  40 
volum es of an  ice-cold  so lu tio n  of 50 mM p h o sp h a te  b u ffe r  (pH  8.0) co n ta in in g  
5 mM MgCl2 an d  ly sed  for 30 m in  a t  4 °C. T he ly s a te  w as cen trifuged  fo r 20 
m in  a t  25,000 g  a n d  th e  pelle t w as w ashed  tw ice  w ith  th e  sam e buffer. To 
rem ove residual haem oglob in , th e  p e lle t was w ashed  w ith  buffers of decreasing  
ionic s tre n g th : tw ice  w ith  20 mM, tw ice w ith  5 m M , a n d  tw ice w ith  0.5 mM  
p h o sp h a te  buffers, all con ta in in g  5 mM M gCl2 (p H  8 .0). The cen trifu g a tio n s 
w ere p erfo rm ed  a t  17,000 g  for 20 m in  a t  4 °C. A fte r  th e  la s t c en trifu g a tio n , 
th e  m em branes w ere su spended  in  0.5 mM p h o sp h a te  b u ffe r  -f- 5 mM M gCl2 +  
-f- 800 /lM (F e3+) cy to ch ro m  c (Sigm a, S t. L ou is, USA) -f- 100 u n its  of 
ca ta lase  X m l-1  in  a to ta l  vo lum e o f 20 m l. T his su sp en sio n  was ro ta te d  o v er­
n ig h t a t  4 °C. A fte rw ard s, 1 vo lum e of 770 mM N aC l w as added  to  4 vo lum es 
of m em brane suspension , an d  th e  re su ltin g  m ix tu re  w as in cu b a ted  for 1 h  a t  
37 °C (resealing  o f th e  ghosts). T his suspension w as cen trifu g ed  again  (20 m in , 
17,000 g, 4 °C), an d  th e  flu ffy  lay e r of closed gho sts  w as decan ted  from  th e  
p e lle t o f open m em b ran es. The closed ghosts w ere w ashed  w ith  0.154 mM
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N aC l an d  decan ted  u n til  th e  s u p e rn a ta n t co n ta ined  no m ore cy to ch ro m e  c. 
T h e  gho sts  were su sp en d ed  in  0.154 M N aC l to  ab o u t 3 X 109 g h o sts  X  m l-1 and  
s to re d  a t  4 °C.

T h e  e ry th ro cy te s  w ere in c u b a te d  in  a cu v e tte  of a d o u b le -b eam  spec­
tro p h o to m e te r  (S pecord  UY-YIS, K a rl Zeiss, Je n a , G erm any). E ry th ro c y te  
g h o s ts  o f free cy to ch ro m e  c w ere p re se n t a t  a fina l c o n c e n tra tio n  o f 3 pM  
(3x10®  ghostsX  m l-1 ). P o ly m o rp h o n u c lea r leukocy tes (1x10®  c e lls X m l-1 ), 
or x a n th in e  (1.5 mM) p lu s  x a n th in e  o x idase  (2 m illiunits X m l-1 ), w ere added  
as C>2 ~ generating  sy s tem s. C atalase (100 u n its  X m l-1), w as p re se n t in  th e  
g h o sts  an d  in th e  in c u b a tio n  m edium  to  p re v e n t reo x id a tio n  o f  (F e2+) c y to ­
ch ro m e  c b y  H 20 2.

T h e  reaction  o f (F e 3+) cy to ch ro m e c w as followed a t  417 nm . This 
w a v e le n g th  was chosen  because i t  re p re se n ts  an  isosbestic p o in t in  th e  sp ec tra  
o f  (F e 2+)- and  (Fe3+)-haem oglobin . T h u s , a t  th is  w aveleng th  th e  re d u c tio n  of 
(F e 3+)-haem oglobin  b y  O 2 “ does n o t in te rfe re  w ith  th e  a ssay  o f  (F e3+) cy­
to c h ro m e  c reduc tion  b y  th is  rad ica l.

S ta tis tic a l s ign ificances of differences w ere analysed  b y  S tu d e n t’s t te s t  
fo r  u n p a ire d  d a ta .

R esu lts

F ig u re  1 shows th e  co rre la tion  be tw een  MDA p ro duc tion  in  re d  b lood  cells 
a n d  th e  num ber o f zy m o san -ac tiv a ted  g ranu locy tes from  h e a lth y  calves in  
th e  in c u b a tio n  m ix tu re . As th e  n u m b e r o f w h ite  cells increases fro m  2 x  10® to  
30x10®  c e llsX m l-1 , th e re  is a co rrespond ing  linear increase in  M D A  genera­
tio n  in  red  blood cells from  8.0 i  1-7 to  31. ^  1.0 n M x g  H b -1 .

F ig. 1. R ela tionsh ip  b e tw een  m alon d ia ld eh y d e  (M D A ) p roduction  in  re d  b lood  cells and 
n u m b er o f zy m o san -a c tiv a ted  g ran u lo cy te s  o f h ealth y  calves
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Fig. 2. R e la tio n sh ip  be tw een  m alo n d iald eh y d e  (M DA) p ro d u c tio n  in  red  blood cells an d  
n u m b er o f n o n a c tiv a te d  ( O )  an d  z y m o san -ac tiv a ted  ( • )  g ran u lo cy te s  o f d iseased  ca lves.

*p <  0.001

Fig. 2 show s th e  co rre la tion  be tw een  MDA p ro d u c tio n  in  e ry th ro cy te s  
a n d  th e  n u m b e r o f u n s tim u la ted  an d  zy m o san -ac tiv a ted  granu locy tes from  
b ronchopneum on ic  calves. In  th e  case of n o n a c tiv a te d  phag o cy tic  cells, th e re  
w as an  increase in  MDA p ro d u c tio n  from  5.0 ^  1.0 to  27.1 i  1.1 n M x  g H b -1 , 
as th e  g ran u lo cy te  n u m b er increased  from  2 X 106 to  3 0 x l 0 6 cells X m l-1 . In  
th e  case o f z y m o san -ac tiv a ted  g ran u lo cy tes , MDA co n cen tra tio n  in c reased  
from  13.1 i  1.1 to  37.9 i  1.0 n M X g  H b -1 .

T he causal re la tio n sh ip  b e tw een  th e  p ro d u c tio n  o f reac tiv e  oxygen species 
b y  u n s tim u la te d  an d  zy m o san -stim u la ted  neu tro p h ils  an d  lip id  p e ro x id a tio n  
(M DA prod u c tio n ) in  red  blood cells w as exam ined  w ith  free rad ica l scavengers 
(T able 1). A d d itio n  o f ca ta lase  (10 ,u g X m l-1 ) w hich scavenges H 20 2, re su lte d  
in  s lig h tly  less in h ib itio n  o f p e ro x id a tio n  th a n  was seen w ith  superoxide dis- 
m u ta se , w hich scavenges Ojj“. C o m bina tion  o f these  tw o  scavengers re su lted  
in  a slig h t increase  in  in h ib itio n , com pared  to  values o b ta in ed  w ith  e ith e r  
sup ero x id e  d ism u tase  or ca ta lase  alone.

F ig . 3 show s th e  in fluence of M DA on P S —M D A — PS  an d  P E  —M D A — 
P E  a d d u c t p ro d u c t co n cen tra tio n  in  red  b lood  cells. T he in cu b a tio n  of e r y th ­
ro cy tes  w ith  increased  co n cen tra tio n s  o f MDA show s a tim e-d ep en d en t 
increase in  th is  p ro d u c t q u a n tity .

T ab le  2 show s m olar ra tio s  o f am ines an d  glycerol to  phosphorus in  th e  
p h ospho lip id  a d d u c t. This com position  confirm s th e  h y p o th esis  th a t  th is  ad -
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Table 1

T he influence o f superoxide d ism utase  (SOD) an d  cata lase  (CAT) on e ry th ro c y te  lipid p e rox ida­
tio n  induced  b y  free rad icals g enera ted  in  u n stim u la te d  and  zym osan-stim ula ted  neu trophils from

calves (m ean  ^  SD)

In h ib itio n  o f M DA p ro d u c tio n  (% )

G ra n u lo c y te s  o f  h e a lth y  calves G ran u lo cy te s  o f  d iseased  calves

S tim u la te d  (A) U n stim u la te d  (B) S tim u la te d  (A) U n s tim u la te d  (B)

SO D 20 /rgX m l-1 
CAT 2 0 / tg X m l- 1
SO D  20 jUgXml-1 +  CAT 20 ,ugX m l-1

13.2 ±  0.2 
10.4 ±  0.2
21.2 ±  0.3

12.1 ±  0.2 
11.6 ±  0.2 
18.6 ±  0.3

31.4 ±  0.8*
27.6 ±  0.8*
39.6 ±  0.7*

27.6 ±  0.7* 
22.1 ±  0.6* 
34.4 ±  0.7*

S tu d e n t’s t  te s t  for u n p a ired  d a ta :  * p  <C 0.001 C vs. A and  D vs. B ; MDA =  malom 
d ia ldehyde

Table 2

M olar ra tio  o f am ines and  glycerol to  phosphorus in a d d u c t m oiety

M olar ra tio

Serine : phosphorus 0.47
E th an o lam in e  : phosphorus 0.42
Glycerol : phosphorus 0.95

F ig . 3. T h e  effect o f m alo n d ia ld eh y d e  on a d d u c t fo rm atio n . О  — l b  in cu b a tio n ; ф  — 6 h  
in cu b a tio n ; □  — 12 h  in cu b a tio n ; Д  — 24 h  in cu b a tio n

Acta Veterinaria Hungarica 39, 1991



PATHOGENESIS OF BRONCHOPNEUMONIA IN  CALVES I 181

F ig . 4. R ed uction  o f cy to ch ro m e c b y  th e  x an th in e  — x a n th in e  ox idase  system . О  — su p e r­
oxide d ism u ta se  (7.5 /tM ): •  — no ad d itio n s; □  — T r ito n  X-100 (0 .2% )

d u c t is form ed b y  crosslink ing  am ino groups o f P E  an d  PS w ith  M DA, ac ­
co rd ing  to  th e  follow ing reac tio n  schem e:

P S - N H 2 +  O H C - C H 2- C H O  +  H 2N - P S  — P S — N  =  C H - C H 2- C H  =

=  N - P S  +  2 H 20

Tables 3 show s th e  q u an titie s  of pho sp h o lip id -M D A  ad d u c t, p ro d u ced  in  
red  blood cells in c u b a te d  w ith  u n stim u la ted  an d  zy m o san -stim u la ted  p o ly ­
m orp h o n u clear leu k o cy tes  o f calves. In  u n in c u b a te d  red  blood cells an d  th o se

Table 3

A d d u c t m oiety co n cen tra tio n  (%  of to ta l  phospholipids) in  e ry th ro cy te s  incubated  w ith  s tim u ­
la te d  and  u n stim u la ted  granulocytes of calves (m ean i  SD)

A dduct moiety

E ry th ro cy tes  0
E ry th ro cy tes  -|- u n stim u la te d  granulocytes o f h e a lth y  calves 0
E ry th ro cy tes  +  s tim u la ted  granulocytes o f h e a lth y  calves 0.3 ±  0.1
E ry th ro cy tes  -f- u n stim u la te d  granulocytes of diseased calves 1.2 =!; 0.2
E ry th ro cy tes  s tim u la ted  granulocytes o f diseased calves 2.2 ; 0.2
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in c u b a te d  w ith  u n s tim u la te d  g ran u lo cy te s  o f h ea lth y  calves, th is  p ro d u c t was 
n o t  observed . In c u b a tio n  o f e ry th ro c y te s  w ith  zy m o san -s tim u la ted  g ran u lo ­
c y te s  o f  h ea lth y  calves caused  th e  ap p e a ra n ce  of negligible a m o u n ts  o f th is  
a d d u c t .  L arge am o u n ts  o f th is  co m p o u n d  w ere observed in  red  b lood  cells in ­
c u b a te d  w ith  u n s tim u la te d  and  zy m o san -s tim u la ted  g ranu locy tes o f broncho- 
p n e u m o n ic  calves.

F ig . 4 shows in c u b a tio n  tim e  d e p e n d e n t reduc tion  of cy to ch ro m e  c b y  
th e  x a n th in e -x a n th in e  ox idase sy stem  in  e ry th ro c y te  ghosts. T h e  in itia l ra te  of 
c y to c h ro m e  c red u c tio n  depended  b o th  on x a n th in e  oxidase c o n c e n tra tio n  an d

i

F ig . 5. R ed u ctio n  of cy to ch ro m e c b y  zy m o san -a c tiv a ted  ( □ )  and  n o n -a c tiv a te d  ( O )  n e u tro ­
phils o f d iseased  calves

on  th e  n u m b er of e ry th ro c y te  ghosts. T he red u c tio n  was com ple te ly  in h ib ite d  
b y  th e  add ition  of superox ide  d ism u tase . T he add ition  of T rito n  X -100 (non­
ion ic  d e te rg en t) increases th e  ra te  o f cy to ch ro m e c red u c tio n .

F ig . 5 shows cy toch rom e c re d u c tio n  in  e ry th ro cy te  ghosts  in c u b a te d  
w ith  po ly m o rp h o n u clear leukocy tes from  h e a lth y  calves. T he in c u b a tio n  of 
g h o sts  w ith  u n s tim u la ted  g ran u lo cy tes  causes a cytochrom e c re d u c tio n  com ­
p a ra b le  to  th a t  induced  b y  th e  x a n th in e -x a n th in e  oxidase sy s tem . In c u b a tio n  
o f g h o s ts  w ith  zy m o san -stim u la ted  g ran u lo cy tes  causes a s tro n g  increase in  
c y to c h ro m e  c red u c tio n .

F ig . 6 shows th e  in fluence  of g ran u lo cy te  n u m b er on cy to ch ro m e  c re ­
d u c tio n  in  e ry th ro cy te  ghosts. A lin e a r  co rre la tio n  betw een  g ran u lo cy te  n u m ­
b e r  a n d  reduced  cy to ch ro m e c c o n c e n tra tio n  was observed.
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Fig. 6. R e la tio n sh ip  be tw een  n o n -stim u la ted  (O )  a n d  zy m o san -s tim u la ted  ( □ )  n e u tro p h il  
n u m b er o f  diseased  calves an d  cy tochrom e c re d u c tio n  in  e ry th ro c y te  ghosts

D iscussion

W e h av e  show n in  th is  w ork  th a t  zy m o san -ac tiv a ted  po ly m o rp h o n u clear 
leukocy tes from  h e a lth y  calves and  u n s tim u la te d  n eu tro p h ils  from  d iseased  
an im als re lease reac tiv e  oxygen  species in  a m o u n ts  su ffic ien t to  in it ia te  an d  
p ro p ag a te  lip id  p e ro x id a tio n  in  red  blood cells.

T he ra tio  o f g ran u lo cy tes  to  red  b lood cells (1 : 100) th a t  we used  is te n  
tim es as h igh  as th e  v alues found  in  vivo (1 : 1000). H ow ever, in  som e cases 
e.g. in  an aem ia  w ith  co n co m itan t n e u tro p h ilia , th e  in  vivo  v a lue  of th is  ra tio  
m ay  be sim ilar to  tho se  used  in  th is  w ork.

W e h av e  show n th a t  ca ta lase  an d  su p ero x id e  d ism utase  p a r tia lly  in h ib it  
lip id  p e ro x id a tio n  in  red  b lood  cells. This m ay  ex p la in  th e  role o f th e  sup ero x id e  
rad ica l (O^T) an d  h y drogen  peroxide in  th is  process. Since we in h ib ited  lip id  
p e ro x id a tio n  w ith  oxy  rad ica l scavengers o n ly  p a r tia lly , th ese  s tud ies suggest 
an  in v o lv em en t o f o th e r  rad ica ls , such as th e  h y d ro x y l rad ica l. In  a d d itio n  
to  oxygen  species, a c tiv a tio n  o f neu tro p h ils  re su lts  in  th e  release of h y d ro ly tic  
enzym es th a t  m a y  cause dam age to  th e  su rro u n d in g  tissues an d  cells (F lee r e t 
al., 1979; V o e tm an  e t a l., 1981).

T he increase  in  lip id  p e ro x id a tio n  and  M D A  p ro d u c tio n  in  red  b lood  cells 
in c u b a te d  w ith  g ran u lo cy tes  from  b ro n ch o p n eu m o n ic  calves m ig h t be cau sed  
by  a u to -o x id a tio n  o f haem oglobin  as a resu lts  o f  H 20 2 overp ro d u c tio n  (H eb b e l
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e t  a l., 1982), or by  th e  presence o f la rg e  am o u n ts  o f calcium  ions ( J a in  and  
S h o h e t, 1981).

T h e  presence o f  phospho lip id -M D A  a d d u c t suggests th e  ex is ten ce  of 
p e ro x id a tiv e  dam age in  red  blood cells. M ore th a n  h a lf  o f p e ro x id a tio n -su s­
c e p tib le  p o ly u n sa tu ra te d  f a t ty  acids in  e ry th ro c y te  phospho lip ids is localized  
m o s tly  in  the  PS a n d  P E  fractions. T hese phospho lip ids, in  tu rn , a re  localized  
o n  th e  inner h a lf  o f th e  lip id  b ilayer an d , hence, close to  th e  p u ta t iv e  in itia l 
p e ro x id a tio n  source, th e  re la tiv e ly  re d o x -u n s ta b le  haem oglobin .

T h e  results o f th is  w ork  suggest t h a t  ac tiv e  g ranu locy tes g e n e ra te  reac ­
t iv e  oxygen  species o r  s im ila r p ro d u c ts . T hese  com pounds can  m ig ra te  to  red  
b lo o d  cells and cause p e ro x id a tiv e  d am ag e  in  th em . These p h en o m en a  occur 
in  vivo  in  calves a ffec ted  w ith  b ro n ch o p n eu m o n ia .
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P h o sp h o lip id  topology  in e ry th ro c y te  m em branes of b ro n chopneum onic  calves 
an d  ch an g es in phospholip id  asy m m etry  in d u ce d  by in cu b a tio n  of e ry th ro cy te s  w ith  
n e u tro p h ils  o f diseased calves were ex am in ed .

U sin g  am inophospho lip id  trac in g  b y  n o n -p en etra tin g  p ro b e , trin itro b en z en e - 
su lfonic ac id , an d  phospholip id  h y d ro ly s is  b y  specific phospholipase  A 2 from  N a ja  
naja  v en o m  and  sphingom yelinase from  Staphylococcus aureus i t  was s ta te d  t h a t  in  
e ry th ro c y te s  from  diseased calves p h o sp h a tid y lse rin e  and, to  som e ex te n t, p h o sp h a ti-  
d y le th a n o la m in e  are  ex te rn a lized  on th e  o u te r  leafle t of th e  m em brane . Sim ilar re su lts  
w ere o b ta in e d  fo r e ry th ro cy te s  o f h e a lth y  ca lv es a fte r in cu b a tio n  w ith  g ran u lo cy tes  o f 
b ro n ch o p n eu m o n ic  anim als.

I t  is suggested  th a t  g ranu locy tes o f  b ronchopneum onic  calves cause p e r tu rb a tio n s  
in  e ry th ro c y te  m em brane  phospholip id  o rg an iza tio n .

K ey  w ords: Calf, b ro n ch o p n eu m o n ia , e ry th ro cy tes , phospho lip id  a sy m m e try

The p h ospho lip id s of norm al e ry th ro c y te s  are a rran g ed  asy m m etrica lly  
across th e  p la sm a  m em brane, i.e. specific  classes of lipids are largely  re s tr ic te d  
to  one or th e  o th e r  of th e  tw o  leafle ts  o f  th e  lip id  b ilayer (v an  D eenen, 1981; 
Op den K a m p , 1979). Since th e  tim e  re q u ire d  for flopping  o f lipids from  one 
side o f th e  m em b ran e  to  th e  o th e r la s ts  o n ly  a few hours (van  Meer e t a l., 
1980; M ohandas e t al., 1982), and  th e  life -sp an  of the  cell is several m o n th s , 
th e  e ry th ro c y te  m u st have som e m ech an ism  for m ain ta in in g  th is  a sy m m etry . 
One im p o r ta n t  com ponen t o f th is  m a in te n a n c e  system  appears to  be th e  
sp ec trin  n e tw o rk  th a t  underlies th e  b ila y e r (H a e s t and  D eu tick e , 1976; M o h an ­
das e t ah , 1982).

T he fa c t th a t  th is  th e rm o d y n am ica lly  u nstab le  lip id  con fig u ra tio n  is so 
scrupu lously  m a in ta in ed  argues for its  fu n c tio n a l significance.

L u b in  a n d  Chiu (1982) have  show n ab n o rm a l phospho lip id  o rg an iza tio n  
in  m em branes o f  pa thologic  e ry th ro cy te s  (k ry o h y d ro cy tes , s to m ato cy tes). T his 
ab n o rm ity  is b ased  on p h o sp h a tid y le th an o lam in e  (PE ) an d  p h o sp h a tid y lse rin e  
(PS) tra n s lo c a tio n  from  th e  in n er to  th e  o u te r  leafle t of th e  b ilayer, w ith  con-
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c o m ita n t tran s lo ca tio n  o f  phosp h a tid y lch o lin e  (PC) in  th e  opposite  d irec tio n . 
T h ese  e ry th ro cy tes  a d h e re  to  endo thelia l cells in  s ig n ifican tly  higher n u m b e rs  
th a n  do norm al e ry th ro c y te s  (H ebbel e t a l., 1980a; H oover et al., 1979). 
M oreover, these a b n o rm a l adherence p ro p e rtie s  can  be co rre la ted  w ith  th e  
c lin ica l severity  o f th e  disease as m easu red  b y  th e  frequency  of m icrovascu la r 
occlusions and  clin ical s ta tu s  of these  p a tie n ts  (H ebbel e t a l., 1980b).

T he aim  of th is  s tu d y  was to  define th e  phospho lip id  topology  in  e ry th ro ­
c y te  m em branes fro m  b ronchopneum on ic  calves. T he in fluence  of in c u b a tio n  
o f p o ly m o rp h o n u c lea r leu k o cy tes  from  d iseased  calves w ith  e ry th ro cy tes  o f 
h e a lth y  anim als on p h o sp h o lip id  a sy m m e try  in  these  cells was also in v e s t i­
g a ted .

M aterials and  m ethods

Sam ples

T he blood o f 40 b ronchopneum on ic  calves (4 weeks old) was used as th e  
source  of po ly m o rp h o n u clear leukocy tes. R ed  blood cells w ere ob ta ined  fro m  
th e  b lood  of 20 h e a lth y  an im als of th e  sam e age.

T he acqu isition  o f  g ranu locy tes an d  e ry th ro cy te s  an d  th e  conditions o f 
in c u b a tio n  of n e u tro p h ils  w ith  red  b lood  cells are described  in  the  acco m p a­
n y in g  p ap er (L edw ozyw  an d  S to larczyk , 1991; see p . 175. o f th is  issue).

P E  and  P S  localization on the outer surface o f  bilayer, using  
trinitrobenzenesulfonic acid  ( T N B S )

T N B S form s co v a le n t linkages w ith  free am ino groups, including th o se  
o f P E  and  PS m olecules, and  does n o t p e n e tra te  th e  m em brane  of th e  in ta c t  
e ry th ro c y te  (Chiu e t a h , 1979).

W ashed e ry th ro c y te s  (0.2 m l, h a e m a to c rit 0.5) w ere p re incuba ted  fo r 30 
m in  a t  am bien t te m p e ra tu re  in  5 m l o f b ic a rb o n a te  b u ffe r (50 mM, p H  8.5) 
c o n ta in in g  5.5 mM glucose and  0 .5%  b o v in e  serum  a lbum in . Then, 5 m M  o f 
T N B S  was added  a n d  th e  m ix tu re  w as in c u b a te d  for 60 m in  a t 37 °C. A fte r  
in c u b a tio n  th e  m ix tu re  w as cen trifuged  a t  2500 g  for 10 m in  an d  red b lood cells 
w ere w ashed  w ith  th e  sam e buffer w ith o u t T N B S. L ipids w ere e x tra c te d  a c ­
co rd in g  to  Folch e t a l. (1957). P h o spho lip id s were analysed  by  th in - la y e r  
ch ro m a to g rap h y  on p la te s  p recoa ted  w ith  silica gel G (E . M erck, D a rm s ta d t, 
G erm any) as described  b y  Schick e t al. (1972). T he p ercen tage  of P E  a n d  PS  
lab e lled  w ith  T N B S w as ca lcu la ted  from  th e  ra tio  of lip id  phosphorus rem ain in g  
in  th e  P E  and  PS b a n d s  to  th e  P E  an d  PS b a n d  of th e  corresponding no n - 
T N B S -reac ted  sam ples.
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D eterm ination o f  phospholip id  organization by phospholipase A 2 
and sphingom yelinase

P h o sp h o lip ase  A 2 from  N a ja  naja  v en o m  and  sph ingom yelinase from  
Staphylococcus aureus (Sigm a, S t. L ouis, USA) w ere used  in  th ese  ex p erim en ts .

F o r phospho lipase  ex p erim en ts , 0.25 m l o f pack ed  e ry th ro c y te s  w as su s ­
p en d ed  in  5 m l of 10 шМ glycylglycine b u ffe r co n ta in in g  100 mM KC1, 50 m M  
N aCl, 0.25 m M  Mg2 + , 0.25 mM Ca2+ an d  44 mM sucrose (p H  7.4) an d  p re in ­
cu b a te d  a t  37 °C fo r 60 m in. F if teen  in te rn a tio n a l u n its  (IU ) o f phospho lipase  
A 2, or 10 IU  o f sph ingom yelinase, w ere th e n  ad d ed  to  th e  sam ples, an d  th e  
in cu b a tio n s  w ere con tin u ed  for 3 h . Since calcium  is req u ired  fo r p h o sp ho lipase  
a c tiv ity , th e  d eg rad a tio n  of phospho lip id s b y  th ese  enzym es w as te rm in a te d  
b y  w ash ing  th e  re d  blood cells w ith  0.154 M NaCl co n ta in in g  5 mM E D T A .

P hosp h o lip id s  were e x tra c te d  accord ing  to  Rose an d  O k lan d er (1965) an d  
an a lysed  b y  th in - la y e r  ch ro m a to g rap h y  as described  b y  R oelofsen an d  Z w aal 
(1976). P h o sp h o ru s in  p a r tic u la r  p h o spho lip id  spo ts was e s tim a te d  acco rd ing  
to  B a r t le t t  (1959). M alondialdehyde (MDA) co n cen tra tio n s w ere e s tim a te d  as 
described  p rev io u sly  (Ledw ozyw  e t ah , 1986).

S ta tis tic a l significance o f differences was analysed  b y  S tu d e n t’s t te s t  
for u n p a ire d  d a ta .

R esults

F ig u re  1 show s th e  dependence betw een  M DA accu m u la tio n  an d  PS e x te r-  
n a liza tio n  on th e  o u te r surface of lip id  b ilay er in  red  b lood cells o f b roncho- 
p neum on ic  calves. A high co rre la tio n  (r =  0.92; p <  0.001) w as observed  b e ­
tw een  these  tw o  even ts.

Fig. 1. R e la tio n sh ip  betw een  m alo n d iald eh y d e  accu m u la tio n  an d  p h o sp h a tid y lse rin e  ex te r-  
n a liza tio n  in  ca lf e ry th ro cy te s  (P S  =  p h o sp h a tid y lse rin e ; M DA =  m alond ia ld eh y d e)
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T ab le  1 shows phosph o lip id  com p o sitio n  an d  M DA levels in  e ry th ro cy te s  
of ca lves. L y so p h ospha tidy lcho line  a n d  sph ingom yelin  c o n te n t increases an d  
ph o sp h a tid y lse rin e  a n d  p h o sp h a tid y lin o sito l c o n te n t decreases in  red  blood 
cells o f b ronch o p n eu m o n ic  anim als. M D A  level w as s ig n ifican tly  h igher in  
e ry th ro c y te s  of d iseased  an im als th a n  in  th e  co n tro l group .

T ab le  2 shows M D A  produ c tio n  in  h e a lth y  ca lves’ red  blood cells in cu ­
b a te d  w ith  zy m o san -s tim u la ted  and  n o n s tim u la te d  g ranu locy tes o f d iseased

Table 1

Phospho lip id  com position (m ole  % ) and m alond ialdehyde  level (nM  X m l" ')  in red  blood cells
of calves (m ean  ±  SD)

H ealthy Diseased

LpC 2.2 ±  0.1 2.8  ±  0.2
P E 24.8 ±  0.8 25.0 ±  0.6
P S  +  P I 15.2 ±  0.4 12.5 ±  0.5*
PC 47.8 ±  1.1 48.2 ±  1.0
S p h 10.0 ±  0.3 11.5 ±  0.4*
M D A 2.2  ±  0 .2 5.2 ±  0.4*

LpC  =  lysophosphatidy lcholine; P E  =  p h o sp h a tid y le th an o lam in e ; PS  =  p h o sp h a tid y l­
serine; P I  =  p h o sphatidy linosito l; PC =  phosphatidy lcho line; Sph  =  sphingom yelin; MDA =  
=  m alondialdehyde S tu d e n t’s t te s t for unpaired  d a ta :  * p  <  0.001

Table 2

M alondialdehyde p ro d u c tio n  (n M x m l-1) in  e ry th ro cy te s  a fte r in cubation  w ith  zymosan- 
stim u la ted  and  u n s tim u la te d  g ranulocy tes from  diseased calves (m ean ±  SD)

G ranulocytes of healthy calves Granulocytes of diseased calves

U nstim ulated Stim ulated U nstim ulated Stim ulated
A В C D

MDA 2.2 ± 0 .1 2.5 ±  0.1* 2.9 ±  0.2** 3.4 ±  0.3*,**

M DA =  m alondialdehyde
S tu d e n t’s t te s t fo r u n p a ire d  d a ta : * p <  0.001 В vs. A  and  D vs. C; ** p <  0.001 C vs. 

A and  D vs. В

an d  h e a lth y  calves. T h e  level o f th is  p ro d u c t in  red  b lood  cells w hich w ere 
in c u b a te d  w ith  u n s tim u la te d  g ran u lo cy tes  o f h e a lth y  calves w as com parab le  
to  t h a t  observed in  e ry th ro c y te s  of th e  co n tro l g roup . H ow ever, th e  MDA level 
was sig n ifican tly  h ig h e r in  e ry th ro cy tes  in c u b a te d  w ith  zy m o san -stim u la ted  
p o ly m orphonuclear leu k o cy tes  of h e a lth y  calves. T he level o f th is  p ro d u c t 
w as also higher in  red  b lood  cells in c u b a te d  w ith  u n s tim u la te d  g ranu locy tes 
from  diseased calves.
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T able 3 show s P E  an d  PS  re a c tiv ity  w ith  T N B S . I n  red  blood cells o f 
h e a lth y  anim als, no re a c tio n  w as observed  betw een  PS  a n d  chem ical tra c e r .

Table 3

P hosphatidy lserine  and  pho sp h a tid y le th an o lam in e  reac tiv ity  w ith  trin itrobenzenesu lfon ic  acid 
in e ry th ro cy te  p lasm a m em branes (m ean ^  SD )

%  of aminophospholipid
reacted with TNBS

P E PS

H e alth y 12.2 ±  0.4 0
D iseased 25.3 ±  0.5 15.9 ±  0.2

P E  =  p h o sp h a tid y le th an o lam in e ; PS  =  phosphatidylserine

H ow ever, in  red  b lood  cells o f d iseased  calves 1 5 -1 6 %  o f  th is  phospho lip id  
reac ted  w ith  T N B S . P E  re a c tiv ity  w as also h igher in  e ry th ro c y te s  of diseased 
an im als.

In c u b a tio n  o f red  b lood  cells from  h ea lth y  an im als  w ith  u n s tim u la ted  
p o lym orphonuclear leu k o cy tes  o f th e  sam e group caused  no change in  am i- 
nophospho lip id  tra c in g  b y  T N B S , as com pared  w ith  re d  b lood  cells w hich h ad  
n o t been in c u b a te d  w ith  g ran u lo cy tes . In cu b a tio n  o f re d  b lood cells w ith  
zy m o san -stim u la ted  g ran u lo cy tes  re su lted  in  a u g m e n ta tio n  o f P E  trac in g  an d  
reac tio n  of 18%  o f th e  PS frac tio n  w ith  TN B S (Table 4).

T able  5 show s p h o sp h o lip id  d eg rad a tio n  in  red  b lood  cell m em brane by  
phospholipase A 2 an d  sph ingom yelinase . The a m o u n t o f  p h o sp h a tidy lcho line

Table 4

P h o sphatidy le thano lam ine  and  phosphatidy lserine  reac tiv ity  w ith  trin itrobenzenesulfonic  
acid in  ery th rocy te  p lasm a m em branes a fte r its  incubation  w ith  s tim u la te d  and non-stim ula ted  

g ranulocy tes o f h ea lth y  calves (m ean d; SD )

% of aminophospholipid 
reacted w ith TNBS

Stimulated
granulocytes

U nstim ulated
granulocytes

P h o sp h atidy le thano lam ine
P hosphatidy lserine

24.9 ±  0.5 
18.1 ±  0.4

12.0 ±  0.3 
0

h y d ro lysed  by  phospho lipase  A 2 w as low er in  e ry th ro cy te s  o f  th e  contro l group 
th a n  in  those o f d iseased  an im als. T he am o u n t of h y d ro ly sab le  P E  w as tw o 
tim es h ig h er in  red  b lood  cells o f  b ronchopneum onic  ca lves. The PS frac tio n  
w as n o t hyd ro lysed  in  e ry th ro c y te s  o f h ea lth y  an im als; how ever, 12 to  16%  
o f th is  frac tion  w as h y d ro ly sed  b y  phospholipase A 2 in  red  blood cells o f
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Table 5

P h o sp h o lip id  degradation  (% ) in calf e ry th ro cy te s  b y  phospholipase  A 2 a n d  sphingom yelinase
(m ean  ±  SD)

%  of phospholipid degraded

by  phospholipase A 2
by  sphingom y­

elinase

Phosphatidyl­
choline

Phosphatidyl- Phosphatidyl- 
ethanolam ine serine

Sphingomyelin

H ealthy 59 ±  3 10 ±  1 84 ±  4
Diseased 40 ±  2 23 ±  2 16 ±  1 83 ±  3

d isea sed  calves. T he a m o u n t of sph ingom yelin  hydro lysed  b y  sph ingom yelinase 
w as s im ila r in  b o th  g roups o f an im als.

I n  red  b lood cells o f h e a lth y  an im als w hich h a d  b een  in c u b a te d  w ith  
u n s tim u la te d  g ran u lo cy tes  o f h e a lth y  calves th e  p e rcen tag es o f  P E , PS an d  
p h o sp h a tid y lch o lice  d e g ra d a tio n  b y  phospho lipase A 2 a n d  th e  percen tage  of 
sp h in g o m y elin  d eg rad a tio n  b y  sph ingom yelinase  were co m p arab le  to  those 
o b se rv e d  in  red  blood cells o f th e  co n tro l g roup . The a m o u n t o f  phospholipase 
A 2-d eg rad ab le  p h o sp h a tid y lch o lin e  w as s ig n ifican tly  low er in  red  b lood cells 
in c u b a te d  w ith  zy m o san -s tim u la ted  g ranu locy tes of h e a lth y  calves an d  w ith

Table 6
P h o sp h o lip id  degradation  (% ) in  e ry th ro cy te s  a fte r  incubation  w ith  zym o san -s tim u la ted  and 
u n s tim u la te d  granulocytes o f h e a lth y  an d  diseased calves, by  phospholipase A 2 and  sphingom y­

elinase (m ean di SD)

%  of phospholipid degraded

by phospholipase A 2
by

sphingomye­
linase

PC P E  PS Sph

E ry th ro c y te s  -f- u n stim u la ted  g ranu locy tes o f h ea lth y  
ca lves 61 ±  2 10 ±  1 84 ±  4

E ry th ro c y te s  -f- stim u la ted  granu locy tes o f h e a lth y  
calves 55 ±  1 14 ±  1 8 ± 1 83 ±  4

E ry th ro c y te s  -j- u n stim u la ted  granu locy tes of d iseased 
ca lves 52 ±  1 14 ±  1 H  ±  1 83 ±  3

E ry th ro c y te s  -j- stim u la ted  granu locy tes o f diseased 
ca lves 44 ±  2 19 ±  1 20  ±  1 82 ±  2

PC  =  phosphatidy lcholine; P E  =  p h osphatidy le tliam olam ine; PS =  p h o sp h a tid y lse rin e ; Sph =  
=  sphingom yelin

u n s tim u la te d  an d  z y m o san -s tim u la ted  granu locy tes o f b ronchopneum on ic  
an im a ls . In  these cases, th e  a m o u n ts  of phospho lipase-hydro lysab le  P E  and  
P S  w ere  higher th a n  in  th e  co n tro l g roup  (T able 6).
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Discussion

M em brane lip id  p e ro x id a tio n  an d  its  role in  red  b lood  cell p a th o lo g y  
h av e  been  in v e s tig a te d  by  m an y  a u th o rs  (C laster e t ah , 1984; Jaco b  an d  L u x , 
1968; J a in , 1984; P fa ffe ro tt e t a l., 1982). L ip id  p e ro x id a tio n  can  increase  
m em b ran e  p e rm e a b ility  (Chiu e t  a l., 1982; M arkert e t a l., 1984), haem oglobin  
b ind ing  to  th e  m em brane  (S au b e rm an  e t al., 1981; W eiss, 1982), an d  can  
decrease th e  d e fo rm ab ility  of red  b lood  cells (P fa ffe ro tt e t a l., 1982) an d  th e ir  
su rv iv a l (J a in  e t  al., 1983).

T he re su lts  o f th is  s tu d y  suggest th a t  m em brane lip id  p ero x id a tio n  in  
red  b lood cells induced  by  free rad ica ls  released from  po ly m o rp h o n u clear 
leukocy tes o f b ronchopneum on ic  calves can cause PS an d  P E  ex te rn a liza tio n  
in  th e  red  b lo o d  cell m em brane. T h is m ig h t be th e  cause o f its  ab ility  to  fo rm  
m icro th ro m b i, as w as observed  b y  J a in  (1985) in  ra ts  a f te r  p h en y lh y d raz in e  
a d m in is tra tio n . T h is com pound in it ia te s  lip id  p e ro x id a tio n  (Ja in  and  H ö c h ­
stem , 1980; J a in  an d  S u b rah m an y an , 1978), and  g enera tes oxygen-free r a d ­
icals (G oldberg  e t al., 1975; J a in  a n d  H ochste in , 1979).

In  red  b lo o d  cells of h e a lth y  calves, b o th  PS an d  P E  occupied  th e  o u te r  
side of th e  m em b ran e  only in  v e ry  sm all am oun ts. Z w aal e t al. (1977) h av e  
show n th a t  th e  asym m etric  d is tr ib u tio n  o f phospholip ids in  red  blood cell 
m em b ran e  p la y s  an  essen tia l ro le in  haem ostasis. W ilsch u t an d  P ap a h a d jo - 
poulos (1979) h a v e  show n th a t  n e g a tiv e ly  charged  phospho lip ids (PS) a n d  
calcium  ions are  essen tia l in cell-to-cell con tac t. This suggests th a t  e ry th ro ­
cy tes w ith  a b n o rm a l PS ex te rn a liz a tio n  have  a g rea te r ten d e n c y  to  adhere  to  
en d o th e lia l cells an d  m ay  c o n tr ib u te  to  th e  fo rm atio n  o f m icrovascu lar oc­
clusions.

M ore conv incing  evidence o f  th e  role of phospho lip id  a rran g em en t in  
e ry th ro c y te  b e h a v io u r has been  p ro v id ed  b y  Schlegel e t al. (1985), w ho 
show ed th a t  e ry th ro c y te  ghosts w ith  ab n o rm al sy m m etrica l d is trib u tio n  of 
phospho lip id s ad h ered  to  en d o th e lia l cell m onolayers to  a g rea te r  e x te n t th a n  
d id  th e  ghosts  o f  norm al red  b lood  cells. T an ak a  an d  S chro it (1983) show ed 
th a t  in tro d u c tio n  of PS analogues in to  red  b lood cell p lasm a m em brane in ­
creases th e ir  b in d in g  to  m acrophages.

The decrease  in  PS c o n te n t in  re d  b lood  cells o f d iseased  calves m ay  be 
due to  th e  fa c t  th a t  th is  phosph o lip id  is especially  rich  in  p e ro x id a tio n -su s­
cep tib le  p o ly u n sa tu ra te d  fa t ty  acids (D odge and  P h illips, 1967). C o n tra ry  to  
o th e r  phosph o lip id s , PS  in  red  b lo o d  cells does n o t c o n tr ib u te  to  exchange 
processes w ith  se ru m  phospho lip ids (v an  D eenen an d  de G ier, 1974).

T he m ech an ism  responsib le fo r PS  an d  P E  e x te rn a liza tio n  is n o t know n. 
O x id a tio n  o f sp e c tr in  was show n to  cause a lte ra tio n s in  m em b ran e  phospho lip id  
a sy m m etry  w ith  increased  am o u n ts  o f P E  an d  PS exposed  on th e  o u te r le a fle t 
o f th e  lip id  b ila y e r  o f e ry th ro cy te s  (H aest an d  D eu ticke , 1976; H aest e t a l.,
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1978). Chiu et al. (1983) h av e  show n th a t  overloading  o f red  blood cells w ith  
ca lc ium  ions resu lts in  th e  ex te rn a liza tio n  o f PS. L ub in  e t al. (1983) observed  
a s im ila r  s itua tion  in  e ry th ro c y te s  w ith  congen ita l sp ec trin  deficiency. M ore­
o v er, M DA generated  d u rin g  lipid p e ro x id a tio n  can induce  cross-linkages b e t­
w een  phospholip id  m olecules (B id lack  an d  T appel, 1973; J a in  and  S hohet, 
1984). This m ay be th e  cause  of a d d itio n a l p e rtu rb a tio n s  in  lip id  m icroenv iron­
m e n t o f  th e  m em brane.
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THE INVOLVEMENT OF POLYMORPHONUCLEAR 
LEUKOCYTES IN THE PATHOGENESIS 
OF BRONCHOPNEUMONIA IN CALVES

III. GRANULOCYTE ACTIVATION BY PLATELETS

A. L e d w o z y w  a n d  H .  S t o l a r c z y k

D e p a rtm e n t o f P a th o p h y sio lo g y , T he V e te rin a ry  F a c u lty , A g ricu ltu ra l A cadem y, ul. Aka-
dem icka  12, 20-033 L ub lin , P o land

(R eceived  N o vem ber 1, 1990)

T h e  influence of p la te le ts  a n d  p la te le t  ly sa te  on  superoxide an ion  p ro d u c tio n  
an d  /S-glucuronidase release from  n e u tro p h ils  w as in v estig a ted . N e ith e r th e  su spension  
o f u n s tim u la te d  p la te le ts  from  h e a lth y  calves no r its  ly sa te  h a d  a n y  in flu en ce  on  
O j p ro d u c tio n  and enzym e release O n th e  o th e r  h an d , a  g re a t rise in  su p ero x id e  an io n  
p ro d u c tio n  and  /3-glucuronidase re lease  w as observed  in  th e  case o f p la te le ts  from  
b ro n ch o p n eu m o n ic  calves.

I t  is suggested  th a t  p la te le ts  o f b ro n ch o p n eu m o n ic  calves can  a c tiv a te  p o ly ­
m o rp h o n u c lea r leukocytes, causing  th e ir  d eg ran u la tio n  and  a g g rav a tin g  superox ide  
an ion  p ro d u c tio n .

K ey  words: Calf, b ro n ch o p n eu m o n ia , p la te le t, g ran u lo cy te  ac tiv a tio n

P o ly m o rp h o n u c lea r leukocy tes are  o ften  found  ad h e ren t to , o r closely 
assoc ia ted  w ith , blood p la te le ts  in  ex p erim en ta lly  induced  th ro m b i (M itchell 
an d  S h a rp , 1969), a fac t suggesting  th a t  th e y  m ay  p a rtic ip a te  in  h ae m o sta tic  
an d  th ro m b o tic  processes (N ach m an  an d  W eksler, 1972; R a tc liff  e t ah , 1971; 
S ilberg leit, 1970). E vidence p o in ts  to  a possible role of b o th  p la te le ts  and  
g ran u lo cy tes  in  clinical cond itions such  as m yocard ia l in fa rc tio n  (H a m m e r­
sch m id t e t ah , 1982; H ill and  W ard , 1971; T a k u r  e t ah , 1979), shock  lung 
(H am m ersch m id t e t ah, 1980) an d  m icrovessel endo thelia l dam age (B oogaerts  
e t  ah , 1982). P ro d u c ts  o f th e  p la te le t-re lea sed  m a te ria l m ay  p rom ote  m ig ra tio n  
o f leu k o cy tes  in to  th ro m b i (N ach m an  a n d  W eksler, 1972), and  m ay  increase 
phag o cy tic  a c tiv ity  (L agh i-P asin i e t ah , 1983) an d  cellu lar ag g rega tion  (R ed l 
e t ah , 1983). H ow ever, th e  fac to r  re leased  from  p la te le ts  is n o t know n.

T he a im  of th is  s tu d y  w as to  in v es tig a te  th e  effect of p la te le t release 
p ro d u c t(s) on  g ranu locy te  a c tiv a tio n  (/3-glucuronidase release an d  superox ide  
an ion  p ro d u c tio n ) in  b ronchopneum on ic  calves.

Materials and methods

T he b lo o d  of 40 four-w eek-old  calves affec ted  w ith  b ro n ch o p n eu m o n ia  
w as used  as th e  source o f b lood p la te le ts . P o ly m o rp h o n u clear leu k o cy tes  w ere 
o b ta in ed  from  th e  blood o f 20 h e a lth y  an im als o f th e  sam e age.
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N eutrophils w ere sep a ra ted  b y  d e x tra n  g ra d ie n t sed im en ta tio n  an d  d if­
fe re n tia l cen trifu g a tio n  (L agh i-P asin i e t a l., 1983). P la te le t-rich  p lasm a a n d  
p la te le t-p o o r p lasm a w ere  o b ta in ed  as described  b y  L agb i-P asin i e t al. (1985). 
T h e  p la te le t co u n t in  p la te le t- r ic h  p lasm a w as a d ju s te d  to  4 x  108 cells X m l-1 . 
T h e  influence of p la te le t  release p ro d u c ts  w as in v es tig a ted  in  B oyden  c h a m ­
b e rs . W hen th e  m a x im a l agg regation  of p la te le ts  w as reached  (1 -8  juM A D P ), 
0.5 m l p la te le t-rich  p la sm a  w as rem oved  an d  p laced  in  th e  u p p e r c o m p a rtm e n t 
o f  th e  B oyden ch a m b e r, w hereas 0.125 m l o f g ranu locy te  suspension  from  
h e a l th y  calves (2x10®  cells X m l-1 ) w as p laced  in  th e  low er c o m p a rtm e n t 
s e p a ra te d  by  a d ia ly sis  m em b ran e  (exclusion in d ex : 20,000) to  re ta in  h igh  
m o lecu la r w eight p ro d u c ts  an d  to  avo id  d irec t co n ta c t o f p la te le ts  w ith  
n eu tro p h ils .

The effect o f p la te le t  ly sa te , p rep a red  b y  th re e  cycles o f freezing an d  
th a w in g , was also in v e s tig a te d .

A fter 20-m in in c u b a tio n  a t  37 °C, /З-g lucuron idase  release from  p o ly ­
m o rp h o n u c lea r leu k o cy te s  was assayed  acco rd ing  to  W ard  e t al. (1983) an d  
W eiss and  W ard  (1982). S uperoxide an ion  g en era tio n  was e s tim a ted  as de­
sc rib ed  by  Jo h n s to n  e t al. (1975) an d  Y o n e tan i (1965).

The s ta tis tic a l s ign ificance o f d ifferences w as analysed  b y  S tu d e n t’s t 
te s t  fo r unpaired  d a ta .

Results

Fig. 1 shows th e  in fluence  o f p la te le t n u m b e r  an d  its  ly sa te  co n cen tra tio n  
o n  superoxide an io n  p ro d u c tio n  in  n eu tro p h ils . U n stim u la ted  p la te le t su s­
p en sio n  and  its  ly sa te  h av e  m in im al in flu en ce  on 0%~ p ro d u c tio n . H ow ever, 
p ro d u c tio n  of su p ero x id e  an ion  w as a b o u t 14 tim es  h igher in  th e  case of u n ­
s tim u la te d  p la te le ts  from  bronchopneum on ic  calves.

Sim ilar changes w ere observed  in  n e u tro p h il d eg ran u la tio n  m easu red  b y  
/З-g lucuronidase re lease  (F ig . 2).

Discussion

The p resen t f in d in g s  d em o n stra te  th a t  s tim u la te d  p la te le ts  from  h e a lth y  
ca lves and  u n s tim u la te d  p la te le ts  from  b ronchopneum on ic  an im als can  induce  
g ran u lo cy te  a c tiv a tio n  expressed  as specific d eg ran u la tio n  an d  superox ide 
a n io n  p roduction . I n  th ese  even ts, th e  im m ed ia te  co n tac t betw een  p la te le ts  
a n d  g ranulocytes is n o t  necessary . S ep ara tio n  o f p la te le ts  from  g ranu locy tes b y  
sem iperm eable  m em b ran e  suggests th a t  th is  phenom enon  is caused  b y  a fac to r 
w ith  a m olecular w e ig h t below  20,000. S ak am o to  and  F irk in  (1984) h av e  
sh o w n  th a t  a c tiv a te d  p la te le ts  release a leu k o cy te  phagocytosis s tim u la tin g

Acta Veterinaria Hungarica 39, 1991



PATHO G EN ESIS OF BRO NCH O PN EU M ON IA  IN CALVES I I I 199

F ig . 1. T he in fluence  o f p la te le ts  an d  p la te le t  ly sa te  on  0 7  p roduction  b y  n e u tro p h ils . 1 — non- 
a c t iv a te d  from  h e a l th y  calves; 2 — a c tiv a te d  p la te le ts  from  h ea lth y  calves; 3 — n o n -a c tiv a ted  
p la te le ts  from  d iseased  calves; 4 — a c tiv a te d  p la te le ts  from  diseased calves; 5 — ly sa te  o f 
n o n -a c tiv a te d  p la te le ts  from  h e a lth y  calves; 6 — ly sa te  o f a c tiv a ted  p la te le ts  from  h e a lth y  
ca lv es ; 7 — ly sa te  o f  n o n -a c tiv a ted  p la te le ts  fro m  diseased  calves; 8 — ly sa te  o f a c tiv a te d  

p la te le ts  fro m  d iseased  calves. * p <  0.001

F ig. 2. T he in fluence  o f  p la te le ts  an d  p la te le t  ly sa te  on  n eu troph il d eg ran u la tio n  (/8-g lucuro­
n idase  release). O th e r d esig n atio n s as in  Fig. 1

7*
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a g e n t w ith  a m o lecu lar w eigh t below  500. R ed l e t al. (1983) found  th a t  p la te le t 
ly sa te  au g m en ted  chem o to x in -in d u ced  g ran u lo cy te  agg regation . The ly sa te s  
o f  asp irin - or in d o m e th a c in -p re tre a te d  p la te le ts  also re ta in e d  the  a b ility  to  
p ro d u ce  th is  a u g m e n ta tiv e  substance . T h is fa c t suggests th a t  the  p ro d u c tio n  
o f th is  fac to r is in d e p e n d e n t of th ro m b o x a n e  syn thesis .

Several a u th o rs  (H am m ersch m id t e t al., 1982; W eksler and  C oupai, 1973) 
h av e  show n th a t  p la te le ts  release p ro te in aceo u s ch em o tac tic  facto rs. B o th  
p la te le ts  and  th ro m b o x a n e  A 2 au g m en t g ran u lo cy te  adherence  in  vitro (R asp  
e t a l., 1981; S pagnuolo  e t al., 1980).

In  our ex p e rim en ts , a c tiv a te d  p la te le ts  s tim u la te d  n eu tro p h il d eg ran u la ­
tio n  an d  superox ide  an io n  p roduc tion . T hese even ts m ay  p lay  a role in  th e  
pa thogenesis  of b ro n ch o p n eu m o n ia  in  calves.
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THE INVOLVEMENT OF POLYMORPHONUCLEAR 
LEUKOCYTES IN THE PATHOGENESIS 
OF BRONCHOPNEUMONIA IN CALVES

IV. MYELOPEROXIDASE ACTIVITY
A. L e d w o z y w  a n d  H .  S t o l a r c z y k

D e p a rtm e n t of P a th o p h y sio lo g y , T he V e te rin a ry  F a c u lty , A g ricu ltu ra l A cadem y, ul. A ka-
dem icka  12, 20-033 L ublin , P o land

(R eceived  N ovem ber 1, 1990)

S tab le  o x id a n t a n d  hypoch lo rous acid  p ro d u c tio n  in  n eu tro p h ils  o f b ro n ch o - 
pneum onic  calves w as in v es tig a ted . T he p ro d u c tio n  o f these  com pounds w as m u ch  
m ore in tense  in n eu tro p h ils  o f d iseased  calves th a n  in  th e  con tro l cells. T he p ro d u c tio n  
o f  stab le  o x id an ts  an d  h ypoch lo rous acid  w as re s tra in e d  b y  free rad ica l scavengers. 
F u n c tio n a l response of n eu tro p h ils  was in h ib ited  b y  cyclooxygenase p ro d u c ts  a n d  
s tim u la te d  b y  lipoxygenase  p ro d u c ts  o f th e  a rach id o n ic  acid  cascade. Superox ide an io n  
p ro d u c tio n  is n o t  connected  w ith  th e  deg ran u la tio n  process (|S-glucuronidase re lease), 
an d  th e  tw o ev en ts  a re  u n d e r d iffe ren t con tro l m echanism s.

Key w ords: Calf, b ronch o p n eu m o n ia , po lym orphonuclear leukocyte, m y elo p er­
oxidase a c tiv ity
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A ctiv a ted  n eu tro p h ils  re lease a v a rie ty  o f reac tiv e  oxygen species, su ch  
as superox ide  an ion  ( 0 ^ ) ,  h y d ro g en  peroxide (H 20 2) and , possib ly , th e  h y d ­
ro x y l rad ica l (B ab io r, 1978; K lebanoff, 1980). B y  th e  m yeloperoxidase e n z y m ­
a tic  system , n e u tro p h ils  also p ro d u ce  hypoch lo rous acid  (HOC1) an d  a v a r ie ty  
o f ch lo rin a ted  am ines (stab le  o x id an ts) (G risham  e t al., 1984a, b ; Sagone e t  al., 
1984; T hom as e t a l., 1983; W eiss e t al., 1983). All these  p ro d u c ts  p la y  an  
im p o r ta n t  role in  h o s t defense aga in st m icroorganism s, and  in  tissue in ju ry .

Cell surface a c tiv a tio n  o f n eu tro p h ils  in itia te s , e ith e r by  soluble o r b y  
p a r tic u la te  stim u li, a series o f reactions u ltim a te ly  lead ing  to  a fu n c tio n a l 
response of th e  cell. R e c e p to r-lig a n d  in te rac tio n  leads to  a series o f cell re s ­
ponses, including  a c tiv a tio n  o f phospholipases an d  p ro te in  k inases, p ro d u c tio n  
of 1 ,2-diacylglycerols, release o f arach idon ic  acid  m etab o lites , a rise in  ca lc ium  
level w ith in  th e  cy toso l, an  increase in  oxygen co n sum ption  and , u ltim a te ly , 
a series of fu n c tio n a l responses o f th e  cell, inc lud ing  genera tion  of oxygen- 
d e riv ed  free rad ica ls , secre tion  o f lysosom al enzym es and  changes in  cell 
m o tility  (A sw an ikum ar e t a l., 1977; M arasco e t al., 1983; S chiffm an e t al., 
1975; W illiam s e t a l., 1977).

T here is now  increasing  evidence th a t  lipoxygenase p ro d u c ts , su ch  as 
leu k o trien es  (LTs) an d  h y d ro x y e ico sa te traen o ic  acids, g enera ted  b y  n e u tro ­
ph ils , p lay  a key role in  th ese  processes (B orgeat an d  Sam uelsson, 1979; H o- 
n u n a  e t ah, 1982; N accache e t al., 1982; S k lar e t al., 1982).

Acta Veterinaria Hungarica 39, 1991 
Akadémiai Kiadó, Budapest



204 LEDWOZYW and STOLARCZYK

In  th e  p resen t w o rk , we ev a lu a ted  s tab le  o x id an t p ro d u c tio n  in  n e u t­
ro ph ils  o f b ro n ch o p n eu m o n ic  calves an d  s tu d ie d  th e  in fluence o f lipoxygenase 
an d  cyclooxygenase in h ib ito rs  on g ran u lo cy te  ac tiv a tio n  in  such an im als.

Materials and m ethods

T he blood o f 40 four-w eek-old b ro n ch o p n eu m o n ic  calves w as used  as 
th e  source of p o ly m o rp h o n u c lea r leu k o cy tes , an d  th a t  o f 20 h e a lth y  an im als 
o f th e  sam e age se rv ed  as contro l m a te ria l.

G ranu locy tes w ere  o b ta ined  b y  d e x tra n  sed im en ta tio n  an d  F ico ll-H y- 
p aq u e  (P h arm ac ia , U p p sa la , Sweden) d e n s ity  g rad ien t cen trifu g a tio n  as de­
scribed  b y  B oyum  (1968).

N eu troph ils  ( 4 x  10° cells X m l-1) w ere s tim u la te d  w ith  zym osan  (1 m gX  
X m l-1 , S igm a, S t. L ou is, USA) in  au to logous p lasm a as described  in  
p a r t  I  o f th is  series (L edw ozyw  and S to la rczy k , 1991). Some ex perim en ts were 
c o n d u c ted  in  th e  p resen ce  of superox ide  d ism utase  (10 jUgXm l-1 , specific 
a c t iv i ty :  3000 u n its /m g  p ro te in , Sigm a), sod ium  benzoate  (10 mM), m ann ito l 
(40 mM ) or d im eth y lsu lfo x id e  (20 mM ). G ranu locy tes w ere in c u b a te d  also 
w ith  lipoxygenase (n o rd ih y d ro g u a ia re tic  ac id , na faza tro m ) or cyclooxygenase 
in h ib ito rs  ( in d o m eth ac in , p iroxicam , ib u p ro fen , BW 755C). R eactions were 
te rm in a te d  a t  2 h  b y  ic in g  and  by  ad d in g  25 //.gX m l" '1 of ca ta lase  (specific 
a c t iv i ty :  5000 u n its /m g  p ro te in , Sigm a). A fte r  cen trifu g a tio n  (30,000 g, 5 m in), 
th e  cell-free su p e rn a ta n ts  w ere assayed fo r s tab le  o x id an ts  b y  sp ec tro p h o to m et- 
ric m ethods.

T he f irs t m e th o d  depends on th e  a b ility  o f stab le  ox id an ts  to  oxidize I 
to  I 2 (Sagone e t al., 1984; W eiss e t al., 1982). S u p e rn a ta n ts  (0.6 ml) w ere added 
to  ch illed  tub es c o n ta in in g  2.4 ml of 1 .25%  K I in  100 mM p h o sp h a te  buffer 
(p H  7.0) and  changes in  ex tinc tion  a t  352 n m  w ere read  im m ed ia te ly , as­
sum ing  a m olar e x tin c tio n  coefficient o f  2 .6 4 X 104 M - 1 X c m _1 (T san and  
C hen, 1980).

T he second m e th o d  depends on th e  a b ility  o f stab le  o x id an ts  to  oxidize 
5-th io -2 -n itrobenzo ic  ac id  (TNB) to  5,5’-d ith io b is  (2-nitrobenzoic) acid  (D TN B ) 
(A une an d  T hom as, 1977). A stock so lu tio n  o f T N B  (0.6 mM) was p rep ared  by  
ad d in g  0.004 m l o f 14.3 M solution  o f 2 -m ercap to e th an o l to  100 m l o f 1 mM 
D T N B  so lu tion  in  p h o sp h a te  buffer (100 m M , p H  7.2). S u p e rn a ta n ts  (0.6 ml) 
w ere ad d ed  to  chilled tu b e s  contain ing  2.3 m l of p h o sp h a te  b u ffe r an d  0.1 m l 
o f s to ck  T N B  so lu tion . E x tin c tio n  a t  412 n m  w as re a d  a t  ex ac tly  3 m in, as­
sum in g  a m olar e x tin c tio n  coefficient of. 1.36 X 104 M - 1 X c m -1 .

HOC1 p ro d u c tio n  w as q u a n tita te d  b y  th e  ta u r in e  ch lo rin a tio n  m ethod  
(W eiss e t al., 1982), m yeloperox idase  a c t iv i ty  was de te rm in ed  by  o x id a tio n  of 
o -d ian isid ine  (H enson , 1971), /З-g lucuronidase a c tiv ity  w as m easu red  b y  in ­
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crease o f e x tin c tio n  a t  540 nm  w ith  p h en o lp h th a le in  Д-g lucuronide as s u b s tra te  
(W ard  e t a]., 1983), an d  la c ta te  dehydrogenase  a c tiv ity  w as assayed acco rd in g  
to  Show ell e t al. (1976). Superoxide an ion  genera tio n  w as m easured  as c y ­
toch ro m e c re d u c tio n  ra te  in  th e  presence o f superoxide d ism utase  (W eiss a n d  
W ard , 1982).

S ta tis t ic a l  analysis  w as perform ed b y  S tu d e n t’s t te s t  for u n p a ired  d a ta .

R esults

F ig u re  1 show ss tab le  ox id an t p ro d u c tio n  in  u n s tim u la te d  an d  opson ized  
zy m o san -s tim u la ted  n eu tro p h ils  of calves as d ep en d en t on th e  s tim u la tio n  
tim e. T he q u a n t i ty  of these  com pounds w as h igher in  n eu tro p h ils  from  d iseased  
calves.

S im ilar re su lts  w ere ob ta ined  in  th e  case of HOC1 p ro duc tion  in  g r a n u ­
locytes o f calves th u s  in v estig a ted  (Fig. 2).

F ig u re  3 illu s tra te s  th e  in fluence o f free rad ica l scavengers on s tab le  o x i­
d a n t p ro d u c tio n  in  zy m osan -stim u la ted  g ranu locy tes. All scavengers th u s  in ­
v es tig a ted  decrease  th e  p rodu c tio n  of th ese  com pounds.

F ig u re  4 show s zym osan -dependen t a c tiv a tio n  of neu tro p h ils  from  h e a lth y  
calves as m easu red  b y  Д-glucuronidase, m yeloperox idase an d  la c ta te  d e h y d ­
rogenase a c tiv itie s . This ac tiv a tio n  is specific , e.g. Д-g lucuronidase a n d  m y ­
eloperox idase are  re leased  in  th e  d eg ran u la tio n  process, b u t  no t b y  cell lysis 
(no changes in  la c ta te  dehydrogenase a c tiv ity  were observed).

F i g .  1. Stable oxidant production in calf granulocytes, as dependent on stimulation time. 
•  — unstimulated granulocytes from healthy calves, 0  — stimulated granulocytes from 

healthy calves, О — unstimulated granulocytes from diseased calves, □  — stimulated 
granulocytes from diseased calves. X  — p <  0.01
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F i g .  2 .  Hypochlorous acid production in calf granulocytes, as dependent on incubation time. 
•  — unstimulated granulocytes from healthy calves, ■ — stimulated granulocytes from 

healthy calves, О — unstimulated granulocytes from diseased calves, □  — stimulated 
granulocytes from diseased calves. X  — P <  0 .0 1

F i g .  3 . The influence of free radical scavengers on stable oxidant production in stimulated 
granulocytes of calves. Z =  zymosan, Z +  SOD =  zymosan +  superoxide dismutase, 
Z +  В — zymosan -f- sodium benzoate, Z +  M =  zymosan +  mannitol, Z -j- DMSO =  
zymosan -f dimethylsulfoxide,] H =  healthy animals, D =  diseased animals, X — p <  0.01

F igu re  5 in d ica tes  ac tiv a tio n  o f g ran u lo cy tes  from  b ronchopneum onic  
ca lves. In  th is  3ase, a c tiv a tio n  is also a specific  process; how ever, a s tim u la to r  
c o n c e n tra tio n  of 0.5 m g p e r 2 X 106 cells causes a 3 tim es g re a te r  /5-glucuronid-
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ase an d  m yeloperoxidase release as com pared  to  g ran u lo cy tes  o f h e a lth y  
calves.

F igure  6 show s th e  effect o f lipoxygenase  in h ib ito rs  (n o rd ih y d ro g u a ia re tic  
acid , n a faza tro m ) on /З-g lucuron idase  release from  zy m o san -s tim u la ted  g ra ­
nu lo cy tes  of h e a lth y  calves. A t a co n cen tra tio n  o f 100 /xM n o rd ih y d ro g u a ia re ­
tic  acid  causes a n ea rly  com plete  in h ib itio n  o f enzym e release. I n  th e  case o f

F ig .  4 .  Granulocyte activation in healthy calves as measured by /З-glucuronidase (O), myelo 
peroxidase (□ )  and lactate dehydrogenase (A ) release

n a faza tro m , a com parab le  effect w as observed a t  10 fiM. in h ib ito r  c o n c e n tra ­
tio n .

F igure 7 show s th e  in flu en ce  o f  cyclooxygenase in h ib ito rs  (in d o m eth ac in , 
p irox icam , ib u p ro fen , BW 755C) on /З-g lucuronidase release from  zym osan- 
s tim u la te d  n eu tro p h ils  o f h e a lth y  calves. P irox icam , ib u p ro fen  an d  BW 755C 
all h av e  an  in h ib ito ry  d o se-dependen t effect on enzym e release. In d o m e th ac in  
h a d  no effect on /З-g lucuronidase release in  th is  ex p erim en t.

In  Fig. 8 th e  effect o f lip oxygenase  in h ib ito rs  on superox ide  an ion  gen er­
a tio n  b y  n eu tro p h ils  is p re sen ted . A t co n cen tra tio n s above 0.1 цМ  no rd i-
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F ig .  5 .  Granulocyte activation in bronchopneumonic calves as measured by /3-glucuronidase 
(O), myeloperoxidase (□ )  and lactate dehydrogenase (Д ) release

F ig .  6 . The influence of lipoxygenase inhibitors on /3-glucuronidase release from stimulated 
granulocytes of healthy calves. Q  “  nordihydroguaiaretic acid, □  — nafazatrom
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F ig .  7. The influence of lipoxygenase inhibitors on /S-glucuronidase release from stimulated 
granulocytes of healthy calves. □  — indomethacin, Я — ibuprofen, О  — piroxicam,

•  -  BW755C

F ig .  8. The influence of lipoxygenase inhibitors on 0 2 generation in stimulated granulocytes 
of healthy calves. О — nordihydroguaiaretic acid, □  — nafazatrom

F ig .  9. The influence of cyclooxygenase inhibitors on 0 2 generation in stimulated granulocytes 
of healthy calves. □  — indomethacin, Я — ibuprofen, О — piroxicam, ф — BW755C
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h y d ro g u a ia re tic  ac id  caused  a com plete in h ib itio n  of superoxide an io n  p ro d u c ­
tio n . A t th is  c o n c e n tra tio n  n a faza tro m  cau sed  a 50%  in h ib ition  o f  Ojf gen era ­
tio n .

F igu re  9 show s th e  in fluence  of cy clooxygenase  inh ib ito rs on p roduc- 
t io n b y  zy m o san -s tim u la ted  g ranu locy tes o f  h e a lth y  calves. A ll com pounds 
th u s  in v es tig a ted  cause  a decrease in  su p e ro x id e  anion p ro d u c tio n .

Discussion

T he p resen t s tu d y  provides ev idence t h a t  u n s tim u la ted  a n d  zym osan- 
s tim u la te d  n eu tro p h ils  o f  b ronchopneum on ic  calves produce m ore HOC1 an d  
s ta b le  ox id an ts  th a n  do neu tro p h ils  o f h e a lth y  anim als. The fall in  s tab le  ox i­
d a n ts  m ay  be due to  increased  d e s tru c tio n  o f  these  com pounds over tim e . 
G rish am  e t al. (1984a) fo u n d  a s ign ifican t decrease in  stab le  o x id a n ts  be tw een  
30 a n d  60 m in s tim u la tio n  tim e. The tim e -d e p e n d e n t decrease in  s tab le  o x id an ts  
m a y  be caused b y  in te rfe ren ce  w ith  o th e r  rad ica ls  generated  in  g ran u lo cy tes . 
A lth o u g h  increased  d ism u ta tio n  of O^” to  H 20 2 could th eo re tica lly  exp la in  
w h y  superox ide d ism u ta se  y ielded m ore s ta b le  ox idan ts, th is  e ffec t in  n e u tro ­
p h il o x id a n t p ro d u c tio n  is usually  of l i t t le  im p o rtan ce  (B aelm er e t a l., 1975; 
Sagone e t al., 1976). S od ium  benzoate , a specific  hydroxy l scavenger (B ors e t 
a l., 1982), also in creases  stab le  o x id an t p ro d u c tio n . Thus, th e  experim en ts  
co n d u c te d  w ith  su p ero x id e  d ism utase a n d  b e n z o a te  support th e  co n cep t th a t  
О 2  a n d  O H  can d eg rad e  th e  stab le  o x id a n ts . I t  is also possible t h a t  th e  fall in 
s ta b le  ox id an ts  over tim e  is due to  th e ir  a b ili ty  to  react w ith  o th e r  cellu lar 
p ro d u c ts  inc lud ing  p ro te in s , am ino acids, am m o n ia  and  g lu ta th io n e  (T hom as 
e t a l., 1983). Since H 20 2 can  reduce HOC1, i t  is possible th a t  th e  h igh  levels o f 
H 20 2 d estro y  som e p o rtio n  of th e  HOC1 b efo re  i t  can react w ith  ta u r in e  (W eiss 
e t a l., 1982).

O xygen rad ica l p ro d u c tio n  was fo u n d  to  be lim ited  by  th e  a v a ilab ility  
o f o x ygen  a t  th e  s ite  o f in flam m atio n  (E d w a rd s  e t al., 1983, 1984). H ow ever, 
o u r re su lts  suggest t h a t  p ro d u c tio n  o f s ta b le  ox id an ts  exists fo r a long  tim e  
a f te r  s tim u la to r  is ad d ed . O ur d a ta  e x te n d  th o se  ob tained  w ith  ra b b it  and  
h u m a n  g ranu locy tes (B ack er e t al., 1979; B a x te r  e t al., 1983; F le tc h e r  e t al., 
1982; G oldstein  e t a l., 1974).

T he role of a ra c h id o n a te  m e tabo lites in  n eu tro p h il a c tiv a tio n  is o f m uch 
in te re s t .  T here is no  d o u b t th a t  g ran u lo cy te  ac tiv a tio n  b y  so luble  an d  p a r ­
t ic u la te  stim uli re su lts  in  th e  genera tion  o f  cyclooxygenase an d  lipoxygenase  
p ro d u c ts  (Bass e t a l., 1981; L indgren e t a l., 1981; R ubin  et al., 1979; S tenson  
a n d  P a rk e r, 1979; W alsh  e t al., 1981). T h e  la t te r  category  o f  p ro d u c ts , es­
pec ia lly , L T B 4, causes increased  calcium  f lu x  in to  th e  cytosol (N accache e t al.,
1982), a process th a t  ap p ears  to  be a re q u ire m e n t for th e  cell to  resp o n d  to
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chem otac tic  signals. I t  is n o t clear w h e th e r or n o t L T B 4 u p o n  its  genera tio n  in  
th e  cell acts en tire ly  in trace llu la rly  o r w h e th e r i t  is secre ted  an d  ac ts on o th e r 
n eu tro p h ils  (W ard  e t  ah , 1984). G enera tion  o f L T B 4 can  be considered to  be 
an  im p o r ta n t s tep  in  th e  response of n eu tro p h ils  to  chem otac tic  fac to rs. 
Cyclooxygenase p ro d u c ts  ap p ear to  have  an  in h ib ito ry  effect on phag o cy tic  
fu n c tio n  of th e  cells, p e rh ap s  re la te d  to  th e ir  a b ility  to  e levate  in trace llu la r 
levels of cAM P (M arone e t ah , 1980). A ccord ingly , i t  is n o t su rp rising  th a t  
cyclooxygenase in h ib ito rs  increase ^ -g lucu ron idase  release th ro u g h  reduced  
cell genera tion  of P G E 2 an d  P G I2.

T he resu lts  o f o u r w ork  suggest th a t  su p ero x id e  an ion  genera tio n  in  
n eu tro p h ils  is n o t co n n ec ted  w ith  enzym e release, an d  th a t  th e  tw o even ts are 
u n d e r d ifferen t co n tro l m echanism s. T he genera l conclusion  th a t  cyclooxy­
genase p ro d u c ts  in h ib it  fu n c tiona l responses of n e u tro p h ils , w hereas lip o x y ­
genase p roduc ts fa c ilita te  th e  sam e cell responses is s im ila r to  th a t  o f a n o th e r 
w ork  using an  e n tire ly  d iffe ren t cell sy stem  (M etz e t  ah , 1983).
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P R O T E C T IV E  E F F E C T  O F  L IP O S O M E -E N T R A P P E D  
S U P E R O X I D E  D IS M U T A S E  A N D  C A T A L A SE  

O N  B L E O M Y C IN -IN D U C E D  L U N G  I N J U R Y  I N  R A T S

I. A N T I O X I D A N T  E N Z Y M E  A C T IV IT IE S  
A N D  L I P I D  P E R O X I D A T I O N

A. L e d w o z y w

Department of Pathophysiology, The Veterinary Faculty, Agricultural Academy, ul. Aka'
demicka 12, 20-033 Lublin, Poland
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The influence of liposome-entrapped catalase and/or superoxide dismutase on 
bleomycin-induced rat lung injury was studied. Liposome-entrapped catalase and/or 
superoxide dismutase increase antioxidant enzyme activities in the lung tissue of 
bleomycin-treated rats. The level of lipid peroxidation products (malondialdehyde, 
conjugated dienes, lipid hydroperoxides) was significantly lower in liposome-entrapped 
catalase and/or superoxide dismutase supplemented rats with bleomycin-injured lungs. 
It is suggested that liposomes are good vectors for drugs in the treatment of bleomycin- 
induced lung fibrosis.

Key words: Liposomes, antioxidant enzymes, bleomycin, lung fibrosis

Bleom ycin, a m ix tu re  o f g lycopep tides from  Streptomyces vesticillus, is 
used  in  th e  th e ra p y  o f  selected  h u m an  tu m o u rs  w ith  h igh  efficacy and  low bone 
m arrow  to x ic ity  (U m ezaw a et al., 1966). I t  is w idely  used  in  th e  tre a tm e n t of 
lym phom as, sq u am o u s cell carcinom as an d  te s tic u la r  tu m o u rs  (Crooke an d  
B rad n er, 1976; F r ie d m a n , 1978; G arn ick , 1985).

One of th e  serious adverse side effects lim itin g  th e  clinical use of th is  d rug  
is th a t  it  p roduces in te rs ti t ia l  p u lm o n ary  fib rosis (D elena e t al., 1972; K rous 
an d  H am lin , 1973). T h e  p u lm o n ary  to x ic ity  o f b leom ycin  can tak e  several 
form s. A dose-re la ted  fall in  diffusing c a p a c ity  (gas tra n s fe r  coefficient) is th e  
com m onest (Van B arn ev e ld  et al., 1985), b u t  a 5—20%  incidence of p n e u ­
m onitis  has also been  rep o rted  (D algleish e t a l., 1984; W hite  and  S touer, 1984) 
w hich m ay develop in to  an  in ju ry  show ing th e  ch a rac te ris tic s  o f a d u lt re sp ira ­
to ry  distress sy n d ro m e  (Jones, 1978).

The lung e ffec ts  o f  bleom ycin  are u n p re d ic ta b le , a lthough  several con­
d itions m ay p red ispose  to  in ju ry . These inc lude  co n co m itan t exposure to  
ra d ia tio n  (C atane e t  a l., 1979), use in  co m b in a tio n  ch em o th e rap y  p rogram m es, 
to ta l  drug dose ab o v e  450 mg, an d  im p a irm e n t o f ren a l function . E xpo su re
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to  h ig h  insp ired  oxygen co n cen tra tio n s  has also been suggested  as a s tim u lu s 
to  p ro d u c e  acu te  lung  in ju ry  (D ouglas a n d  Coppin, 1980; G old iner e t a l., 1978), 
a lth o u g h  th ere  is som e c o n tro v e rsy  in  th is  respect (G oldiner an d  R ooney , 1984; 
L a M a n tia  e t al., 1984).

In tra tra c h e a l a d m in is tra tio n  o f b leom ycin  is em ployed  to  p ro d u ce  an  
a n im a l m odel of in te rs ti t ia l  p u lm o n a ry  fib rosis  (R aisfeld , 1980; L a u re n t e t al., 
1981).

Som e of th e  m orphological an d  b iochem ical even ts asso c ia ted  w ith  th e  
f ib ro tic  phase of th e  in ju ry  have been  exam ined  (L au ren t, 1985, 1986). T here 
is a n  ea rly  in flam m ato ry  phase w ith  a m ark ed  in flu x  of n eu tro p h ils . F ib rosis 
d ev e lo p s rap id ly  w ith  m ax im al co llagen  deposition  2 -4  w eeks a f te r  in t r a ­
t ra c h e a l  a d m in is tra tio n . T he ra te  o f  collagen synthesis also increases, and  
th e re  m a y  be a reduced  ra te  of collagen  d eg rad a tio n  (L au ren t an d  M cA nulty ,
1983). T here  is p re lim in a ry  evidence fo r an  increased b u rd en  o f f ib ro b la s t 
g ro w th -p ro m o tin g  a c tiv ity  (O liver e t a l., 1985).

T h e  biochem ical m echanism s responsib le  for b leom ycin -induced  lung 
fib ro s is  are  poorly u n d ers to o d . I t  is k n ow n , how ever, th a t  b leom ycin  is able to  
g e n e ra te  reactive oxygen  species such  as superoxide and  h y d ro x y l rad ica ls  in  
th e  presence  of m olecular oxygen (S u g iu ra  an d  K ikuchi, 1978; Sausville  e t al., 
1978; O berley  and  B u e ttn e r , 1979). T h e  av a ilab ility  of excess re ac tiv e  oxygen  
species w as shown to  cause D N A  s tra n d  scission (E k im oto  e t a l., 1980; S ug iu ra  
e t  a l., 1982) and  lip id  p e ro x id a tio n  o f  th e  cell m em branes (Tom  an d  M on t­
g o m ery , 1980; Giri e t a l., 1983).

P hospholip id  m olecules ex h ib it am piph ilic  p roperties an d  th e re fo re  th e y  
a g g re g a te  e ither in  th e ir  c ry sta llin e  s ta te  or, in  po lar so lven ts, in to  o rdered  
s tru c tu re s  w ith  ty p ic a l ly o tro p ic  liq u id  c rysta lline  sym m etries. In  aqueous 
so lu tio n s  phospholip id  m olecules n o rm a lly  form  self-closed sp herica l o r oval 
s tru c tu re s  w here one o r several p h o sp h o lip id  bilayer(s) en trap (s) p a r t  o f  th e  
so lv e n t in  its in te rio r (Lasic, 1988). Vesicles are very  im p o r ta n t in  m an y  
d iffe re n t areas of science an d  techno logy . In  basic research  th e y  serve as m odels 
fo r  cell m am branes an d  th e ir  fusion, t ra n s p o r t  stud ies and  as de liv ery  vehicles 
fo r  d ru g s , genetic m a te ria l, enzym es a n d  o th e r m olecules in to  liv in g  cells and  
th ro u g h  o ther h y d ro p h o b ic  b a rrie rs  in  pharm aco logy  and  m edicine (T yrre ll 
e t  a l., 1976; Szoka an d  P a p ah ad jo p o u lo s , 1980). Nucleic acids (Schaefer- 
R id d e r  e t al., 1982; L avelle  e t al., 1982), p ro te in s  (T akada e t a l., 1982) an d  
a n t i tu m o u r  drugs (K im elberg  e t a l., 1976; P a te l and  B aldeschw ieler, 1984) 
c a n  becom e cellassociated  and  b io log ically  ac tive , using liposom es as t r a n s ­
m e m b ra n e  vectors. T he in trace llu la r c o n te n t of these m acrom olecules can  be 
m u ltip lie d .

In  th is  rep o rt ev idence is p re sen ted  th a t  ra ts  can  be p ro te c te d  ag a in s t 
b leom ycin -induced  lu n g  fib rosis b y  in tra p e rito n e a l ad m in is tra tio n  o f liposom es 
c o n ta in in g  ca talase an d /o r superox ide  d ism utase .
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M aterials an d  m ethods

Preparation o f  liposomes

L iposom es w ere p rep ared  b y  reverse-phase  ev ap o ra tio n  as described  b y  
Szoka an d  P ap ah ad jo p o u lo s  (1978) an d  consisted  o f L -a -d ip a lm ito y lp h o sp h a t- 
id y lcho line /cho leste ro l/stea ry lam ine  (m o lar ra tio : 1 4 :7 :4 ) .  L ipids d isso lved  in  
chloroform  (25 m l; 7 pm  d ip a lm ito y lp h o sp h a tid y lch o lin e  p er ml) w ere m ixed  
w ith  an  aq u eo u s so lu tion  of enzym e (8 ml) in  4 mM po tassium  p h o sp h a te  
(pH  7.4) an d  so n ica ted  u n til a hom ogeneous em ulsion w as form ed. C hloroform  
w as th e n  rem o v ed  in  vacuo b y  ro ta ry  ev ap o ra tio n .

B ovine liv e r  ca ta lase  (50,000 U /m g p ro te in , S igm a, S t. L ouis, USA) 
an d  bovine liv e r  Cu, Z n-superoxide d ism u tase  (3000 U /m g p ro te in , S igm a) 
w ere d issolved in  4 mM p h o sp h a te  b u ffe r (p H  7.4). As found  b y  T u rren s e t al. 
(1984), aqueous solu tions o f th ese  enzym es are  s tab le  to  em ulsifica tion  w ith  
chloroform  a n d  h ea tin g  to  46 °C, an d  no loss o f en zy m atic  a c tiv ity  is o b serv ed  
u n d e r these  cond itions. L iposom e co n cen tra tio n s  w ere expressed p e r  pm ole  
phospho lip id , w ith  100 pM phospho lip id  co rrespond ing  to  105 m g o f to ta l  
liposom e lip id . P hospho lip id  p h o sphorus w as estim a ted  accord ing  to  B a r t le t t
(1959).

A p p ro x im a te ly  35%  o f enzym e in  aqueous so lu tion  was liposom e a s ­
sociated  a fte r  reverse-phase  ev ap o ra tio n , c e n trifu g a tio n  an d  w ashing. E n zy m e- 
to -p h o sp h o lip id  ra tio s  before reverse-phase  ev ap o ra tio n  were 1.5 X 1 0 4 U 
catalase/pM  p h ospho lip id  and  2.5 X 102 U superox ide d ism utase/pM  p h o s­
pho lip id . L iposom es were p rep ared  th e  d ay  before in jec tio n  and  a ssay ed  for 
enzym e c o n te n t. Follow ing reverse-phase  e v ap o ra tio n , liposom es w ere se p a ­
ra te d  from  n o n -e n tra p p e d  p ro te in  b y  cen trifu g a tio n  a t  105,000g for 30 m in  an d  
resuspended  in  0.154 M N aCl buffe red  w ith  10 mM p o tassium  p h o sp h a te  
(p H  7.4), y ie ld in g  a liposom e phosph o lip id  co n cen tra tio n  of ab o u t 20 pM /m l 
o f buffer.

C ontrol o r “ e m p ty ”  liposom es co n ta in ed  enzym es in  th e  ex te rn a l m ilieu . 
“ E m p ty ”  liposom es were p rep a red  b y  reverse-phase  ev ap o ra tio n  in  th e  p re ­
sence of 4 m M  p o tassiu m  p h o sp h a te  (p H  7.4). A fte r c en trifu g a tio n , liposom es 
w ere re su sp en d ed  in  0.154 M NaCl an d  10 mM  p o tassiu m  p h o sp h a te  (p H  7.4), 
co n ta in in g  c a ta la se  and  superox ide  d ism u tase  in  con cen tra tio n s eq u iv a le n t to  
those  o f enzym e-con tain ing  liposom es (per pM liposom e phospholip id).

Treatm ent o f  rats with bleomycin and liposomes

S tud ies w ere carried  o u t on m ale Sprague D aw ley  ra ts  w eighing 3 2 0 - 
350 g an d  c e rtif ied  free from  specific b ac te ria l, v ira l an d  parasitic  p a th o g en s . 
T he ra ts  w ere p ro v id ed  w ith  food an d  w a te r  ad lib itum , housed in  la m in a r
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flow  cages w ith  b ed d in g , an d  m ain ta in ed  on  a 12-h lig h t/d a rk  cycle. B leom ycin  
h y d ro ch lo rid e  (B leocina, N ippon  K a y a k u  Co. L td ., T okyo, Ja p a n )  was used  
th ro u g h o u t th e  s tu d y . A fte r  an  ad ap tiv e  p h ase  o f 4 weeks, in tra tra c h e a l in ­
s tilla tio n  of b leom ycin  w as accom plished v ia  a sta in less steel c an n u la  in se rted  
in to  th e  trach ea  u n d e r  g enera l anaesthesia  (K e tam in e  100 m g/kg -f- D iazepam  
5 m g/kg).

One group o f ra ts  (A, n  =  10) rece iv ed  no tre a tm e n t a t  all. A second 
g ro u p  (B , n  =  10) w as in stilled  in tra tra c h e a lly  w ith  saline (0.2 m l), w hereas 
g ro u p  C (n =  50) rece iv ed  a single dose o f  b leo m y cin  (10 m g/kg) in  a vo lum e 
o f 0.2 m l. One w eek a f te r  beleom ycin a d m in is tra tio n , ra ts  o f g roup  C w ere 
d iv id ed  in to  5 su b g ro u p s o f 10 an im als each . One subgroup  (C -l) was le ft 
w ith o u t tre a tm e n t. A second subgroup  (C-2) received  “ e m p ty ”  liposom es as 
in tra p e rito n e a l in jec tio n  o f ab o u t 40 jmM liposom e phospho lip id  in  2.0 m l o f 
N aC l-po tassium  p h o sp h a te . A nim als o f th e  th ird  subgroup  (C-3) w ere in jec ted  
w ith  lip o so m e-en trap p ed  ca ta lase , w hile th o se  o f th e  fo u rth  subgroup  (C-4) 
w ith  lip o so m e-en trap p ed  superoxide d ism u ta se . The rem ain in g  10 ra ts  (C-5) 
w ere in jec ted  in tra p e rito n e a lly  w ith  liposom es con ta in in g  b o th  ca ta la se  an d  
su p ero x id e  d ism utase .

Before in jec tio n , liposom es were p assed  th ro u g h  a 27-gauge needle to  
d isperse  aggregates. L iposom e in jec tions w ere rep ea ted  every  48 h  th e re a f te r  
o v er th e  8-day  period  o f  th e  experim en t. Tw o h a f te r  th e  la s t liposom e in jec tio n  
(d a y  16 a fte r b leom ycin  in stilla tio n ), all r a ts  w ere killed b y  d ecap ita tio n , th e  
lu n g s  w ere perfused , th ro u g h  th e  p u lm o n a ry  a rte ry , w ith  0.154 M N aCl to  
rem o v e  blood elem ents fo r  th e  m easu rem en t o f  lung  superoxide d ism utase  an d  
c a ta la se  ac tiv ity .

Table 1

A n tio x id an t enzym e activ ities

А в c-l

Cu, Z n-superoxide d ism utase 62.5 ± 5.1 60.3 ± 4.6 201.3 -J - 8 . 1a

M n-superoxide dism utase 21.3 ± 3.0 20.5 ± 2.8 107.5 ± 4.1“

G lu ta th io n e  peroxidase 1.14 ± 0.21 1.10 ± 0.14 4.40 ± 0.14“

G lu ta th io n e  reductase 0.34 ± 0.02 0.35 ± 0.03 1.02 ± 0.04“

C atalase 180 ± 17 192 ± 18 840 i . 25“

M ean values SD. S ta tis tic a l significance p <  0.05: a  =  C -l vs. A; b =  C-2 vs. A ; c =  C-3 v s. 
A ; d  =  C-4 vs. A; e =  C-5 vs. A ; f  =  C-3 vs. C -l; g =  C-4 vs. C -l; h  =  C-5 vs. C -l. E ach  group  
consisted  of 10 anim als. G roup designation as in M a teria ls and m ethods. D efin ition  of u n its : 
one u n i t  o f Cu, Z n-superoxide d ism utase  ac tiv ity  =  th e  a m o u n t o f enzym e w hich  produces 50%  
in h ib itio n  of epinephrine au to x id a tio n . One u n it  o f  M n-superoxide d ism utase  a c tiv ity  =  th e
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Other assays

Lungs w ere hom ogenized w ith  a W arin g  B lendor hom ogen izer in  10 ml 
o f  5 mM T ris-H C l bu ffer co n ta in in g  0 .2%  sodium  dodecy l su lfa te  (p H  7.4). 
H om ogenates w ere cen trifu g ed  a t  1500 g  for 10 m in to  rem o v e  cell debris.

C a ta lase  a c tiv ity  w as assayed  to  B ergm eyer (1955). S uperoxide dis- 
m u ta se  a c tiv ity  was m easu red  as described  b y  Crapo e t al. (1978). G lu ta th io n e  
p erox idase  an d  g lu ta th io n e  red u c ta se  w ere assayed as described  p rev iously  
(L edw ozyw  an d  K qdzio lka, 1989). C on jugated  dienes an d  hydro p ero x id es  w ere 
e s tim a te d  accord ing  to  B uege an d  A ust (1978). M alond ia ldehyde levels w ere 
a ssay ed  as described  p rev io u sly  (L edw ozyw  e t ah, 1986). P ro te in  was m easu red  
acco rd in g  to  L ow ry  e t al. (1951). D N A  co n te n t was assay ed  b y  th e  d ipheny l- 
am ine  m eth o d  (R ich ard s, 1974).

All d a ta  w ere e v a lu a te d  b y  one-w ay analysis o f v a ria n c e  follow ed b y  
D u n c a n ’s m u ltip le -ran g e  te s t  (D u n can , 1955) w ith  s ta tis t ic a l  significance d e ­
fin e d  as p <  0.05.

R esults

T able 1 sum m arizes th e  in fluence  o f  bleom ycin an d  enzym e-con tain ing  
liposom es on five  a n tio x id a n t enzym e ac tiv ities in  r a t  lu ng . B leom ycin  alone 
(group  C -l) causes a sig n ifican t increase in  all enzym e a c tiv itie s  th u s  in v es­
tig a te d . In je c tio n  of “ e m p ty ”  liposom es (group  C-2) causes a fu r th e r  sm all rise 
in  enzym e ac tiv itie s . In tra p e r ito n e a l a d m in is tra tio n  of ca ta la se - and /o r su p e r­
ox ide  d ism u tase -co n ta in in g  liposom es (groups C-3, C-4 an d  C-5) causes a 
fu r th e r  sign ifican t increase in  a n tio x id a n t enzym e ac tiv ities  in  r a t  lung.

u n itsX m g  D N A -1) in  r a t  lung

C - 2 C - 3 C - 4 C - 5

210.3 ±  9.6b 231.4 ±  8.4°' 335.4 ±  9.2ds 306.2 ±  9.5°h

112.4 ±  5.2b 132.3 ±  6 .P ' 169.3 ±  6.8dg 151.2 ±  5.5eb

4.54 ±  0.17b 5.47 ±  0.20ct 5.56 ±  0.22de 5.62 ± .  0.25«b

1.10 ±  0.06b 1.20 ±  0.05°' 1.24 ±  0.08ds 1.24 ±  0.07°b

985 ±  30b 1136 ±  42°' 920 ±  35dg 1060 ±  40eb

am o u n t of enzym e w hich produces 50%  inh ib ition  of epinephrine au to x id a tio n  in the  presence of 
2 mM KCN. One u n it  o f g lu ta th io n e  peroxidase a c tiv ity  =  1 nM of N A D P H  oxidized/m in . 
One u n it  of g lu ta th io n e  reductase  a c tiv ity  =  1 nM of N A D PH  reduced/m in . One u n it of catalase  
a c tiv ity  =  1 f iM H , 0 2 m etabolized/m in
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Table 2

M alondialdehyde (n M X m g  p ro te in -1), con jugated  dienes (optical d en sity  a t  233 nm X  g tis su e -1 )

A В C-l

M alondialdehyde 0.74 ±  0.05 0.76 ±  0.06 2.10  ±  0.08*

C onjugated  dienes 0.77 ±  0.06 0.80 ±  0.07 2.23 ±  0.08“
H ydroperoxides 0.021 ±  0.003 0.023 ±  0.003 0.205 ±  0.010“

M ean values J ;  SD . S ta tis tic a l significances as in Table 1. E ac h  group consisted o f 10

T able 2 sum m arizes th e  influence o f b leom ycin  a n d  a n tio x id a n t enzym e- 
co n ta in in g  liposom es on  lip id  p ero x id a tio n  p ro d u c ts  in  r a t  lung . In tra tra c h e a l 
b leom ycin  in stilla tio n  causes a s ign ifican t rise  in  m alo n d ia ld eh y d e , con ju g a ted  
d ienes and lipid h y d ro p e ro x id es  in  th e  lu n g  tissue. A d m in is tra tio n  of “ e m p ty ”  
liposom es causes a sev ere  fa ll in  lip id  p e ro x id a tio n  p ro d u c ts . S upp lem en ta tio n  
w ith  catalase- a n d /o r superox ide  d ism u tase -co n ta in in g  liposom es causes a 
d ra m a tic  fall in  p e ro x id a tio n  p ro d u c t levels in  r a t  lung  tissue .

D iscussion

Bleom ycin has tw o  fun c tio n a lly  d iffe ren t dom ains: py rim id in e  and  im id ­
azole m oieties, w hich  a re  responsible fo r iro n  b ind ing , a n d  tw o th iazole rings 
a n d  a positively  c h a rg ed  su lfu r g roup , w hich  b inds to  D N A . In  vitro s tud ies 
in d ica te  th a t  b leom ycin  is converted  in to  an  ac tive  species com plexing w ith  
iro n (I I )  and oxygen (B u rg e r e t al., 1981). This com plex  generates h y d ro x y l 
rad ica ls  (Oberley a n d  B u e ttn e r , 1979).

Cells w ith  h igh  oxy g en  tension  an d  read ily  av a ilab le  ferrous ions are 
th e  m ost sensitive to  th e  tox ic  effects o f b leom ycin . A p a th w a y  of hyd rogen  
p e rox ide  generation  h as  also been described  in  ra t  lung  (T urrens et al., 1982). 
T h is m ay  add  to  th e  v u ln e ra b ility  of lu n g  tissue  to  b leo m y cin  in ju ry . N orm al 
lu n g  has considerable red u c in g  cap ac ity  (S lade e t al., 1985; C astranova e t al., 
1983) com pared w ith  o th e r  tissues.

In  our prev ious w o rk  (Ledw ozyw  e t al., 1991) we show ed th a t  in t r a ­
tra c h e a l ad m in is tra tio n  o f  b leom ycin  causes a sig n ifican t rise in  an tio x id a n t 
enzym e activ ities an d  a para lle l rise in  lip id  p e ro x id a tio n  p ro d u c t levels. We 
h a v e  hypothesized  t h a t  th e se  phenom ena are  signs of th e  in d u c tio n  of ad ap tiv e  
m echan ism s in  th e  lu n g s , m echanism s w hich  p ro te c t th e  tissue from  th e  
dangerous effects o f b leo m y c in g en era ted  free rad ica ls . A n tio x id a n t enzym es 
m ig h t therefore be e x p e c te d  to  have a p ro tec tiv e  fu n c tio n  ag a in st bleom ycin-
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and lipid hydroperox ides (op tical density  a t  353 nm X  g tis su e -1 ) levels in  r a t  lung  tissue

C - 2 C - 3 C - 4 C - 5

1 .7 4  ±  0 .0 7 b 1 .2 4  ±  0 .0 7 e' 1 .1 0  ±  0 .0 8 di 0 .9 2  ±  0 .0t)eh

1 .8 4  ±  0 .1 0 b 1 .5 0  ±  0 .1 0 e' 1 .6 2  ±  0 .1 1 dg 1 .12  ±  0 .0 7 eh

0 .1 8 5  ±  0 .0 1 1 b 0 .1 2 5  ±  0 .0 0 8 e' 0 .0 8 2  ±  0 .0 0 6 d* 0 .0 5 5  ±  0 .0 0 5 eh

anim als. Group designation  as in M aterials and m ethods

induced  lung in ju ry  b y  decreasing th e  a v a ilab ility  o f hyd ro g en  peroxide an d  
o th e r active oxygen  species.

Several in v e s tig a to rs  have ta k e n  th e ra p e u tic  a d v a n ta g e  of th e  ra p id  
phygocy tosis o f liposom es by  cells o f th e  liv er an d  sp leen  in  th e  tre a tm e n t o f 
diseases such as le ishm aniasis  (A lving e t al., 1980; N ew  e t al., 1981), m a la ria  
(P rison  e t al., 1980), fu n g a l infections (L opez-B ernste in  e t a l., 1983) and  cancer 
(K a ta o k a  and  K o b ay ash i, 1978; K o b ay ash i e t al., 1977; M ayhew  e t al., 1978; 
P a te l  e t al., 1982).

Aerosolized superox ide  d ism utase  has been fo u n d  ineffective ag a in st 
oxygen-induced  in ju ry  o f th e  lung  tissue  (C rapo an d  T ierney , 1974), a lth o u g h  
po lyethy lene  g lyco l-con juga ted  ca ta lase  an d  superox ide  d ism utase  ap p ea red  
to  be effective w hen  given in trav en o u sly  (W alth e r e t al., 1986).

P rem a tu re  h u m a n  in fan ts  tre a te d  w ith  u n m o d ified  subcu taneous a n t i ­
o x id an t enzym es (R osen fie ld  et al., 1984) show ed som e a p p a re n t rad io logical 
im p ro v em en t of th e ir  b ro n ch o p u lm o n ary  dysp lasia . In  c o n tra s t, a tte m p ts  to  
p ro te c t th e  en d o th e liu m  against oxygen to x ic ity  by  su p p lem en tin g  endogenous 
in trace llu la r a n tio x id a n t a c tiv ity  using  liposom es as tran sm em b ran e  v ec to rs  
have  been successful b o th  in  vitro (F reem an  e t аЦ  1983) an d  in  vivo (T urrens 
et al., 1984).

A m ore recen t in  vivo s tu d y  (P a d m a n a b h a n  e t al., 1985), in  w hich lip o ­
som es were delivered  to  th e  p u lm o n ary  ep ith e liu m  b y  in tra tra c h e a l a d m in is tra ­
tio n , has confirm ed  th e  p ro tec tiv e  effect of a n tio x id a n t enzym es delivered  in  
liposom e carriers a g a in s t oxygen-induced  lung  dam age. S im ilar p ro tec tio n  h as  
been observed b y  T answ ell and  F reem an  (1987) in  n ew born  r a t  pups exposed  
to  95%  oxygen.

O ur o b se rv a tio n  th a t  liposom es alone (“ e m p ty ”  liposom es) m ay  also be 
p ro tec tiv e  c learly  in d ica te s  th e  need to  use co n tro l liposom es in  such s tu d ies. 
T he m echanism  b y  w hich  th is  effect is ach ieved  is u n c e rta in . I t  m ay re flec t a 
general effect, w ith  th e  liposom es ac tin g  as a lip id  su p p lem en t an d  im prov ing  
energy in p u t, w h ich  h as  been rep o rted  to  in fluence  oxygen  to x ic ity  (F ra n k
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a n d  Groseclose, 1982), o r a specific e ffec t on th e  lip id  com position  o f cell 
m em b ran es , w hich has also been re p o rte d  to  m odify p u lm o n ary  oxygen  to x ic ity  
(S c h a tte  an d  M ath ias, 1982).

T h e  experim en ts  described  in  th is  re p o rt show  th a t  a u g m e n ta tio n  of 
lu n g  defence ag a in st superox ide  an d  h y d ro g en  peroxide using  ca ta la se - an d /o r 
su p ero x id e  d ism u tase-co n ta in in g  liposom es can decrease b leom ycin -induced  
lu n g  in ju ry . These o b serv a tio n s offer p rom ise  of a p o te n tia l th e ra p e u tic  too l 
fo r u se  in  hum ans w ith  lu n g  in ju ry  in d u c e d  b y  bleom ycin  th e ra p y . T he use o f 
veh ic les to  ca rry  a n tio x id a n t enzym es, w hich  allows an  increased  u p ta k e  b y  
lu n g  cells, m ay im p ro v e  th e  resu lts o b ta in e d  w ith  th e  in jec tio n  o f n a tiv e  drugs.
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FATTY ACID COMPOSITION OF NEAR-TERM 
AND REYOND-TERM PIG PLACENTA

A. L e d w o z y w , T .  R u c i n s k i  an d  E .  T u s i n s k a

D e p a rtm e n t o f P a th o p h y sio lo g y , T he V e terin ary  F a c u lty , A g ricu ltu ra l A cadem y, ul. Aka-
dem icka  12, 20-033 L ublin , P o lan d

(R eceived  N ovem ber 12, 1990)

T he f a t ty  acid  com position  of four m ajo r p h o sp h o lip id  classes o f n ear-te rm  an d  
bey o n d -te rm  pig p lac en ta  was in v estig a ted . In  b ey o n d -te rm  p ig  p lacen ta s  m uch low er 
levels o f linoleic, d ihom o-p-lino len ic  and  arach idon ic  acids w ere observed , as co m pared  
to  n ea r-te rm  o rgans. I t  is suggested  th a t  b ey o n d -te rm  p reg n an cy  in th e  pig m ay  be 
caused  by  a defic iency  o f p ro stag lan d in  p recursors in th e  p lacen ta .

Key w ords: P ig , p lacen ta , p ro stag lan d in  precu rso rs

A lthough  th e  ev en ts  su rro u n d in g  p a r tu r itio n  h av e  been  s tu d ied  for m any 
y ears , th e  factors responsib le  for its  in itia tio n  an d  p ro p a g a tio n  are still poorly  
u n d ersto o d . N um erous s tud ies suggest th a t  en h an ced  p ro s tag lan d in  b iosy n ­
th es is  w ith in  th e  u te ru s  appears to  be a p re req u is ite  fo r th e  su sta in ed  increase 
in  m y o m étria l a c tiv ity  w hich  is associated  w ith  la b o u r  (M itchell, 1984; N oden 
e t a l., 1981). E ndogenous p ro stag lan d in s  increase in  th e  p e rip h e ra l c ircu la tion  
d u rin g  n a tu ra l lab o u r in  w om en (G reen e t ah , 1974), in  la b o ra to ry  (M oussard 
e t a l., 1986) and dom estic  an im als (S harm a, 1975). E xogenous p ro stag land ins 
will induce  u te rin e  co n trac tio n s  (Liggins e t al., 1973; M itchell e t al., 1977), 
w hile suppression o f p ro s tag lan d in  b iosyn thesis de lays th e  onset of dexa- 
m ethasone- or A C T H -induced  p re -te rm  delivery  (M itchell a n d  F lin t, 1978a, b;  
E v an s  e t al., 1982) an d  d elay  n a tu ra l fe ta l expu lsion  (Lew is an d  Shulm an, 
1973).

P ro stag lan d in s  h av e  a n u m b er of actions on th e  m y o m etriu m , includ ing  
s tim u la tio n  of p h ospho lip id  m etabo lism , m ob iliza tion  o f in tra c e llu la r  calcium  
sto res, increased tran sm em b ran e  calcium  flu x  an d  gap  ju n c tio n s  fo rm atio n  
(Casey an d  M acD onald , 1984; T h o rn b u rn , 1985).

I t  is well know n th a t  P G F 2a an d  P G E 2 are p ro d u ced  b y  fe ta l m em branes 
(B loch e t al., 1985; O lson e t al., 1984). P G F 20[ in c reased  in  am nio tic  flu id  
before an d  during  h u m a n  lab o u r (H illier e t al., 1974), as d id  th e  p ro stag lan d in  
p recu rso r, arach idon ic  ac id  (K eirse e t al., 1977; R am w ell e t al., 1977).

T he precise role o f p ro stag lan d in s  in  p lacen ta l fu n c tio n  is fa r  from  being 
clear. I t  has been suggested  th a t  P G E 2 an d  P G F 2a p ro d u ced  b y  th e  p lacen ta , 
w ith  opposite  v ascu la r effects, reg u la te  m a te rn a l an d  fe ta l b lood  flow  w ith in  
th e  p lacen ta  (R an k in , 1976).
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T h e  p lacen ta  is k n o w n  to  h av e  a la rge  cap ac ity  for m e tab o liz in g  p ro s ta ­
g la n d in s , com parable to  t h a t  o f th e  lu n g  (H ansen , 1976). M oussard  e t al. (1986) 
h a v e  show n th a t  th e  p la c e n ta  m ay  c o n tr ib u te  to  th e  au g m en ted  in tra u te r in e  
a v a ila b ili ty  of p ro s tan o id s  n ea r p a r tu r it io n .

T h e  p rim ary  source  o f in tra u te r in e  p ro stag lan d in s  in  p re g n a n t g ilts is 
n o t  c lea r, as th e  sec re tio n  o f P G F 2a in to  th e  u te rin e  venous b lood  is less in  
p re g n a n t  th a n  in  n o n -p re g n a n t an im als  (M oeljono et al., 1977; R am p acek  e t al.,
1979).

Since the  a v a ila b ility  o f free a rach id o n ic  acid is a lim itin g  s tep  in  p ro s­
ta n o id  syn thesis  (W eissm ann , 1983), i t  m ay  be a m a tte r  o f in te re s t  to  de term ine  
i f  th e  levels of p ro s ta g la n d in  p recu rso rs , e.g. linoleic, d ihom o-y-lino len ic , 
a ra c h id o n ic  and e icosapen taeno ic  ac id , are  d ifferen t in  n e a r-te rm  an d  beyond- 
te r m  g ilt chorion an d  p lacen ta .

Materials and methods

Tissues were reco v ered  from  a to ta l  o f 12 g ilts of P o lish  L arge  W hite  
b re e d  s laugh tered  in  th e  15th  w eek of p regnancy . B ey o n d -te rm  p lacen tas  
w ere  o b ta in ed  from  th e  Clinic o f G ynaecology  and  O b ste trics  fo r ou r F a c u lty  
a t  th e  C aesarean sec tio n  o p p o rtu n itie s  (n  =  10).

T h e  u terus w as c lam p ed  b e tw een  fe ta l bulges, and  th e  bu lge  excised and  
p la c e d  on a p lastic  t r a y .  T he u te ru s  w as cu t open a t  th e  an tim eso m e tria l 
b o rd e r  exposing th e  fe tu s  enclosed in  th e  fe ta l m em branes. T he o u te r  v ascu la r 
m e m b ra n e  enclosing th e  fe tu s w as d issec ted  aw ay from  th e  m arg in  of th e  
p la c e n ta  nearest th e  u te r in e  w all. T h is tissue  was te rm ed  th e  chorion . A m nion 
a n d  a llan to is  were sn ip p ed  free from  th e  p lacen ta  an d  its  fe ta l a tta c h m e n t, 
a n d  d iscarded . N ex t, th e  red  v a sc u la r  p lacen ta  an d  its  u n d erly in g  layer, 
te rm e d  th e  decidua, w ere g en tly  p u lled  aw ay  from  th e  u te rin e  w all. In d iv id u a l 
tis su e s  w ere w eighed a n d  th e n  frozen  in  th e  re frig e ra to r u n til  p rocessed.

L ip ids were e x tra c te d  tw ice w ith  10 v /w  of 2 : 1 ch lo ro fo rm  : m eth an o l 
m ix tu re . The crude e x tra c ts  w ere poo led  an d  m ixed w ith  0.2 vol o f a 0.73%  
a q u e o u s  KC1 so lu tion . A fte r g en tle  shak ing  and  c e n tr ifu g a tio n , th e  up p er 
p h a se  w as d iscarded a n d  th e  in te rp h a se  was carefu lly  w ashed  w ith  a “ sy n ­
th e t i c ”  upper phase co n ta in in g  th e  sam e so lvents an d  sa lts  as th e  original 
u p p e r  phase (Folch e t a l., 1957). T h e  chloroform  lay e r w as e v a p o ra te d  to  
d ry n e ss , th e  dry  residue  w as d isso lved  again  in  a sm all vo lum e of th e  above- 
m e n tio n e d  chloroform  : m e th an o l m ix tu re  and  analysed  b y  th in - la y e r  ch ro m a­
to g ra p h y  on p reco a ted  silica gel G p la te s  (E . M erck, D a rm s ta d t, G erm any) 
as described  prev iously  (W aw rzkiew icz e t al., 1987). In d iv id u a l phospho lip ids 
w ere  id en tified  b y  co m p arin g  th e ir  Rf values w ith  those  o f s ta n d a rd s  (Sigm a, 
S t. L ou is, USA). F a t ty  acids in  in d iv id u a l phospholip id  classes w ere analysed

Acta Veterinaria Hungarica 39, 1991



FATTY ACID CO M POSITION OF PIG  PLACENTA 227

b y  gas-liqu id  c h ro m a to g rap h y  on P e rk in  E lm er F-30 gas ch ro m a to g rap h  
(P e rk in  E lm er L td ., B eaconsfie ld , B ucks., E ng land) as described  earlier 
(M ichalak  e t al., 1988). S ta tis tic a l an a ly ses  were perfo rm ed  b y  S tu d e n t’s t te s t  
fo r u n p a ire d  d a ta .

Results

T h e p ro s tag lan d in  p recu rso r levels of p a rticu la r  phosph o lip id  classes are 
show n in  T ables 1 an d  2. I t  is o f in te re s t  th a t  in  all four lip id  classes in  p lacen ta

Table 1

P ro s ta g lan d in  precursors in phosphatidy lcho line  and  phosphatidy le thano lam ine  frac tions in 
p la c e n ta , chorion and decidua of g ilts (%  of to ta l f a tty  acids; m ean  values ±  SD)

P l a c e n t a C h o r i o n D e c i d u a

15 weeks beyond term 15 weeks beyond term 15 weeks

P h o sphatidy lcho line
18 : 2 (n -6 ) 2.83 ±  0.52 
20 : 3 (n -6 ) 3.66 ±  0.39 
20 : 4 (n -6 ) 6.62 ±  0.73 
20 : 5 (n -3 ) 0.14 ± 0 .0 3

1.32 ±  0.44* 
1.15 ±  0.12* 
2.21  ±  0 .2 0 * 
0.08 ±  0 .0 1 *

1.43 ±  0.12 
2.25 ±  0.20 
4.42 ±  0.40 
0.07 ±  0.01

0.72 ±  0.06* 
1.30 ±  0.12* 
3.25 ±  0.30* 
0.07 ±  0.02

2.41 ±  0.19 
2.98 ±  0.26 
6.22 ±  0.55 
0.07 ±  0.02

P ho sp h atid y le th an o lam in e  
18 : 2 ( n - 6 ) 1.86 ±  0.21 
20 : 3 (n -6 ) 3.21 ±  0.35 
20 : 4 (n -6 ) 4.47 ±  0.50 
20 : 5 (n -3 ) 0.17 ±  0.02

0.65 ±  0.07* 
1.46 ±  0.16* 
2.11 ±  0.24* 
0.10  ±  0 .0 1 *

2.45 ±  0.20 
1.94 ± 0 .1 6  
4.81 ±  0.40 
0.06 ±  0.01

1.76 ±  0.15* 
1.42 ±  0.12* 
3.50 ±  0.30* 
0.05 ±  0.01

3.76 ±  0.32 
2.62 ±  0.22 
5.94 ±  0.52 
0.05 ±  0.01

S tu d e n t’s t te s t  for unpaired  d a ta :  * p «с 0.05 beyond te rm  vs. 15 weeks of p regnancy . 
S ho rt-h an d  n o ta tio n  of fa tty  acids: 18 : 2 (n -6 ) =  linoleic acid; 20 : 3 (n -6 ) =  dihom o-y- 

lin o len ic  acid ; 20 : 4 (n -6 ) =  arach idonic  acid ; 20 : 5 (n-3) =  eicosapentaenoic acid

Table 2
P ro s ta g lan d in  precursors in p h o sp hatidy lserine  and phosphatidy linosito l frac tions in  p lacen ta , 

chorion and decidua of g ilts (%  of to ta l  fa tty  acids; m ean  ±  SD)

P l a c e n t a C h o r i o n D e c i d u a

15 w eeks b eyond  te rm  15 w eeks b eyond  te rm  15 w eeks

P h o sp hatidy lserine
18 : 2(n - 6 ) 4.22 ±  0.50 2.31 ±  0.26* 2.03 ±  0.18 1.10  ±  0 .12* 2.31 ±  0.20
20 : 3 (n -6 ) 3.30 ±  0.35 1.62 ±  0.18* 2.51 ±  0.22 1.60 ±  0.15* 2.77 ±  0.23
20 : 4 (n -6 ) 7.36 ±  0.85 3.21 ±  0.35* 5.90 ±  0.53 2.04 ±  0.18* 7.31 ±  0.60
20 : 5 (n -3 ) 0 .10  ±  0.02 0.07 ±  0.01* 0.07 ±  0.02 0.05 ±  0.01 0.06 ±  0.01

P h o sp h atid y lin o sito l
18 : 2 ( n - 6 ) 2.61 ±  0.29 1.05 ±  0.10* 3.81 ± 0 .3 3 2.62 ±  0 .2 0 * 4.60 ±  0.37
20 : 3 (n -6 ) 3.64 ±  0.40 2.20 ±  0.25* 2.44 ±  0.20 1.54 ±  0.12* 3.06 ±  0.35
20 : 4 (n -6 ) 6.41 ±  0.68 3.41 ±  0.40* 6.42 ±  0.56 3.83 ±  0.35 7.65 ±  0.82
20 : 5 (n -3 ) 0.15 ±  0.02 0.08 ±  0 .0 1 * 0.05 ±  0.01 0.05 ±  0.01 0.07 ±  0.02

S tu d e n t’s t te s t fo r unpaired  d a ta :  * p <  0.05 beyond te rm  vs. 15 weeks of p reg n an cy . 
F o r sh o rt-h a n d  n o ta tio n  of fa tty  acids see fo o tn o te  to  Table 1
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an d  ch o rio n  from  b e y o n d -te rm  pregnancies th e  level o f p ro s tag lan d in  p recu rso r 
w as m u c h  lower th a n  in  n e a r-te rm  tissues.

Discussion

Cycloxygenase a c t iv i ty  increased  in  th e  u te rin e  tissues of ewes n ea r th e  
tim e  o f luteolysis (H u siig  e t al., 1979) w hen  increased  P G F 2a also occurred  
(B a ird  e t al., 1976). A n  increase in  cycloxygenase a c tiv ity  p ro b ab ly  reflec ts 
an  in c reased  ab ility  o f  th e  various tissues to  sy n thesize  one or m ore p ro s ta ­
g lan d in s .

I t  is tem p tin g  to  sp ecu la te  th a t  th e  increased  c a p ac ity  for p ro stag lan d in  
p ro d u c tio n  by  th e  g e s ta tio n a l co m p a rtm e n t p re c ip ita te s , or p a rtic ip a tes  in , 
d e liv e ry . The increase in  P G F 2a found  in  th e  p lasm a  o f n ea r-te rm  ra b b its  
su p p o rts  th is  idea (C hallis e t al., 1975). A sim ilar o b se rv a tio n  was rep o rted  in  
ewes (M itchell and  F lin t ,  19786,). The d a ta  o f N od en  e t al. (1981) su p p o rt th e  
idea  t h a t  p ro s tag lan d in  p ro d u c tio n  in  in tra u te r in e  tissu es  changes b o th  q u a n ­
t i ta t iv e ly  and  q u a lita tiv e ly  during  g esta tio n . C onversion o f rad io ac tiv e  arach i- 
d o n a te  to  P G F 2st a n d  P G E 2 was increased  in  h u m a n  am n io n  (O kazaki e t al.,
1980) a n d  in  rhesus d ec id u a  parie ta lis  an d  m y o m etriu m  (M itchell e t al., 1978) 
n e a r te rm . More P G E 2 w as p ro d u ced  in  th e  m a te rn a l an d  fe ta l coty ledons o f 
ewes th a n  in  th e  m y o m e tr iu m , an d  th is  p ro d u c tio n  increased  a t delivery  
(M itchell and F lin t, 1978a,). In  a p rev ious p u b lica tio n  (Ledw ozyw  and  K ^d- 
z io lka , 1989) we h av e  show n th a t  w ith  th e  a d v an cem en t o f g esta tion  a p e r­
m a n e n t rise in linoleic, d ihom o-y-lino len ic  an d  arach id o n ic  acid levels occurs 
in  th e  p ig  am nion a n d  a llan to is .

O n th e  o ther h a n d , i t  is well e s tab lished  th a t  m ore p recu rso r is availab le  
n e a r te rm  (K eirse e t a l., 1977), p ro b ab ly  due to  an  increased  lib era tio n  from  
p h o sp h o lip id s (G rieves an d  Liggins, 1976). T he increased  av a ilab ility  o f 
a rach id n o ic  acid a t  p a r tu r i t io n  m ay  be due to  an  increased  release or accelera ted  
a c tiv i ty  of phospho lipase  A 2 from  fe ta l m em b ran e  lysosom es (Schw arz e t a l., 
1976).

W ilson  e t al. (1982) have  defined  th e  re la tio n sh ip  o f in d iv idua l p ro s ta ­
g lan d in s  to  one a n o th e r  an d  have  com pared  th e ir  a lte ra tio n s  w ith  g esta tio n a l 
age in  ra ts . These a u th o rs  have  show n th a t  a sig n ifican t en h an cem en t in  u te rin e  
6 -k e to -P G F lcl, T X B 2, P G F 2a and  P G E 2 co n cen tra tio n s  occurs on day  20 com ­
p a re d  to  day  15 of p reg n an cy , and  fu r th e r  d ra m a tic  increases were observed  
on d a y  21 and  a t d e liv e ry . P lacen ta l P G E 2 an d  P G F 2i  co n cen tra tio n s increased  
on ly  slig h tly  a d e liv e ry , b u t th e  au g m en ta tio n  in  6-keto-PGF]^ and  T X B 2 
levels w ere of g rea te r  m ag n itu d e .

E x p erim en ts  w ith  b lasto cy stic  tissue cu ltu re d  from  ewes (M arcus, 1981), 
cows (Lew is et al., 1982), and  pigs (Lewis an d  W a te rm a n , 1983) showed th a t
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concep tus tissues w ere m ore ac tive  in  co n v ertin g  arach id o n ic  acid to  p ro s ta ­
glandins th a n  w as en d o m etriu m  from  th e  sam e an im als. T he resu lts  p resen ted  
in  th is  p a p e r are co n so n an t w ith  th e  hyp o th esis  th a t  u te rin e  p rostag lan d in s  
have  an  im p o r ta n t fu n c tio n  in  p a r tu r it io n  a n d  u te rin e -p la ce n ta l physio logy, 
an d  suggest th a t  an  adecjuate level of arach idon ic  ac id  is a decisive fac to r  in  
th e  p ro p er te rm  of de livery  in  swine.
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E F F E C T  O F  N I C K E L  D E F I C I E N C Y  O N  B IO C H E M IC A L  
V A R I A B L E S  I N  S E R U M , L I V E R ,  H E A R T  

A N D  K I D N E Y S  O F  G O A TS*

M. S z i l á g y i 1, M . A n k e 2 an d  I .  B a l o g h 3

’ R esearch  C entre fo r A nim al B reed ing  a n d  N u tritio n , H -2053 H erceghalom , H u n g a ry ; 
2K arl-M arx -U n iv ersity  Leipzig, Je n a , D o rn b u rg e r S tr. 24, G erm an y ; i n s t i t u t e  of F o ren sic  

M edicine, Sem m elweis U n iv e rs ity  M edical School, B u d ap es t, H u n g a ry

(R eceived  O c to b er 22, 1990)

N ickel deficiency w as in d u ced  in  2- to  4-year-o ld  g o a ts  b y  feeding 0.1 m g N i/kg  
d ry  m a tte r  w ith  a sem isy n th e tic  d ie t. T he con tro l group consum ed 5.0 m g N i/kg  d .m . 
A c tiv ity  o f several enzym es (S D H , L D H , H B D H , AST, A LT, A L D , CK, C H E ) w as 
de te rm in ed  in  th e  serum , liver, h e a r t  a n d  k idneys. Serum  u rea -N  level was also m easu red  
an d  tran sm iss io n  electron  m icroscopic  (ТЕМ ) exam in atio n s w ere perform ed.

Signs ch arac te ris tic  o f n icke l defic iency  (re ta rd ed  g ro w th , increased  m o rta lity  
o f dam  an d  offspring , p a rak e ra to s is  o f th e  skin) ap p eared  in  th e  low -nickel g roup . 
T he a c tiv ity  o f SD H  and  A L D , as w ell as th e  level o f u rea-N  w as sig n ifican tly  low er in  
th e  serum  o f N i-defic ien t an im als th a n  in  th e  con tro l. N i-defic ien t anim als also h a d  
s ign ifican tly  low er enzym e a c tiv itie s  in  th e  h e a r t  (SD H , H B D H , AST, A LT, A LD  
an d  CK ), liv e r (SD H  and  C H E ) a n d  k id n ey s (H B D H  an d  CK). E lec tro n  m ic ro g rap h s 
show ed d eg eneration  of card iac  a n d  sk e le ta l m uscle in  th e  N i-defic ien t anim als.

N i defic iency  e lic ited  chan g es p rim arily  in  th e  h e a r t  a n d  th ese  re su lted  in  d e ­
p ressed  a c tiv ity  o f several enzym es.

K ey w ords: N ickel defic iency , b iochem ical v a riab les, enzym e activ ities , m y o ­
degeneration , h e a r t, e lectron  m icroscopy , goa t

T he clinical signs and  p a th o lo g ic  lesions o f n ickel to x ic ity  have  been  
described  b y  several au th o rs  (S u n d e rm a n  e t ah , 1978; S u n d erm an  e t a l., 
1989; H ild eb ran d  e t al., 1986; K n ig h t e t al., 1987). B ecause of th e  chem ical 
an d  p h ysica l re la tio n sh ip s  be tw een  iro n , co h a lt an d  n ickel, in  th e  1950s an d  
1960s a n u m b er of research  team s tr ie d  to  d em o n stra te  th e  biological essen­
t ia l i ty  o f nickel. A fte r a long series o f  unsuccessful ex perim en ts th e  f ir s t  
in d ica tio n s  of th e  biological e sse n tia lity  o f N i for p la n ts  w ere re p o rte d  b y  
D ix o n  e t al. (1975), w ho show ed t h a t  p la n t u rease  co n ta in ed  th e  elem ent.

N ickel w as also found  to  be essen tia l for th e  m in ia tu re  p ig  (A nke e t a l., 
1974, 1976, 1978), ch icken  (N ielsen e t a l., \91Ъ а), r a t  (N ielsen, 1971; N ielsen 
e t  a l., 19756; Schnegg and  K irch g essn er, 19756; K irchgessner an d  Schnegg, 
1976), g o a t (A nke e t al., 1977, 1980d, 1983a, 6 ; H enn ig  e t al., 1978) and  sheep 
(S pears and  H a tfie ld , 1977, 1978).

N ickel deficiency m an ifested  i ts e lf  in  decreased gain , increased  m o rta lity  
o f m o th e r an d  offspring, decreased  haem oglobin  co n cen tra tio n  an d  h aem a-

* P re sen ted  a t  th e  F o u rth  In te rn a tio n a l  Conference on N ickel M etabolism  an d  T o x i­
co logy , E spoo , F in lan d , 5 -9  S ep tem ber 1988
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to c r it , low ered a c tiv ity  o f  several enzym es (Schnegg an d  K irchgessner, 1975a; 
A nke e t  al., 1980d; S z ilágy i et al., 1981, 1982) an d  p a rak e ra to s is  of th e  sk in  
(A nke e t  al., 1974, 1976, 1980d; N ielsen e t  a l., 1915b). M inerai m etabo lism  
w as also affected, lo w ered  zinc levels w ere observed  in  th e  rib s an d  liver, 
less ca lc ium  and  iro n  w as absorbed  a n d  m ore  ex cre ted  b y  th e  g u t (Schnegg 
an d  K irchgessner, 1976; A nke et al., 1980a, b, c ; K irchgessner and  Schnegg, 
1980).

E lev a ted  serum  n ick e l co n cen tra tio n s w ere found  follow ing card iac  in ­
fa rc tio n  (Leach e t ah , 1985), and  nickel w as found  to  in h ib it card iac  co n trac ­
tio n s a n d  oxidative m e tab o lism  (R u b á n y i a n d  K ovách , 1980).

In  spite  of n u m e ro u s  studies th e  bio logical role o f n ickel has rem ained  
la rg e ly  unknow n.

In  th e  ex perim en t rep o rted  here we m ade co m p ara tiv e  s tud ies on nickel- 
d e fic ien t and  con tro l g o a ts . A ctiv ity  o f severa l enzym es ta k in g  p a r t  in  th e  
in te rm e d ia ry  m etabo lic  processes of th e  m o st im p o r ta n t com pounds w as de­
te rm in e d  in the se ru m , liv e r, h ea rt an d  k idneys, and  serum  u rea-N  level was 
m easu red . Ni c o n c e n tra tio n  in  the  liver, h e a r t  an d  k id n ey  w as also determ ined , 
an d  transm ission  e le c tro n  m icroscopic (ТЕМ ) ex am in a tio n s w ere perfo rm ed .

M aterials an d  m ethods

H ornless, w h ite , 2- to  4-year-old fem ale  goats (offspring  of N i-defic ien t 
dam s) w ere kep t in  p o ly s ty ro l sties an d  w ere fed a sem isy n th e tic  d ie t (A nke 
e t al., 1977) for tw o  y e a rs . This d iet co n ta in ed  0.1 m g or less N i/kg  d ry  m a tte r  
o f feed  (“ N i-defic ien t”  g ro u p , 8 an im als). C ontrol goats (12 anim als) w ere fed  
on th e  sam e d iet su p p le m e n te d  w ith  N iC l2, re su ltin g  in  5 m g N i/kg d.m . 
D istilled  w ater was o ffe red  to  drink.

B lood sam ples w ere  tak en  from  th e  ju g u la r  ve in  one w eek before s lau g h ­
te r . T h e  serum  sam p les  w ere sto red  a t  — 20 °C u n til  used. T issue sam ples 
w ere collected from  th e  liv er, h ea rt an d  k idn ey s im m ed ia te ly  a fte r  s laugh te r. 
T he sam ples were k e p t  frozen  in  liqu id  n itro g en  u n til  used. A fte r th aw in g , 
th e  sam ples were h om ogen ized  and  d ilu ted  w ith  saline.

A c tiv ity  of so rb ito l dehydrogenase (S D H ; EC 1.1.1.14), la c ta te  d eh y d ro ­
genase (L D H ; EC 1 .1 .1 .27), h y d ro x y b u ty ra te  dehydrogenase  (H B D H ; EC
1.1 .1 .27), a sp a rta te  am in o tran sfe rase  (A ST; EC 2.6.1.1), a lan ine  am in o tra n s­
ferase  (A LT; 2.6.1.2), a ldo lase (A LD ; EC 4.1.2.13), c rea tin e  k inase (CK ; EC 
2 .7 .3 .2), cholinesterase (C H E ; EC 3.1.1.8), an d  co n cen tra tio n  of serum  u rea  
n itro g e n  (UN) were d e te rm in ed .

B oehringer te s t  co llections and  an  E p p e n d o rf  ACP 5040 eq u ip m en t w ere 
used . T he m ethods u se d  w ere as recom m ended  b y  th e  In te rn a tio n a l Society  
for A n im al Clinical B io ch em istry  and  D ie D eu tsche  G esellschaft fü r K lin ische
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Chem ie: “ O p tim ized  S ta n d a rd  M ethods”  fo r L D H , H B D H , AST an d  A L T , 
“ NAC active  m o n o te s t”  for CK; th e  su b s tra te  for C H E  w as ace ty lth iocho line . 
A fte r d ry  ash ing  a t  450 °C, N i w as d e te rm in ed  co lo rim etrica lly  w ith  d im eth y l- 
glioxim e (Ö lschläger, 1955).

In te r-g ro u p  significance levels w ere ca lcu la ted  b y  S tu d e n t’s t te s t.
F o r tran sm iss io n  electron m icroscopy, specim ens w ere fixed  in  2 .5 %  

g lu ta ra ld eh y d e  a n d  post-fixed  in  1%  osm ium  te tro x id e . A fter em bedd ing  in  
D u rcu p an , ex am in a tio n s  w ere p erfo rm ed  in  a JE O L  100B electron  m icroscope.

R esu lts

T he Ni c o n c e n tra tio n  of k id n ey , liv e r an d  h e a r t  sam ples w as fo u n d  
sig n ifican tly  decreased  in  N i-defic ien t an im als as com pared  to  th e  c o n tro l 
(T ab le  1). T he ac tiv itie s  of A LD  an d  S D H  an d  th e  level o f u rea-N  w ere signi-

ТаЫ е 1

N i concen tra tion  in  d iffe ren t organs o f goats («g /kg  d. m .) fed on  N i-defic ient (0.1 m g N i/kg  d .m .) 
and  control (5 m g N i/kg  d .m .) d ie t (x ±  SE)

Organs
Ni-deficient 

(л =  8)
Control 

(n =  12) P %*

k id n ey 432 ±  262 1205 ±  642 <  0.01 36
liver 542 ±  326 1128 ±  450 <  0.01 48
h e a r t 281 ±  163 602 ±  408 <  0.05 47

* Control: 100%

Table 2

Serum  enzym e ac tiv itie s  (U /l)  and th e  co n cen tra tio n  of u rea-n itrogen  (U N  m g/1) in  N i-defic ien t
and contro l g oa ts ( * ±  SE)

Enzyme
Ni-deficient

(4 =  8)
Control 

(n =  12) P % •

ALD 2 .2 3  ±  0 .25 4 .1 1  ±  1.71 <  0.01 54
SDH 3.31  ±  3 .01 1 0 .0 3  ±  3 .8 9 <  0 .001 33
AST 21 .2  ±  5 .7 4 3 0 .5  ±  9 .7 2 n .s . 69
ALT 11 .2  ±  5 .30 1 3 .0  ±  4 .3 1 n .s . 86
CK 18.1 ±  8.3 2 2 .3  ±  9 .4 n .s . 81
LD H 305  ±  70 2 9 8  ±  63 n .s . 102
H B D H 230  ±  47 1 96  ±  65 n .s . 117
H B D H

— 0 .75 0.66 — 114
LDH

UN 112 ±  25 .7 20 3  ±  4 5 .6 <  0 .001 55

n .s. =  non-significant 
’ co n tro l: 100%
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Table 3

K idney  enzym e a c tiv itie s  (U /g w et w eigh t) in  N i-deficient and contro l goats
(5 ±  S E )

Enzyme
Ni-deficient 

(n = 6)
Control 
(n  = 8) P %•

A LD 0.44 ±  0.08 0.39 ±  0.02 n.s. 113
L D H 104 ±  17 121 ±  14 n.s. 86
H B D H 69.7 ±  12.2 89.7 ±  4.0 <  0.05 78
SD H 1.19 ±  0.16 1.02 ±  0.11 n.s. 117
AST 8.37 ±  3.83 12.0 ±  1.9 n.s. 70
A L T 1.81 ±  0.48 2.35 ±  0.12 n.s. 77
CK 7.82 ±  4.75 15.6 ±  3.09 <  0.05 50
C H E 247 ±  54 259 ±  41 n.s. 95

n.s. =  non-sign ifican t 
■“Control: 100%

Table 4

H e a rt enzym e ac tiv ities  (U /g w et w e ig h t) in  N i-deficient and  con tro l goats
( * ± S E )

Enzyme
Ni-deficient 

(n =  6)
Control 
(n  =  8) P %*

A LD 0 .8 8  ±  0 .37 1 .9 8  ±  0 .5 4 <  0 .0 5 44
L D H 1 98  ±  24 2 4 3  ±  35 n.s. 81
H B D H 15 2  ±  21 181 ±  14 <  0 .0 5 83
SD H 0 .1 5  ±  0 .03 0 .2 0  ±  0 .05 <  0 .0 5 75
AST 6 3 .7  ±  10 .3 9 4 .4  ±  1 2 .3 <  0 .01 67
A LT 4 .7 8  ±  0 .6 8 6 .5 3  ±  1 .07 <  0 .0 5 73
CK 13 5  ±  8.1 195  ±  3 1 .9 <  0 .0 1 69
C H E 4 7  ±  15 5 1  ±  24 n.s. 92

n.s. =  non-sign ifican t 
* Control: 100%

f ic a n tly  low er in  th e  sera  of N i-deficen t an im als (Table 2). The a c tiv ity  of 
re n a l H B D H  and  CK w as s ig n ifican tly  low er in  th e  N i-defic ien t goats th a n  
in  th e  con tro l an im als (T able 3). D ecreased  hepa tic  SD H  an d  C H E a c tiv ity  
w as m easu red  in  th e  N i-defic ien t an im als  (Table 4). Six o f th e  in v es tig a ted  
enzym es (SD H , A L D , H B D H , AST, A L T , CK) were found  to  he s ig n ifican tly  
low ered  in  th e  h e a r t o f N i-defic ien t goa ts  (T able 5).

B y  electron  m iscroscopy of th e  h e a r t  m uscle, decreasing  d en sity  of 
m ito ch o n d ria l m a trix , occasionally  ru p tu re s  of cristae , w idening  o f sa rco ­
p lasm ic  an d  T -tubu les, h y p e rc o n tra c te d  Z -b an d  and  w idened Z -band  m a te ria l
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Table 5

L iver enzym e activ ities (U /g w et w e ig h t) in  N i-deficient an d  con tro l goats
(S ±  SE )

E nzym e
N i-d efic ien t 

(n  =  6)
C ontro l 
(n  =  8) P % *

ALD 0.30 ±  0.05 0.31 ±  0.10 n .s . 97
L D H 48.4 ±  8.0 46.3 ±  6.0 n .s . 104
H B D H 38.3 ±  4.25 30.1 ±  5.82 n .s . 127
SDH 7.04 ±  3.91 11.2 ±  2.81 <  0.05 63
AST 19.1 ±  1.31 20.3 ±  0.94 n .s . 95
ALT 3.19 ±  0.68 3.25 ±  0.44 n .s . 98
CK 3.78 ±  0.63 4.89 ±  0.77 n .s . 77
CHE 340 ±  138 817 ±  143 <  0 . 0 1 42

n.s. =  non-significant 
* Control: 100%

w ere observed (F igs 1, 2). C hanges o f th e  cap illa ry  en d o th e lia l cells included  
o edem a of en d o th e lia l cells, sw elling o f  endo thelia l m ito ch o n d ria  and  peri- 
cap illa ry  oedem a.

Discussion

A ccording to  A nke e t al. (1980c, 1983a,) th e  bone seem s to  be th e  m o st 
su itab le  tissue for in d ica tin g  th e  n ickel s ta tu s  of an im als, follow ed b y  th e  
k id n ey s  and  th e  liver. In  th e  p re sen t ex p e rim en t, th e  N i co n cen tra tio n s  found  
in  th e  k idneys, liv e r an d  h e a r t  o f con tro l g o a ts  showed th a t  th e  con tro l ra tio n  
covered  th e ir  n ickel req u irem en t. S ig n ifican tly  lower N i co n cen tra tio n s  w ere 
m easu red  in  th e  sam e organs o f th e  goa ts  o f th e  d efic ien t g roup  (Table 1), 
a n d  th e  signs o f deficiency w ere th e  sam e as described p rev io u sly  (A nke e t al., 
1 9 8 0 a ;.

U rea, a p ro d u c t o f p ro te in  d e g ra d a tio n  in  m am m als , sign ifican tly  
decreased  in  th e  sera  of N i-defic ien t goats  as com pared  to  th e  con tro l. S im ilar 
changes were observed  b y  Schnegg an d  K irchgessner (1978) in  sera of Ni- 
d e fic ien t ra ts . S u p p lem en ta tio n  o f cow s’ ra tio n  w ith  5 m g N i/kg  d ry  m a tte r  
o f  feed  increased  serum  u rea -N  co n cen tra tio n s  (Spears e t  a l., 1986). T he 
a c tiv ity  of b a c te ria l u rease  in  th e  ru m e n  co n ten ts  decreased  in  goats fed  a 
low -N i d iet (H enn ig  e t al., 1978), w hile 5 m g N i/kg d .m . su p p lem en ta tio n  o f 
s te e r  ra tio n s increased  th e  u rease  a c tiv ity  (S ta rnes e t al., 1982).

P rac tica lly , th e  N  req u irem en t o f ru m in a n ts  is p a r tia lly  covered  b o th  b y  
in  vivo  rec ircu la tin g  and  b y  d ie ta ry  u rea  fe rm en ted  by  N i-co n ta in in g  m icrobial 
u rease . I t  has been  suggested  th a t  th e  u rease  ac tiv ity  of b a c te r ia  a tta c h e d  to
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th e  su rface  of th e  ru m e n  m ucosa cau  enhance  th e  ex c re tio n  of urea v ia  th e  
ru m e n  wall.

Serum , liver a n d  h e a r t  SD H  ac tiv itie s  w ere s ig n ifican tly  low ered  in  
N i-defic ien t an im als th a n  in  th e  con tro ls . R ecen tly , J e f f re y  e t al. (1984) h av e  
fo u n d  S D H  to  be a Z n -d ep en d en t enzym e. A nke e t al. (1984) rep o rted  th a t  
N i-defic iency  m ark ed ly  decreased  Zn co n cen tra tio n  in  th e  h ea rt, liver an d  
k id n ey s o f goats. S eco n d ary  Zn defic iency  accom pan ied  b y  a N i-m alnourished  
s ta tu s  o f goats could  cause  low ered S D H  ac tiv ity .

B o th  AST an d  A L T  w ere less ac tiv e  in  N i-defic ien t an im als th a n  in  th e  
con tro ls . H ow ever, th e  a c tiv ity  differed  s ig n ifican tly  o n ly  in  th e  h ea rt m uscle. 
D ecreases were also o b served  in  severa l o th e r organs o f  ra ts  (Schnegg an d  
K irchgessner, 1977) a n d  sheep (Spears an d  H a tfie ld , 1977, 1978) fed on low -N i 
ra tio n s . O n th e  o th e r h a n d , a 5 m g/kg d ie ta ry  Ni su p p le m e n ta tio n  s ig n ifican tly  
increased  A LT a c tiv ity  in  lam bs (Spears e t al., 1986).

W e found s ig n if ican tly  depressed  A L D  and  CK ac tiv ities  in  th e  Ni- 
de fic ien t goats, p a r tic u la r ly  in  th e  h e a r t  tissues.

Schnegg and  K irch g essn er (1977) found  d ep ressed  L D H  and  H B D H  
a c tiv ity  in  th e  liver o f  N i-defic ien t ra ts  (0.015 m g N i/kg  d ie t). In  th is  ex p e ri­
m en t we found s ig n if ican tly  low ered a c tiv ity  of H B D H  on ly  in  the  k idneys of 
N i-defic ien t anim als.

L ike o ther tra c e  e lem en ts, Ni can  a ffec t the  a c tiv ity  o f num erous enzym es 
in  vitro. Some enzym es h av e  been re p o rte d  to  be a c tiv a te d  o r in h ib ited  b y  Ni 
(N ielsen , 1971). H ow ever, no enzym es o f an im al tissues h av e  been fo u n d  to  
req u ire  N i as an  in tr in s ic  com ponent.

T he u ltra s tru c tu ra l  changes seen in  th e  N i-defic ien t go a ts  are no t specific  
an d  a re  localized m a in ly  in  th e  m ito ch o n d ria  and  in  th e  w all o f blood vessels. 
S im ilar h isto logical changes were found  in  N i-defic ien t ch ickens as well (N ielsen 
e t a l., 1975a).

B o th  th e  p re se n t a n d  earlier m orphological o b se rv a tio n s  (B alogh e t al., 
1985; B alogh an d  S zilágyi, 1988) in d ic a te d  th a t  in  N i deficiency th e  sarco- 
tu b u la r  system  of th e  s tr ia te d  m uscle w as dam aged; also , m itochondria  an d  
m uscle fib res were sw ollen  in  th e  h e a rt.

I t  is in te res tin g  to  n o te  th a t  b o th  deficiency an d  overfeed ing  of Ni re su lted  
in  s im ila r m orphologic changes. B o th  acu te  CO in to x ic a tio n  (B alogh e t  al., 
1983) an d  m yocard ia l in fa rc tio n  (L each  e t al., 1985; B alogh  e t al., 1983) 
w ere rep o rted  to  a ffec t ca rd iac  N i co n cen tra tio n . All th e se  find ings show  th a t  
th e  h e a r t  is involved  in  th e  m etabo lism  o f N i as a ta rg e t  o rgan .
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F ig . 1. W idening of sarcoplasm ic a n d  T  tu b u le s  o f th e  h e a r t  m uscle in  N i-defic ien t g oa ts . 
T ransm ission  e lec tro n  m ic ro g rap h  (ТЕМ ), X 28,800

Fig. 2. H y p e rco n tra c ted  Z -band , w idened  Z -b an d  m ate ria l of th e  h e a r t  m uscle in  N i-d e fic ien t
g o ats . Т Е М , X 21,600
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B lood sam p les from  a to ta l  o f  44 geese o f th e  H u n g a rian  breed, re p re se n tin g  
th ree  age g ro u p s (3 m onths old, 6 m o n th s  o ld , and ad u lt) an d  orig ina ting  fro m  th e  
B a b a t Goose F a rm , w ere exam ined fo r  p a ck e d  cell volum e (PCV), d ifferen tia l c o u n t, 
haem oglobin  c o n te n t, and serum  lev e ls o f  glucose, to ta l  p ro te in , to ta l  lip id , ca lc iu m  
an d  ph o sp h o ru s . T h e  results revea led  s ig n ific a n t age-re la ted  v a ria tio n s  in  РС У , p ro ­
p o rtio n s o f ly m p h o c y tes  and eosinophils, to ta l  p ro te in , to ta l  lip id , calcium  a n d  p h o s­
phorus. T he changes were com parable to  th o se  o b ta ined  fo r 3 m o n th s old a n d  a d u lt  
L andes geese.

K ey  w ords: B lood param eters, goose, age-re la ted  v a ria tio n s , breed

As co m p ared  to  o ther p o u ltry  species, blood p a ram e te rs  of th e  goose 
h av e  been  little  s tu d ie d . Biochem ical v a r ia b le s  and  p ack ed  cell vo lum e (PCV) 
are m ain ly  av a ilab le  in  th e  lite ra tu re  ( H u n t  e t  al., 1964; H u n sak er e t a l., 1964; 
B e rn h a rd t and  K a le ta , 1968; K ale ta  a n d  B e rn h a rd t, 1968; B okori and  K arsa i, 
1969; Szép e t a l., 1972), b u t values o f  th e  ce llu la r com ponen ts are still lack in g .

T his p ap e r p re sen ts  the  m ajo r c lin ico-b iochem ical p a ram ete rs  o f b lood  
from  44 geese rep re sen tin g  three age g ro u p s.

M aterials a n d  m ethods

B irds and blood samples. A to ta l  o f 44 geese of th e  H u n g arian  b reed  
o rig in a tin g  from  th e  B a b a t Goose F a rm  w ere exam ined . T he geese rep re sen ted  
th re e  age groups: 3 m o n th s  old, 6 m o n th s  o ld, an d  ad u lt. T he b irds w ere ho u sed  
in  g roups of 5 -6  in  an  anim al house su p p lie d  w ith  a fowl ru n . T hey  p ro v id ed  
a p e lle ted  goose re a rin g , a sustenance a n d  a lay e r d ie t, respective ly , as w ell as 
d rin k in g  w a te r ad lib itum .

B lood w as ta k e n  from  the w ing v e in  b e tw een  9 an d  11 a .m . H ep arin ized  
b lood  was used  fo r p ack ed  cell vo lum e (PCV ) an d  haem oglobin  d e te rm in a tio n , 
w hile n a tiv e  b lood  a n d  serum  served fo r  b lood  film s an d  d e te rm in a tio n  o f th e  
b iochem ical v a riab les .

Clinical values. PCV was d e te rm in ed  b y  th e  m icrom ethod  described  by  
F ra n k e l e t al. (1970). D ifferential c o u n t w as app ra ised  from  100 cells o f M ay- 
G riinw ald  an d  G iem sa sta ined  blood film s.
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Biochem ical data. B iochem ical v a ria b le s  w ere dete rm in ed  w ith  th e  a id  o f 
a S P E K T R O M O M  401 sp ec tro p h o to m ete r. H aem oglobin  co n cen tra tio n  w as 
d e te rm in ed  b y  th e  cyanhaem oglob in  m e th o d  (R ich te rich , 1969). Serum  levels 
o f  glucose, to ta l  p ro te in , to ta l  lip id , ca lc ium  an d  phosphorus were o b ta in e d  
using  com m ercial R E A N A L  and  C H E M A P O L  T est C om binations.

B iom etry. M eans an d  s ta n d a rd  d ev ia tio n s  w ere co m p u ted  for all th re e  
age g roups o f geese an d  com pared  b y  S tu d e n t’s t te s t  (Sváb , 1973).

Results

B ody  m ass an d  m ajo r blood p a ra m e te rs  of th e  th ree  age groups o f geese 
belonging  to  th e  H u n g a ria n  breed  are  p re se n te d  in  T able 1.

Table 1

B ody m ass and m ajo r blood param eters ob ta in ed  fo r th e  th ree  age groups of geese belonging to
th e  H ungarian  b reed  (m ean  ±  SD)

P a ra m e te r

Age group

3 m o n th s  old 
(n =  16)

6 m o n th s  old 
(a  =  18)

a d u lt  
(n  =  10)

B ody  m ass (kg) 4.0 ±  0.7 5.5 ±  0.7 5.2 ± 0.7
PCV (1/1) 0.37 ±  0.02 0.42 ±  0.02 0.41 ± 0.03
L ym phocy te  ( % ) 0.37 ±  0.15 0.64 ±  0.15 0.569 ± 0.152
M onocyte ( % ) 0.02  ±  0 .02 0.01 ±  0.01 0.018 ± 0.016
H eteroph il g ranu locy te  ( % ) 0.40 ±  0.19 0.31 ±  0.15 0.314 ± 0.169
E osinophil g ranu locy te  ( % ) 0.19 ±  0.08 0.04 ±  0.03 0.099 ± 0.052
B asophil g ranulocy te  ( % ) 0.02  ±  0.02 0.00  ±  0.00 0.000  ± 0 .000
H em oglobin (m val/1) 6.4 ±  0.6 7.1 ±  0.8 7.2 ± 1.0
Glucose (m mol/1) — 11.4 ±  1.7 10.4 ± 1.3
T o ta l p ro te in  (g/1) 42.0 ±  5.8 62.5 ±  3.7 67.5 ±  11.9
T o ta l lip id  (g/1) 4.2 ±  1.0 — 6.6 ± 1.5
Ca (mmol/1) 2.7 ±  0.4 2.4 ±  0.4 1.9 ± 0.7
P  (mmol/1) 2.8 ±  0.7 1.9 ± 0 . 5 2.1 ± 0.8

Blood sam plings w ere perform ed on 3 m o n th s  old geese in Ju ly , th e n  a t  th e  age of 6 m o n th s  
in N ovem ber and  on ad u lts  in  Septem ber

P ara lle l w ith  ag ing , PCY, to ta l  p ro te in , to ta l  lip id  an d  haem og lob in  
te n d e d  to  increase w hile serum  calcium  a n d  phosphorus te n d e d  to  decrease. 
T he ly m p h o cy te : h e te ro p h il ra tio  o f ca. 1:1 also show ed a r ig h t sh ift to  ca . 2 :1 . 
T h is w as accom pan ied  b y  a decrease in  th e  p ro p o rtio n  o f eosinophils.

S ta tis tic a lly  s ig n ifican t d ifferences b e tw een  th e  6 m o n th s old g roup  a n d  
th e  a d u lt geese w ere found  only in  th e  p ro p o rtio n  of eosinophils (p <  0.01)
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an d  in  serum  calcium  (p <  0.05). A  com parison  o f 3 m o n th s old geese w ith  
6 m o n th s  old and  a d u lt  b irds, re sp ec tiv e ly , rev ea led  sign ifican t differences in  
PCV (p <  0.001), p ro p ortions of ly m p h o cy te s  (p <  0.001 an d  p  <  0.01, 
respec tive ly ) and  eosinophil g ran u lo cy tes  (p <  0.001 an d  p <  0.01, re sp ec ­
tiv e ly ), to ta l  p ro te in  (p <  0.001), to ta l  lip id  (p <  0.001), serum  calcium  (p <  
0.01) a n d  phosphorus (p <  0.001 a n d  p <  0.05, respec tive ly ). No s ig n ifican t 
d ifferences were found  am ong th e  th r e e  g roups in  th e  o th e r variab les s tu d ie d .

D iscussion

B lood p a ra m e te rs  are know n to  v a ry  b y  age, b reed , sex, season a n d  o th e r  
fac to rs . O f th e  v a riab le s  p resen ted  here , РСУ, haem oglob in , to ta l  p ro te in , 
glucose, calcium  an d  phosphorus w ere  rep o rted  fo r 4 to  18 weeks old geese 
o f th e  H u n g arian , R h in e , Landes, I ta l ia n  an d  T iszasiily  (a H u n g a rian  fa rm  
breed) breeds (Szép e t al., 1976). V a ria tio n s  in  th e se  p a ram e te rs  b e tw een  6 
an d  12 weeks and  12 an d  18 weeks o f  age follow ed no  de fin ite  breed-, sex- an d  
ag e-re la ted  p a tte rn  o f  increase or decrease.

I n  ou r s tu d y  w ith  th e  H u n g a ria n  (w hite) goose b reed , th e  3 m o n th s  old 
geese w ere sam pled  in  J u ly  an d  th e  tw o  older g roups in  au tu m n . Y e t th e  
d ifferences found in  th e  blood p a ra m e te rs  am ong th e  th re e  groups m ay  re fle c t 
age-re la ted  changes ra th e r  th a n  seaso n a l ones. E x c e p t eosinophils an d  se ru m  
calcium , th e  blood va lu es  ob ta ined  fo r  th e  6 m o n th s old and  th e  a d u lt geese 
show ed good ag reem en t. The d ifferences m ay  be a t t r ib u te d  to  th e  fa c t t h a t  
a d u lt  geese w ere sam p led  during th e  a u tu m n  p ro d u c tio n  season.

W ith  th e  L an d es (gray) b reed  w e observed  s im ila r age-related  v a ria tio n s  
in  b lood  p a ram e te rs  betw een  th e  3 m o n th s  old (n  =  10) and  a d u lt (n  =  7) 
geese sam pled  b o th  in  Ju ly  and in  O c to b er. N am ely , increases occurred  in  PCV 
(from  0.33 to  0.40 1/1 ; p  <  0.001), to ta l  p ro te in  (from  47.5 to  58.7 g/1; p  <  0.05), 
an d  in  to ta l  lip id  (from  2.8 to  5.7 g/1; p  <  0.001). A gain , a sim ilar r ig h t sh ift 
was fo u n d  in  th e  ly m p h o cy te :h e te ro p h il ra tio  of ca. 1:1 to  ca. 2.6:1. B asoph ils  
o ccu rred  only in  b lood  sam ples of th e  3 m o n ths old geese in  b o th  breeds.

S ta tis tic a l com parison  of v a lu es  o b ta in ed  fo r th e  tw o breeds show ed  a 
s ig n ifican tly  (p <  0.001) higher se ru m  calcium  an d  a s ligh tly  low er (p <  0.1) 
to ta l  p ro te in  level in  a d u lt Landes geese. ( I t  shou ld  be m en tioned , how ever, 
th a t  th e se  geese w ere sam pled  o u ts id e  th e  p ro d u c tio n  season). In  th e  3 m o n th s  
old age group, s ig n ifican t d ifferences (p <  0.001) w ere found  be tw een  th e  
tw o b reeds in  PCV, to ta l  lipid, se ru m  phosphorus an d  in  th e  p ro p o rtio n  of 
eosinophils an d  again  a slight decrease  (p <  0.1) w as n o ted  in  to ta l  p ro te in . 
S am ple size was, how ever, re la tiv e ly  sm all.

W e hope th a t  th e  blood p a ra m e te rs  p resen ted  here  m ay serve as useful 
in fo rm a tio n  for s tu d y in g  th e  clin icochem ical changes o f goose blood.
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BOOK REVIEWS

G u s ta v  R o s e n b e r g e r : Die klinische U ntersuchung des R indes (C linical E xa m in a tio n  o f  
Cattle). T h ird  revised  ed ition . E d ited  by  P ro f .  D r. h. c. Gerrit D irksen , P rof. H ans-D ieter  
Gründer a n d  Prof. Dr. h. c. M atthaeus Stöber. W r it te n  in co llabora tion  w ith  P rof. Dr. G. D irksen  
(M unich), P rof. Dr. H .-D . Gründer (G iessen), P ro f. Dr. E . Grunert (H an o v er), P rof. D r. D. 
K rause  (H a n o v er)  and P ro f. D r. M . Stöber (H a n o v e r) . V erlag P au l P a re y , B erlin  u n d  H a m b u rg , 
1990. 744 pages w ith  676 illu stra tio n s in th e  t e x t ,  21 colour p la tes  and  76 tables. B o u n d  DM 
1 9 8 . -

T he book f irs t  b ro u g h t o u t by P rofessor Rosenberger in  1964, as well as its  second ed itio n  
p u b lish ed  in  1977, was received  favourab ly  b y  a ll, and  has becom e a n  ind ispensab le  u n iv e rs ity  
tex t-b o o k  a n d  m anual o f bovine p ractitio n ers . T h e  success o f th e  book is illu s tra te d  b y  th e  fa c t 
th a t  i t  has  been tra n s la te d  in to  seven lan g u ag es (I ta lia n , F rench , E nglish , Spanish , J a p a n e se , 
P o rtu g u ese  an d  Polish). As a resu lt, i t  has m e t  w ith  a w orldw ide recogn ition  a lm ost u n p re c e ­
d en ted  fo r books on v e te r in a ry  science.

B ecause  of P rofessor R osenberger’s d e a th ,  th e  now published  th ird  ed ition  w as e d ite d  
b y  P ro fesso rs D irksen , Gründer and Stöber, ren o w n ed  b u ia tr ic ian s  and R o sen b erg er’s co­
a u th o rs  in  th e  earlier ed itions, and also w r i t te n  b y  th em  in  co llab o ra tio n  w ith  P ro fesso rs 
Grunert a n d  Krause.

A s com pared  to  th e  second edition, th e  th i r d  ed ition  of th e  book  has been su b s ta n tia lly  
rev ised  a n d  en larged : its  size and  num ber o f i llu s tra tio n s  are m ore th a n  1.5 tim es th o se  of th e  
second one. T he ed ito rs o f th e  book have, h o w e v e r, re ta in e d  th e  s tru c tu re  and  a rra n g e m e n t of 
th e  ea rlie r ed itions.

T h e  th ird  ed itio n  consists of 15 chapters an d  a Subject index. W hen  dealing  w ith  th e  
in d iv id u a l ch ap te rs , I sha ll t r y  to po in t o u t a ll im p o r ta n t changes m ade w ith  re sp ec t to  th e  
earlie r ed itions.

H a n dling  cattle (Stöber, pp. 1-74). T h e  f i r s t  c h ap te r  specifies th e  conditions w hich  are 
in d isp en sab le  for a successful clinical e x a m in a tio n . These conditions ran g e  from  th e  v e te r in a ­
r ia n ’s p ro te c tiv e  c lo th ing  to  th e  restra in ing  o f  c a t t le  b y  physical m eans, th e ir  sed a tio n , local 
and  b lock  an aesthesia  as well as narcosis (g e n e ra l anaesthesia).

T h e  abu n d an ce  of illu stra tio n s and th e  w ell-a rran g ed  tab le  sum m ariz ing  th e  d iag n o s tic  
conclusions th a t  can be d raw n  from  the s e n sa tio n  of pain  are w o rth y  of special m en tio n . T he 
c h ap te r  h a s  been en larged  w ith  the t r e a tm e n t  o f tem p e r ( tem p eram en t) , sen sa tio n  o f p a in , 
issues o f an im a l p ro tec tio n , and  electric im m o b iliza tio n .

Iden tifica tion  o f  cattle, history (a n a m n e s is ) , procedure fo r  clinical exam ination , general 
exam ina tion  ( Stöber, pp . 75-141). This c h ap te r  d esc rib es th e  m eth o d s and  steps o f e x p e r t  c lin ical 
ex am in a tio n . I t  also l is ts  th e  exam inations w h ic h  should  be carried  o u t before th e  d e ta ile d  
ex am in a tio n  of organs an d  organ  system s.

T he descrip tion  o f h e rd  h isto ry  (a n am n es is ) , u p -to -d a te  m ethods serv ing for th e  id e n ti­
f ic a tio n  o f an im als, an d  of th e  general c lin ica l ex am in a tio n  of h erds has been ad d ed  to  th e  
ch ap ter.

H a ir , sk in , subcutaneous tissue, visible m uco u s membranes, horns (Gründer, pp . 142—162).
L ym p h a tic  system  (Stöber, pp. 163-170).
Circulation (Stöber an d  Gründer, pp. 171—241). The f ir s t  p a r t  o f th e  c h ap te r  is d ev o ted  

to  e x a m in a tio n  of th e  o u tp u t  o f the  heart, blood vessels an d  blood circulation. T h is h a s  been  
co m p le ted  w ith  th e  d esc rip tio n  of echocard io g rap h y .

T h e  larg e r p a r t  o f th e  chap ter offers a d e ta i le d  descrip tion  of haematological exam ina tion . 
T he physio log ical values o f a lm ost all blood p a ra m e te rs  th a t  m ay  be of in te re s t to  sp ec ia lis ts  are 
p re sen te d  in  excellent an d  w ell-arranged tab le s .
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T he ch ap ter is c o m p le te d  b y  a d esc rip tion  o f sam pling  and e x am in a tio n  of th e  bone 
m arrow .

Respiratory system  ( Stöber, pp. 242—287). T h is  c h a p te r  has been en larged  w ith  th e  d e ­
sc r ip tio n  of th e  ae tio p a th o g en esis  o f re sp ira to ry  d iseases and  th e  u n ique  re sp ira to ry  defence 
m ech an ism . Several u p - to -d a te  in s tru m en ta l tec h n iq u es , such  as re sp ira to ry  endoscopy ( th o ­
raco sco p y ), trach eo b ro n ch o sco p y  and  tho rac ic  X -ra y  e x am in a tio n  are  also described. T h e  
c h a p te r  also deals w ith  th e  e ffec t exerted  by  re sp ira tio n  on  acid-base ba lance , and  w ith  o th e r  
e x tra re s p ira to ry  fu n c tio n s  o f  th e  lungs.

T he clearly a rra n g e d  ta b le  sum m ariz ing  th e  d iffe ren tia l diagnosis and  sym ptom s o f 
re sp ira to ry  diseases is w o r th y  o f special m ention .

Digestive system  (D irk se n , pp. 288-400). T he lo n g es t ch ap te r  o f th e  book. Owing to  i ts  
su b je c t,  i t  is one of th e  c h a p te rs  w hich com m an d  th e  g re a te s t in te res t. I t  deals w ith  fo o d  
in ta ke , d igestive processes, th e  ex am in atio n  of organs prep a rin g  the food  fo r  digestion , th e  fo resto ­
m achs, th e  abomasum  a n d  th e  intestines.

T h e  ch ap ter in v o lv es a  ran g e  of sub jects w id e r th a n  its  title  im plies, as i t  supplies th e  
in fo rm a tio n  w hich sh o u ld  be  know n ab o u t th e  e x a m in a tio n  of th e  liver, th e  abdominal wall 
a n d  th e  abdominal cavity.

Besides th e  p h y sica l a n d  in s tru m e n ta l e x a m in a tio n , th e  c h ap te r  deals w ith  th e  c lin ical- 
la b o ra to ry  m ethods of e x a m in a tio n  of th e  saliva, ru m en  liquor, faeces an d  ascitic f lu id  a n d  
g ives, w ith  an u p -to -d a te  a n d  p rac tica l ap p ro ach , a  su ffic ien tly  d e ta iled  descrip tion  o f th e  
c lin ica l lab o ra to ry  tests fo r  liver function . T his c h a p te r  is i llu s tra te d  w ith  w ell-arranged  tab le s .

O f th e  new  m a te r ia l  ad d ed  to  the  c h ap te r , th e  d escrip tion  of th e  defence m echan ism  
o f th e  digestive sys tem , th e  fu n c tio n al e x am in a tio n  o f th e  om asum , in tra -ab d o m in a l (p e rito ­
n ea l) endoscopy, in tra -a b d o m in a l X -ray  ex am in a tio n , ch o lecystog raphy  an d  th e  d e ta ilin g  of 
sev e ra l o th e r in s tru m e n ta l m eth o d s are w orth  m en tio n in g .

U rinary system  (G ründer, pp . 401-421). T he la rg e  p a r t  o f th e  c h ap te r  is c o n s titu ted  b y  
th e  d esc rip tio n  of renal fu n c t io n  test and  urine a n a lys is  (u rinalysis). In s tru m e n ta l  ex am in a tio n  
of th e  u r in a ry  organs is also d e a lt  w ith  in su ffic ien t d e ta il.

M ale genital system  ( K rause , pp. 422-471). B esides th e  p h y sical and  in s tru m e n ta l 
e x a m in a tio n  of the  m ale g e n ita l  system , th is c h a p te r  d eals w ith  sexual b eh av io u r, sem en co l­
lec tio n  techniques an d  e x a m in a tio n  of the  e jacu la te .

Fem ale genital system  ( Grunert, pp. 472—548). T h is c h ap te r  co n ta in s a descrip tion  o f  
th e  gynaecological an d  obstetrical diagnostic e x am in a tio n s  an d  describes th e  h and ling  and  care  
o f  newborn calves. T he m e th o d s  serving for th e  d iagnosis of udder diseases are also d iscussed  
h e re .

Locomotor system  (D irk sen , pp. 549-591). T h is c h ap te r  deals w ith  th e  d iagnostics o f  
lo co m o to r diseases an d  d iscusses th e  ex am in atio n  o f in d iv id u a l an im als an d  h erds sep a ra te ly . 
T h e  ju d g em e n t o f m o tio n -a sso c ia ted  behaviour a n d  recum bem  anim als  is also described. T h e  
re a d e r  ge ts a p ic tu re  o f th e  m eth o d s  of e x am in a tio n  o f hooves, feet, jo in ts , synovia , m usc les, 
b o n es a n d  tendons, a n d  o f w ay s of d iffe ren tia tin g  b e tw een  physio logical and  p a th o lo g ica l 
co n d itio n s .

Central nervous system  ( Stöber, pp. 592-625). T h e  c h ap te r  describes th e  general n e rv o u s, 
c e re b ra l and  spinal sy m p to m s a n d  the  ex am in atio n  o f re flexes, th e  tech n iq u e  of tak in g  sam ples 
f ro m  th e  cereb rosp inal l iq u o r , an d  th e  c lin ica l-lab o ra to ry  ex am in atio n  of th e  liquor.

P e rh ap s one o f th e  m o s t valuab le  p a r ts  o f th e  e n tire  book is th e  9-page tab le  in w h ich  
th e  a u th o r  sum m arizes th e  sy m p to m s and d iffe ren tia l d iagnostic  ch arac te ris tic s  of th e  m a jo r  
n e rv o u s  diseases w ith  g re a t  professional v ir tu o s ity  an d  p rac ticab ility .

Organs o f  sense (Rosenberger and  Stöber, pp . 626-646).
E valuating  the results o f  exam inations (Stöber, p p . 647-662).
A pplica tion  o f  m edicam ents (Stöber, pp. 663—700).
In d ex  (pp. 701-708).
A ll chap ters o f th e  bo o k  are a b u n d an tly  i llu s tra te d  w ith  perfect photographs, b e a u tifu l 

draw ings  and  h ighly  in fo rm a tiv e  tables. The illu s tra tio n s  are in  perfec t h a rm o n y  w ith  th e  t e x t ,  
c o m p lem en t i t  and m ak e  th e  boo k  very  a ttra c tiv e  a n d  h igh ly  readab le .

A s i t  were to  call a t te n t io n  to  th e  h igh  in s t ru m e n t  and  m ate ria l d em an d  of u p -to -d a te  
c lin ica l ex am ination , a t  th e  en d  of each ch ap ter th e re  is a catalogue o f  the instrum ents and d iag- 
nos tica  necessary  fo r th e  m eth o d s described in  th e  g iv en  chap ter. T h is t lis t also specifies th e  
n a m e s o f th e  m a n u fa c tu re rs  a n d  the  sources o f su p p ly .

T he chap ters a re  co m p le ted  w ith  an  u p - to -d a te , d e ta iled  reference list co n ta in ing  re fe re n ­
ces w h ich  were no t in c lu d ed  in  th e  earlier ed itio n s.

Perusing  th e  bo o k , we can  s ta te  th a t  Rosenberger9s o rig inal w ork has been su b s ta n tia lly  
im p ro v e d  and ex p an d ed  b y  h is fo rm er co-w orkers w ho are  au th o rs  o f th is  th ird  ed ition . T h e  
b o o k  g ives a very  fa v o u ra b le  im pression  in ev ery  re sp ec t. We can  only ren d er fu ll hom age to

Acta Veterinaria Hungarica 39, 1991



BOOK R EV IEW S 245

th e  a u th o rs  whose w o rk  d isp lay s a high co m m a n d  of u p -to -d a te  th eo re tica l a n d  p ra c tic a l 
kn o w led g e. T hey have  succeeded  in e x ce llen tly  sy n th esiz in g  an d  sum m ariz ing  th is  b o d y  of 
k n o w ledge  and  bring  i t  o u t  in  an  accurate  w o rd in g  an d  c lear s ty le . W e can  s ta te  w ith o u t an y  
e x ag g e ra tio n  th a t  th e ir  w o rk  is unparalle led  o n  th is  su b jec t an d  in  fu tu re  y ears i t  w ill c e rta in ly  
serve  as th e  basic re ference  bo o k  on th e  h ig h -lev e l clinical ex am in a tio n  o f ca ttle .

T h e  editing  and  ty p o g ra p h ic  m ake-up  o f  th e  boo k  a re  e q u a l to  its  co n ten ts  a n d  re fle c t 
th e  h ig h  s ta n d a rd  w hich  h a s  been  custo m ary  fo r v e te r in a ry  p u b lica tio n s o f  Verlag P a u l Parey  
fo r m a n y  decades.

P rof. D r. F e ren c  K a h s a i

W . J a k s c h  an d  E . G l a w i s c h n i g : K lin isc h e  Propädeutik  der inneren K rankheiten  und  
H autkrankheiten  der H aus- u n d  Heimtiere (C lin ical P ro p ed eu tics  o f th e  In n e r and  S k in  D iseases 
o f D o m estic  Anim als a n d  P e ts ) . T h ird  rev ised  a n d  en larged  ed ition . V erlag P au l P a re y , B erlin  
u n d  H a m b u rg , 1990. E d ite d  b y  Prof. Dr. E ric h  Glawischnig. W ritte n  b y  E . G lawischnig, W. 
B aum gartner, G. Schlerka, Lore Vasicek, G. Schusser  and  A . T ipold. 293 pages, 102 f ig u res  and  
25 tab le s .

T he success o f th e  c lin ica l p ropedeu tics bo o k  f ir s t  pu b lish ed  in  1975 is re flec ted  b y  th e  
fa c t  t h a t  in  a ra th e r sh o r t  tim e  i t  now com es o u t  in  th e  th ird  ed ition . T his is a piece o f new s 
t h a t  a ll v e te rin a rian s sh o u ld  be  delighted to  h e a r.

A lth o u g h  the  t i t le  a n d  au th o rs  of th e  th ir d  ed itio n  are  d iffe ren t, i t  has m a in ta in e d  th e  
m e n ta li ty ,  s tru c tu re  a n d  fo rm  o f th e  earlier ed itio n s.

T h e  au tho rs h av e  in c lu d ed  the  w ord  “ H e im tie re”  (p e t an im als) in  th e  t it le , m ee tin g  
th e  c la im  co n stitu ted  b y  th e  increased in te re s t  ta k e n  in  p e ts  an d  describ ing  th e  v e te r in a ry  
d u tie s  to  be perform ed w ith  th em .

T h e  p resen t th ird  e d itio n  of the  book , once w ritte n  by  th e  recen tly  deceased P ro fesso r 
Ja ksch , h a s  now been b ro u g h t  o u t by  P ro fesso r Glawischnig  w ho w as co-ed ito r o f  th e  second 
ed itio n . T h e  th ird  ed itio n  w as w ritten  by  se v e ra l a u th o rs  includ ing , besides th e  E d ito r ,  fiv e  
sp ec ia lis ts  from  th e  tw o  clin ics o f m edicine o f  th e  U n iv e rs ity  o f  V e te rin a ry  Science of V ienna, 
w ho h a d  n o t  tak en  p a r t  in  w ritin g  th e  earlier ed itions.

T h e  book, w hich  is o f  n o t too large e x te n t ,  is d iv id ed  in to  n o t less th a n  46 c h ap te rs . 
T h e  a u th o rs  o f the  in d iv id u a l chap ters are n o t  in d ica ted .

L ooking  over th e  c h a p te rs  we can g e t a  good p ic tu re  o f th e  co n ten ts  an d  s tru c tu re  o f 
th e  b o o k . In  th e  follow ing th ese  chap ters a re  lis ted , in d ic a tin g  th e ir  page n u m b ers  an d , here  
an d  th e re , im p o rta n t fe a tu re s .

1. Introduction  (pag es 13—16).
2. Course o f the c lin ica l exam ination  (p a g es  16—21). P re p a ra tio n s  for, and  s tep s of, th e  

in d iv id u a l ex am ination  o f p a tie n ts ,  herd e x a m in a tio n , case h is to ry .
3. General knowledge concerning c lin ical exam ination . R estra in ing  procedures (pages 22— 

30). T h is  ch ap ter describes th e  p rep ara tio n  a n d  re s t ra in t  o f horses, c a ttle , pigs, dogs, c a ts , r a b ­
b its , fu r-b ea rin g  an im als a n d  p e ts  for the  ex am in a tio n .

4. Identity , m arks a n d  signs o f the p a tie n t  (pages 30—40). Colour, size, age, reco g n itio n
m ark s .

5. H istory  (pages 40—50). The an am n esis  for in d iv id u a l an im als an d  th e  h e rd  (g roup) 
h is to ry .

6. E nvironm ental conditions  (pages 5 0 -5 6 ). M anagem en t, keep ing  and  feed in g  o f  th e  
an im a ls .

7. Behaviour and posture  (pages 57—59). D epression , u n in te res ted n ess, e x c ita tio n , colic.
8. B ody condition, state o f  nourishm ent (pages 59-61). Ju d g e m en t o f em a c ia tio n  an d  

o b esity .
9. The skin and its appendages. General p a rt  (page 61).
10. The haircoat a n d  the horny structures (pages 61—64).
11. The surface o f  the sk in  (pages 67—72). Sk in  sy m p to m s, p ru r itu s , e c to p ara sites .
12. The fle x ib ility  o f  the sk in  (page 72).
13. The tem perature o f  the sk in  (pages 73—74).
14. Internal tem perature  (pages 75-78). T ak in g  th e  p a tie n t’s te m p e ra tu re  ( th e rm o m etry ) ,

fever.
15. E xam ination  o f  the mucous membranes. General p a rt (pages 75-81).
16. The conjunctiva a n d  the eyelids (p a g es  81—82).
17. The nasal sin u ses and the accessory sinuses o f  the head (pages 83-87).
18. The oral cavity  and  the pharynx  (p a g es  87-90), in clud ing  ex am in atio n  o f th e  to ngue  

an d  th e  tee th .
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19. Food and drin k in g  water intake  (pages 90-94).
20. The upper cervical region (pages 94—97).
21. The larynx  (pages 98-101), in c lud ing  th e  ex am in a tio n  o f coughing an d  th e  b ro nch ia l 

secre tion .
22. The neck and the ju g u la r  groove (pages 101-105). E x am in a tio n  and  p ro b in g  o f th e  

oesophagus.
23. The lym ph nodes (pages 105-109).
24. The pulse and periphera l circulation  (pages 109-116).
25. R espiration  (pages 116-122). D y spnea , p a th o lo g ica l ty p es o f re sp ira tio n .
26. Inspection and p a lp a tio n  o f  the cardiac region (pages 122—123).
27. Percussion. General part (pages 123-127). P ercussion  techn iques. R esonances and  

th e ir  p a th o lo g ica l a lte ra tio n s .
28 . E xam ina tion  o f  the lungs by percussion  (pages 128-130). B orders o f th e  lungs an d  

th e ir  a b n o rm itie s .
29. E xam ina tion  o f  the cardiac region by p ercussion  (pages 131—132).
30. A uscu lta tion  over the lungs (pages 133-137). M ethodology, physio logical an d  p a th o ­

logical re sp ira to ry  sounds.
31. A uscu lta tion  over the heart (pages 137-145). C ard iac  sounds, card iac  m u rm u rs , p h o n o ­

ca rd io g rap h y .
32. Electrocardiography (pages 145-153). M ethodo logy  of e lec tro card io g rap h y  an d  e v a ­

lu a tio n  o f  th e  e lec tro card io g ram  (ECG).
33. E xam ina tion  o f  the abdomen (pages 153-166). T h is c h ap te r  describes th e  ex am in a tio n  

of th e  ab d o m en , fo res to m ach s , in te s tin a l p e ris ta ls is , te s ts  for th e  p resence o f fo reign  bodies, 
e x a m in a tio n  ol th e  ru m en  liq u o r, laparoscopy , a n d  p h y sica l as well as lab o ra to ry  ex am in a tio n  
of th e  liv e r .

34. Rectal exam ination  (pages 166-176).
35. E xam ina tion  o f  defecation and the faeces (pages 176-185). M ost o f th e  c h a p te r  is 

d ev o ted  to  p a rasito log ical ex am in a tio n .
36. Genital organs (pages 185-188).
37. E xam ina tion  o f  the m am m ary glands (pages 189-194).
38. U rinary  organs (pages 194-198). U rin a tio n  d is tu rb an ces , u re th ra l c a th e te riza tio n .
39. Urine analysis  (pages 199-210). P h y sica l, chem ica l, m icroscopic an d  bacterio log ica l 

e x a m in a tio n  of th e  u rin e , a n d  re n a l fu n c tio n  tes ts .
40. E xam ina tion  o f  the blood (pages 211-228). T h e  m ethodo logy  of blood sam pling  an d  

e x am in a tio n , th e  com m only  used  haem ato log ica l e x am in a tio n s .
41. N ervous system  (pages 228-250): T echn iques fo r ex am in a tio n  of th e  n e rvous sys tem , 

n e rv o u s  sy m p to m s and  ch anges, ex am in atio n  of th e  sen so ry  n ervous system , c ran ia l nerve  p a irs  
and  re fle x es , th e  sam pling  a n d  e x am in a tio n  o f th e  cereb ro sp in a l liq u o r, co m p lem en ta ry  in s tru ­
m en ta l e x am in a tio n s . T his w e ll-w ritten  c h ap te r  ends w ith  a su m m ary  of conclusions t h a t  c an  
be d ra w n  fro m  th e  nervous sym ptom s.

42. Exploratory puncture  (pages 250—252).
43. Special diagnostic procedures in  infectious diseases (pages 253-257). A llergy and  

serologic te s ts , d e m o n s tra tio n  of pathogens.
44. Sending in  test materials (pages 258).
45. A p p lica tio n  o f  m edicam ents and diagnostica  (pages 259-268).
46. The exam ination o f  birds (pages 268-285). A ll t h a t  w hich should  be know n a b o u t th e  

e x a m in a tio n  of dom estic  a n d  o rn a m e n ta l b irds.
S im ila rly  to  i ts  e a rlie r ed itions, th e  th ird  ed itio n  o f Ja k sc h  and  G law ischnig’s “ Clinical 

P ro p e d e u tic s”  produces a  v e ry  fav o u rab le  im pression . T he a u th o rs  hav e  u p d a te d  an d  com ple­
ted  th e  m a te r ia l  and h ave, to  a  v a ry in g  e x te n t, rev ised  th e  d iffe ren t ch ap ters . T he o u te r  ge t-up  
as w ell as th e  in te rn a l ch a ra c te ris tic s  and  su b je c t-m a tte r  o f th e  book (th e  tre a tm e n t an d  h a n d ­
ling  of a n im a ls , th e  course a n d  m eth o d s of c linical ex am in a tio n , and  th e  th e ra p eu tic  p rocedures 
used  in  th e  p ractice) have  re m a in e d  th e  sam e as w ere in  th e  f ir s t  tw o ed itions. T he m eth o d s of 
e x a m in a tio n , w hich range  fro m  th e  classic p h y sical ex am in a tio n  to  th e  lab o ra to ry  an d  in s tru ­
m en ta l m e th o d s , are d escribed  in  th e  fu llest d e ta il. As th e  book  is n o t a tex tb o o k  of d iagnostics, 
i t  h a rd ly  deals w ith  th e  d iag n o sis and d ifferen tia l d iagnosis o f th e  d iffe ren t diseases, an d  offers 
lit t le  in fo rm a tio n  on th e  u sa b ili ty  of th e  in d iv id u a l d iag n o stic  p rocedures.

C onsidering  its  size, th e  book em braces a n  a lm o st u n iq u ely  v a s t b o d y  of know ledge on 
th e  e x a m in a tio n  of d iverse  g ro u p s of anim als ra n g in g  fro m  fa rm  an im als th ro u g h  dogs an d  
ca ts  to  o rn a m e n ta l b ird s a n d  ex o tic  p e ts , nam ely  all species o f an im als th a t  v e ts  m ig h t e n co u n t­
er in  th e i r  p ractice . To com pile  all th is  d iverse  know ledge o ften  req u irin g  d issim ilar ap proaches 
m u st h a v e  been  a v e ry  d iff ic u lt  ta sk  and  in  a single bo o k  i t  could be done on ly  in  a  sh o rt, 
co m p en d iu m -lik e  form , o f ten  on ly  ske tch ily . I t  sh o u ld  also be n o ted  th a t  th o u g h  th e  m ain
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em p h asis  o f th e  books has sh ifted  tow ards th e  e x a m in a tio n  of pe ts , i ts  s tro n g  po in t, a p a r t  f ro m  
th e  c h a p te r  dealing  w ith  th e  exam ination  o f b i rd s ,  is still th e  p a r t  d e v o te d  to  th e  e x am in a tio n  
o f c a tt le  a n d  pigs.

In  su m m ary : i t  c an  b e  s ta ted  th a t  th e  a u th o rs  have accom plished  th e ir  d ifficult ta s k  
successfu lly , on h igh  p ro fessional level. T h e ir  w o rk  shows them  to  b e  th e  rep resen ta tiv es a n d  
fo llow ers o f  th e  old , fam o u s Viennese (and  B u d a p e s t)  ve te rin a ry  school a n d  clinical a tt i tu d e .  
T h e  te x t  is c learly  an d  concisely w ritten  a n d  well arranged. T he c h a p te rs  dealing w ith  th e  
n e rv o u s sy s tem  and  th e  ex am in atio n  of b ird s  a re  especially  well w r i t te n . A lthough  it  does n o t  
a ffec t th e  p rofessional m erits  and  usab ility  o f  th e  book , the rev iew er c a n n o t help o in ting  o u t  
som e d isp ro p o rtio n s : e.g . w h y  is the  ex am in a tio n  o f  th e  skin dealt w ith  in  f iv e  separate  c h ap te rs  
w hen  th a t  o f the n e rv o u s sy s tem , which is a t  le a s t  as com plicated as th e  fo rm er, hss been su c ­
cessfu lly  in co rp o ra ted  in  a  single chap ter; o r w h y  is th e  ex am ination  o f th e  abdom en d escribed  
so com pend iously : th e  ex am in atio n  of th e  fo res to m ach s  and liv e r w o u ld  have deserved  a  
se p a ra te  an d  m uch  m ore d e ta iled  tre a tm e n t w h e n  m uch  less im p o r ta n t  to p ics  are d ea lt w ith  
in  m ore d e ta il th a n  w ould  h av e  been necessary .

S im ilarly  to  th e  e a rlie r  editions, th is  w o rk  does no t c o n ta in  p h o to g rap h s  e ith e r, a l­
th o u g h  th e  su b je c t-m a tte r  w ould  call for i l lu s t r a t io n  of th e  te x t w ith  n ice  p ic tu res . The boo k  is 
i l lu s tra te d  w ith  — m o stly  sim ple — draw ings.

T he book c o n ta in s  a  useful and p ra c t ic a l  b o d y  of know ledge. I t  can  be recom m ended  
m ain ly  fo r v e te rin a rian s  w ho wish to get a n  o v e ra ll  p ic tu re  of th e  f i r s t  s tag e  of clinical w o rk , 
th e  t r e a tm e n t  and  h a n d lin g  of anim als a n d  th e  d iagnostic  p rocedures. I n  add ition , i t  se rves 
as a u n iv e rs ity  tex t-b o o k .

T he book w as p u b lish ed  in  the “ S tu d ie n  T e x te ”  series of Verlag P a u l Parey  in  a s im p le r 
b u t  u n o b jec tio n ab le  g e t-u p .

P ro f . D r. Ferenc K a r s a i
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