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ml -  m i l l i l i t r e

mg -  m illigram m e

ug -  microgramme

pg -  picogramme
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M -  Molar

ED5 Q -  Dose re q u ire d  to  produce a  resp o n se  i n  50% o f
in d iv id u a ls  under t e s t

p . s . i .  -  pounds p e r square  in ch

xg -  tim es g ra v ity

SRS-A -  slow re a c t in g  su b stan ce  o f  an ap h y lax is
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SCMCVRY

The f i r s t  s e c t io n  o f  t h i s  th e s i s  d e a ls  w ith  g e n e ra l methods 

o f  experim en ta tio n  and m a te r ia ls  used  in  t h i s  p e rio d  o f  s tu d y .

The seco n d  s e c t i o n  d e s c r ib e s  e x p e r im e n ts  t o  s tu d y  th e  

e f f e c t s  o f  a  n o n - s t e r o i d a l  a n t i - in f l a m m a to r y  d ru g  on th e  

responses o f  sheep o f  v a r io u s  d eg rees o f  im m unity to  a  c h a llen g e  

o f  O s te r ta g ia  c irc u m cin c ta . T reatm ent w ith  m eclofenam ic a c id  o f  

a d u l t  immune sh ee p  te n d e d  t o  re d u c e  th e  num ber o f  p a r a s i t e s  a t  

necropsy , b u t d id  n o t a l t e r  th e  plasm a pepsinogen resp o n se  a f t e r  

c h a llen g e  when compared to  u n tre a te d  c o n tro ls .

A s im i la r  r e s u l t  was o b ta in ed  in  th e  s tudy  w ith  p re v io u s ly  

p a r a s i t e - n a i v e  lam b s . M e c lo fe n a m ic  a c i d  t r e a t e d  a n i m a l s  

c o n ta in e d  fe w e r  p a r a s i t e s  a t  n e c ro p sy , b u t  p la sm a  p e p s in o g e n  

a c t i v i t i e s  were s im i la r  to  u n tre a te d  c o n tro ls .

F in a l ly ,  p re v io u s ly  p a ra s i te -n a iv e  lambs w ere in fe c te d  w ith  

a d u l t  c i r c u m c in c ta  p a r a s i t e s .  A l l  a n im a ls  show ed p a r a s i t e  

eg g s  i n  t h e  f a e c e s  i n d i c a t i n g  e s t a b l i s h m e n t .  -T hose  a n im a ls  

which re c e iv e d  p a r a s i t e s  fro m  u n t r e a t e d  donors^ and  w e re  th e m s e lv e s  

u n t r e a t e d  w i th  m e c lo fe n a m ic  a c id  show ed a  r i s e  i n  p la sm a  

p e p s in o g e n  a c t i v i t i e s ,  w h ich  w as n o t  o b se rv e d  i n  t h e  o t h e r , 

g ro u p s . M ec lo fen am ic  a c id  was s u b s e q u e n t ly  fo u n d  t o  i n h i b i t  

p a r a s i t e  l a r v a l  m o t i l i ty  in  v i t r o  which cou ld  e x p la in  th e  above 

r e s u l t s .

S ec tio n  th re e  i s  concerned w ith  th e  e f f e c t s  o f  v a r io u s  d ru g s  

on th e  resp o n ses  o f  a d u l t  immune sheep to  O s te r ta g ia  c irc u m c in c ta  

c h a lle n g e .



T re a tm e n t w i th  a  c o r t i c o s t e r o i d  a llow ed  la r g e r  numbers o f 

p a r a s i t e s  t o  e s t a b l i s h  and  p ro d u ced  h ig h e r  p la sm a  p e p s in o g e n  

a c t i v i t i e s .  L e u k o tr ie n e  C4  c o n c e n t r a t io n  i n  g a s t r o i n t e s t i n a l  

mucus was low er th a n  t h a t  m easured in  th e  o th e r  g roups, producing  

ev idence  f o r  a  p o s s ib le  p ro te c t iv e  r o le  o f  t h i s  su b stan ce  a g a in s t  

p a r a s i t e s .

Sheep t r e a te d  w ith  a  m u co ly tic , brom hexine h y d ro ch lo rid e  had 

fe w e r  p a r a s i t e s  a t  n e c r o p s y  a n d  lo w e r  p la s m a  p e p s in o g e n  

a c t i v i t i e s  when compared to  th e  c o n tro l  group.

O m ep razo le , a  d ru g  t h a t  r a i s e s  in t r a - a b o m a s a l  pH p ro d u c e d  

u n e x p e c te d  r e s u l t s .  P la sm a  p e p s in o g e n  a c t i v i t i e s  ro s e  to w ards 

t h e  end  o f  t h e  e x p e r im e n t .  However p a r a s i t e  num bers w e re  v e ry  

sm a ll a t  necropsy. Omeprazole tre a tm e n t may have a l t e r e d  plasm a 

pepsinogen a c t i v i t y ,  e i t h e r  d i r e c t l y  by i t s  a c t io n  on abom asal pH 

o r  v i a  s t i m u l a t i o n  o f  g a s t r o i n t e s t i n a l  horm ones e .g . g a s t r i n .  

A l t e r n a t i v e l y ,  i t s  e f f e c t  may h av e  b een  t o  a l lo w  th e  l a r v a l  

ch a llen g e  to  e s ta b l i s h ,  b u t when th e  a d u l t  p a r a s i t e s  em erged, th e  

om eprazole tre a tm e n t having  f in is h e d , th e  h o s t was a b le  to  remove 

them.

The r e s p o n s e s  o f  i s o l a t e d  g a s t r o i n t e s t i n a l  sm o o th  m u sc le  

were s tu d ie d  in  s e c t io n  fo u r .

C o n trac tio n s  o f  th e  t i s s u e  in  resp o n se  to  a c e ty lc h o lin e  was 

th e  c o n s i s t e n t  f e a t u r e  o f  b o th  b o v in e  and o v in e  a b o m a sa l and  

duodenal smooth m uscle.

H is ta m in e  and  p r o s ta g la n d i n s  and  E2  g e n e r a l l y  c a u s e d  

c o n t r a c t i o n  o f  b o v in e  d u o d e n a l p r e p a r a t i o n s .  I n  c o n t r a s t ,  few  

o v in e  d u o d e n a l p r e p a r a t i o n s  c o n tra c te d  to  p ro s ta g la n d in s  E-j and

v



E2  and h is tam in e . 5 -h y d ro x y try p ta m in e  and  l e u k o t r i e n e s  B4 , C4  

and  D4  f a i l e d  t o  p ro d u c e  a  r e s p o n s e  i n  t h e  sm oo th  m u sc le  o f  

ab o m asa l and  d u o d e n a l p r e p a r a t i o n s  t e s t e d .  A d m in is t r a t io n  o f  

0 . c i r c u m c in c ta  h o m o g en ates  t o  o v in e  ab o m asa l and  d u o d e n a l 

t i s s u e s  from  immune a n im a ls  f a i l e d  t o  p ro d u c e  a  S c h u l tz -D a le  

re a c t io n .

In  v i t r o  s t u d i e s  u s in g  p a r a s i t i c  l a r v a e  w ere  p r e s e n te d  i n  

s e c tio n  f iv e . F aeca l and mucus homogenates from immune an im a ls  

d i d  s u p p r e s s  l a r v a l  m o t i l i t y  i n  t h e  t e s t  s y s te m  u s e d .  

P ro s ta g la n d in s  E-j and E2  and le u k o tr ie n e  C4  a ls o  appeared  to  have 

an ad v erse  e f f e c t  on p a r a s i t e  m o t i l i ty .  The u se fu ln e ss  o f  th e s e  

s tu d ie s  to  in v e s t ig a te  th e  e f fe c t iv e n e s s  o f  p o s s ib le  a n th e lm in tic  

drugs was a ls o  d iscu ssed .

The f i n a l  s e c t i o n  d e a l s  w i th  s t u d i e s  c a r r i e d  o u t  on  

b e n z im id a z o le -re s is ta n t s t r a in s  o f  c irc u m c in c ta .

One s t r a i n  (HERO r e s i s t a n t )  was passaged  th rough  lam bs and 

th e  e f f e c t  o f  tre a tm e n t w ith  fenbendazole  m onitored  u s in g  th e  egg 

h a tc h  a s s a y  a s  a  m e asu re  o f  th e  l e v e l  o f  r e s i s t a n c e  o f  t h e  

s t r a i n .

D a ily  v a r ia t io n s  in  th e  le v e l  o f  r e s is ta n c e  w ere d e te c te d . 

D esp ite  p assag ing  o f  t h i s  s t r a i n  th rough  f iv e  lam bs and t re a tm e n t 

w ith  fenbendazole on fo u r  o ccas io n s , th e  le v e l  o f  r e s is ta n c e  d id  

n o t a l t e r .  Another r e s i s t a n t  s t r a i n  (Moredun) was in v e s t ig a te d  

and  fo u n d  t o  h av e  a  lo w e r  l e v e l  o f  r e s i s t a n c e  th a n  t h e  HFRO 

s t r a i n .
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Table 2

Table 3

Table 4

Table 5

Table 6

Table 7

T ab le  8

C o n c e n tr a t io n s  (u g /m l) o f  m e c lo fen a m te  i n  th e  
plasm a o f  tw o groups o f  a d u l t  sheep. Groups 1 and 
3, each an im al re c e iv e d  500 mg m eclofenam ic a c id  
d a i l y .  Group 1, e ac h  a n im a l r e c e iv e d  200 ,000 
O. c ircu m cin c ta  L3  on day 0  a s  a  s in g le  d o se .

P la s m a  p e p s in o g e n  a c t i v i t i e s  (I.U .) o f  t h r e e  
g ro u p s  o f  a d u l t  sh ee p . G roups 1 and  2 , e a c h  
re c e iv e d  2 0 0 , 0 0 0  O. c irc u m cin c ta  L3  on day 0  a s  a  
s in g le  dose. Groups 1 and 3, each an im al re c e iv e d  
500 mg meclofenam ic a c id  d a i ly .

Num bers o f  p a r a s i t e  eg g s  p e r  gram  o f  f a e c e s  i n  
th re e  groups o f  a d u l t  sheep. Groups 1 and 2 sheep 
each re c e iv e d  2 0 0 , 0 0 0  0 . c ircu m cin c ta  L3  on day 0  

a s  a  s i n g l e  d o se . G roups 1 and  3 sh e e p  r e c e iv e d  
500 mg m eclofenam ic a c id  d a i ly .

C o n c e n tr a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  t h e  
plasm a o f  tw o groups o f  a d u l t  sheep. Groups 1 and 
3, each an im al re c e iv e d  500 mg m eclofenam ic a c id  
d a i l y .  Group 1 a n im a ls  e a c h  r e c e iv e d  200 ,000  
O. c ircu m cin c ta  L3  on day 0  a s  a  s in g le  do se .

P la sm a  p e p s in o g e n  a c t i v i t i e s  ( I .U .)  o f  t h r e e  
g ro u p s  o f  a d u l t  sh ee p . G roups 1 and  2 , e a c h  
a n im a l r e c e iv e d  2 0 0 , 0 0 0  0 . c i r c u m c in c ta  L3  on 
day 0 a s  a  s i n g l e  d o se . G roups 1 and  3 , e a c h  
anim al re c e iv e d  500 mg m eclofenamic a c id  d a i ly .

A b o m a sa l pH a t  n e c r o p s y  on  d a y  23 o f  t h e  
experim en t o f  tw o groups o f  a d u l t  sheep. Groups 1 
a n d  2 , e a c h  a n i m a l  r e c e i v e d  2 0 0 , 0 0 0  

0 . c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  d o s e . 
Group 1 an im als  eacn re c e iv e d  500 mg m eclofenam ic 
a c id  d a i ly .

The number o f  p a r a s i te s  rem ain ing  in  th e  abom asi 
o f  two groups o f  a d u l t  sheep a t  necropsy  on day 23 
o f  th e  e x p e r im e n t .  G roups 1 and  2 , e ac h  a n im a l 
re c e iv e d  a  c h a llen g e  o f  2 0 0 , 0 0 0  0 . c irc u m c in c ta  L3  

on d ay  0 a s  a  s i n g l e  d o se . Group 1 sh ee p  a l s o  
re c e iv e d  500 mg o f  m eclofenam ic a c id  d a i ly .

P e rc e n ta g e  e s ta b l i s h m e n t  o f  a  s i n g l e  d o se  o f
200,000 0 . c i r c u m c in c ta  L3  a t  n e c ro p s y , 23 d a y s  
p o s t - c h a l l e n g e  o f  tw o  g ro u p s  o f  a d u l t  sh e e p . 
Group 1 sh ee p  a l s o  r e c e iv e d  500 mg m e c lo fe n a m ic  
a c id  d a i ly .
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T able  9 Numbers o f  p a r a s i t e  eggs p e r  gram o f  fa e ce s  o f  two
g r o u p s  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Groups 1 and  2 , e ac h  a n im a l r e c e iv e d  a  c h a l l e n g e  
o f  75,000 0. c irc u m cin c ta  L3  on day 0 a s  a  s in g le
d o se . Grolip 1 lam b s a l s o  r e c e iv e d  250 mg o f
m eclofenamic a c id  d a i ly .

T ab le  10 C o n c e n tr a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  t h e
plasm a o f  one group o f  p re v io u s ly  p a ra s i te -n a iv e  
lam b s. G roup 1 , e a c h  a n im a l r e c e iv e d  250 mg 
m eclofenam ic a c id  d a i ly  and 75,000 O. c irc u m c in c ta  
L3  on day 0  a s  a  s in g le  d ose .

T ab le  11 Plasm a pepsinogen a c t i v i t i e s  (I.U.) o f  tw o groups
o f  p re v io u s ly  p a ra s i te -n a iv e  lam bs. Groups 1 and 
2 , e ac h  a n im a l r e c e iv e d  a  c h a l le n g e  o f  75 ,000  
O. c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  d o s e . 
Group 1 lam bs a ls o  re c e iv e d  250 mg o f  m eclofenam ic 
a c id  d a i ly .

T ab le  12 A b o m a sa l pH a t  n e c r o p s y  on  d a y  24 o f  t h e
experim en t o f  two groups o f  p re v io u s ly  p a r a s i t e -  
n a iv e  iam bs. Groups 1 and 2, each an im al re c e iv e d  
a  c h a llen g e  o f  75,000 O. c irc u m c in c ta  L3  on day 0 
a s  a  s i n g l e  d o se . G roup 1 lam b s e ac h  r e c e iv e d  
250 mg m eclofenam ic a c id  d a i ly .

■\

T able  13 The number o f  p a r a s i te s  rem ain ing  in  th e  abom asi
o f  two groups o f  p re v io u s ly  p a r a s i te -n a iv e  lam bs. 
Groups 1 and  2 , e a c h  a n im a l r e c e iv e d  a  c h a l l e n g e
o f  75,000 0. c irc u m c in c ta  L3  on day 0 a s  a  s in g le
d o se . Group 1 lam b s e ac h  r e c e iv e d  250 mg o f  
m eclofenam ic a c id  d a i ly .

T ab le  14 P ercen tage  e s ta b lish m e n t o f  a  s in g le  c h a lle n g e  o f
7 5 ,0 0 0  c i r c u m c i n c t a  L 3  i n  tw o  g r o u p s  o f  
p r e v io u s ly  p a r a s i t e - n a i v e  lam b s . Group 1 lam b s 
re c e iv e d  250 mg meclofenam ic a c id  d a i ly .

T ab le  15 Numbers o f  m ale and fem ale  p a r a s i te s  in  tw o groups
o f  p re v io u s ly  p a ra s i te -n a iv e  lam bs. Groups 1 and 
2 , e a c h  a n im a l  w as c h a l l e n g e d  w i t h  7 5 ,0 0 0  
O. c irc u m c in c ta  L3 . Group 1, each an im al re c e iv e d  
250 mg m eclofenam ic a c id  d a i ly .

T ab le  16 E s t im a t io n  o f  num bers o f  a d u l t  0 . c i r c u m c in c ta
t r a n s f e r r e d  i n t o  lam b s o f  g ro u p s  3 and  4 fro m  
groups 1 and  2. Group 1 d o n o r lam b s r e c e iv e d  
250 mg m e c lo fe n a m ic  a c id  d a i l y  th ro u g h o u t  t h e  
in f e c t io n .
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T able  17 Numbers o f  p a r a s i t e  eggs p e r  gram o f  fa e ce s  in  two
g r o u p s  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Groups 3 a n d  4 , e a c h  a n im a l  r e c e i v e d  a d u l t  
0 . c i r c u m c in c ta  v i a  ab o m asa l c a n n u la e  on d ay  0 . 
A n im a ls  i n  g ro u p s  3B and  4B r e c e iv e d  p a r a s i t e s  
from  d o n o rs  t r e a t e d  w i th  m e c lo fe n a m ic  a c id .  
A n im als  i n  g ro u p s  3A and 4A r e c e iv e d  p a r a s i t e s  
from  u n t r e a t e d  d o n o rs . Group 3 , e ac h  a n im a l 
re c e iv e d  250 mg meclofenamic a c id  d a i ly .

TabLe 18 C o n c e n tr a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  t h e
plasm a o f  one group o f  p re v io u s ly  p a ra s i te -n a iv e  
lam bs. Group 3 lam bs re c e iv e d  250 mg m eclofenam ic 
a c id  d a i ly  and a d u l t  O. c irc u m cin c ta  v ia  abom asal 
cannulae on day 0 .

T ab le  19 C o n c e n tr a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  t h e
a b o m a s a l  f l u i d  o f  o n e  g ro u p  o f  p r e v i o u s l y  
p a r a s i t e - n a i v e  lam b s. Group 3 lam b s r e c e iv e d  
250 mg m e c lo f e n a m ic  a c i d  d a i l y  a n d  a d u l t  
Q. c ircu m cin c ta  v ia  abomasal cannu lae  on day 0 .

T ab le  20 Abomasal pH in  two groups o f  p re v io u s ly  p a r a s i t e -
n a iv e  lam bs. Groups 3 and 4, each an im al re c e iv e d  
a d u l t  0 ^ c i r c u m c in c ta  v i a  ab o m asa l c a n n u la e  on  
day 0. Group 3 f e ach  a n im a l r e c e iv e d  250 mg 
m eclofenam ic a c id  d a i ly .

T ab le  21 Plasma pepsinogen a c t i v i t i e s  (I.U.) o f  tw o groups
o f  p re v io u s ly  p a r a s i t e - n a iv e  lam b s . B o th  g ro u p s  
r e c e i v e d  a d u l t  c i r c u m c i n c t a  on  d a y  0 . 
Groups 3B and  4B r e c e iv e d  p a r a s i t e s  from  d o n o rs  
t r e a t e d  w i th  m e c lo fen a m ic  a c id .  Group 3 a l s o  
re c e iv e d  250 mg meclofenamic a c id  d a i ly .

T ab le  22 Numbers o f  p a r a s i t e s  i n  th e  a b o m as i o f  g ro u p  3
a n d  4 la m b s ,  a t  n e c r o p s y  o n  d a y  15 o f  t h e  
experim ent. Both groups o f  lam bs re c e iv e d  a d u l t  
0 . c i r c u m c in c ta  on  d a y  0 . G ro u p s  3B a n d  4B 
r e c e iv e d  p a r a s i t e s  from  d o n o rs  t r e a t e d  w i th  
m e c lo fe n a m ic  a c id .  G roups 3A and  4A r e c e iv e d  
u n t r e a t e d  p a r a s i t e s .  Group 3 lam b s r e c e iv e d  
250 mg m eclofenam ic a c id  d a i ly .

T ab le  23 P ercen tage  e s ta b lish m e n t o f  a d u l t  CX_ c irc u m c in c ta
in  group 3 and 4 lam bs. Group 3B and 4B re c e iv e d  
p a r a s i t e s  from  d o n o rs  t r e a t e d  w ith  m eclofenam ic 
a c i d .  G ro u p  3 la m b s  a l s o  r e c e i v e d  250 mg 
m eclofenamic a c id  d a i ly .

T ab le  24 The m o t i l i t y  o f  0^ c i r c u m c in c ta  L3  i n  v i t r o  a s  a
p e rcen tag e  o f  c o n tro l  m o t i l i t y  when in cu b a ted  w ith  
v a r io u s  c o n c e n tra tio n s  o f  m eclofenam ate.
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T able  25 The mean m o t i l i ty  o f  0. c ircu m cin c ta  L3  in  v i t r o
a s  a  p e r c e n t a g e  o f  c o n t r o l  m o t i l i t y  d u r i n g  
i n c u b a t i o n  w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  
phenylbutazone.

T ab le  26 V isc o s ity  o f  duodenal mucus sam ples o b ta in e d  from
f i v e  a d u l t  sh e e p , tw o  sh eep  w ere  t r e a t e d  w i th  
b ranhex ine , th re e  sheep were u n tre a te d  c o n tro ls .

Table  27 A bom asal pH and  p la sm a  p e p s in o g e n  a c t i v i t y  i n  a
sheep t r e a te d  w ith  om eprazole.

T ab le  28 P la sm a  p e p s in o g e n  a c t i v i t y  (I.U .) i n  f o u r  g ro u p s
o f  a d u l t  sheep. A ll an im als  w ere ch a llen g ed  w ith
2 0 0 . 0 0 0  O. c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  
do se . Control group.

T able  29 P lasm a  p e p s in o g e n  a c t i v i t y  (I.U .) i n  f o u r  g ro u p s
o f  a d u l t  sheep. A ll an im als  w ere ch a llen g ed  w ith
2 0 0 . 0 0 0  0 . c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  
d o se . Bromhexine group.

T able  30 P lasm a  p e p s in o g e n  a c t i v i t y  (I.U .) i n  f o u r  g ro u p s
o f  a d u l t  sheep. A ll an im als  w ere ch a llen g ed  w ith
2 0 0 . 0 0 0  O. c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  
do se . Corticosteroid group.

T able  31 P lasm a  p e p s in o g e n  a c t i v i t y  (I.U .) i n  f o u r  g ro u p s
o f  a d u l t  sheep. A ll an im als  w ere ch a llen g ed  w ith
2 0 0 . 0 0 0  Q. c i r c u m c in c ta  L 3  on day  0  a s  a  s i n g l e  
d o se . Omeprazole group.

T able  32 Number o f  p a r a s i t e  eggs p e r gram o f  fa e c e s  i n  fo u r
g ro u p s  o f  a d u l t  sh ee p . A l l  a n im a ls  r e c e iv e d
2 0 0 . 0 0 0  0 ^ c i r c u m c in c ta  L 3  on d ay  0  a s  a  s i n g l e  
dose .

T ab le  33 Number o f  l a r v a e  d e te c te d  i n  th e  f a e c e s  o f  f o u r
groups o f  a d u l t  sheep a f t e r  c h a llen g e  w ith  2 0 0 , 0 0 0  

0 . c i r c u m c in c ta  L3 . L a rv ae  w e re  d e t e c t e d  by 
Baermani s a t  io n  and s a l t  f l o t a t i o n  te ch n iq u es .

T ab le  34 The pH o f  a b o m asa l c o n te n t s  a t  n e c ro p sy  o f  f o u r
g ro u p s  o f  a d u l t  sh ee p . A l l  a n im a ls  r e c e iv e d
2 0 0 . 0 0 0  0 . c i r c u m c in c ta  L3  on day  0  a s  a  s i n g l e  
dose .

T ab le  35 Numbers o f  abom asal p a r a s i te s  a t  necropsy  in  fo u r
groups o f  a d u l t  sheep t r e a te d  w ith  v a r io u s  a g e n ts . 
A l l  a n i m a l s  w e re  c h a l l e n g e d  w i t h  2 0 0 ,0 0 0  
O. c ircu m cin c ta  L3  on day 0  a s  a  s in g le  d o se .
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36 E s t a b l i s h m e n t  o f  p a r a s i t e s  a f t e r  a  s i n g l e  
c h a l le n g e  o f  2 0 0 , 0 0 0  0 . c i r c u m c in c ta  i n  f o u r  
groups o f  a d u l t  sheep t r e a te d  w ith  v a r io u s  a g e n ts . 
E stab lishm en t exp ressed  a s  a  p e rcen tag e .

37 M o ti l i ty  o f  0^ c irc u m cin c ta  L3  in cu b ated  in  v i t r o  
w i t h  v a r i o u s  c o n c e n t r a t i o n s  o f  b r o m h e x in e  
h y d ro ch lo rid e . M o t i l i ty  e x p re s s e d  a s  p e r c e n ta g e  
o f  c o n tro l m o t i l i ty .

38 The m o t i l i t y  o f  0^ c i r c u m c in c ta  L3  in c u b a te d  
in  v i t r o  w ith  v a r io u s  c o n c e n tra tio n s  o f  om eprazole 
and known a n th e lm in tic  d rugs. M o ti l i ty  exp ressed  
a s  p e rcen tag e  o f  c o n tro l m o t i l i ty .

39 C o n c e n tr a t io n  (p g /g  mucus) o f  l e u k o t r i e n e  C* i n
th e  g a s t r o in te s t in a l  t r a c t  o f  fo u r  groups o f  a d u l t  
sheep .

40 C o n tr a c t io n ,  a s  a  p e rc e n ta g e  o f  th e  maximum, o f
b o v in e  d u o d e n a l i s o l a t e d  t i s s u e  p r e p a r a t i o n s  t o
v a r io u s  c o n c e n t r a t io n s  o f  a c e ty lc h o lin e  I n  v i t r o .  
The t i s s u e s  w ere o b ta in ed  from  low im m unity, non­
p a r a s i t i s e d  an im als.

41 C o n t r a c t io n ,  a s  a  p e rc e n ta g e  o f  t h e  maximum, o f
o v in e  d u o d e n a l i s o l a t e d  t i s s u e  p r e p a r a t i o n s  t o
v a rio u s  c o n c e n tra tio n s  o f  a c e ty lc h o l in e  i n  v i t r o .  
The t i s s u e s  were o b ta in e d  from low im m unity, non­
p a r a s i t i s e d  an im als.

42 C o n t r a c t io n ,  a s  a  p e rc e n ta g e  o f  t h e  maximum, o f  
b o v in e  a n d  o v in e  a b o m a s a l  i s o l a t e d  t i s s u e  
p r e p a r a t i o n s  t o  v a r i o u s  c o n c e n t r a t i o n s  o f  
a c e ty lc h o lin e  in  v i t r o .  The t i s s u e s  w ere o b ta in e d  
from low immunity, n o n -p a ra s i t is e d  an im a ls .

43 Number o f  C o o p e ria  o n co p h o ra  l a r v a e  (L3 ) t h a t  
m ig ra ted  a f t e r  th re e  hours in c u b a tio n  w ith  ov in e  
duodenal mucus. In cu b a tio n  was c a r r ie d  o u t 2 : 1 
v /v  mucus : la rv a e . The r e s u l t s  a re  ex p ressed  a s  
a  p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

44 Number o f  O s te r ta g ia  c irc u m c in c ta  la rv a e  (L3 ) t h a t  
m ig ra ted  a f t e r  th re e  hours in c u b a tio n  w ith  o v in e  
d u o d e n a l m ucus. I n c u b a t io n  was c a r r i e d  o u t  
1 : 2 v / v  m ucus : l a r v a e .  T he r e s u l t s  a r e  
e x p re s s e d  a s  a  p e r c e n ta g e  o f  th e  t o t a l  num ber o f  
p a r a s i t e s .
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45 Number o f  0. c irc u m cin c ta  L3  t h a t  m ig ra ted  a f t e r
th re e  hours in cu b a tio n  w ith  ov ine  duodenal mucus
and fa e ce s . In cu b a tio n  was c a r r ie d  o u t 1 : 1  v /v  
mucus : l a r v a e .  R e s u l t s  a r e  e x p r e s s e d  a s  a  
p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

46 Number o f  0. c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r  
24 hours in c u b a tio n  w ith  ov ine duodenal mucus and 
f a e c e s .  I n c u b a t i o n  w as c a r r i e d  o u t  1:1 v /v  
mucus : la rv a e . R e su lts  exp ressed  a s  a  p e rcen tag e  
o f  th e  t o t a l  number o f  p a r a s i t e s .

47 Number o f  0. c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r
24 h o u rs  in c u b a t io n  w i th  v a r io u s  a n t h e l m i n t i c  
d r u g s  i n  m e th a n o l .  R e s u l t s  e x p r e s s e d  a s  a  
p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .  .

48 Number o f  0. c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r
48 h o u rs  in c u b a t io n  w i th  v a r io u s  a n t h e l m i n t i c  
d r u g s  i n  m e th a n o l .  R e s u l t s  e x p r e s s e d  a s  a  
p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

49 Number o f  0. c irc u m cin c ta  L3  t h a t  m ig ra ted  a f t e r
72 h o u rs  in c u b a t io n  w i th  v a r io u s  a n t h e l m i n t i c  
d r u g s  i n  m e th a n o l .  R e s u l t s  e x p r e s s e d  a s  a  
p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

50 Number o f  0. c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r
24 h o u rs  in c u b a t io n  w i th  v a r io u s  a n t h e l m i n t i c  
d ru g s  i n  d im e th y ls u lp h o x id e  (DMS0). R e s u l t s  
e x p re s s e d  a s  a  p e rc e n ta g e  o f  t h e  t o t a l  num ber o f  
p a r a s i t e s .

51 Number o f  0^ c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r
48 hour in c u b a tio n  w ith  v a rio u s  a n th e lm in tic  d ru g s  
i n  d im e th y ls u lp h o x id e  (DMS0). R e su lts  ex p ressed  
a s  a  p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

52 Number o f  0^ c irc u m c in c ta  L3  t h a t  m ig ra ted  a f t e r
72 h o u rs  in c u b a t io n  w i th  v a r io u s  a n t h e l m i n t i c  
d ru g s  i n  d im e th y ls u lp h o x id e  (DMS0). R e s u l t s  
e x p re s s e d  a s  a  p e rc e n ta g e  o f  t h e  t o t a l  num ber o f  
p a r a s i t e s .

53 Comparison o f  th e  e f f e c t  o f  v a r io u s  c o n c e n tra tio n s
o f  iv e rm e c tin  on 0 ^ c irc u m cin c ta  L3  a s  a s se s se d  by 
la r v a l  m o t i l i ty  and la r v a l  m ig ra tio n  a f t e r  th r e e  
h o u r s  i n c u b a t i o n .  R e s u l t s  e x p r e s s e d  a s  a  
p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .
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T able  54 Number o f  0^ c i r c u m c in c ta  L3  t h a t  w ere  m o t i l e
a f t e r  t h r e e  h o u r s  i n c u b a t i o n  w i t h  v a r i o u s  
c o n c e n t r a t i o n s  o f  t h e  a n t h e l m i n t i c  d r u g  
iv e rm e c tin . R e su lts  exp ressed  a s  a  p e rcen tag e  o f  
th e  t o t a l  number o f  p a r a s i t e s .

'fa b le  55 Mean m o tility  (expressed as percentage o f control
m o tility ) o f  0. circum cincta L3 a f t e r  in cu b a tio n  
w ith  v a r io u s con cen tration s o f prostaglandins E-| 
and E2 (PGE-j and PGE2 )„

T able  56 Mean m o tilig y  (expressed  a s  p e rcen tag e  o f  c o n tro l
m o t i l i ty )  o f  0 . c i r c u m c in c ta  L3  a f t e r  in c u b a t io n  
w ith  le u k o tr ie n e s  B4 , C4  and D4 (LTB4 , C4  and D4 ) .

Table  57 The mean m o t i l i t y  o f  s h e a th e d  and  e x s h e a th e d
0 . c irc u m c in c ta  L3  a f t e r  in c u b a tio n  w ith  w a te r  and 
le u k o tr ie n e  C4  (0.1 u g /m l). R e s u l t s  e x p re s s e d  a s  
a  p e rcen tag e  o f  th e  t o t a l  number o f  p a r a s i t e s .

T ab le  58 The mean m o t i l i t y  o f  s h e a th e d  and  e x s h e a th e d
0 . c i r c u m c in c ta  L 3  e x p re s s e d  a s  a  p e r c e n ta g e  o f  
c o n tro l  m o t i l i ty  a f t e r  in c u b a tio n  w ith  le u k o tr ie n e  
C4  (0.1 u g /m l).

T ab le  59 The ED^q (ug th ia b e n d a z o le /m l)  o b ta in ed  from  egg
h a tch  a ssay s  w ith  a  benzim idazo le  r e s i s t a n t  s t r a i n  
(HERO) o f  O s te r ta g ia  c irc u m c in c ta .

T ab le  60 The ED^q (ug th ia b e n d a z o le /m l)  o b ta in e d  fro m  egg
h a tch  a ssa y s  w ith  a  benzim idazo le  r e s i s t a n t  s t r a i n  
(HERO) o f  O s te r ta g ia  c irc u m c in c ta  a f t e r  s to ra g e  a t  
4°C f o r  fo u r  months.

T ab le  61 The ED^q (ug th ia b e n d a z o le /m l)  o b ta in e d  fro m  egg
h a tch  a ssa y s  w ith  a  benzim idazo le  r e s i s t a n t  s t r a i n  
(Moredun) o f  O s te r ta g ia  c irc u m c in c ta .

'fa b le  62 The le v e l  o f  r e s is ta n c e  a s  d e term ined  by th e  EDcq
o b ta in ed  from  egg h a tch  a ssay s  o f  a  ben zim id azo le  
r e s i s t a n t  HERO s t r a i n ,  a  benzim idazo le  r e s i s t a n t  
M oredun s t r a i n  and  a  b e n z im id a z o le  s u s c e p t i b l e  
Bearsden s t r a i n  o f  0 . c ircu m cin c ta .
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F igure 8

F igure 9

F igure 10 

F igure 11

The abomasal cannula  used in  th e se  experim ents 

The abomasal cannula  in  s i t u  

B io sy n th e tic  pathway o f  th e  e ico san o id s  

S tru c tu re  o f  meclofenam ic a c id

Mean c o n c e n t r a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  
th e  plasma o f  two groups o f  a d u l t  sheep. Groups 1 
and  3 , e a c h  a n im a l r e c e iv e d  500 mg m e c lo fe n a m ic  
a c id  d a i ly . Group 1, each an im al re c e iv e d  200,000 
0 . c ircu m cin c ta  L3  on day 0 a s  a  s in g le  d o se .

Mean plasm a pepsinogen a c t i v i t i e s  (I.U.) o f  th r e e  
g ro u p s  o f  a d u l t  sh ee p . G roups 1 and  2 f e a c h  
a n im a l r e c e iv e d  2 0 0 , 0 0 0  0 . c i r c u m c in c ta  L3  on  
day 0 a s  a  s i n g l e  d o se . G roups 1 an d  3 , e a c h  
anim al re c e iv e d  500 mg meclofenamic a c id  d a i ly .

Mean c o n c e n t r a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  
th e  p lasm a o f  tw o groups o f  a d u l t  sheep. Groups 1 
and  3 , e a c h  a n im a l r e c e iv e d  500 mg m e c lo fe n a m ic  
a c i d  d a i l y .  G roup  1 , e a c h  a n im a l  2 0 0 ,0 0 0
0 . c ircu m cin c ta  L3  on day 0  a s  a  s in g le  d o se .

Mean plasm a pepsinogen a c t i v i t i e s  (I.U.) o f  th r e e  
g ro u p s  o f  a d u l t  sh ee p . G roups 1 and  2 , e a c h  
a n im a l r e c e iv e d  2 0 0 , 0 0 0  O. c i r c u m c in c ta  L 3  on  
day 0 a s  a  s i n g l e  d o se . G roups 1 and  3 , e a c h  
anim al re c e iv e d  500 mg meclofenamic a c id  d a i ly .

Numbers o f  p a r a s i t e  eggs p e r  gram o f  fa e c e s  in  one 
g ro u p  o f  p r e v io u s ly  p a r a s i t e - n a iv e  lam bs. Group
1, each an im al re c e iv e d  75,000 0. c irc u m c in c ta  L3  

on day 0 a s  a  s in g le  dose and 250 mg m eclofenam ic 
a c id  d a i ly .  No p a r a s i t e  eggs w ere d e te c te d  in  th e  
fa e ce s  o f  lambs 49, 104 and 133.

Numbers o f  p a r a s i t e  eggs p e r  gram o f  fa e c e s  in  one 
group o f  p re v iu s ly  p a ra s i te -n a iv e  lam bs. Group 2, 
each an im al re c e iv e d  75,000 O. c irc u m c in c ta  L3  on 
day 0  a s  a  s in g le  dose.

Mean c o n c e n tra tio n  (ug/m l) o f  m eclofenam ate in  th e  
plasm a o f  one group o f  p re v io u s ly  p a r a s i te - n a iv e  
lam b s. Group 1 , e ac h  a n im a l r e c e iv e d  250 mg 
m eclofenam ic a c id  d a i ly  and 75,000 O. c irc u m c in c ta  
L3  on day 0  a s  a  s in g le  dose .
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F igure 12

F igure 13

F igure 14

F igure 15

F igure 16

F igure 17

F igure 18

Figure 19

F igure 20

Mean p la sm a  p e p s in o g e n  a c t i v i t i e s  (I.U .) o f  tw o  
g r o u p s  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Groups 1 a n d  2 , e a c h  a n im a l  r e c e i v e d  7 5 ,0 0 0  
0 . c i r c u m c in c ta  on day  0  a s  a  s i n g l e  d o se . 
Group 1 lam b s  e a c h  r e c e iv e d  250 mg m e c lo fe n a m ic  
a c id  d a i ly .

Numbers o f  p a r a s i te  eggs p e r gram o f  fa e ce s  in  one 
g ro u p  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Group 3 ,  e a c h  a n i m a l  r e c e i v e d  a d u l t  
0 . c i r c u m c in c ta  v i a  ab o m asa l c a n n u la e  on  day  0 , 
and 250 mg meclofenam ic a c id  d a i ly .

Numbers o f  p a r a s i t e  eggs p e r  gram o f  fa e c e s  in  one 
g ro u p  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Group 4 ,  e a c h  a n i m a l  r e c e i v e d  a d u l t  
0 . c ircu m cin c ta  v ia  abomasal cannu lae  on day 0 .

Mean c o n c e n t r a t io n s  (u g /m l) o f  m e c lo fe n a m a te  i n  
t h e  p la sm a  and a b o m asa l f l u i d  o f  one  g ro u p  o f  
p r e v io u s ly  p a r a s i t e - n a i v e  lam b s . Group 3 , e a c h  
an im al re c e iv e d  250 mg m eclofenam ic a c id  d a i ly  and 
a d u l t  c i r c u m c in c ta  v i a  ab o m asa l c a n n u la e  on 
day 0 .

Mean a b o m asa l pH o f  tw o  g ro u p s  o f  p r e v io u s ly  
p a ra s i te -n a iv e  lam bs. Groups 3 and 4, each  an im al 
r e c e i v e d  a d u l t  c i r c u m c i n c t a  v i a  a b o m asa l 
cannulae on day 0. Group 3, each an im al re c e iv e d  
250 mg m eclofenam ic a c id  d a i ly .

Mean p la sm a  p e p s in o g e n  a c t i v i t i e s  (I.U .) o f  tw o  
g r o u p s  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Groups 3 a n d  4 , e a c h  a n im a l  r e c e i v e d  a d u l t  
O. c i r c u m c in c ta  v i a  ab o m asa l c a n n u la e  on d ay  0 . 
Group 3, each an im al re c e iv e d  250 mg m eclofenam ic 
a c id  d a i ly .

Mean p la sm a  p e p s in o g e n  a c t i v i t i e s  (I.U .) o f  tw o  
g r o u p s  o f  p r e v i o u s l y  p a r a s i t e - n a i v e  la m b s .  
Groups 3 a n d  4 , e a c h  a n im a l  r e c e i v e d  a d u l t  
0 . c i r c u m c in c ta  v i a  a b o m asa l c a n n u la e  on day  0 . 
A n im als  i n  g ro u p s  3B and  4B r e c e iv e d  p a r a s i t e s  
from  d o n o rs  t r e a t e d  w i th  m e c lo fe n a m ic  a c id .  
A n im als  i n  g ro u p s  3A and  4A r e c e iv e d  p a r a s i t e s  
from  u n t r e a t e d  d o n o rs . Group 3 , e a c h  a n im a l  
re c e iv e d  250 mg meclofenam ic a c id  d a i ly .

F a c to r s  im p o r ta n t  i n  th e  m a in te n a n c e  o f  t h e  
g a s t r i c  mucus la y e r .

S tru c tu re  o f  bromexhine h y d ro ch lo rid e
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F ig u re  21 S tructure  o f omeprazole
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S tru c tu re  o f  dexamethasone

Abomasal pH a f t e r  t re a tm e n t o f  an  a d u l t  sheep w ith  
o m e p ra z o le , a  s u b s ta n c e  t h a t  r a i s e s  i n t r a g a s t r i c  
pH

Mean plasm a pepsinogen a c t i v i t i e s  (I.U.) o f  th re e  
g ro u p s  o f  sh ee p  t r e a t e d  w i th  v a r io u s  s u b s ta n c e s  
and th e  u n tre a te d  c o n tro l group. A ll an im als  w ere 
c h a l le n g e d  w ith  200,000 Q. c i r c u m c in c ta  L3  on  
day 0 .

Mean p la sm a  p e p s in o g e n  a c t i v i t y  (I.U .) o f  t h e  
g ro u p  t r e a t e d  w i th  o m e p ra z o le  and  th e  p la sm a  
pepsinogen a c t i v i t y  o f  sheep number 104 th a t  a c te d  
a s  a n  u n t r e a t e d  c o n t r o l .  A l l  a n i m a l s  w e re  
c h a l le n g e d  w ith  2 0 0 , 0 0 0  0 . c i r c u m c in c ta  L3  on 
day 0 .

P lasm a  p e p s in o g e n  a c t i v i t i e s  (I.U .) o f  t h e  sh e e p  
t r e a te d  w ith  om eprazole and sheep number 104 t h a t  
a c te d  a s  th e  u n tre a te d  c o n tro l . A ll an im als  w ere 
c h a l le n g e d  w i th  2 0 0 , 0 0 0  0 . c i r c u m c in c ta  L3  on 
day 0 .

Number o f  p a r a s i t e  eggs d e te c te d  in  th e  fa e c e s  o f  
sheep o f  th e  c o n tro l  group. No p a r a s i t e  eggs w ere 
d e te c te d  in  th e  fa e ce s  o f  sheep number 104.

Number o f  p a r a s i t e  eggs d e te c te d  in  th e  fa e c e s  o f  
sheep t r e a te d  w ith  brom hexine. No p a r a s i t e  eggs 
were d e te c te d  in  th e  fa e ce s  o f  sheep number 109.

Number o f  p a r a s i t e  eggs d e te c te d  in  th e  fa e c e s  o f  
sheep t r e a te d  w ith  a  c o r t ic o s te r o id .  No p a r a s i t e  
e g g s  w e re  d e t e c t e d  i n  t h e  f a e c e s  o f  s h e e p  
number 1 2 1 .

S tru c tu re  o f  a c e ty lc h o lin e

S tru c tu re  o f  h is tam in e

S tru c tu re  o f  5-hydroxytryptam ine

S tru c tu re s  o f  p ro s ta g la n d in s  E-j and E3

S tru c tu re s  o f  le u k o tr ie n e s  B^, and

Mean d o se  re s p o n s e  c u rv e s  o f  b o v in e  d u o d e n a l 
t i s s u e  p re p a ra t io n s  to  a c e ty lc h o lin e .
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F ig u re  36

F igu re 37

F igu re 38 

F igu re 39 

F igure 40

F igu re 41

F igu re 42

F igu re 43

F igure 44

Mean dose response  cu rves o f  ov ine  duodenal t i s s u e  
p re p a ra t io n s  to  a c e ty lc h o lin e .

Mean d o se  re s p o n s e  c u rv e s  o f  b o v in e  and  o v in e  
abomasal t i s s u e  p re p a ra t io n s  to  a c e ty lc h o lin e .

S tru c tu re  o f  th iab en d azo le

S tru c tu re  o f  fenbendazole

The v a r i a t i o n  i n  r e s i s t a n c e ,  a s  i n d i c a t e d  by  th e  
EDcjq, d u r in g  th e  seco n d  p a s s a g e  o f  t h e  HFRO 
b enzim idazo le  r e s i s t a n t  s t r a i n  o f  0 . c irc u m c in c ta  
i n  th e  sh ee p  DB16. The a n im a l w as t r e a t e d  w i th  
fenbendazole  (FBZ) on day 31 p o s t in f e c t io n .

The v a r i a t i o n  i n  r e s i s t a n c e ,  a s  i n d i c a t e d  by th e  
ED ^q, d u r i n g  t h e  t h i r d  p a s s a g e  o f  t h e  HFRO 
b enzim idazo le  r e s i s t a n t  s t r a i n  o f  0 . c irc u m c in c ta  
i n  sh ee p  DB62. The a n im a l was t r e a t e d  w i th  
fenbendazo le  (FBZ) on day 28 p o s t in f e c t io n .

The v a r i a t i o n  i n  r e s i s t a n c e ,  a s  i n d i c a t e d  by th e  
ED^q , d u r i n g  t h e  t h i r d  p a s s a g e  o f  t h e  HFRO 
benzim idazo le  r e s i s t a n t  s t r a i n  o f  c irc u m c in c ta  
i n  sh ee p  DB25. The a n im a l w as n o t  t r e a t e d  w i th  
fenbendazo le .

The v a r i a t i o n  i n  r e s i s t a n c e ,  a s  i n d i c a t e d  by  th e  
ED^q, d u r in g  th e  f o u r th  p a s s a g e  o f  t h e  HFRO 
benzim idazo le  r e s i s t a n t  s t r a i n  o f  0 . c irc u m c in c ta  
i n  sh eep  DB5 . The a n im a l was t r e a t e d  w i th  
fenbendazole (FBZ) 32 days p o s t in f e c t io n .

The v a r i a t i o n  i n  r e s i s t a n c e ,  a s  i n d i c a t e d  by  th e  
ED^q , d u r in g  an  i n f e c t i o n  o f  sh ee p  B2 w i th  t h e  
M oredun b e n z i m i d a z o l e  r e s i s t a n t  s t r a i n  o f
0 . c i r c u m c in c ta . The a n im a l was t r e a t e d  w i th  
fenbendazole  (FBZ) 40 days p o s t in f e c t io n .
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GENERAL MATERIALS AND METHODS 

F aecal egg cou n tin g tech n iq u e

F aeca l sam ples w ere c o l le c te d  p e r  rectum  and exam ined f o r  

p a r a s i t e  eg g s  by a  m o d if ie d  M cM aster te c h n iq u e  (G ordon and  

W hitlock, 1939).

3 g o f  f a e c e s  w e re  w e ig h ed  and  ad d ed  t o  42 m l o f  w a te r .  

T h is  was ho m o g en ised  and  th e  r e s u l t i n g  s u s p e n s io n  was p a s s e d  

th ro u g h  a  250 urn s i e v e  (E n d e c o tts  L td .) .  The f i l t r a t e  was 

c o lle c te d , mixed and a  15 ml sam ple removed and c e n tr ifu g e d  in  a  

g l a s s ,  f l a t  b o tto m e d  tu b e  f o r  t h r e e  m in u te s  a t  1500 x  g . The 

su p e rn a ta n t was d isca rd e d  and th e  rem ain ing  p e l l e t  a g i ta te d  u s in g  

a  V ortex m ixer.

S a tu ra te d  s a l t  s o lu t io n  was added to  make a  t o t a l  volume o f  

15 m l and  t h e  f a e c a l  s u s p e n s io n  was m ixed . O nly s u f f i c i e n t  o f  

t h i s  suspension  was removed to  f i l l  b o th  s id e s  o f  a  McMaster worm 

egg  c o u n tin g  s l i d e  (Gelman H aw ksley  L td .) .  Eggs w i th in  b o th  

g r i d s  (0.15 m l) w ere  c o u n te d  u s in g  a  l i g h t  m ic ro sc o p e  an d  th e  

r e s u l t  m u lt ip l ie d  by 50 to  o b ta in  th e  number o f  eggs p e r  gram o f  

f a e c e s .

B aen uanisaticn  tech n iq u e to  d e te c t th ird  sta g e  la rv a e  in  fa e c e s

The im p ro v ed  Baerm ann te c h n iq u e  d e s c r ib e d  by H e n rik s e n  

(1965) was u sed .

1 0  grams o f  f r e s h ly  passed  fa e c e s  were weighed and p la ce d  on 

a  g au ze  s t r i p  w h ich  was made i n t o  a  bag . The bag  was su sp e n d e d  

i n  a  s e d im e n tin g  f l a s k  c o n ta in in g  warm w a te r  and  l e f t  f o r  24 

hours. Larvae which m ig ra ted  from  th e  fa e ce s  in to  th e  w a te r  w ere 

c o l l e c t e d  i n  th e  b o tto m  o f  th e  f l a s k .  The s u p e r n a ta n t  w as 

c a r e f u l ly  removed to  le av e  1 0  ml o f  th e  re s id u e . 1  ml a l iq u o ts



were tak en  o f  th e  re s id u e  and examined under a  l i g h t  m icroscope 

u s in g  a  l a r v a l  c o u n t in g  s l i d e .  A l l  t h e  r e s id u e  was ex am in ed . 

The number o f  la rv a e  p e r  gram o f  fa e ce s  was th en  c a lc u la te d .

S a lt flo ta tio n  tech n iq u e to  d e te c t th ird  sta g e  la rv a e in  fa e c e s

A tech n iq u e  s im i la r  to  t h a t  employed f o r  d e te c t in g  p a r a s i t e

eg g s i n  f a e c e s  was u se d  a s  an  a d d i t i o n a l  m ethod  o f  l a r v a l

d e t e c t i o n .  S a tu r a te d  s a l t  s o l u t i o n  was added  t o  th e  f a e c a l

hom ogenate  and  t h i s  w as u se d  t o  f i l l  a  l a r v a e  c o u n tin g  s l i d e .

Using a  l i g h t  m icroscope, th e  number o f  la rv a e  were coun ted .

A bom asal p a r a s ite  id e n t if ic a t io n  and e s tim a tio n  o f  p a r a s ite  
numbers

P rocessin g  o f  abom asal co n ten ts and mucosa

The abomasum was acq u ired  a t  necropsy  and opened a lo n g  i t s  

g r e a t e r  c u r v a tu r e .  The c o n te n t s  w ere  c o l l e c t e d  and  th e  pH 

e s tim a te d . The m ucosal s u rfa c e  o f  th e  abomasum was g e n tly  washed 

w ith  w a te r to  remove a l l  food p a r t i c l e s  and th e  w ashings added to  

th e  c o n te n ts .

The volum e o f  th e  a b o m a s a l ' c o n te n t s  w as made up t o  tw o  

l i t r e s  w ith  w a ter. T his was w e ll mixed and 200 ml a l iq u o ts  tak en  

i n t o  l a b e l l e d  c o n ta i n e r s  t o  w h ich  20 ml o f  40% f o r m a l in  w as 

added.

The ab o m asa l m ucosa was rem oved u s in g  th e  ed g e  o f  a  g l a s s  

m icroscope s l id e  and in cu b a ted  a t  42°C in  a  p e p s in -h y d ro c h lo ric  

a c id  m ix tu r e  f o r  e i g h t  h o u rs . A p p ro x im a te ly  1 : 3 (v /v )  w as 

ad d ed . I t  w as p e r i o d i c a l l y  sh ak en  d u r in g  t h i s  t im e . A f t e r  

d i g e s t i o n ,  th e  volum e w as made up t o  tw o  l i t r e s  w i th  w a te r ,  

a l iq u o ts  w ere tak en  and fo rm a lise d  a s  above.
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The p e p s in -h y d ro c h lo ric  a c id  m ix tu re  was made up a s  fo llo w s .

80 g  o f  p ep sin  A (B r i t is h  Drug Houses) w ere added to  seven  l i t r e s  

o f  c o ld  w a te r .  240 m l o f  h y d r o c h lo r ic  a c id  w e re  ad d ed  and  th e  

t o t a l  volume made up to  e ig h t  l i t r e s  w ith  w a te r .

E stim ation  o f  p a r a site  numbers

The abom asal c o n te n ts  and m ucosal d ig e s ts  w ere w e ll mixed 

and 2  ml a l iq u o ts  w ere t r a n s f e r r e d  to  p e t r i  d ish e s  marked w ith  a  

g r i d .  S e v e ra l  d ro p s  o f  a  45% io d in e  s o l u t i o n  w ere  ad d ed  and  

d e co lo u rise d  w ith  a  2 . 6 % sodium th io s u lp h a te  s o lu tio n .

P a ra s i te s  w ere counted and d i f f e r e n t i a t e d  in to  a d u l t s ,  m ale 

and  f e m a le , f i f t h  s ta g e  l a r v a e  (young a d u l t s )  and  f o u r t h  s t a g e  

la rv a e .

The fo u r th  s ta g e  la rv a e  a re  d is tin g u is h e d  by t h e i r  s m a lle r  

s iz e  and la c k  o f  m ature re p ro d u c tiv e  system .

F i f t h  s t a g e  l a r v a e ,  o r  young a d u l t s ,  a r e  l a r g e r .  The « 

fe m a le s  h av e  v u lv a l  f l a p s  b u t  no eg g s  i n  th e  u t e r i .  The m a le s  

h a v e  s p i c u l e s ,  g u b e rn acu lu m  and  b u r s a l  r a y s  b u t  th e y  h a v e  n o t  

a t ta in e d  m ature a d u l t  d im ensions.

A du lts  a re  m ain ly  d is t in g u is h e d  on a  s iz e  b a s is .  O ften  th e  

fem ale u t e r i  a r e  f i l l e d  w ith  eggs.

E stim ation  o f plarena pepsinogen a c t iv ity

The c o n c e n t r a t io n s  o f  p e p s in o g e n  i n  p la sm a  sa m p le s  w e re  

e s tim a te d  u sin g  a  method m od ified  from th a t  d e sc rib e d  by Edwards, 

J e p s o n  and  Wood (1960). The p la sm a  w as in c u b a te d  a t  37°C w i th  

bovine serum album in s u b s t r a te  (F ra c tio n  V, Sigma C hem icals L td .) 

a t  pH 2 f o r  24 h o u rs .  The p h e n o l ic  am ino  a c id  ( t y r o s in e )  

l i b e r a t e d  was e s t i m a te d  u s in g  F o l i n - C io c a l t e u 's  r e a g e n t  (BDH 

Chem icals L td .). C o rrec tio n s  were made f o r  norm al n o n -in cu b a ted ,
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c o n c e n tra tio n  o f  ty r o s in e - l ik e  su b stan ces  and a ls o  th e  r e le a s e  o f

th e se  sub stan ces  due to  in c u b a tio n  o f  bovine serum album in a lo n e .

Method:

1. The pH o f  a  2% s o l u t i o n  o f  b o v in e  serum  a lb u m in  (BSA) w as 

a d ju s te d  to  pH 1 .5  u s in g  2N HC1 on th e  day o f  u se .

2 . Each plasm a sam ple was d iv id e d , 0.5 ml to  be in cu b ated  and 

0 .5  m l t o  be  th e  n o n - in c u b a te d  c o n t r o l .  2.5 m l o f  t h e  

a c id i f ie d  BSA was added to  bo th  sam ples.

3 . The t e s t  sam p le  was in c u b a te d  a t  37°C f o r  24 h o u rs  i n  a  

se a le d  c o n ta in e r .

4 . The un incubated  c o n tro ls  w ere im m edia te ly  p re c ip a te d  by th e  

a d d it io n  o f  5 ml o f  4% t r i c h lo r o a c e t ic  a c id  (TCA).

5 . To c a l c u l a t e  t h e  r e l e a s e  o f  t y r o s i n e - l i k e  s u b s ta n c e s  from  

in c u b a t io n  o f  BSA a lo n e ,  BSA b la n k s  w ere  made up . T h ese  

c o n s is te d  o f  fo u r  c o n ta in e rs  a l l  c o n ta in in g  2.5 ml BSA w ith  

0 .5  m l o f  d e io n is e d  w a te r .  Two w ere  in c u b a te d  w i th  t h e  

s a m p le s , tw o  w ere  im m e d ia te ly  p r e c i p i t a t e d  w i th  5 m l o f  

4% TCA.

6 . The p r e c i p i t a t e d  s u s p e n s io n s  w e re  a l lo w e d  t o  s ta n d  f o r  30 

m inutes and w ere th e n  f i l t e r e d  th rough  Whatman No. 44 f i l t e r  

paper. The f i l t r a t e  was s to re d  in  a  r e f r i g e r a to r  u n t i l  th e  

in cu b a tes  w ere ready.

7 . The in c u b a te d  sa m p le s  w ere  p r e c i p i t a t e d  and  f i l t e r e d  a s  

d e sc rib e d  above.

8 . 1  ml o f  each f i l t r a t e  was t r a n s f e r r e d  to  s u i ta b ly  l a b e l le d  

v e s s e ls  c o n ta in in g  10 ml o f  0 .25 N NaOH.
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9. 1 m l o f  e ac h  o f  t h e  t y r o s i n e  s ta n d a r d s ,  r e s p e c t i v e l y  0 .2 , 

0.4 and 0.6 umoles o f  ty ro s in e /m l, were a ls o  added to  10 ml 

o f  0.25 N NaOH.

10. A r e a g e n t  b la n k  was s e t  up c o n ta in in g  1 m l o f  w a te r  w i th  

10 ml o f  0 .25 N NaOH.

11. To a l l  t h e s e ,  1.5 m l o f  d i l u t e d  F o l i n - C io c a l t e u 's  r e a g e n t  

was added. T h is had been d i lu te d  (1 : 2 v /v ) w ith  d e io n ise d  

w a te r im m edia te ly  p r io r  to  use.

12. T h i r ty  m in u te s  l a t e r  t h e  b lu e  c o lo u r  was r e a d  u s in g  a  

spectropho tom eter a t  725 nm.

R esu lts

The read in g  f o r  th e  re a g e n t b lank  was s u b s tra c te d  from  a l l  

re a d in g s .

The read in g s  f o r  each un incubated  sam ple was s u b tra c te d  from  

t h a t  f o r  th e  in cu b a ted  sam ple.

The c a lc u la t io n  o f  ty ro s in e  re le a s e d  from in c u b a tio n  o f  BSA 

a lo n e  was su b tra c te d  from  each sam ple v a lu e . From th e  ty ro s in e  

s tan d a rd s  a  f a c to r  was c a lc u la te d  to  co n v e rt a l l  th e  re a d in g s  to  

um oles o f  ty ro s in e . T h is f a c to r  was used  to  c o n v ert a l l  re a d in g s  

t o  u m o les  o f  t y r o s i n e  r e l e a s e d  on in c u b a t io n  d u e  t o  a c t i o n  o f  

a c t iv a te d  pepsinogen in  0.125 ml plasm a in  24 hours. The r e s u l t  

was c o n v e r te d  t o  u m o les  o f  t y r o s i n e  r e l e a s e d  by 1 , 0 0 0  m l o f  

plasm a p e r  m inute -  I n te r n a t io n a l  U n its  ( I .U . ) .

A banasal cannulae

The abom asal cannulae  used in  th e se  experim en ts  w ere made o f  

a  l i g h tw e ig h t  T e f lo n  m a t e r i a l .  The d e s ig n  and  d im e n s io n s  a r e  

shown i n  F ig u r e s  1 and  2. The e s s e n t i a l  p a r t  was t h e  b a r r e l
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w hich f i t t e d  in to  th e  f i s t u l a  betw een th e  abom asal lumen and th e  

sk in . The b a r r e l  was th read ed  and i t  had an  in te r n a l  d ia m e te r  o f  

13 mm and le n g th  o f  55 mm.

An i n t e r n a l  f l a n g e  w as p e rm a n e n tly  a t t a c h e d  t o  t h e  b a r r e l  

and  l a y  w i th in  t h e  lum en o f  t h e  abomasum. T h is  w as co n cav e  

tow ards th e  abom asal lumen. The p e r i to n e a l  f la n g e  la y  betw een 

th e  p e r io n e a l  s u r f a c e s  o f  th e  v i s c e r a  and  th e  ab d o m in a l w a l l .  

T h is  had la rg e  h o le s  which a llo w ed  f ib ro u s  t i s s u e  to  grow th rough  

and h o ld  th e  cannula  in  p la c e .

The e x t e r n a l  f l a n g e  f i t t e d  o n to  t h e  b a r r e l  e x t e r n a l l y  

a g a i n s t  t h e  s k in  t o  s to p  th e  e x t e r n a l  end  o f  t h e  b a r r e l  fro m  

s l ip p in g  in to  th e  abdom inal c a v i ty .

The b a r r e l  was c lo se d  w ith  a  cap .

G annulation o f  th e  o v in e  abomasum

The a n im a l was a n a e s t h e t i s e d  w i th  sodium  p e n to b a r b i to n e  

a d m in is te r e d  in t r a v e n o u s ly  ( S a g a ta l ,  May and  B ak er L td .)  a t  a  

dose o f  abou t 20 mg/kg bodyw eight. A naesthesia  was m a in ta in ed  by 

in c re m en ta l doses a s  re q u ire d .

The c a n n u la  was i n s e r t e d  by a  te c h n iq u e  b a se d  on t h a t  

d e sc rib e d  Hecker (1974).

The a n im a l was p la c e d  on i t s  l e f t  s i d e  and  th e  o p e r a t i v e  

a r e a  c l ip p e d  and  c le a n e d . A r i g h t ,  ( p a r a c o s ta l )  i n c i s i o n  w as 

made in  th e  low er t h i r d  o f  th e  abdomen and th e  abomasum lo c a te d . 

The fundus and p y lo r is  o f  th e  abomasum w ere e x te r io r i s e d  a s  f a r  

a s  was p o s s ib l e .  The a r e a  s u r ro u n d in g  th e  abomasum was p a ck e d  

w ith  s t e r i l e  swabs.

A h o r iz o n ta l  in c is io n  was made in to  th e  abom asal w a ll  on th e  

g r e a te r  c u rv a tu re  a t  th e  fu n d ic /p y lo r ic  ju n c tio n . The in c i s io n
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was j u s t  l a r g e  enough t o  a l lo w  e n t r y  o f  th e  i n t e r n a l  f l a n g e  o f  

th e  c a n n u la . The b a r r e l  o f  t h e  c a n n u la  was p la c e d  c lo s e  t o  one  

end o f  th e  in c is io n . In v e r t in g  s u tu re s  were p laced  to  c lo se  th e  

i n c i s i o n  u s in g  s t e r i l e  c a t  g u t  e n d in g  a t  t h e  b a r r e l  o f  th e  

cannula . The s u tu re s  w ere co n tinued  around th e  b a r r e l ,  in v e r t in g  

th e  abom asal w a ll around i t .  The p e r i to n e a l  f la n g e  was screw ed 

on to  th e  b a r r e l  t o  h o ld  th e  abom asal w a ll betw een th e  p e r i to n e a l  

and  i n t e r n a l  f l a n g e  o f  t h e  c a n n u la . The b a r r e l  o f  t h e  c a n n u la  

w as s t u f f e d  w i th  sw abs t o  p r e v e n t  e s c a p e  o f  c o n te n t s .  The 

abomasum and  c a n n u la  w ere  r e tu r n e d  t o  t h e  abdom en and  th e  

abomasum a llow ed  to  l i e  in  i t s  norm al p o s i t io n . The cannula  was 

e x te r io r is e d  th rough  a  s e p a ra te  s ta b  in c is io n  j u s t  la rg e  enough 

t o  a l lo w  th e  b a r r e l  t o  p a s s  th ro u g h . T h is  seco n d  i n c i s i o n  w as 

g e n e r a l l y  a n t e r o v e n t r a l  t o  t h e  f i r s t .  The e x t e r n a l  f l a n g e  w as 

th e n  added  t o  l i e  a g a i n s t  th e  body w a l l .  The o r i g i n a l  i n c i s i o n  

was c lo se d  in  s e v e ra l  la y e r s  u s in g  s tan d a rd  s u rg ic a l  te ch n iq u es . 

The sw abs w ere  rem oved from  th e  c a n n u la  and  th e  b a r r e l  w as 

s to p p ered  u s in g  a  screw  cap.

P reparation  o f la r v a l inoculum

The a n i m a l s  t h a t  w e re  t o  p r o v i d e  t h e  p a r a s i t i c  

O s te r ta g ia  c i r c u m c in c ta  l a r v a e  (L3 ) w ere  exam in ed  from  d ay  21 

p o s t - in f e c t io n  f o r  th e  p resen ce  o f  p a r a s i t e  eggs in  th e  fa e c e s . 

When a  p o s i t iv e  f a e c a l  egg count was o b ta in ed  a l l  fa e ce s  from th e  

an im al w ere c o l le c te d  by means o f  a  bag suspended ov er and below  

th e  anus by a  h a rn ess . Male an im als  w ere used in  t h i s  p ro ced u re  

t o  a v o id  u r in e  c o n ta m in a t io n  o f  t h e  f a e c e s .  The f a e c e s  w e re  

c o l le c te d  from  th e  bag tw ic e  d a i ly  and d iv id e d  in to  a l iq u o ts  o f  

ap p rox im ate ly  100 gram s. Each a l iq u o t  was p laced  in  a  g la s s  j a r



f o r  in cu b a tio n . Where th e  fa e c e s  w ere very  s o f t ,  a  sm a ll amount 

o f  v e rm ic u li te  was added to  make a  f irm e r  mass.

The f a e c e s  w ere  in c u b a te d  f o r  t e n  d ay s  a t  22°C t o  a l lo w  

developm ent o f  th e  eggs th rough  f i r s t  and second l a r v a l  s ta g e s  to  

t h e  i n f e c t i v e ,  t h i r d - s t a g e  l a r v a e  (L3 ) o f  c i r c u m c in c ta .  A t 

t h e  end  o f  th e  in c u b a t io n ,  warm w a te r  was added  t o  e a c h  o f  t h e  

j a r s  to  cover th e  fa e ce s . T his was l e f t  f o r  th re e  hours to  a llo w  

th e  fa e ce s  to  b reak  up and th e  la rv a e  to  m ig ra te  in to  th e  w a te r .

The f a e c a l  m ix tu r e  was p a s s e d  th ro u g h  a  c o a r s e  s i e v e  t o  

rem ove th e  l a r g e  f a e c a l  m a t t e r .  The f i l t r a t e s  fro m  t h e  sam e 

a n im a l w ere  th e n  p o o le d . The r e s u l t a n t  l i q u i d  w as f u r t h e r  

f i l t e r e d  u s in g  a  B uchner a p p a r a tu s  and  tw o  20 cm m ilk  f i l t e r  

pap ers  (Maxa f i l t e r s ,  A. McCaskie) which a llo w ed  f u r th e r  rem oval 

o f  fa e c a l  m a tte r .

Once a l l  th e  f l u i d  was removed, th e  f i l t e r  paper was p laced  

on to p  o f  a  Baerman ap p ara tu s . T his c o n s is te d  o f  a  g la s s  fu n n e l 

s e a le d  a t  t h e  n a rro w  end  w i th  ru b b e r  tu b in g  and  a  c l i p .  The 

a p p a r a tu s  w as f i l l e d  w i th  warm w a te r .  The f i l t e r  p a p e r  w as 

f l o a t e d  on th e  to p  o f  t h e  w a te r  s u p p o r te d  by a  150 um m e ta l  

s ie v e . The la rv a e  emerge in to  th e  warm w a te r  and by g ra v i ty  a r e  

c o l l e c t e d  a t  t h e  b o tto m  o f  th e  fu n n e l  l e a v in g  th e  r e m a in d e r  o f  

th e  fa e c a l  co n tam in atio n  on th e  f i l t e r  paper. A minimum o f  s ix  

hou rs was a llow ed  f o r  t h i s  p ro cess . The la rv a e  w ere th e n  ru n  o f f  

i n t o  a  c o l l e c t i n g  v e s s e l .  The num ber o f  l a r v a e  p r e s e n t  w as 

e s t im a te d  by c o u n tin g  40 a l i q u o t s  o f  0.025 m l, t h e  c o l l e c t i n g  

v e s s e l  was v ig o ro u s ly  shaken p r io r  to  w ith d raw al o f  each a l iq u o t  

t o  p r e v e n t  l a r v a l  c lu m p in g . The l a r v a l  c o n c e n t r a t io n  was
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a d ju s t e d  t o  l e s s  th a n  30 p e r  0.025 ml t o  a l lo w  m ore a c c u r a t e  

c o u n t in g  and  when th e  l a r v a l  c o n c e n tr a t io n  had been e s tim a te d , 

th e  volume re q u ire d  to  make th e  re q u ire d  inoculum  was c a lc u la te d . 

T h is  volum e was p i p e t t e d  i n t o  u n i v e r s a l  b o t t l e s  and  th e  t o t a l  

vo lum e made up t o  2 0  m l w i th  w a te r ,  w h ich  w as u se d  t o  d o se  

an im als p e r  o s .

S t a t is t ic a l m ethods

G e n e r a l l y ,  r e s u l t s  w e re  a n a l y s e d  f o r  s t a t i s t i c a l l y  

s ig n i f ic a n t  d if f e r e n c e s  u s in g  th e  S tu d e n t 's  t - t e s t  f o r  u n p a ir e d  

d a ta .  The le v e l s  o f  s ig n if ic a n c e  a r e  d e s ig n a te d ,

P (p ro b a b il i ty )  < 0.05 *

P < 0.01 **

P < 0.001 ***

D ata  o b ta in e d  from  ab o m asa l p a r a s i t e  c o u n ts  w ere  t r e a t e d

d i f f e r e n t l y .  A n a ly s is  o f  v a r ia n c e  was c a r r i e d  o u t  w here  t h e r e  

w ere  m ore th a n  tw o  g ro u p s . W ith  tw o  g ro u p s , t - t e s t s  f o r  

p o p u la t io n s  w i th  u n e q u a l v a r ia n c e s  w ere  c a r r i e d  o u t  a f t e r  

tra n s fo rm a tio n  o f  th e  d a ta  to  lo g a rith m s .

The in  v i t r o  s tu d ie s  in to  benzim idazo le  r e s i s t a n t  s t r a i n s  o f  

0 . c i r c u m c in c ta  w e re  a n a ly s e d  u s in g  p r o b i t  t r a n s f o r m a t io n  t o  

e s t im a te  th e  ED5 0  ( th e  dose o f  drug  re q u ire d  to  a f f e c t  50% o f  th e  

in d iv id u a ls  under t e s t ) .

The p r o p o r t io n  o f  i n d i v i d u a l s  a f f e c t e d  a r e  c o n v e r te d  i n t o  

p r o b i t  v a lu e s ,  w h ich  a r e  p l o t t e d  a g a i n s t  t h e  lo g  d o se  o f  t h e  

d ru g . The b e s t  s t r a i g h t  l i n e  i s  c a l c u l a t e d  by  u s in g  th e  m ethod  

o f  maximum lik e l ih o o d  to  w eigh t th e  r e s u l t s .  In  t h i s ,  th e  do ses  

t h a t  g iv e  r e s p o n s e s  c lo s e  t o  50% a r e  c o n s id e r e d  m ore im p o r ta n t  

d e te r im a n ts  o f  th e  ED^q th an  th o se  producing  0  o r  100% re sp o n se .



The m ethod o f  l e a s t  s q u a r e s  was th e n  a p p l ie d  t o  th e  w e ig h te d  

v a l u e s  t o  p ro d u c e  a  s t r a i g h t  l i n e .  The d o s e  o f  d r u g  

correspond ing  to  a  p r o b i t  o f  5 was th en  found, th e  ED^q.
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FIGURE 1

The abom asal cannula used  in  th ese  experim ents





FIGURE 2

The abom asal cannula in  s itu





STUDIES INTO TEE EFFECT GF A NCN-STEKOIDAL ANTI-TNFLAJMADOKY 

ERDG, MECXiOFENAMIC ACID, CN TEE RESPONSES GF SHEEP TO 

O sterta g ia  c ira m c in c ta

INTRODUCTION

Pepsinogen

P e p s in o g en  i s  p ro d u c e d  by th e  zym ogen c e l l s  w i th in  t h e  

g a s t r i c  g la n d s  o f  th e  a c id - p r o d u c in g  s to m ach . T hese  c e l l s  

sy n th e s is e , s to r e  and s e c re te  pepsinogen ( I to ,  1981).

I n  h i s t o l o g i c a l  s e c t i o n s ,  th e  b a s a l  c y to p la sm  s t a i n s  

s t r o n g ly  w i th  b a s i c  d y e s , i n d i c a t i n g  c y to p la sm  r i c h  i n  ro u g h  

endoplasm ic re tic u lu m  (RER).

At th e  c e l l s '  lu m in a l su rfa c e  th e re  a r e  a  few m ic r o v i l l i  and 

th e  c e l l  membrane has a  th in  g ly c o p ro te in  c o a t. The l a t e r a l  c e l l  

membranes a re  r e l a t i v e ly  smooth and a re  jo in e d  t o  a d ja c e n t c e l l s  

a t  t h e i r  a p ice s  by ty p ic a l  ju n c t io n a l  p ro cesses . These c o n s is t  

o f  two a re a s , th e  t i g h t  ju n c tio n  (zonula o ccludens) in  which th e  

o u te r  dense lam inae o f  th e  a d ja c e n t c e l l  membranes a r e  fu sed  and 

th e  in te rm e d ia te  ju n c tio n  (zonula ad h eren s) where th e  membranes 

a r e  s e p a r a t e .  The i n t e r c e l l u l a r  s p a c e  i s  f i l l e d  w i t h  

m u co su b s tan ce  t h a t  a c t s  a s  an  a d h e s iv e .  A d ja c e n t c y to p la s m ic  

condensations c o n ta in  numerous in te rm e d ia te  f i la m e n ts  w hich a re  

a n c h o re d  t o  th e  m em brane by e l e c t r o n  d e n se  p la q u e s  (B anks, 

1986a).

Desmosomes (m acula ad herens) a re  a ls o  p re se n t. These do n o t 

e n c i r c l e  t h e  c e l l ,  b u t  a r e  s c a t t e r e d  a t  d i s c r e t e  l o c a t i o n s .  

T h e s e  a r e  s i m i l a r  t o  t h e  i n t e r m e d i a t e  j u n c t i o n s .  T he
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i n t e r c e l l u l a r  space i s  f i l l e d  w ith  a  s i a l i c - a c id  r i c h  m a te r ia l .

Gap ju n c t io n s  a r e  a l s o  in v o lv e d  i n  j o i n i n g  th e  a d ja c e n t  

c e l l s .  T h e s e  a r e  l i k e  t i g h t  j u n c t i o n s  b u t  t h e  s m a l l  

i n t e r c e l l u l a r  sp a c e  p r e s e n t  c o n ta in s  an  o r d e r ly  a r r a y  o f  

hexagonal su b u n its , which c o n s is t  o f  p ro te in s  t h a t  ex tend  th rough  

th e  c e l l  m em brane and a r e  i n  c o n ta c t  w i th  e ac h  o th e r .  T hese  

ju n c tio n s  a c t  a s  d i f f u s io n  b a r r i e r s  from th e  g land  lumen to  th e  

b lood v e s s e ls ,  f a c i l i t a t e  d i f f u s io n  betw een component e p i t h e l i a l  

c e l l s  and p e rm it i n t e r c e l l u l a r  communication.

L an g ley  i n  1881 d e s c r ib e d  th e  zymogen c e l l  a s  t h e  s i t e  o f  

p e p s in o g e n  s y t h e s i s  w h ich  i s  th e n  s to r e d  i n  g r a n u le s  p r i o r  t o  

r e le a s e .  This has rem ained a s  th e  b a s is  o f  ou r u n d ers tan d in g  o f  

th e  zymogen c e l l .

Many d i f f e r e n t  ty p e s  o f  p e p s in o g e n  h av e  b een  i s o l a t e d  

(S a m lo ff , 1971). T h ese , when r e l e a s e d ,  a r e  a c te d  upon by  a c id  

and by p ep sin  i t s e l f  to  produce i t s  a c t iv e  form , p epsin . T his i s  

th e  r e s u l t  o f  rem oval o f  a  number o f  amino a c id  re s id u e s  from  th e  

pepsinogen; some o f  th e  v a r io u s  p e p tid e s  form ed in  t h i s  p ro c e ss  

can a c t  a s  p ep sin  in h ib i to r s .

P epsin  i s  form ed w ith in  th e  g land  lumen and a c ts  w ith in  th e  

s to m ach  a s  a  p r o te a s e .  The d e f i n i t i o n  o f  p e p s in  i s  a  p r o t e a s e  

t h a t  e x i s t s  a s  an  i n a c t i v e  s t a b l e  zym ogen and  i s  fo rm ed  i n  t h e  

p re s e n c e  o f  a c id .  I t  c l o t s  m ilk . I t  i s  a c t i v e  a t  a c id  pH and  

in a c t iv e  a t  n e u tr a l  o r  s l i g h t ly  a lk a l in e  pH.

The p e p s in o g e n  i s  r e l e a s e d  from  th e  c e l l  by  e x o c y to s i s .  A 

wide v a r ie ty  o f  ag en ts  have been shown to  s t im u la te  pepsinogen 

s e c r e t i o n s  (H ersey , N o r r i s  and  G i l b e r t ,  1984). C h o l in e r g ic
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a g e n ts  s t i m u l a t e  p e p s in o g e n  s e c r e t i o n ,  an  a c t i o n  t h a t  i s  

s p e c i f i c a l l y  i n h i b i t e d  by a t r o p in e  i n d i c a t i n g  a  m u s c a r in ic  

r e c e p to r  mechanism.

H istam ine s t im u la te s  s e c re t io n , a lthough  in  some sp e c ie s  i t  

h a s  o n ly  a  weak e f f e c t  (H ir s c h o w itz  and  S ach s , 1969). B- 

a d r e n e r g i c  a g o n i s t s ,  c h o le c y s to k in in - o c ta p e p t id e  (CCK-OP), 

g a s t r i n ,  i n s u l i n  and  s e c r e t i n  can  a l l  s t i m u l a t e  p e p s in o g e n  

r e l e a s e  (K oelz e t  a l ,  1982; H e rse y , May and S ch y b e rg , 1983; 

K asb ek a r , J e n s e n  and  G a rd n e r , 1983; Raufm an e t  a l ,  1983). 

G a s tr in  s t im u la te s  p ep sin  o u tp u t in  a  number o f  sp e c ie s . I t  i s  

th o u g h t  t h a t  t h e s e  a l l  a c t  v i a  c y c l i c  a d e n o s in e  m o n ophosphate  

(cAMP) o r  c a lc iu m  io n s  (Ca^+), t h e s e  b e in g  se c o n d a ry  m e d ia to r s  

(Raufm an e t  a l ,  1983; H e rsey , N o r r i s  and  G i l b e r t ,  1984). 

T h e re fo re ,  t h e  zymogen c e l l  a p p e a rs  t o  p o s s e s s  a  m u l t i t u d e  o f  

r e c e p t o r s ,  a d r e n e r g i c ,  c h o l i n e r g i c  and  tw o  ty p e s  o f  p e p t id e  

r e c e p to r s  ( s e c r e t i n  and C C K -like). P r o s ta g la n d in s  can  a l s o  

i n h i b i t  pepsinogen o u tp u t in  response  to  h is tam in e .

The a s s o c ia t io n  b etw een  p lasm a p ep sin o g en  a c t iv it y  and
p a r a s itisn

Pepsinogen has, f o r  a  long  tim e , been reco g n ised  a s  p re s e n t  

i n  t h e  b lo o d , t h e  s o u rc e  b e in g  th e  g a s t r i c  zym ogen c e l l s  

( S a m l o f f ,  1 9 7 1 ) . I t  i s  u n c e r t a i n  w h e th e r ,  i n  n o r m a l  

c ircu m stan ces , i t  e n te r s  th rough  endocrine  r e le a s e  from  th e  c e l l s  

d i r e c t l y  in to  th e  b lood s tream , o r  from d eg en e ra tin g  c e l l s .

I n  o s t e r t a g i a s i s  i n  c a t t l e  and  sh ee p  a  r i s e  i n  p la sm a  

pepsinogen a c t i v i t y  has been a s s o c ia te d  w ith  th e  emergence o f  th e  

young a d u l t s  from  th e  g a s t r i c  g la n d s  (A nderson  e t  a l ,  1964; 

Armour, J a r r e t t  and Jen n in g s , 1966; Jenn ings e t  a l , 1967). T his
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was though t to  be a s s o c ia te d  w ith  s t r u c tu r a l  damage and lo s s  o f  

th e  j u n c t i o n a l  p r o c e s s e s  j o i n i n g  a d ja c e n t  c e l l s ,  l e a d in g  t o  an  

in c r e a s e d  p e r m e a b i l i ty  o f  t h e  g a s t r i c  m ucosa (A nderson  e t  a l , 

1965). T h is  w ould  r e s u l t  i n  p e p s in o g e n , p r e s e n t  i n  th e  g a s t r i c  

lum en i n  g r e a t e r  c o n c e n t r a t io n  th a n  n o rm a l due  t o  t h e  e l e v a te d  

abom asal pH, p ass in g  in to  th e  blood and plasm a p ro te in s  from  th e  

b lo o d , i n t o  t h e  g a s t r o i n t e s t i n a l  t r a c t .  M u ll ig a n , D a lto n  and  

Anderson (1963) showed th a t  a s s o c ia te d  w ith  th e  hypoalbum inaem ia, 

t h e r e  w as a  s h o r te n e d  h a l f  l i f e  o f  p la sm a  a lb u m in  d u r in g  

o s t e r t a g i a s i s  an d , u s in g  r a d i o a c t i v e  l a b e l l i n g  t h a t  t h i s  w as 

a s s o c ia te d  w ith  in c re a se d  lo s s  in to  th e  g u t.

Holmes and MacLean (1971) a ls o  showed ev idence o f  a  plasm a 

le a k  and in c re a se d  album in ca tab o lism , b u t th e se  w ere in  d e c lin e  

14 -  2 2 . days p o s t in f e c t io n  o f  sheep w ith  0 . c irc u m c in c ta  w h ile  

th e  plasm a pepsinogen rem ained e lev a te d . They th ough t t h i s  cou ld  

be  due  t o  a  c o m b in a tio n  o f  a  lo n g  b i o l o g i c a l  h a l f  l i f e  o f  o v in e  

pepsinogen, in  a d d it io n  to  co n tin u in g  r i s e s  in  pepsinogen caused  

by develop ing  in h ib i te d  la rv a e .

Murray (1969) and Murray, Jenn ings and Armour (1970) showed 

by e le c tro n  m icroscopy, t h a t  th e  i n t e r c e l l u l a r  spaces in  an im a ls  

p a r a s i t i s e d  w i th  O s t e r t a g i a  spp  w ere  d i l a t e d  and  f i l l e d  w i th  

e lec tro n -o p aq u e  m a te r ia l ,  p robably  p ro te in .

I n  N ip p o s tro n g y lu s  b r a s i l i e n s i s  i n f e s t a t io n  o f  r a t s ,  th e r e  

i s  a ls o  an in c re a se  in  p e rm e a b il ity  o f  th e  i n t e s t i n a l  w a ll  w hich 

h a s  b een  v i s u a l i s e d  by e l e c t r o n  m ic ro sc o p y . T h is  i n c r e a s e  

co in c id e s  w ith  in c re a se d  m ast c e l l  numbers and i t  i s  p o s tu la te d  

t h a t  m e d ia to r s  r e l e a s e d  by th e s e  c e l l s  c o n t r i b u t e  t o  t h e
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p e rm e a b il ity  (Murray, J a r r e t t  and Jen n in g s , 1971).

However, w h ile  plasm a pepsinogen a c t i v i t y  in  young an im a ls  

i s  found to  c o r r e la te  w e ll w ith  th e  number o f  p a r a s i te s  p re s e n t, 

i n  o ld e r  a n im a ls  i t  i s  m ore v a r i a b l e  (M ylrea  and  H o tso n , 1969), 

I n  one s tu d y  i t  w as fo u n d  t h a t  p la sm a  p e p s in o g e n  te n d e d  t o  

in c re a se  w ith  age.

A nderson  (1972; 1973) fo u n d  t h a t  i n  o ld e r  a n im a ls ,  t h e  

p la sm a  p e p s in o g e n  a c t i v i t i e s  r o s e  a s s o c i a t e d  w i th  i n c r e a s e d  

numbers o f  p a r a s i t e  la rv a e  in g e s te d  b u t few e s ta b lis h e d  to  cau se  

d a m a g e . I t  w as s u g g e s t e d  t h a t  t h i s  c o u ld  b e  d u e  t o  a  

h y p e r s e n s i t i v i t y  r e a c t i o n  c a u s in g  an  in c r e a s e  i n  m u c o sa l 

p e r m e a b i l i ty .  T h is  was a l s o  d i s c u s s e d  by A rm our e t  a l  (1 979) 

and Yakoob, Holmes and Armour (1983).

S t r i n g f e l l o w  and Madden (1979) f a i l e d  t o  d e m o n s t r a te  an  

i n c r e a s e  i n  m u co sa l p e r m e a b i l i t y  i n  o s t e r t a g i a s i s  u s in g  t h e  

m a rk e r h o r s e r a d i s h  p e r o x id a s e .  They fo u n d  t h a t  zym ogen c e l l s  

w ere denuded o f  pepsinogen g ran u le s  and th ey  concluded th a t  t h e i r  

r e s u l t s  i n d i c a t e d  th e  h ig h  p e p s in o g e n  i n  p la sm a  was due  t o  i t  

be ing  re ta in e d  in  th e  c i r c u la t io n .  A lso t h a t  th e  zymogen c e l l s  

re le a s e d  pepsinogen d i r e c t l y  in to  th e  c i r c u la t io n  r a th e r  th a n  i t  

p a s s in g  from  th e  g a s t r i c  c o n te n t s  th ro u g h  th e  dam aged m ucosa . 

M cK ella r e t  a l  (1986; 1987) h av e  a l s o  shown r i s e s  i n  p la sm a  

p e p s in o g e n  a c t i v i t i e s  i n  c a l v e s  t r a n s p l a n t e d  w i th  a d u l t  

0 . o s t e r t a g i .  A t r a n s f e r  o f  a  m a in ly  a d u l t  p o p u la t io n  o f  

O s t e r t a g i a  spp  i n t o  sh ee p  a l s o  p ro d u c e d  a  p e p s in o g e n  r i s e  

(A nderson , H ansky and  T i tc h e n ,  1985). T h e r e f o r e ,  i t  w ould  seem  

t h a t  th e  in c re a se d  p e rm e a b il i ty  o f  th e  g a s t r i c  mucosa caused  by
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l a r v a l  damage i s  n o t th e  on ly  mechanism f o r  cau sin g  th e  r i s e  in  

p la sm a  p e p s in o g e n  a c t i v i t i e s  d u r in g  o s t e r t a g i a s i s .  I t  i s  

p o s s ib le  t h a t  a d u l t  p a r a s i te s  them selves cause damage by moving 

in  and o u t o f  th e  mucosa. I t  has been shown t h a t  th e  fem ales  o f  

a  r e la te d  p a r a s i t e  0 . le p to s p ic u la r i s  la y  eggs in  g a s t r i c  g lan d s 

and th e re fo re  p rov ing  t h e i r  c a p a c ity  f o r  m ucosal damage (Al Saqur 

e t  a l , 1980). However, th e re  has n o t been any ev idence  f o r  t h i s  

o c cu rrin g  in  0. c irc u m cin c ta  o r  O. o s te r ta g i  in fe c t io n s .

A l t e r n a t i v e l y ,  t h e  a d u l t  p a r a s i t e s  c o u ld  a f f e c t  t h e  

m a c r o m o l e c u l a r  l e a k ,  p o s s i b l y  m e d i a t e d  b y  t h e i r  

e x e c re to ry / s e c re to ry  p ro d u c ts . I t  i s  p o s s ib le  t h a t  abom asal pH 

i s  s i m i l a r l y  d i r e c t l y  a f f e c t e d  by th e  a d u l t  p a r a s i t e s  ( E i l e r  

e t  a l ,  1981).

I t  h a s  a l s o  b een  s u g g e s te d  t h a t  t h e  zymogen c e l l s  c o u ld  b e  

s t im u la te d  by th e  a d u l ts  to  s e c re te  pepsinogen d i r e c t l y  in to  th e  

c i r c u la t io n  (M cKellar e t  a l ,  1986; 1987).

P ro s ta g la n d in s  o r  o th e r  m ed ia to rs  cou ld  a ls o  be in v o lv ed  in  

th e se  e f f e c t s .

E ioosan oids

E icosano ids a re  a  group o f  su b stan ces  t h a t  a re  form ed from  

t h e i r  p re c u rso r , a ra ch id o n ic  a c id . They in c lu d e  p ro s ta g la n d in s , 

p ro s ta c y c lin , le u k o tr ie n e s  and throm boxanes (Moncada, F low er and 

V ane, 1985). Of t h e s e  com pounds, p r o s ta g la n d in s  h av e  b e en  th e  

s u b je c t  o f  many s t u d i e s .  L e u k o tr ie n e s  and  th ro m b o x an es  w e re  

d is c o v e re d  l a t e r  and  much w ork on t h e i r  a c t i o n s  h a s  y e t  t o  be  

done.
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P ro s ta g la n d in s  a r e  among th e  m ost p re v a le n t o f  a u ta c o id s  and 

have been d e te c te d  in  a lm o st every  t i s s u e  and body f lu i d ,  ex cep t 

e ry th ro c y te s . They a re  produced a s  a  r e s u l t  o f  a  w ide v a r ie ty  o f  

s t im u l i ,  and cau se , in  m inute amounts, a  wide v a r ie ty  o f  e f f e c t s .

A r a c h i d o n ic  a c i d  i s  fo u n d  a s  a  c o m p o n e n t o f  t h e  

p h o s p h o l ip id s  o f  c e l l  m em branes, o r  i n  e s t e r  l in k a g e  i n  o t h e r  

com plex  l i p i d s .  The c o n c e n t r a t io n  o f  f r e e  a r a c h id o n ic  a c id  i s  

low and th e  b io sy n th e s is  o f  e ico san o id s  depends on i t s  r e le a s e  by 

p h o s p h o lip a s e s .  P r o s ta g la n d in s  a r e  n o t  s to r e d  i n  c e l l s  (P ip e r  

and  Vane, 1971) and  t h e r e f o r e  s t i m u l i  m u st in f l u e n c e  t h e i r  

b io s y n th e s is  p robab ly  v ia  th e  phospho lipases. I t  would seem t h a t  

an in c re a se  in  i n t r a c e l l u l a r  calc ium  c o n c e n tra tio n  (Ca^+) and i t s  

a c t i o n  i n  c o m b in a tio n  w i th  c a lm o d u lin  a c t s  a s  t h e  s e c o n d a ry  

m e sse n g e r w i th in  th e  c e l l  and s t i m u l a t e s  a r a c h id o n ic  a c id  

m etabolism .

P r o s ta g la n d in s  c an  be  d iv id e d  i n t o  s e v e r a l  m ain  c l a s s e s ,  

d e s ig n a te d  by l e t t e r s .  The main c la s s e s  a r e  th e n  subd iv ided  in  

accordance w ith  th e  number o f  double bonds on t h e i r  s id e  c h a in s . 

They a r e  a l l  2 0 -c a rb o n  u n s a tu r a te d  c a r b o x y l ic  a c id s  w i th  a  

cy c lo p e n ta n e  r in g .

S y n th es is  beg in s  by th e  a c t io n  o f  cyclo-oxygenase enzyme to  

fo rm  p r o s ta g la n d in  G2  (PGG2 ) and th e n  p r o s ta g la n d in  H2  (PGH2 ). 

Both o f  th e se  compounds a re  ch em ica lly  u n s ta b le  (see F ig u re  3 ) . 

These a re  th en  iso m erised  en zy m a tic a lly  o r  n o n -en zy m atica lly  in to  

d i f f e r e n t  p ro d u c ts  PGE2 , PGF2  o r  PGD2  (F lo w e r , 1978; M oncada, 

F lo w e r  and V ane, 1985). P r o s ta g la n d in s  A, B and  C, w h ich  a r i s e  

fro m  t h e  c o r r e s p o n d i n g  PGE a r e  fo rm e d  c h e m ic a l ly  d u r in g
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e x tra c t io n ,  p robab ly  none o ccu rs  b io lo g ic a l ly .

PGH2  can a ls o  be m e tab o lised  in to  thromboxane A2  (TXA2 ) w ith  

th e  a c t io n  o f  th e  enzyme throm boxane sy n th e ta se . T h is compound 

i s  u n s ta b l e  and  b re a k s  down n o n -e n z y m a t ic a l ly  t o  t h e  s t a b l e  

thromboxane TXB2  (Hamberg, Svensson and Sam uelsson, 1975). PGH2  

can  a l s o  be  u se d  t o  p ro d u c e  th e  u n s ta b l e  compound p r o s t a c y c l i n  

(PGI2 ) by a c t io n  o f  th e  enzyme p ro s ta c y c lin  sy n th e ta se . PGI2  has 

a  d o u b le  r i n g  s t r u c t u r e  and i s  h y d ro ly se d  n o n -en zy m atica lly  to  

th e  s ta b le  compound 6 -k e to  p ro s ta g la n d in  F1oC.

The f i r s t  s t e p  i n  t h e  fo r m a t io n  o f  t h e  l e u k o t r i e n e s  i s  t h e  

fo rm atio n  o f  5-h y d ro p e ro x y e ico sa te traen o ic  a c id  (5-HPETE) by th e  

a c t io n  o f  th e  enzyme 5 -lipoxygenase . 5-HPETE can be co n v erted  to  

5-HETE ( 5 - h y d r o x y e ic o s a te t r a e n o ic  a c id )  o r  t o  l e u k o t r i e n e  A4  

(LTA4 ). L e u k o tr ie n e  A4  c an  b e  c o n v e r te d  t o  LTB4  o r  LTC4 . LTD4 , 

LTE4  and LTF4  can  a l l  be form ed s tep w ise  from LTC4 .

A m ix tu re  o f  le u k o tr ie n e s , c o n ta in in g  LTC4  and LTD4  and LTE4  

make up th e  s u b s ta n c e  known a s  's lo w  r e a c t i n g  s u b s ta n c e  o f  

an ap h y lax is ' (M orris e t  a l , 1980; Lewis and A usten, 1981).

The w ide v a r ie ty  o f  e f f e c t s  caused by p ro s ta g la n d in s  seem to  

be m ediated  by causing  a  r i s e  o f  c y c l ic  adenosine  monophosphate 

(cAMP) w ith in  th e  a f fe c te d  c e l l s  (Bourne, 1974; Moncada, F low er 

and  V ane, 1985). T h ere  a p p e a rs  t o  be  s t r o n g  e v id e n c e  f o r  t h e  

e x i s t e n c e  o f  s p e c i f i c  m e m b ra n e -b o u n d  r e c e p t o r s  f o r  t h e  

e ico san o id s  in  many t i s s u e s .

E f f i c i e n t  m echanism s e x i s t  f o r  th e  i n a c t i v a t i o n  o f  m o s t 

p r o s ta g la n d in s .  T h is  i s  im p o r ta n t ,  a s  su ch  p o te n t ,  v a s o a c t iv e  

com pounds a s  th e s e  c o u ld  c a u s e  w id e sp re a d  e f f e c t s .  The lu n g s
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p la y  an im p o rtan t r o le  in  th e  in a c t iv a t io n  (Flow er, 1978).

As p re v io u s ly  s ta te d ,  p ro s ta g la n d in s  have a  wide v a r ie ty  o f  

e f f e c t s ,  d i f f e r e n t  p ro s ta g la n d in s  o f t e n  h a v in g  o p p o s i te  e f f e c t s  

t o  o th e r s .  Many a r t i c l e s  h av e  re v ie w e d  t h e i r  a c t i o n s  (H iggs 

e t  a l ,  1981; H ig g in s , 1985) and  th o s e  known f o r  l e u k o t r i e n e s  

( P ip e r ,  1983). T h e ir  m o st im p o r ta n t  a c t i o n s  a r e  su m m arised  

below . T h e ir e f f e c t s  on smooth m uscle a r e  d iscu ssed  e lsew h ere .

C a r d i o v a s c u l a r  s y s te m  -  m o s t  p r o s t a g l a n d i n s  c a u s e  

v a s o d ila t io n , b u t some, a t  s e le c te d  s i t e s  cause v a so c o n s tr ic tio n . 

Throm boxane A2  (TXA2 ) a p p e a rs  t o  b e  a  p o w e rfu l  v a s o c o n s t r i c t o r  

(Hamberg, Svensson and Samuels son, 1975). L eu k o trien es  seem to  

a c t  on m ic ro v a su la tu re , to  cause plasm a ex udation  (Dahlen e t  a l ,  

1981). They a re  a ls o  v a s o c o n s tr ic t in g  (P ip er, 1983).

B lood -  P r o s ta g la n d in s  and p r o s t a c y c l i n  e x e r t  p o w e r fu l  

a c t i o n s  on p l a t e l e t s .  G e n e ra l ly  th e y  i n h i b i t  a g g r e g a t io n ,  b u t  

p r o s ta g la n d in  PGE2  e x e r t s  v a r i a b l e  e f f e c t s .  i n(^u c e s

p l a t e l e t  a g g r e g a t io n  (H am berg, S v en sso n  and  S a m u e lsso n , 1975). 

L e u k o t r i e n e  B4  (LTB4 ) i s  a  v e r y  p o t e n t  c h e m o t a c t i c  f o r  

polym orphonuclear leu k o cy tes . 5-HETE and p ro s ta g la n d in  (PGE-j) 

a r e  a ls o  (Higgs, McCall and Y oulten , 1975; G oetzl and Sun, 1979; 

Palm er e t  a l ,  1980; P ip e r , 1983).

G a s t r o i n t e s t i n a l  t r a c t  -  P r o s ta g la n d in s  g e n e ra lly  i n h i b i t  

g a s t r i c  a c id  s e c re t io n  and s t im u la te  b ic a rb o n a te  s e c re t io n  from  

th e  g a s t r i c  m ucosa. They a l s o  h av e  e f f e c t s  on mucus s e c r e t i o n  

and a r e  invo lved  in  m a in ta in in g  b lood flow  to  th e  stom ach. I t  i s  

though t le u k o tr ie n e s  can a ls o  a f f e c t  mucus p ro d u c tio n . T his i s  

d iscu ssed  in  more d e t a i l  e lsew here.
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P r o s ta g la n d in s  a l s o  h av e  e f f e c t s  on th e  k id n e y , a f f e r e n t  

n e rv e s  and  p a in ,  t h e  e n d o c r in e  s y s te m , p o s s ib ly  t h e  c e n t r a l  

nervous system  and have m etab o lic  e f f e c t s .

R ole o f  th e  e io o sa n o id s in  inflam m atory and immune resp on ses

P r o s ta g la n d in s  c o n t r i b u t e  im p o r ta n t ly  t o  th e  g e n e s is  and  

sym ptom s o f  in f la m m a tio n  (M oncada, F e r r e i r a  and Vane, 1978? 

L arsen  and Henson, 1983).

T hey  a r e  r e l e a s e d  w hen t i s s u e s  a r e  m e c h a n i c a l l y  o r  

c h e m i c a l l y  s t i m u l a t e d .  I n i t i a l l y  t h e  s o u r c e  o f  t h e  

p ro s ta g la n d in s  i s  th e  in ju re d  t i s s u e ,  th en  i t  cou ld  be augmented 

by p o ly m o rp h o n u c le a r  le u k o c y te s  w h ich  p ro d u c e  p r o s ta g la n d i n s  

d u r i n g  p h a g o c y t o s i s .  M a c ro p h a g e s  a l s o  c o u ld  a d d  t o  t h e  

p r o s ta g la n d in  c o n c e n t r a t io n  (H ig g s, M cC all and  Y o u lte n , 1975; 

Higgs e t  a l ,  1981). P ro s ta g la n d in s , p a r t i c u la r ly  PGE2  have been 

d e te c te d  in  in flam m atory  le s io n s  in  sheep (Greenwood and K erry , 

1979).

Although p ro s ta g la n d in s  do n o t appear to  have d i r e c t  e f f e c t s  

on v a s c u la r  p e r m e a b i l i t y ,  b o th  PGE2  and  PGI2  m a rk e d ly  e n h an c e  

oedem a fo r m a t io n  and  le u k o c y te  i n f i l t r a t i o n  by prom oting b lood  

flow  in to  th e  in flam ed  a re a  (W illiam s and M orley, 1973? W illiam s 

and  P eck , 1977).

5-HPETE and  5-HETE may b e  r e q u i r e d  f o r  h i s ta m in e  r e l e a s e  

fro m  b a s o p h i l s  and  may a i d  s e c r e t i o n  o f  h i s ta m in e  and  o t h e r  

m ed ia to rs  from m ast c e l l s .

B u t ,  PGEs s u p p r e s s  t h e  s e c r e t i o n  o f  m e d i a t o r s  o f  

in flam m atio n  by m ast c e l l s  in  a n a p h y la c tic  r e a c tio n s  and i n h i b i t  

p a r t i c i p a t i o n  o f  ly m p h o c y te s  i n  d e la y e d  h y p e r s e n s i t i v i t y
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r e a c t i o n s .  They a l s o  i n h i b i t  t h e  r e l e a s e  o f  h y d r o la s e s  and  

ly so so m a l enzym es from  human n e u t r o p h i l s  and mouse p e r i to n e a l  

macrophages. P ro s ta c y c lin  appears  to  in h ib i t  leukocy te  adherence 

to  b lood  v e s s e l  w a lls .

P ro s ta g la n d in s  a re  a ls o  invo lved  in  producing th e  p a in  and 

h y p e ra lg e s ia  o f  in flam m ation . They may a ls o  have a  r o le  in  th e  

p ro d u c tio n  o f  fe v e r  (Moncada, F e r r e i r a  and Vane, 1978; F e ldberg  

and M ilton , 1978).

L e u k o t r i e n e s  B ^, C4  an d  D4  a l l  i n c r e a s e  v a s c u l a r  

p e rm e a b ility . LTB4  can  in c re a s e  th e  adherence and m arg in a tio n  o f  

po ly m o rp h s (D ahlen  e t  a l ,  1981). I t  a l s o  e l i c t s  r e l e a s e  o f  B- 

g lu cu ro n id ase  and lysozyme from n e u tro p h ils .

P r o s ta g la n d in s  a r e  a l s o  th o u g h t t o  p la y  a  r o l e  i n  t h e  

c o n tro l o f  th e  immune system  (Bourne, 1974; P e lu s and S tra u s s e r ,  

1977). In  sum m ary, p r o s ta g la n d in  E-j, i s  th o u g h t t o  i n f l u e n c e  

th e  f u n c t io n s  o f  B ly m p h o c y te s . H um oral a n t ib o d y  r e s p o n s e  i s  

d e c r e a s e d  by PGE-j.. P r o s ta g la n d in s  a l s o  a f f e c t  T ly m p h o c y te s , 

p a r t i c u la r ly  T k i l l e r  c e l l s ,  in  in h ib i t in g  t h e i r  a c tio n . PGE i s  

a ls o  a c t iv e  in  in h ib i t in g  p ro d u c tio n  and r e le a s e  o f  lym phokines 

by s e n s i t i s e d  T c e l l s .

In h ib ito r s o f  e io o sa n o id  production

T h ere  a r e  a  num ber o f  enzym es e s s e n t i a l  t o  e ic o s a n o id  

p ro d u c tio n  th a t  d rugs can  a c t  upon.

P hospholipase in h ib ito r s

I t  i s  though t t h a t  g lu c o c o r tic o id  p re p a ra t io n s  a c t  h e re  and 

p rev en t th e  l ib e r a t io n  o f  a ra ch id o n ic  a c id . T his i s  d isc u sse d  in  

a  l a t e r  s e c t io n .
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C yclo-oxygenase in h ib ito r s

The n o n - s t e r o i d a l  a n t i - in f l a m m a to r y  d ru g s  a c t  h e r e  and  

p rev en t th e  fo rm atio n  o f  p r o s ta g la n d in s  ( F e r r e i r a ,  Moncada and  

V ane, 1971; S m ith  and  W i l l i s ,  1971; Vane, 1971; H iggs e t  a l ,  

1981). The fo r m a t io n  o f  l e u k o t r i e n e s  i s  u n a f f e c te d .  I t  i s  

th ough t t h a t  some p ro -in flam m ato ry  e f f e c t s  caused by th e se  d ru g s , 

f o r  ex am p le , in c r e a s e d  le u k o c y te  m ig r a t io n ,  may be  due  t o  

in c r e a s e d  l e u k o t r i e n e  f o r m a t io n ,  by in c r e a s in g  th e  am ount o f  

a ra ch id o n ic  a c id  a v a i la b le  f o r  lipoxygenases (Adams e t  a l ,  1977; 

H iggs e t  a l , 1980; M o rr is  e t  a l , 1980; M yers and  S ie g e l ,  1983; 

P ip e r ,  1983). T h is  e f f e c t  i s  a b o l i s h e d  a t  h ig h e r  d o s e s  o f  t h e  

a n ti-in flam m ato ry  d rug .

E x a m p le s  o f  c y c lo - o x y g e n a s e  i n h i b i t o r s  a r e  a s p i r i n ,  

phenylbutazone, indom ethacin and meclofenamic a c id .

A l l  th e s e  show s i m i l a r  t o x i c i t y  s ig n s  a s s o c i a t e d  w i th  

g a s t r o in te s t in a l  damage and u lc e ra t io n . There i s  ev idence  th a t  

some c y c lo -o x y g e n a s e  i n h i b i t o r s  a r e  s e l e c t i v e  i n  i n h i b i t i n g  

c y c lo -o x y g e n a s e  from  d i f f e r e n t  t i s s u e s .  F o r  ex am p le , sod ium  

s a l i c y l a t e  and  th e  d u a l  i n h i b i t o r  BW755C h av e  b een  shown t o  

in h i b i t  p ro s ta g la n d in  p ro d u c tio n  g en era ted  by in flam m atio n , b u t 

n o t to  a f f e c t  m ucosal cyclo-oxygenase (W h ittle  e t  a l , 1980).

Dual cyclo-oxygen ase and lip oxygen ase in h ib ito r s

A num ber o f  p y r a z o l in e  a n a lo g u e s  h av e  b een  r e p o r t e d  t o  

i n h i b i t  b o th  enzym es and  t h e r e f o r e  b lo c k  p r o s ta g la n d i n  and  

le u k o tr ie n e  p ro d u c tio n .

A ll o f  th e se  su b stan ces  a re  s t i l l  a t  th e  ex p erim en ta l s ta g e . 

BW755C and BW540 a re  exam ples. BW755C does n o t enhance leu k o cy te
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m ig r a t io n  a t  low  d o s e s  l i k e  some s e l e c t i v e  c y c lo -o x y g e n a s e  

in h ib i to r s .  I t  a c ts  to  d ec rea se  oedema, p ro s ta g la n d in  sy n th e s is  

and leu kocy te  accum ulation . T here fo re  th e  a c t io n s  a r e  s im i la r  to  

th o se  o f  g lu c o c o r tic o id s , b u t do n o t sh a re  th e  same sy stem ic  s id e  

e f f e c t s  (H iggs, F lo w e r  and  V ane, 1979). I n  m o st e x p e r im e n ta l  

m o d e ls , c y c lo -o x y g e n a s e  i n h i b i t o r s  en h an ce  a n t ig e n  in d u c e d  

r e s p o n s e s .  C o r t i c o s t e r o i d s  and  th e s e  d u a l  i n h i b i t o r s  do  n o t .  

T here fo re  t h i s  i s  ev idence t h a t  lipoxygenase  a c t i v i t y  i s  in v o lv ed  

b o th  i n  th e  g e n e r a t io n  o f  a n a p h y la c t ic  m e d ia to r s  and  th e  

s e n s i t i s a t a t i o n  o f  smooth m uscle to  t h e i r  c o n t r a c t i l e  a c t io n s .

Thromboxane sy n th e ta se  in h ib i to r s  

There i s  c u r re n tly  i n t e r e s t  in  analogues o f  im id azo le  which 

a p p e a r  t o  i n h i b i t  th ro m b o x an e  s y n th e t a s e  p r e f e r e n t i a l l y .  One 

example o f  th e se  i s  dazoxiben (P a tr ig n a n i e t  a l ,  1984).

Lipoxygenase in h ib i to r s  

Work i s  s t i l l  i n  t h e  e a r l y  s t a g e s  w i th  th e s e  i n h i b i t o r s .  

FPL 55712 h as been shown to  be a  s e le c t iv e  lipoxygenase  in h ib i to r  

(A ugstein e t  a l , 1973? M organroth e t  a l ,  1984). O ther p ro d u c ts , 

p i r i p r o s t ,  benoxaprofen and n o rd ih y d ro g u a ia re tic  a c id  (NDGA) have 

b een  i n v e s t i g a t e d  and fo u n d  t o  h av e  s i m i l a r  a c t i o n s  (M o rr is  

e t  a l , 1980; Burka, 1985).

23



FIGURE 3

B io sy n th etic  pathway o f  th e  e ico sa n o id s
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M eclofenam ic A cid (N- (2 ,6  ,d ic h lo ro -m -to ly l) a n th r a n ilic  a c id )

M eclofenamic a c id  i s  a  n o n -s te ro id a l  a n ti- in f la m m a to ry  drug  

and a  d e r iv a t iv e  o f  N -p h e n y la n th ra n ilic  a c id . O ther members o f  

t h i s  group, th e  fenam ates, a re  m efenam ic, f lu fen am ic , to lfen a m ic

and  e to fe n a m ic  a c id s  (F lo w e r , Moncada and  V ane, 1985). They

p o ssess  a n a lg e s ic , a n t ip y r e t ic  and a n ti- in f la m m a to ry  p ro p e r t ie s .  

The s t r u c tu r e  o f  meclofenamic a c id  i s  shown in  F ig u re  4.

I t  i s  m arketed in  B r i ta in  f o r  th e  o r a l  t re a tm e n t o f  a c u te  o r  

ch ro n ic  in flam m atory  c o n d itio n s  in v o lv in g  th e  m u s c u lo - s k e le t a l  

sy s te m  o f  th e  h o rs e  (A rq u e l g r a n u le s ,  P a rk e  D a v is ) . I t ' s

p h arm acok ine tics  have been s tu d ie d  in  t h i s  sp e c ie s  (Snow, B ax ter 

and  W h itin g , 1981). I t  i s  n o t  w id e ly  u se d  i n  human m e d ic in e  

b e c a u se  o f  i t s  f r e q u e n t  s id e  e f f e c t s ,  p a r t i c u l a r l y  d i a r r h o e a ,  

which can be sev e re  (Flow er, Moncada and Vane, 1985).

A c tiv ity

L ik e  o t h e r  n o n - s t e r o i d a l ,  a n t i - i n f l a m m a t o r y  d r u g s ,  

m eclofenam ic a c id  a c ts  on th e  enzyme cyclo-oxygenase, which i s  

n e c e s s a r y  f o r  th e  s y n th e s i s  o f  p r o s ta g la n d in s  from  t h e i r

p re c u rso r , a ra ch id o n ic  a c id  (Vane, 1971; F e r r e i r a  and Vane, 1979; 

H iggs e t  a l , 1981). I t  i s  th o u g h t t h a t  i t  i n h i b i t s  t h i s  enzym e 

by b in d in g  t o  t h e  a c t i v e  s i t e  a s  i t ' s  a r o m a t ic  m o ie t i e s  a r e  

s i m i l a r  t o  th e  p o ly e n e  sy s te m  i n  a r a c h id o n ic  a c id  (S hen , 1979). 

M eclofenam ic a c id  i s  th ough t to  b ind  i r r e v e r s ib ly  and th e re fo re  

new enzym es h av e  t o  be  g e n e r a te d  b e fo re  f u r th e r  p ro s ta g la n d in s  

can be form ed (Lees and H iggins, 1985).

Cyclo-oxygenase p ro d u c ts  sy n e rg ise  w ith  o th e r  in flam m ato ry  

m ed ia to rs , th e re fo re  t h e i r  rem oval reduces th e  e f fe c t iv e n e s s  o f
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su b stan ces  such a s  h is ta m in e . P r o s ta g la n d in  p ro d u c t io n  i s  n o t  

no rm ally  e le v a te d  u n le ss  th e re  i s  t i s s u e  damage and t h i s  e x p la in s  

why cyclo-oxygenase in h ib i to r s  a re  n o t a n a lg e s ic  o r  a n t ip y r e t ic  

in  th e  absence o f  inflam m ation (Higgs e t  a l , 1981).

I n  a d d i t i o n ,  t h e  f e n a m a te s  h a v e  b e e n  fo u n d  t o  b e  

p r o s ta g la n d in  a n t a g o n i s t s ,  a s  th e y  in t e r a c t  w ith  p ro s ta g la n d in  

re c e p to r s  (C o ll ie r  and Sweatman, 1968).

L ik e  o th e r  n o n - s t e r o i d a l  a n t i - in f l a m m a to r y  d ru g s ,  t h e  

fenam ates a r e  a c id ic  and t h i s  i s  though t to  a id  t h e i r  accu m u la tio n  

i n  in f la m e d  t i s s u e  (Snow, 1983). M ec lo fen am ic  a c id  i s  a l s o  

h ig h ly  p ro te in  bound in  p lasm a (Snow, B ax ter and W hiting, 1981). 

I t  i s  p r o b a b l e ,  b e c a u s e  o f  i t s  h ig h  p r o t e i n  b i n d i n g  

c h a r a c t e r i s t i c s ,  t h a t  i t  re m a in s  i n  t i s s u e s  a f t e r  p la sm a  

c o n c e n tra tio n s  a re  u n d e te c ta b le  (Snow, 1983).

Snow, B a x te r  and  W h itin g  (1981) h av e  shown t h a t  u n l ik e  

a n o th e r n o n -s te ro id a l d rug , phenylbutazone, s im i la r  a b so rp tio n  in  

f a s t e d  a n d  n o n - f a s t e d  p o n ie s  w as o b t a i n e d  a f t e r  o r a l  

a d m in is tra tio n  o f  meclofenam ic a c id .

T o x ic ity

H igh d o s e s  have  b een  shown t o  c a u se  u l c e r a t i o n  o f  t h e  

g a s t r o in te s t in a l  t r a c t  and re n a l  t o x ic i ty  (Kaump, 1966). P on ies 

on low  d o se s  w ere  a l s o  shown t o  p ro d u c e  a  p r o t e i n - l o s i n g  

g a s tro en te ro p a th y  b u t t h i s  was le s s  marked th a n  th a t  seen  w ith  

p h e n y lb u ta z o n e . T h e re  h a s  b een  some d o u b t e x p re s s e d  a s  t o  

w hether th e  plasm a p ro te in  d rop  i s  a t t r i b u t a b l e  to  th e  le s io n s  in  

th e  g a s t r o in te s t in a l  t r a c t  (Snow e t  a l ,  1983). A d m in is tra tio n  a t  

th e  recommended dose r a t e  f o r  te n  days was shown to  cause  a  d ro p
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FIGURE 4

Stru ctu re o f  m eclofenam ic a c id
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i n  t h e  t o t a l  p r o t e i n  c o n c e n t r a t io n  o f  p la sm a , b o th  a lb u m in  and  

g lo b u l in  b e in g  re d u c e d  (P. L ees and W.E. A l le n ,  c i t e d  L ees and  

H igg ins, 1985).

P r o s t a c y c l i n  i s  p ro d u c e d  i n  th e  g a s t r i c  and i n t e s t i n a l  

m ucosa w here  i t  h a s  a  v a s o d i l a t o r  r o l e  w h ich  m a in ta in s  l o c a l  

b lood flow  and p rev en ts  th e  developm ent o f  ischaem ic  a re a s . The 

in h ib i t io n  o f  cyclo-oxygenase a c t i v i t y  in  th e  g a s t r i c  mucosa i s  

c l o s e l y  r e l a t e d  t o  u l c e r o g e n i c i t y  ( W h i t t le  e t  a l y 1980). A 

d i r e c t  to p ic a l  i r r i t a n t  a c t io n  cou ld  a ls o  be invo lved  a f t e r  o r a l  

a d m in is tra t io n  o f  th e  drug.

The e f f e c t s  ca u sed  by a d u lt  s ta g e s  o f  O s te r ta g ia  sp p  on
th e ir  h o st

T r a n s p la n ta t io n  o f  a d u l t  p a r a s i t e s  d i r e c t l y  i n t o  t h e  

abomasum has been used by a  sm a ll number o f  w orkers to  s tu d y  th e  

e f f e c t s  c a u s e d  d i r e c t l y  by  a d u l t  O s t e r t a g i a  w i th o u t  t h e  

co m p lica tio n  o f  l a r v a l  developm ent w ith in  th e  mucosa.

A nd erso n , H ansky and  T i tc h e n  (1985) t r a n s f e r r e d  a  m a in ly  

a d u l t  p o p u la tio n  o f  O s te r ta g ia  spp in to  p re v io u s ly  p a r a s i te -n a iv e  

sh e e p . L a rg e  num bers o f  p a r a s i t e s  w ere  t r a n s f e r r e d .  R is e s  i n  

abom asal pH, plasm a pepsinogen and plasm a g a s t r in  c o n c e n tra tio n s  

w ere  o b se rv e d . The i n h i b i t e d  f o u r t h  s t a g e  l a r v a e  g e n e r a l l y  

rem ained in h ib i te d  a f t e r  t r a n s f e r .

Obviously th e  f a c t  t h a t  l a r v a l  s ta g e s  w ere t r a n s f e r r e d  co u ld  

have damaged th e  mucosa in  th e  same way a s  a  l a r v a l  in f e c t io n  to  

produce th e  changes observed .

However, s tu d ie s  by M cKellar and c o lle ag u e s  (1986; 1987) in  

w hich a d u l t  p o p u la tio n s  o f  O s te r ta g ia  o s te r ta g ia  w ere t r a n s f e r r e d  

in to  c a lv e s  proved t h a t  a  r i s e  in  p lasm a pepsinogen was a  f e a tu r e
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o f  th e  a d u l t  p a r a s i t e  in fe c t io n .  Calves t h a t  had p re v io u s ly  been 

i n f e c t e d  w i th  l a r v a l  p a r a s i t e s  a l s o  show ed a  s i m i l a r  r i s e .  A 

r i s e  in  plasm a g a s t r in  c o n c e n tr a t io n s  a l s o  o c c u r r e d  i n  a n im a ls  

r e c e iv in g  th e  l a r g e s t  num ber o f  p a r a s i t e s .  T h ere  was no 

s ig n i f ic a n t  change in  abom asal pH however. T his d if f e r e n c e  from  

t h e  w ork o f  A nderson , H ansky and T i tc h e n  (1985) c o u ld  b e  d u e  t o  

th e  f a c t  t h a t  fe w e r  p a r a s i t e s  w e re  t r a n s f e r r e d  and  a  t h r e s h o ld  

num ber o f  a d u l t s  a r e  n e c e s s a r y  t o  c a u s e  t h e  pH r i s e ,  o r  t o  t h e  

f a c t  t h a t  no la r v a l  s ta g e s  w ere p re se n t.

MATERIALS AND METHODS

Animals

The a d u l t  sh ee p  u se d  i n  th e s e  e x p e r im e n ts  w ere  S c o t t i s h  

B la c k fa c e  ew es ag ed  g r e a t e r  th a n  f i v e  y e a r s .  T h e ir  w e ig h ts  

ra n g e d  b e tw ee n  50 -  60 kg . A ll  had  b een  r e a r e d  and  m a in ta in e d  

s i n c e  b i r t h  on  a  h i l l  f a rm  know n t o  b e  i n f e c t e d  w i t h  

O s te r ta g ia  c i r c u m c in c ta  (Q. M cK e lla r , p e r s o n a l  c o m m u n ic a tio n ) . 

They were th e re fo re  co n sid e red  to  be immune to  c irc u m c in c ta .

In  c o n tr a s t ,  th e  lam bs used  in  th e se  in v e s t ig a t io n s  had been 

b o rn  and  r e a r e d  in d o o rs  i n  c o n d i t io n s  t o  e x c lu d e  e x p o su re  t o  

O. c i r c u m c i n c t a . F e m a le  an d  c a s t r a t e d  m a le  l a m b s ,  a g e d  

a p p ro x im a te ly  f i v e  m o n th s , w e re  u se d . T h e ir  w e ig h ts  ra n g e d  

between 20 -  30 kg . a t  th e  s t a r t  o f  th e  experim en t.

The lam b s i n  t h e  f i n a l  e x p e r im e n t o f  t h i s  s e c t i o n  w e re  

s u rg ic a l ly  p rep ared  w ith  abom asal cannulae fo u r  weeks p r io r  to  

th e  s t a r t  o f  th e  experim ent.
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A dm inistration o f  O. circum cincta larvae (L3 )

For a  p e rio d  o f  n in e  weeks p r io r  to  th e  s t a r t  o f  th e  second 

experim en t, u s in g  a d u l t  immune sheep, each an im al was dosed w ith

2 , 0 0 0  O. c i r c u m c in c ta  L3  once  w e ek ly , w h i le  a l s o  g r a z in g  

c o n ta m in a te d  p a s tu r e .  T h is  w as c a r r i e d  o u t  i n  o r d e r  t o  e n s u r e  

im m unity to  0. c ircu m cin c ta . The an im als  w ere t r e a te d  w ith  an 

a n th e lm in tic  to  remove any rem ain ing  g a s t r o in te s t in a l  p a r a s i t e s  

one week b e fo re  th e  s t a r t  o f  th e  experim en t. The a d u l t  sheep  u sed  

i n  th e  p r e l im in a r y  s tu d y  d id  n o t  u n d e rg o  t h i s  re g im e  o f  l a r v a l  

a d m in is tra tio n .

The lam bs in  th e se  s tu d ie s  rem ained  p a r a s i t e  n a iv e  u n t i l  th e  

s t a r t  o f  th e  experim en t.

On day 0 o f  each experim en t, th e  a d u l t  sheep w ere c h a llen g e d  

w ith  a  s in g le  dose o f  200,000 O. c irc u m c in c ta  L3 , th e  lam bs w ith  

a  s in g le  dose o f  75,000 0 ^  c ircu m cin c ta  I 3 .

A dm inistration o f  m eclofenam ic a c id

M eclo fen am ic  a c id  (A rq u e l g r a n u le s ,  P a rk e -D a v is )  w as 

a d m in is te red  o r a l ly  a s  a  s lu r r y  made up in  20 ml o f  w a te r . The 

a d u l t  sheep re c e iv e d  500 mg o f  m eclofenam ic a c id  d a i ly  d iv id e d  

in to  two doses g iven  a t  9 a.m . and 5 p.m.

The lam b s r e c e iv e d  250 mg o f  m e c lo fe n a m ic  a c id  d a i l y ,  

d iv id e d  in to  two doses ad m in is te red  a s  above.

The average  dose o f  m eclofenam ic a c id  was th e re fo re  10 mg/kg 

bodyweight p e r  day.

The a d m in is tra t io n  o f  m eclofenam ic a c id  began one day p r io r  

t o  c h a l le n g e  w i th  th e  c i r c u m c in c ta  L3  and  c o n t in u e d , tw ic e  

d a i ly ,  th roughou t th e  experim ent.
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Sampling techniq ues

Abomasal f l u i d

The can n u la ted  lam bs in  th e  f i n a l  experim en t o f  t h i s  s e c tio n  

had sam ples o f  abom asal f l u i d  tak en  every  second day th roughou t 

th e  experim ent. The an im al was r e s t r a in e d  in  a  s tan d in g  p o s i t io n  

and  th e  sam p le  c o l l e c t e d  i n t o  a  p l a s t i c  b e a k e r  by a l lo w in g  th e  

norm al passage  o f  in g e s ta  to  push th e  abom asal c o n ten ts  th rough  

th e  c a n n u la . The f i r s t  p o r t i o n  o f  t h e  sam p le  was d i s c a r d e d  a s  

n o t  r e p r e s e n t a t i v e ,  i t  was assum ed  t o  h av e  b e en  p r e s e n t  i n  t h e  

b a r r e l  o f  th e  cannula  f o r  a  p e r io d  o f  tim e .

The abom asal pH was m easured im m edia te ly  a f t e r  c o l le c t io n  

u s in g  a  upH sen so r (Whatman L absales  L td .). The sam ple was th e n  

c e n tr ifu g e d  a t  1,000 x  g f o r  te n  m inu tes. The su p e rn a ta n t f l u i d  

was c o l le c te d  and s to re d  a t  -20°C f o r  e s t im a tio n  o f  m eclofenam ate 

c o n c e n tra tio n . * •

Blood sam ples

B lood sa m p le s  w ere  o b ta in e d  from  th e  j u g u l a r  v e in  u s in g  a  

20 gauge 1" n e e d le  i n t o  h e p a r i n i s e d  s y r i n g e s  ( M o n o v e t te s ,  

S a r s t e d t ) .  The b lo o d  was c e n t r i f u g e d  a t  1 ,000 x  g f o r  t e n  

m inu tes. The plasm a su p e rn a ta n t was removed and s to re d  a t  -20°C 

u n t i l  a s s a y e d  f o r  p la sm a  p ep s in o g en  a c t i v i t y  and m eclofenam ate 

c o n c e n tra tio n .

E aecal sam ples

F aeca l sam ples w ere o b ta in ed  p e r  rectum . They were exam ined 

f o r  th e  p re s e n c e  o f  p a r a s i t e  eg g s  u s in g  a  m o d if ie d  M cM aster 

te ch n iq u e .
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Necropsy

P rocedure a t  necropsy

A ll th e  an im als  w ere k i l l e d  by in trav en o u s  a d m in is tra t io n  o f  

sodium p en to b arb ito n e  (P en tobarb itone  F o r te , V e te r in a ry  Drug Co, 

PLC) a s  a n  o v e rd o se . The lam b s t h a t  w ere  a c t i n g  a s  d o n o rs  o f  

a d u l t  0 . c irc u m cin c ta  w ere s ta rv e d  f o r  one day p r io r  to  d e a th  to  

reduce  th e  volume o f  th e  abom asal c o n te n ts .

Sampling techn iq ues a t  necropsy  

Abomasal con ten ts

Abomasal c o n te n ts  w ere c o l le c te d  a t  necropsy . The pH o f  th e  

c o n te n ts  was m easured u s in g  a  upH sen so r. The c o n te n ts  w ere th e n  

p ro c e s s e d  f o r  e s t i m a t i o n  o f  p a r a s i t e  num bers a s  d e s c r ib e d  

p re v io u s ly .

I n  th e  e x p e r im e n t w here  lam b s a c te d  a s  d o n o rs  o f  a d u l t  

0 . c irc u m c in c ta , th e  above procedure  was m od ified  because o f  th e  

vo lum e o f  ab o m asa l c o n te n t s  r e q u i r e d  t o  b e  t r a n s f e r r e d  i n t o  

r e c ip ie n t  lam bs.

In  t h i s  c a se , th e  abom asal c o n te n ts  w ere c o l le c te d  from each  

lam b and  th e  pH m easu red . The vo lum e o f  c o n te n t s  o f  e a c h  

abomasum was made up t o  tw o  l i t r e s  w i th  w a te r .  T h is  w as w e l l  

m ixed  p r i o r  t o  t a k in g  a  1 0 0  m l sam p le  f o r  t h e  e s t i m a t i o n  o f  

p a r a s i t e  numbers. 10 ml o f  40% fo rm a lin  was added to  th e  100 ml 

sample to  p re se rv e  i t  u n t i l  t h i s  was c a r r ie d  o u t .

The ab o m asa l c o n te n t s  from  g ro u p  1 lam b s w ere  p o o le d  

to g e th e r , mixed w e ll and d iv id e d  e q u a lly  betw een fo u r  1 , 0 0 0  ml 

g l a s s  m e a su r in g  c y l in d e r s .  The c o n te n t s  w ere  th e n  a l lo w e d  t o  

s e t t l e .
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The sam e p ro c e d u re  w as c a r r i e d  o u t  w i th  t h e  ab o m asa l 

c o n ten ts  from th e  lambs o f  group 2 .

Abcmasal mucosa 

The ab o m asa l m ucosa was c o l l e c t e d  and  p ro c e s s e d  f o r  

e s tim a tio n  o f  p a r a s i t e  numbers a s  d e sc rib e d  p re v io u s ly .

T ransfer o f  abom asal co n ten ts con ta in in g  a d u lt Q. circu m cin cta

The su p e rn a ta n t was c a r e f u l ly  poured from each c y lin d e r  and 

th e  re s id u e  t r a n s f e r r e d  in to  each  r e c ip ie n t  lamb v ia  th e  abom asal 

cannula. The r e c ip ie n t s  w ere r e s t r a in e d  in  s tan d in g  p o s i t io n  and 

a  p l a s t i c  tu b e  was passed  th rough  th e  cannula  in to  th e  abomasum. 

A fu n n e l  was a t t a c h e d  t o  t h e  o t h e r  end  o f  th e  tu b e  and  th e  

ab o m asa l c o n te n t s  c o n ta in in g  th e  a d u l t  c i r c u m c in c ta  w e re  

t r a n s f e r r e d  in to  th e  r e c i p i e n t  abomasum. The c y l i n d e r ,  f u n n e l  

and  tu b e  w ere  w ashed  w ith  p h o s p h a te  b u f f e r e d  s a l i n e  (PBS) t o  

maximise th e  numbers o f  p a r a s i te s  e n te r in g  th e  abomasum.

A ssay to  determ ine m eclofenam ic a c id  con cen tration  in  plasm a and 

abomasal f lu id

The method o f  M arrin e r and Bogan (1979) was used to  m easure 

th e  c o n c e n tra tio n  o f  f r e e  drug  in  plasm a and abom asal f lu id .  To 

1  ml o f  plasm a o r  abom asal f l u i d  su p e rn a ta n t in  a  15 ml s to p p e red  

t e s t  tu b e , 6  ml 0.25 M sodium c h lo r id e , 0.3 ml h y d ro c h lo ric  a c id  

(1 M) and 5 ml carbon te t r a c h lo r id e  were added.

T h is  w as sh ak en  on a  r o t a r y  m ix e r  f o r  t e n  m in u te s  and  

c e n tr ifu g e d  f o r  te n  m inutes a t  1500 x  g .

3 ml o f  th e  low er, carbon te t r a c h lo r id e  la y e r  was removed t o  

a  10 ml s to p p ered  t e s t  tu b e . Four d rops o f  t r i c h lo r o a c e t ic  a c id  

s o l u t i o n  (5% w /v  i n  c a rb o n  t e t r a c h l o r i d e )  w ere  added  and  m ixed
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ra p id ly . The f lu o re sc en c e  ( e x c i t a t i o n  360 n m /e m is s io n  425 nm) 

was m easu red  e x a c t ly  t e n  m in u te s  a f t e r  th e  a d d i t i o n  o f  t h e  

t r i c h l o r o a c e t i c  a c id  u s in g  a  s p e c t ro p h o to m e te r  (P e rk in -E lm e r  

2000). S o lu t io n s  o f  sodium  m e c lo fe n a m a te  w ere  made up . S ix  

s tan d a rd s  and b lank  plasm a o r  abom asal f lu i d  w ere added to  each 

a s s a y .  Unknown sam p le s  w ere  r e a d  from  th e  c a l i b r a t i o n  c u rv e  

o b ta in e d  from  th e s e  s ta n d a r d s .  The r e s u l t s  w ere  c o n v e r te d  t o  

c o n c e n tra tio n  o f  f r e e  drug i .e .  m eclofenam ate.

EXPERIMENT 1

I n v e s t ig a t io n  in t o  th e  e f f e c t  o f  m eclo fen a m ic  a c id  on  th e  

r e sp o n se s  o f  a d u lt  immune sh eep  t o  a  s in g le  d o se  c h a lle n g e  o f

O . ciTCUmcincta Lg -  A p r e l im in a r y  study  

Experim ental d esig n

The s i x  a d u l t  sh eep  u se d  i n  t h i s  e x p e r im e n t w ere  d iv id e d  

in to  th re e  groups o f  th re e , two and one sheep. The s in g le  sheep  

a c te d  a s  a  c o n t r o l  t h a t  was t r e a t e d  w i th  m e c lo fe n a m ic  a c i d  b u t  

was n o t ch a llen g ed  w ith  0 ^  c ircu m cin c ta  (L3 ) .

Group Sheep Number Procedure

1 96 Meclofenamic a c id  tre a tm e n t 
(500 m g/anim al/day)

97 C hallenged w ith  200,000 
0 . c ircu m cin c ta  (L3 )

98

2 47 C hallenged w ith  200,000

48 0 . c ircu m cin c ta  (L3 )

3 38 M eclofenamic a c id  tre a tm e n t 
(500 m g/anim al/day)
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The a n im a ls  w e re  n o t  s l a u g h te r e d  a t  t h e  end  o f  t h i s  

experim ent.

Sanples c o lle c te d

Blood sam ples were tak en  d a i ly  th roughou t th e  experim en t. 

R esu lts

Plasma cxxioentrations o f  m eclofenam ate

The c o n c e n tra tio n s  o f  m eclofenam ate in  th e  plasm a o f  sheep 

o f  groups 1 and 3 sheep a r e  shown in  T able 1.

F ig u re  5 shows th e  mean c o n c e n tra tio n s  in  group 1 sheep and 

th e  plasm a c o n c e n tra tio n  in  th e  one sheep in  group 3. As can be 

seen  in  F ig u re  5, th e  c o n c e n tra tio n  o f  m eclofenam ate was g r e a te r  

th an  1  ug /m l one day a f t e r  th e  s t a r t  o f  a d m in is tra t io n  in  group 1  

sheep. The c o n c e n tra tio n  rem ained betw een 1.0 t o  1.6 ug /m l u n t i l  

day 7 o f  th e  e x p e r im e n t when i t  d ro p p ed  t o  b e lo w  0.8 u g /m l. A 

s m a l l  r i s e  i n  c o n c e n t r a t io n  t o  1  u g /m l o c c u r re d  on d ay  1 2 , and  

ag a in  on day 19 to  0 . 8  ug /m l.

The sh ee p  t h a t  w as t r e a t e d  w i th  m e c lo fe n a m ic  a c id  o n ly ,  

reached  h ig h e r  c o n c e n tra tio n s  i n i t i a l l y ,  g r e a t e r  th a n  2 . 0  u g /m l 

w h e re  i t  r e m a in e d  u n t i l  d a y  9 o f  t h e  e x p e r i m e n t .  The 

c o n c e n tra tio n  o f  m eclofenam ate dropped sh a rp ly  to  below 0.5 ug /m l 

f o r  th e  rem ainder o f  th e  experim en t.

Plasma pepsinogen a c t iv ity

The p la sm a  p e p s in o g e n  a c t i v i t i e s  m easured th roughou t t h i s  

experim en t a r e  shown in  T able  2 th e  mean o f  each  group shown in  

F ig u re  6 . From F ig u re  6 , i t  can  be  seen  t h a t  a f t e r  th e  c h a lle n g e  

w i th  200,000 O. c i r c u m c in c ta  (L3 ) on day  0, t h e  mean p la sm a  

pepsinogen a c t i v i t i e s  o f  bo th  groups o f  sheep ro se . The maximum
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c o n c e n tra tio n  was 1.543 I.U. f o r  th e  group re c e iv in g  m eclofenam ic 

a c id  (g ro u p  1) and 1.915 I.U . f o r  th e  u n t r e a t e d  c o n t r o l  g ro u p  

(group 2 ). P la sm a  p e p s in o g e n  a c t i v i t i e s  th e n  d e c l in e d  i n  b o th  

groups u n t i l  day 11 o f  th e  experim ent. The plasm a pepsinogen o f  

t h e  g ro u p  1 sh ee p  re m a in e d  b e lo w  1.7 I .U ., t h a t  o f  g ro u p  2 r o s e  

t o  reach  a  maximum o f  4.115 I.U. on day 19 o f  th e  experim ent.

The plasm a pepsinogen a c t i v i t y  shown by th e  sheep re c e iv in g  

m e c lo fen a m ic  a c id  o n ly ,  was 1.9 I.U . a t  t h e  s t a r t  o f  th e  

experim ent. The a c t i v i t y  f e l l  to  1 I.U. and th e n  below. 

D iscu ssion

T h e re fo re ,  a  d i f f e r e n c e  w as s e e n  i n  t h e  p la sm a  p e p s in o g e n  

a c t i v i t i e s  o f  th e  tw o  g ro u p s  o f  sh ee p  from  day  1 0  o f  t h e  

experim ent. Those an im als  t h a t  d id  n o t re c e iv e  m eclofenam ic a c id  

showed a  r i s e  in  plasm a pepsinogen a c t i v i t y  p robab ly  in d ic a t in g  

dam age t o  th e  ab o m asa l m ucosa by th e  p a r a s i t e s  t h a t  had  

e s ta b lis h e d  and w ere em erging a s  young a d u l ts  from th e  g a s t r i c  

g la n d s .  T h e re fo re  t h e  im m u n ity  o f  t h e s e  sh ee p  w as c a l l e d  i n t o  

q u e s t io n  b u t  a s  th e s e  a n im a ls  w ere  n o t  s l a u g h te r e d ,  no f u r t h e r  

s t e p s  c o u ld  b e  u n d e r t a k e n  t o  p r o v e  t h e  e s t a b l i s h m e n t  o f  

p a r a s i t e s .

The low er plasm a pepsinogen a c t i v i t y  in  th e  group o f  an im a ls  

re c e iv in g  meclofenamic a c id  cou ld  be due to  two re a so n s : -

1 . These an im als  w ere a b le  to  ex p e l t h e i r  p a r a s i t i c  c h a lle n g e  

b e fo re  e n try  in to  th e  g a s t r i c  g lan d s and subsequent damage to  th e  

abomasal mucosa.
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2 . The an im als  re c e iv in g  m eclofenam ic a c id  w ere s im i la r  t o  th e  

c o n t r o l  g ro u p  i n  t h a t  O s t e r t a g i a  l a r v a e  w ere  a b le  t o  becom e 

e s t a b l i s h e d  b u t  th e  r i s e  i n  p la sm a  p e p s in o g e n  a c t i v i t y  w as 

b locked in  some way by th e  meclofenam ic a c id .

The low plasm a pepsinogen a c t i v i t i e s  in  th e  sheep re c e iv in g  

m eclofenam ic a c id  o n ly , (Group 3) proved th a t  a d m in is tra t io n  o f  

m eclofenam ic a c id  in  sheep does n o t cause  a  s ig n i f ic a n t  r i s e  in  

plasm a pepsinogen by damage to  th e  g a s t r o in te s t in a l  t r a c t ,  o r  by 

in h ib i t in g  p ro s ta g la n d in  p rod u c tio n . P ro s ta g la n d in s  can  have an  

i n h i b i t o r y  e f f e c t  on  p e p s in o g e n  s e c r e t i o n .  The p la sm a  

pepsinogen a c t i v i t y  o f  t h i s  sheep d e c lin e d  d u rin g  th e  experim en t. 

I t  i s  p o s s ib l e  t h a t  l o s s  o f  p a r a s i t e s  and  la c k  o f  p a r a s i t e  

ch a llen g e  in d o o rs  caused th i s .

The d if f e r e n c e  in  th e  plasm a c o n c e n tra tio n  o f  m eclofenam ate 

a t  th e  s t a r t  o f  th e  experim en t compared t o  l a t e r ,  which was shown 

by e v e ry  a n im a l ,  may b e  due t o  w e ig h t  in c r e a s e s  i n  t h e  sh e e p  

w h ile  rem ain ing  on th e  same dose o f  500 mg m eclofenam ic a c id  p e r  

d ay . The p u rp o se  was t o  p ro v id e  a n  a d e q u a te  c o n c e n t r a t io n  o f  

m eclofenam ic a c id  t o  be a c t iv e  a s  an  a n ti- in f la m m a to ry  a g en t and 

n o t  t o  s tu d y  th e  p h a rm a c o k in e t ic s  o f  t h i s  d ru g . An in c r e a s e d  

r a t e  o f  m etabolism  o f  th e  m eclofenam ic a c id  by th e  an im als  co u ld  

a ls o  be a  reaso n  f o r  t h i s  d e c lin e  in  plasm a c o n c e n tra tio n  a f t e r  

sev e n  t o  n in e  d a y s  o f  a d m i n i s t r a t i o n .  T h is  p o s s i b i l i t y  i s  

d is c u s s e d  l a t e r .

The experim en t was th e re fo re  re p e a te d  in  a  l a r g e r  number o f  

sh e e p , w h ich  had  b een  d o sed  f o r  n in e  w eeks p r e v io u s ly  w i th  

0 . c ircu m cin c ta  la rv a e  (L^) in  o rd e r  to  ensu re  im m unity t o  t h i s
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p a r a s i t e .  The a n im a ls  w e re  s la u g h te r e d  a t  th e  end  o f  t h e  

experim ent and abcm asal p a r a s i t e  numbers e s tim a te d .

I n v e s t ig a t io n  in t o  th e  e f f e c t  o f  m eclo fen a m ic  a c id  on th e  

r e sp o n se s  o f  a d u lt  immune sh eep  t o  a  s in g le  d o se  c h a lle n g e  o f  

0 . c ir a in c in c ta  Iq  -  Study two 

Experim ental D esign

T w elve a d u l t  sh ee p  w ere  u se d  i n  t h i s  s tu d y . They w ere  

d iv id e d  in to  th re e  groups o f  fo u r  sheep .

Group Sheep Number Procedure

1 41 Meclofenamic a c id  tre a tm e n t
46 (500 m g/anim al/day)

1 0 2 C hallenged w ith  200,000
1 2 0 0 . c ircu m cin c ta  (L3 )

2 47 C hallenged w ith  200,000
113
124

7496

0 . c ircu m cin c ta  (L3 )

3 48 Meclofenamic a c id  tre a tm e n t
96 (500 m g/anim al/day)
98

103

A n im als  o f  g ro u p s  1 and  2 w e re  k i l l e d  a t  t h e  end o f  t h e  

experim ent to  e s tim a te  abomasal p a r a s i t e  numbers.

Samples c o lle c te d  

Blood sam ples

Blood sam ples w ere c o l le c te d  ev ery  th re e  days th ro ughou t th e  

experim ent.



F aecal sam ples

F a e c a l  sam p le s  w ere  ta k e n  p r i o r  t o  t h e  s t a r t  o f  th e  

experim en t, day 1 2  and day 14 o f  th e  experim en t, th e n  every  th r e e  

d ays.

Necropsy

The a n im a ls  w ere  k i l l e d  and  ab o m asa l sam p le s  ta k e n  a s  

d e sc rib e d  p re v io u s ly .

R esu lts

F aecal egg counts

The r e s u l t s  a r e  shown in  Table 3 .

V ery few  eg g s  w ere  d e te c te d  i n  t h e  f a e c e s  o f  any  o f  t h e  

sheep and no d if f e r e n c e  was d e te c te d  between th e  g roups.

P lasm  con cen tration s o f  m eclofenam ate

The c o n c e n tra tio n s  o f  m eclofenam ate in  th e  plasm a o f  sheep 

in  groups 1 and 3 a re  shown in  Table 4 and th e  mean o f  each group 

in  F ig u re  7.

The mean c o n c e n t r a t io n s  o f  e ac h  g ro u p  re m a in e d  a ro u n d  

0 .4  u g /m l o f  p la sm a  d u r in g  th e  e x p e r im e n t ,  th e  g ro u p  t h a t  

r e c e iv e d  m e c lo fen a m ic  a c id  o n ly  (g ro u p  3) h a v in g  a  s l i g h t l y  

h ig h e r mean co n ce n tra tio n . The h ig h  i n i t i a l  c o n c e n tra tio n s  seen  

in  th e  f i r s t  s tudy  were n o t seen  h e re . I t  was u n lik e ly  t h a t  th e  

lo n g e r in te r v a l s  betw een sam pling a llo w ed  th e  h ig h  c o n c e n tra tio n s  

o f  m eclofenam ate to  be m issed , a s  on day 2  o f  th e  p rev io u s  s tu d y , 

c o n c e n tra tio n s  o f  m eclofenam ate w ere above 1  ug /m l o f  plasm a.

Plasna pepsinogen a c t iv ity

The r e s u l t s  a r e  shown in  T a b le  5 , and th e  mean p la sm a  

pepsinogen a c t i v i t i e s  o f  each group in  F ig u re  8 .
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There was a  r i s e  in  mean plasm a pepsinogen a c t i v i t y  in  b o th  

groups 1 and 2 a f t e r  ch a llen g e . This reached  a  maximum on day 5 

o f  t h e  e x p e r im e n t (2.402 I.U . i n  g ro u p  1 , 2.128 I.U . i n  g ro u p  2 ). 

T h e re a fte r , plasm a pepsinogen a c t i v i t y  d e c lin ed  below 1.5 I.U. by 

day 11 i n  b o th  g ro u p s . T h is  w as s i m i l a r  t o  t h a t  fo u n d  in  t h e  

p rev io u s  s tu d y , b u t pepsinogen a c t i v i t i e s  reached  were g e n e ra lly  

h ig h e r th a n  h e re .

H ow ever, by  d ay  23 o f  th e  e x p e r im e n t ,  t h e  mean p e p s in o g e n  

a c t i v i t y  o f  g ro u p  2 sh ee p  had  d e c l in e d  t o  1.224 I .U ., i n  m arked  

c o n tr a s t  to  th e  p rev io u s  s tu d y .

The mean p e p s in o g e n  a c t i v i t y  o f  g ro u p  1 sh ee p  in c r e a s e d  

s l i g h t l y  from  day  14 t o  r e a c h  1.604 I.U . by day  23. Group 3 

sheep, who on ly  re c e iv e d  m eclofenam ic a c id , had mean pepsinogen 

a c t i v i t i e s  b e lo w  0.5 I.U . th ro u g h o u t th e  e x p e r im e n t a s  s e e n  

p rev io u s ly . T herefo re  m eclofenam ic a c id  d id  n o t c o n tr ib u te  any 

r i s e  in  plasm a pepsinogen a c t i v i t y  when a d m in is te red  a lo n e .

Abcmasal pH a t  necropsy

The r e s u l t s  a re  shown in  T able 6 .

A l l  a n im a ls  had  an  ab o m asa l pH w i th in  t h e  n o rm a l r a n g e  

ex cep t f o r  two sheep. The h ig h  abom asal pH in  sheep number 124 

i n  g ro u p  2  may b e  e x p la in e d  by th e  b lo o d  c o n ta m in a t io n  o f  t h e  

abom asal c o n ten ts . Sheep number 120 o f  group 1 had an abom asal 

pH o f  6 . 6  which was a ls o  above th e  norm al range. This an im al had 

th e  h ig h e s t  numbers o f  p a r a s i t e s  a t  necropsy  (15,800) which would 

have in c re a se d  th e  abom asal pH.
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Numbers o f  abomasal p a r a s ite s

T hese  r e s u l t s  a r e  shown i n  T a b le  7 and  th e  p e rc e n ta g e  

e s ta b lish m e n t o f  th e  l a r v a l  c h a llen g e  in  Table 8 .

T h e re  was a  l a r g e  w i th in - g r o u p  v a r i a t i o n  i n  th o s e  a n im a ls  

re c e iv in g  meclofenamic a c id  and th e  u n tre a te d  c o n tro ls .

In  group 1, sheep number 120 had 15,800 p a r a s i te s ,  many more 

th a n  th e  r e s t  o f  th e  an im als i n  t h a t  group.

The r e a s o n  f o r  t h e  in c r e a s e d  e s ta b l i s h m e n t  o f  th e  l a r v a l  

c h a llen g e  in  t h i s  sheep i s  unknown.

I n  g ro u p  2 , tw o  s h e e p , num bers 47 and  7496 had  h ig h e r  

num bers o f  p a r a s i t e s  th a n  th e  o th e r  tw o  a n im a ls .  B o th  t h e s e  

an im als  showed ev idence o f  in h ib i te d  developm ent o f  O s te r ta g ia ,  

p a r t i c u l a r l y  num ber 7496. A g a in , t h e  r e a s o n  f o r  t h i s  i s  n o t  

know.

When c o n s id e r in g  th e  mean o f  e ach  g ro u p , h o w ev er, t h e r e  

would appear t o  be a  la rg e  d if f e r e n c e  betw een groups. A mean o f  

4,350 p a r a s i te s  in  th e  sheep re c e iv in g  m eclofenam ic a c id , 13,588 

i n  t h e  c o n t r o l  sh e e p , b u t  t h i s  d i f f e r e n c e  i s  n o t  s t a t i s t i c a l l y  

s ig n i f i c a n t .

D iscu ssion

The r e s u l t s  o b ta in e d  f o r  p la sm a  p e p s in o g e n  a c t i v i t y  and  

m eclofenam ate c o n c e n tra tio n  in  p la sm a  i n  th e  p r e l im in a r y  s tu d y  

were n o t reproduced in  th e  second experim ent w ith  a d u l t  sheep .

The plasm a pepsinogen response  to  th e  p a r a s i t e  c h a llen g e  was 

v e ry  s im i la r  betw een t r e a te d  and u n tre a te d  groups in  th e  second 

s tu d y . The p eak  i n  p la sm a  p e p s in o g e n  a c t i v i t y  e a r l y  i n  t h e  

experim en t p robably  re p re s e n ts  a  h y p e rs e n s it iv e  response  t o  th e
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in co m in g  l a r v a e  a s  d i s c u s s e d  e a r l i e r .  I t  w ould  seem  u n l i k e l y  

from  t h i s  e x p e r im e n t t h a t  p r o s ta g la n d in s  a r e  in v o lv e d  i n  t h i s  

response . The d if f e r e n c e  in  plasm a pepsinogen a c t i v i t i e s  in  th e  

f i r s t  s tudy  was probab ly  due to  d if f e r e n c e s  i n  th e  h o s t 's  a b i l i t y  

t o  expel th e  c h a llen g e  o f  p a r a s i t e s .

The h igh  m eclofenam ate c o n c e n tra tio n  seen  a t  th e  beg inn ing  

o f  t h e  p r e l im in a r y  s tu d y  w as a l s o  n o t  r e p e a te d .  T h is  w as 

p robab ly  due to  th e  f a c t  t h a t  th e  sheep in  th e  second stu d y  w ere 

in  rea so n ab le  body c o n d itio n  and t h e i r  w e ig h ts  w ere m a in ta in ed  

th ro u g h o u t  th e  e x p e r im e n t .  W eigh t in c re a se s  i n  th e  an im a ls  o f  

t h e  p r e l im in a r y  s tu d y  p ro b a b ly  c o n t r ib u t e d  t o  t h e  d i f f e r e n t  

p a t te r n  o f  plasm a m eclofenam ate c o n c e n tra tio n s .

T h e re  d id  a p p e a r  t o  be  a  r e d u c t io n  i n  t h e  num ber o f  

p a r a s i t e s  e s t a b l i s h e d  i n  t h e  an im als  t r e a te d  w ith  m eclofenam ic 

a c id ,  a l th o u g h  t h e r e  w as a  g r e a t  d e a l  o f  i n d i v i d u a l  v a r i a t i o n .  

The d if fe re n c e s  betw een groups were n o t s t a t i s t i c a l l y  s ig n i f i c a n t  

however. The d i f f e r e n t  numbers o f  p a r a s i te s  e s ta b lis h e d  a l s o  d id  

n o t  a f f e c t  m ean p la sm a  p e p s in o g e n  a c t i v i t i e s .  H ow ever, th o s e  

an im als  w ith  th e  h ig h e s t  number o f  p a r a s i te s  a t  necropsy  d id  have 

h ig h  p la sm a  p e p s in o g e n  a c t i v i t i e s  to w a rd s  th e  end o f  t h e  

e x p e r im e n t .  T h e re  d id  n o t  seem  t o  b e  a  r e l a t i o n s h i p  b e tw e e n  

p a r a s i t e  e s ta b lish m e n t and th e  p o s s ib le  'h y p e rse n s i t iv e ' r i s e  in  

plasm a pepsinogen a c t i v i t y  e a r ly  in  th e  experim en t.

Most o f  th e  an im als  in  t h i s  experim en t a llo w ed  le s s  th a n  3% 

o f  th e  p a r a s i t e s  t o  e s t a b l i s h .  T h is  i s  c o n s id e re d  n o rm a l f o r  

a n im a ls  immune t o  0 . c i r c u m c in c ta  (Yakoob, Holm es and  A rm our, 

1983). V ery few  p a r a s i t e . eg g s  w ere  d e t e c t e d ,  ev en  i n  th o s e
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an im als in  which la r g e r  numbers o f  p a r a s i te s  e s ta b lis h e d .

The r e d u c t io n  i n  p a r a s i t e  num bers i n  m e c lo fen a m ic  a c id  

t r e a te d  an im als  would seem to  in d ic a te  t h a t  th e  h o s t environm ent 

was made l e s s  s u i ta b le  f o r  p a r a s i te  e s ta b lish m e n t by i t s  a c t io n  

on  p r o s ta g la n d in  s y n th e s i s .  T h is  w ould  be  c o n t r a r y  t o  th e  

f in d in g  by K elly  and Dineen (1976) t h a t  p ro s ta g la n d in s  can  damage 

worms in  v i t r o  and t h a t  th ey  a re  invo lved  in  p ro te c tio n  a g a in s t  

N. b r a s i l i e n s i s  in  th e  r a t .  Here su p p ress io n  o f  p ro s ta g la n d in s  

le d  to  a  reduced  e s ta b lish m e n t.

However, i t  i s  a ls o  p o s s ib le  t h a t  m eclofenam ic a c id  e x e r te d  

a  d i r e c t  e f f e c t  on th e  p a r a s i t e s .  An e x p e r im e n t s u b s e q u e n t t o  

th e s e  s t u d i e s  i n v e s t i g a t e d  th e  e f f e c t  in v i t r o  o f  m eclofenam ic 

a c id  on Qj_ c i r c u m c in c ta  L3  m o t i l i t y  (T ab le  24 ). I t  w as fo u n d  

t h a t  m o t i l i t y  w as i n h i b i t e d  by  th e  p re s e n c e  o f  th e  d ru g . I n  

c o n t r a s t ,  a n o th e r  n o n - s t e r o i d a l  a n t i - i n f l a m m a t o r y  d r u g ,  

p h e n y lb u ta z o n e ,  d i d  n o t  a f f e c t  l a r v a l  m o t i l i t y  i n  v i t r o  

(Table 25). The an im al in  th e  group re c e iv in g  m eclofenam ic a c id  

t h a t  h a rb o u re d  th e  l a r g e s t  num ber o f  p a r a s i t e s  (num ber 1 2 0 ) 

g e n e ra lly  showed th e  lo w e s t p la sm a  c o n c e n t r a t io n s  o f  th e  d ru g . 

T herefo re  i t  i s  p robab le  t h a t  m eclofenam ic a c id  e x e r te d  a  d i r e c t  

e f f e c t  on  t h e  p a r a s i t e s ,  a n d  c a u s e d  t h e  r e d u c t i o n  i n  

e s ta b lish m e n t.
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EXPERIMENT 2

I n v e s t ig a t io n  in t o  th e  e f f e c t  o f  m eclo fen a m ic  a c id  on  th e  

respon ses o f  p a ra site -n a iv e  lambs to  a  s in g le  d ose ch a llen g e  o f

Q stertaq ia  circnm cin cta

Experim ental d esign

E ig h t p a r a s i te -n a iv e  lam bs were used in  t h i s  experim en t and 

were d iv id e d  in to  two g roups.

Group Animal number Procedure

1 49 Meclofenamic a c id  tre a tm e n t
57 (250 m g/anim al/day)

104 C hallenged w ith  75,000
133 0 . c ircu m cin c ta  (L^)

2 52 C hallenged w ith  75,000
63 0 . c ircu m cin c ta  (L3 )
64
85

The an im als  w ere k i l l e d  a t  th e  end o f  th e  experim en t and a c te d  a s  

d o n o rs  o f  a d u l t  0 ^ c i r c u m c in c ta  i n t o  tw o  s u b se q u e n t g ro u p s  o f  

p a ra s i te -n a iv e  lambs.

Samples c o lle c te d

Blood sam ples

B lood sam p le s  w ere  c o l l e c t e d  p r i o r  t o  t h e  s t a r t  o f  t h e  

e x p e r im e n t and  e v e ry  t h r e e  d a y s  u n t i l  d e a th  on  day  24 o f  t h e  

experim ent.

E aecal sam ples

F a e c a l  s a m p le s  w ere  ta k e n  p r i o r  t o  t h e  s t a r t  o f  t h e  

experim en t, day 1 2  and day 14 o f  th e  experim en t, th e n  every  th re e  

d ays.
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Necropsy

The a n im a ls  w ere  k i l l e d  on day  24 o f  th e  e x p e r im e n t and  

sam ples w ere tak en  a s  d e sc r ib e d  p re v io u s ly , p r io r  to  th e  t r a n s f e r  

o f  abom asal c o n ten ts  co n ta in in g  a d u l t  p a r a s i te s  in to  o th e r  lam bs. 

R e su lts

F a e ca l egg co u n ts

The r e s u l t s  a re  shown in  Table 9 and F ig u res  9 and 10. Only 

one  a n im a l i n  g ro u p  1 had  p a r a s i t e  eg g s  i n  i t s  f a e c e s .  I n  

c o n tr a s t ,  a l l  o f  th e  an im a ls  in  group 2  passed  p a r a s i t e  eggs.

T h e re fo re ,  on th e  d a y s  sam p led , t h e  a n im a ls  r e c e i v i n g  

m eclofenam ic a c id  produced few er p a r a s i t e  eggs th a n  th e  c o n tro l  

group o f  lam bs.

Plasma o o n c e n tra tia n s  o f  m eclofenam ate

T hese  r e s u l t s  a r e  shown i n  T a b le  10 and  th e  m ean i n  

F ig u re  11. There was a  la rg e  v a r ia t io n  in  plasm a m eclofenam ate 

c o n c e n tra tio n s  w ith in  th e  group 1  lam bs.

Animal number 49 had c o n c e n tra tio n s  o f  m eclofenam ate below  

th e  l e v e l  o f  d e t e c t i o n  (0.1 u g /m l)  from  day  5 t o  day  17 o f  t h e  

e x p e r i m e n t .  T h is  a n im a l  h a d  d i a r r h o e a  o n  d a y  5 o f  t h e  

experim en t, b u t i t  im proved w ith o u t tre a tm e n t w ith in  tw o days. 

Animal number 104 a ls o  produced d ia rrh o e a  on th e  f i f t h  day o f  th e  

experim en t which improved w ith o u t tre a tm e n t. Subcutaneous oedema 

b e tw e e n  th e  ra m i o f  t h e  m a n d ib le  ( b o t t l e - j a w )  and  d i a r r h o e a  

a p p e a re d  i n  t h i s  a n im a l on d ay  19 o f  t h e  e x p e r im e n t (day  2 0  o f  

m e c lo fen a m ic  a c id  a d m i n i s t r a t i o n ) .  B io c h e m ic a l a n a l y s i s  o f  

plasm a sam ples showed reduced  t o t a l  p ro te in , a lbum in and g lo b u lin  

c o n c e n t r a t io n s .  A p r o t e i n - l o s i n g  e n te r o p a th y  was d ia g n o s e d ,
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p ro b a b ly  due  t o  m e c lo fe n a m ic  a c id  t o x i c i t y .  The d a i l y  d o se  o f  

m eclofenam ic a c id  was reduced  to  h a l f  and t h i s  was a d m in is te re d  

once d a i ly  from  day 19 o f  th e  experim ent. The d ia rrh o e a  q u ic k ly  

d isap p ea red  by day 2 1  b u t th e  subcutaneous oedema im proved more 

s lo w ly , a  l i t t l e  rem ain ing  a t  necropsy.

Animal number 57 showed s ig n s  o f  b o t t l e  jaw  on day 20 b u t no 

d ia r r h o e a  d e v e lo p e d . M ec lo fen am ic  a c id  w as a d m in is te r e d  a s  

u s u a l.

Plasma pepsinogen a c t iv it y

The r e s u l t s  a r e  shown i n  T a b le  11, and  th e  mean o f  e a c h  

g ro u p  i n  F ig u r e  12. The mean p la sm a  p e p s in o g e n  a c t i v i t i e s  o f  

b o th  g ro u p s  r o s e  r a p i d l y  from  f i v e  d a y s  p o s t  c h a l l e n g e ,  b o th  

reach in g  maximum c o n c e n tra tio n s  a t  day 14 p o s t c h a llen g e .

From d ay  8 , t h e  mean p la sm a  p e p s in o g e n  a c t i v i t y  o f  t h e  

an im als  re c e iv in g  m eclofenam ic a c id  ro se  more sh a rp ly  th a n  th e  

c o n t r o l  g ro u p , r e a c h in g  a  maximum o f  4.722 I.U . a s  com pared  t o  

3.422 I.U . o f  th e  c o n t r o l  g ro u p . The m ean v a lu e s  th e n  f e l l  

q u ic k ly  to  below 2 I .U . by day 20 o f  th e  experim en t.

Abcmasal pH a t  necropsy

The r e s u l t s  a re  shown in  T able 12. A ll o f  th e  lam bs had an  

abom asal pH above th e  norm al range; a lth o u g h  an im al number 49 o f  

group 1 had a  low er abom asal pH th an  th e  o th e rs .

Numbers o f  abcmasal p a r a site s

T hese r e s u l t s  a r e  shown i n  T a b le  13 , and  th e  p e r c e n ta g e  

e s ta b lish m e n t o f  th e  l a r v a l  c h a llen g e  in  T able 14.

There appeared  to  be la r g e r  numbers o f  p a r a s i t e s  e s ta b l is h e d  

in  th o se  lam bs n o t re c e iv in g  m eclofenam ic a c id . A mean v a lu e  o f
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15,313 p a r a s i t e s  i n  g ro u p  2 lam b s com pared  t o  3 ,763  i n  g ro u p  1 

lam bs. But t h i s  was n o t s t a t i s t i c a l l y  s ig n i f ic a n t .

In  th e  lam b s r e c e iv in g  m e c lo fen a m ic  a c id ,  t h e  lam b t h a t  

showed sev e re  s ig n s  o f  m eclofenam ate to x ic i ty ,  number 104, o n ly  

had 100 p a r a s i te s  compared to  coun ts o f  g r e a te r  th a n  3,500 in  th e  

o th e r  an im als .

I n  t h e  g ro u p  2 lam b s t h e r e  was a  w id e r  ra n g e  i n  p a r a s i t e  

n u m b ers , tw o  a n im a ls ,  num bers 64 and  85 h a v in g  c o u n ts  g r e a t e r  

th a n  2 5 ,0 0 0 ; i n  c o n t r a s t ,  lam b s num bers 52 and  63 h ad  l e s s  th a n

5,000 O. c irc u m c in c ta .

T h e re fo re  m e c lo fen a m ic  a c id  a p p e a re d  t o  h a v e  a n  e f f e c t  on  

th e  num bers o f  p a r a s i t e s  e s t a b l i s h e d .  Mean v a lu e s  o f  5.02% 

e s ta b l i s h m e n t  i n  th o s e  a n im a ls  r e c e iv in g  m e c lo fe n a m ic  a c i d  

compared to  20.42% in  th e  c o n tro l  lam bs.

D iscu ssion

T h ere  a p p e a re d  t o  be  l i t t l e  d i f f e r e n c e  i n  t h e  p la sm a  

pepsinogen a c t i v i t i e s  betw een t r e a te d  and u n tre a te d  lam bs. The 

p la sm a  p e p s in o g e n  re s p o n s e  was d i f f e r e n t  from  t h a t  s e e n  w i th  

a d u l t  a n im a ls  u n d e r  c h a l le n g e .  The r i s e  i n  p la sm a  p e p s in o g e n  

occu rred  l a t e r  and reached  h ig h  a c t i v i t i e s  th an  seen  p re v io u s ly . 

T h is  i s  t y p i c a l  o f  non-im m une sh ee p  and  i s  a s s o c i a t e d  w i th  

em erg en ce  o f  th e  p a r a s i t e s  from  th e  g a s t r i c  g la n d s .  I t  i s  

in t e r e s t in g  to  n o te  t h a t  in  young, non-immune an im a ls  i t  h as  been  

r e p o r te d  t h a t  p la sm a  p e p s in o g e n  a c t i v i t i e s  c o r r e la te  w e ll  w ith  

numbers o f  p a r a s i te s  e s ta b lis h e d  (M ylrea and Hotson, 1969). T h is  

d id  n o t seem to  occu r in  t h i s  experim en t. The h ig h e s t  pepsinogen  

a c t i v i t i e s  w ere seen  in  the. group 1  t r e a te d  lam bs a lth o u g h  th e y
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h a rb o u re d  fe w e r  p a r a s i t e s  a t  n e c ro p sy . A t t h e  end o f  t h e  

e x p e r im e n t ,  th e  s i t u a t i o n  had  r e v e r s e d ,  so  t h a t  t h e  g ro u p  w i th  

t h e  l a r g e r  n u m b e r o f  p a r a s i t e s  (g ro u p  2 ) h a d  t h e  h i g h e r  

pepsinogen a c t i v i t y .  I t  would have been in te r e s t in g  to  m o n ito r 

t h e s e  a n im a ls  f o r  lo n g e r  d u r in g  t h i s  i n f e c t i o n ,  b u t  i t  w as 

im p o r ta n t  t o  o b t a in  a s  many a d u l t  p a r a s i t e s  f o r  t r a n s f e r  a s  

p o s s ib l e .  The num ber o f  p a r a s i t e s  w ould  h av e  g r a d u a l ly  f a l l e n  

a f t e r  day 24 o f  th e  experim ent.

The re d u c tio n  in  p a r a s i t e  numbers in  t r e a te d  sheep was a g a in  

seen , p robab ly  due to  th e  d i r e c t  e f f e c t  o f  m eclofenam ic a c id  on 

th e  p a r a s i te s .

The h ig h  abom asal pH seen  in  th e  m a jo r ity  o f  an im a ls  would 

be caused by th e  p a r a s i te  in f e c t io n  w ith  lo s s  o f  a c id -p ro d u c in g  

c e l l s  and p o s s ib le  a d d i t io n a l  in h ib i t io n  o f  a c id  s e c re t io n . The 

f a c t  t h a t  an im als  in  b o th  groups showed t h i s  in d ic a te s  t h a t  th e  

m e c lo f e n a m ic  a c i d  w as n o t  t h e  c a u s e  o f  t h e  pH r i s e .  

P ro s ta g la n d in s  can have an in h ib i to r y  a c t io n  on a c id  s e c re t io n ,  

t h e r e f o r e  i n h i b i t i o n  o f  p r o s t a g l a n d i n  p r o d u c t io n  by th e  

m e c lo fe n a m ic  a c id  c o u ld  c a u s e  a  r i s e  i n  a c id  p ro d u c t io n .  T h is  

d id  n o t occu r he re .

The to x ic i ty  seen  in  some o f  th e  an im als  was ty p ic a l  o f  t h a t  

d e sc rib e d  by o th e rs  (Snow e t  a l ,  1983; Lees and H igg ins, 1985).

In te r e s t in g ly ,  on ly  one an im al in  th e  t r e a te d  group passed  

p a r a s i t e  eg g s  i n  th e  f a e c e s  com pared  t o  a l l  th e  a n im a ls  o f  t h e  

u n t r e a t e d  g ro u p , and  t h i s  a n im a l d id  n o t  h a rb o u r  t h e  l a r g e s t  

num ber o f  p a r a s i t e s  w i th in  th e  g ro u p . I t  i s  p o s s i b l e  t h a t  

m eclofenam ic a c id  has an e f f e c t  on th e  egg la y in g  c a p a c ity  o f  th e
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fem ale  p a r a s i te s  a s  i t  d id  n o t cause a  p r e f e r e n t ia l  re d u c tio n  in  

t h e  n u m b e r o f  f e m a le  O s t e r t a g i a  ( T a b le  1 5 ) ,  Too l i t t l e  

in fo rm a tio n  i s  a v a i la b le  in  t h i s  s tudy  to  draw any co n c lu s io n s  on 

t h i s  s u b je c t.

T herefo re  i t  would seem u n lik e ly , from t h i s  experim en t, t h a t  

p ro s ta g la n d in s  p la y  a  r o le  in  th e  plasm a pepsinogen r i s e  in  non- 

immune sheep ch a llen g ed  w ith  0. c irc u m cin c ta . F u r th e r  ev idence  

f o r  a  d i r e c t  e f f e c t  o f  m eclofenam ic a c id  on th e  p a r a s i t e s  i s  a l s o  

g iv en .

EXPERIMENT 3

I n v e s t ig a t io n  in t o  th e  e f f e c t  o f  m eclo fen a m ic  a c id  on th e  

r e sp o n se s  o f  p a r a s ite -n a iv e  la m b s, tr a n sp la n te d  w ith  a d u lt

O stertag ia  circum cincta

Experim ental d esig n

E ig h t  p a r a s i t e - n a i v e  lam b s w ere  u se d  i n  t h i s  e x p e r im e n t .  

A ll o f  th e  an im als  had abom asal cannulae f i t t e d  fo u r  weeks p r io r  

to  th e  s t a r t  o f  th e  experim ent.

Group Animal number Procedure

3 A 1

51 Meclofenamic a c id  tre a tm e n t
(250 m g/anim al/day)

B 56 T ran sp lan ted  w ith  a d u l t
93 0 . c ircu m cin c ta

4 A 75
76 T ran sp lan ted  w ith  a d u l t

0 . c ircu m cin c ta
B 79

8 6

Groups 3B and 4B r e c e iv e d  a d u l t  0 . c i r c u m c in c ta  from  d o n o rs  

t r e a te d  w ith  m eclofenam ic a c id . A ll th e  an im als  were k i l l e d  a t
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th e  end o f  th e  experim ent.

Sanples co U ected

Abcmasal f lu id  sam ples

T hese  w ere  ta k e n  p r i o r  t o ,  th e n  e v e ry  tw o  d a y s  d u r in g  th e  

experim ent.

Blood saiqples

B lo o d  s a m p le s  w e re  t a k e n  p r i o r  t o  t h e  s t a r t  o f  t h e  

experim ent and th e n  every  two days u n t i l  s la u g h te r .

F aecal sam ples

T hese  w ere  ta k e n  p r i o r  t o  t h e  s t a r t ,  and  e v e ry  tw o  d a y s  

d u rin g  th e  experim ent.

Necropsy

The a n im a ls  w ere  k i l l e d  15 d a y s  a f t e r  th e  t r a n s f e r  o f  t h e  

a d u l t  0 ^  c irc u m cin c ta .

R esu lts

Numbers o f  a d u lt c ira jn c in e ta  tran sferred

Table 16 show s th e  e s t i m a t i o n  o f  t h e  num ber o f  a d u l t  

p a r a s i te s  t r a n s f e r r e d  to  each o f  th e  lam bs in  groups 3 and 4.

O b v io u s ly , th o s e  a n im a ls  r e c e iv in g  a d u l t  p a r a s i t e s  fro m  

d o n o rs  t r e a t e d  w i th  m e c lo fe n a m ic  a c id  r e c e iv e d  s u b s t a n t i a l l y  

few er p a r a s i te s  th a n  th o se  from  u n tre a te d  donors, 3,450 p a r a s i t e s  

compared to  15,025.

F aecal egg counts

The r e s u l t s  a re  shown in  Table 17 and in  F ig u res  13 and 14. 

A l l  o f  t h e  a n im a ls  p a s s e d  p a r a s i t e  eg g s  d u r in g  t h e  e x p e r im e n t .  

P a r a s i t e  eg g s  w ere  d e te c te d  i n  t h e  f a e c e s  o f  t h e  m a j o r i t y  o f  

an im als  one day p o s t t r a n s f e r  and co n tinued  u n t i l  day 11 o f  th e
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experim en t, a f t e r  which th e  numbers o f  eggs d ec lin ed .

I n  t h e  g ro u p  3 la m b s , v e ry  h ig h  num bers o f  eg g s  w ere  

d e t e c t e d ,  r e g a r d l e s s  o f  t h e  o r i g i n  and  t h e r e f o r e  th e  num ber o f  

p a r a s i te s  t r a n s f e r r e d .

In  th e  an im als  n o t re c e iv in g  m eclofenam ic a c id  (group 4) egg 

co u n ts  w ere g e n e ra lly  low er. The an im als  re c e iv in g  a d u l ts  from  

m eclofenam ic a c id  t r e a te d  an im als  g e n e ra lly  had th e  lo w e st number 

o f  p a r a s i t e  eggs.

Plasma con cen tration  o f  m eclofenam ate

The r e s u l t s  a re  shown in  T able 18 and th e  mean in  F ig u re  15. 

M eclofenam ate c o n c e n tra tio n s  w ere g e n e ra lly  s l i g h t l y  h ig h e r  th a n  

th o s e  i n  t h e  p r e v io u s  e x p e r im e n t .  T h e re  w ere  no s ig n s  o f  

m eclofenam ate to x ic i ty .

Abcmasal f lu id  oon oen traticn  o f  m eclofenam ate

The r e s u l t s  a re  shown in  T able 19 and th e  mean c o n c e n tra tio n  

i n  F ig u r e  15. Low er c o n c e n t r a t io n s  o f  m e c lo fe n a m a te  w ere  

d e te c te d  in  abom asal f l u i d  th a n  in  th e  plasm a o f  th e se  a n im a ls . 

O fte n  th e  m e c lo fe n a m a te  c o n c e n t r a t io n  was b e lo w  th e  l i m i t  o f  

d e te c tio n . M eclofenam ate was n o t d e te c te d  in  th e  abom asal f l u i d  

o f  an im al number 56 th roughou t th e  experim ent.

Abcmasal pH

The abom asal pH m easurem ents d u rin g  th e  experim en t a r e  shown 

in  T able 20 and th e  mean pH in  F ig u re  16. The abom asal pH o f  th e  

an im als  in  bo th  groups w ere v e ry  s im i la r  and rem ained  around pH 3 

'th roughou t th e  experim ent. There was a  s l i g h t  r i s e  in  abom asal 

pH a f t e r  th e  t r a n s f e r  o f  a d u l t  p a r a s i te s  b u t t h i s  f e l l  g ra d u a lly  

th roughou t th e  experim ent.
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Plasma pepsinogen a c t iv ity

The r e s u l t s  a re  shown in  Table 21 and th e  mean a c t i v i t y  o f  

t h e  g ro u p s  i n  F ig u r e  17. F ig u r e  18 show s th e  m ean a c t i v i t y  

d iv id in g  th e  g ro u p s  a c c o rd in g  t o  th e  o r i g i n  o f  th e  a d u l t  

p a r a s i t e s .

The mean plasm a pepsinogen a c t i v i t y  o f  th e  u n tre a te d  an im a ls  

(group 4) w as h ig h e r  th a n  th o s e  r e c e iv in g  m e c lo fe n a m ic  a c id  

th roughou t th e  experim ent. The an im a ls  th a t  re c e iv e d  u n tre a te d  

p a r a s i t e s  and w ere th e m se lv e s  u n t r e a t e d  (Group 4A), show ed t h e  

h ig h e s t  p la sm a  p e p s in o g e n  a c t i v i t i e s .  The p a r a s i t e s  t h a t  

re c e iv e d  m eclofenam ic a c id  e i t h e r  a s  l a r v a l  s ta g e s  o r  when a d u l ts  

p ro d u c e d  lo w e r  p la sm a  p e p s in o g e n  a c t i v i t i e s  i n  t h e i r  r e c ip ie n t  

sheep .

Numbers o f  abcmasal p a r a s ite s

The r e s u l t s  a r e  shown i n  T a b le  22 , and th e  p e r c e n ta g e  

e s t a b l i s h m e n t  o f  t h e  a d u l t s  i n  T a b le  23. The mean num ber o f  

p a r a s i te s  in  th e  two groups were v e ry  s im i la r  (3,250 in  group 3, 

3 ,625  i n  g ro u p  4 ). When th e  o r i g i n  o f  th e  p a r a s i t e s  w e re  ta k e n  

in to  account and th e  d i f f e r e n t  numbers t r a n s f e r r e d ,  i t  i s  obv ious 

t h a t  th o s e  r e c e iv in g  a d u l t  p a r a s i t e s  from  m e c lo fe n a m ic  a c id  

t r e a t e d  d o n o rs  had  fe w e r  p a r a s i t e s  a t  n e c ro p sy . When th e  

p e rcen tag e  e s ta b lish m e n t o f  th e  t r a n s f e r r e d  a d u l ts  i s  c a lc u la te d  

h o w ev er, t h e r e  i s  a  d i f f e r e n c e  b e tw e e n  th o s e  p a r a s i t e s  fro m  

t r e a te d  donors and t ra n s p la n te d  i n t o  u n t r e a t e d  sh e e p  (G roup 4B) 

compared to  th e  r e s t .  The e s ta b lish m e n t o f  th e se  p a r a s i t e s  was 

24.64% com pared  t o  42.60% i n  u n t r e a t e d  r e c i p i e n t s  r e c e i v i n g
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u n tre a te d  p a r a s i te s  b u t due to  th e  sm a ll number o f  an im als  t h i s  

was n o t s t a t i s t i c a l l y  s ig n i f ic a n t .

T h ere  w as l i t t l e  d i f f e r e n c e  b e tw ee n  th e  e s ta b l i s h m e n t  o f  

p a r a s i te s  in  th e  o th e r  s ix  sheep .

D iscu ssion

The p la sm a  p e p s in o g e n  r i s e  i n  t h e  lam b s o f  G roup 4A i n  

response  to  th e  tra n s p la n te d  a d u l t  p a r a s i te s  i s  in  agreem ent w ith  

re s p o n s e s  fo u n d  by  A n d erso n , H ansky and  T i tc h e n  (1985) and  

M cKellar e t  a l  (1986? 1987).

The f a c t  t h a t  th e  o th e r  lam bs d id  n o t show a  r i s e  in  p lasm a 

p e p s in o g e n  a c t i v i t y  may b e  due  t o  th e  s m a l l e r  num bers o f  

p a r a s i t e s  t r a n s f e r r e d  t o  lam bs o f  g ro u p s  3B and  4B and  t h e  

a d v e r s e  e f f e c t  o f  m e c lo fe n a m ic  a c id  on  p a r a s i t e  s u r v i v a l ,  a s  

cou ld  a f f e c t  p a r a s i te s  in  group 3A lam bs. The h ig h e s t  number o f  

p a r a s i t e s  w as a s s o c i a t e d  w i t h  t h e  p e p s i n o g e n  r i s e .  

A lte rn a tiv e ly , m eclofenam ic a c id  tre a tm e n t could  be su p p re ss in g  

th e  pepsinogen r i s e .  T his i s ,  however, im p o ssib le  to  d e te rm in e  

g iv e n  th e  d i r e c t  t o x i c  e f f e c t  o f  m e c lo fe n a m ic  a c id  on th e  

p a r a s i t e s .

I t  i s  in te r e s t in g  th a t  p a r a s i t e  eggs w ere d e te c te d  in  m ost 

an im a ls  one day a f t e r  t r a n s f e r  i n d i c a t i n g  e s t a b l i s h m e n t  o f  t h e  

p a r a s i t e s .  T h e re  d id  n o t  a p p e a r  t o  b e  a  s u p p r e s s iv e  e f f e c t  on  

th e  egg  c o u n ts  i n  t h e  g ro u p  3 lam b s t h a t  w ere  t r e a t e d  w i th  

m eclofenam ic a c id , c o n tra ry  to  p rev io u s  r e s u l t s .  High numbers o f  

p a r a s i t e  eg g s  w e re  d e te c te d  i n  th e  f a e c e s  o f  b o th  g ro u p s  o f  

lam b s . T h is  m ig h t b e  due  t o  th e  p a r a s i t e s  b e in g  p r e s e n t  i n  t h e  

lam bs f o r  a  s h o r t  tim e , no l a r v a l  developm ent hav ing  ta k en  p la c e ,
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and  l e s s  o p p o r tu n i ty  f o r  h o s t  im m u n ity  t o  a c t  and c a u s e  a  

r e d u c t io n  i n  p a r a s i t e  egg  o u tp u t .  The ab o m asa l pH d id  r i s e  

s l i g h t l y  a f t e r  t h e  t r a n s f e r .  I t  i s  p o s s i b l e  t h a t  t h e  a b o m a sa l 

c o n te n t s  o f  th e  d o n o r sh ee p  d i r e c t l y  c a u se d  th e  r i s e  a s  t h e  pH 

w as h ig h e r  th a n  n o rm a l. H ow ever, q u i t e  s m a l l  v o lu m es w ere  

t r a n s f e r r e d .  The m e c lo fe n a m a te  c o n c e n t r a t io n s  w ere  s l i g h t l y  

h ig h e r  i n  t h e  p la sm a  th a n  i n  th e  p re v io u s  s tu d y . The a b o m asa l 

c o n c e n t r a t io n s  w ere  lo w , b u t  d e t e c t a b l e  and  t h e r e f o r e  a b le  t o  

a f f e c t  th e  p a r a s i te s .

T herefo re  i t  i s  p o s s ib le  t h a t  p ro s ta g la n d in s  a r e  in v o lv ed  in  

t h e  p e p s in o g e n  re s p o n s e  t o  a d u l t  p a r a s i t e s ,  b u t  t h e  f a c t  t h a t  

m e c lo fe n a m ic  a c id  h a s  a  d i r e c t  e f f e c t  on O s t e r t a g i a  l a r v a e  

i n  v i t r o  makes i t  im p o ssib le  f o r  co n c lu s io n s  to  be  drawn. T h is  

d i r e c t  e f f e c t  had  n o t  b een  a n t i c i p a t e d  a t  th e  s t a r t  o f  t h e s e  

experim en ts.
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TABLE 1

C oncentrations (ug/m l) o f  m eclofenam ate in  th e  plasma o f  

two groups o f  a d u lt sh eep . Groups 1 and 3 , each anim al 

rece iv ed  500 mg m eclofenam ic a c id  d a ily . Group 1 , each anim al 

rece iv ed  200,000 c irc iin c in cta  Lg on day 0 a s  a  s in g le  d ose

Time
(days)

Group 1
Mean hh SEM

Group 3

Animal number 
96 97 98

Animal number 
38

- 1 0 0 0 0 0

0 1.65 1.08 1 . 0 0 1.24 + 0.205 1.45

1 1.67 1.27 1.19 1.38 + 0.149 2 . 0 2

2 1 . 8 8 1.50 0.82 1.40 + 0.310 2.52

3 1.15 1.59 1.03 1.26 + 0.170 2 . 2 1

4 1.39 1.83 1.59 1.60 + 0.127 2.27

5 0.83 1.59 1.09 1.17 + 0.223 2.38

6 1.15 1 . 6 6 1.19 1.33 + 0.164 2.67

7 0.99 0.93 0.43 0.78 + 0.178 2.05

8 0.89 0.63 0.37 0.63 + 0.150 2.05

9 0.84 0.75 0.27 0.62 + 0.177 1.30

1 0 0.73 0.70 0.37 0.60 + 0.115 0.79

1 1 0.81 0.45 0.50 0.59 + 0.113 0.51

1 2 0.99 1.06 1 . 0 0 1 . 0 2  + 0 . 0 2 2 0.37

13 0.84 1.06 0.53 0.81 + 0.154 0.25

14 0.75 0.82 0.71 0.76 + 0.032 0 . 2 0

15 0.63 0.48 0.53 0.55 + 0.044 0 . 2 0

16 0.67 0.52 0.50 0.56 + 0.054 0 . 2 0
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TABLE 1 (C b n t'd )

Group 1 Group 3
Time — —— -----------------   Mean _+ SEM -----------------------
(days) Animal number Animal number

96 97 98 38

17 0.84 0.42 0.50 0.59 + 0.129 0 . 2 2

18 0.58 0.48 0.70 0 . 5 9 + 0 . 0 6 4 0.25

19 0.89 0.72 0.79 0.80  + 0.049 0.34

2 0 0.75 0.69 0.47 0.64 + 0.085 0.40

2 1 0.78 0.55 0.47 0.60 + 0.093 0.34

2 2 0.70 0.42 0.53 0.55 + 0.082 0.37

23 0.93 0.72 0.41 0.69 + 0.151 NS

24 0.81 0.35 0.64 0.60 + 0.134 NS

NS Not sampled
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FIGURE 5

Mean con cen tration s (ug/m l) o f  m eclofenam ate in  th e  plasma 

o f  two groups o f  a d u lt sheep . Groups 1 and 3, each animal 
rece iv ed  500 mg m eclofenam ic a c id  d a ily . Group 1,  each animal 

rece iv ed  200,000 O .circum cincta L3 on day 0 a s  a  s in g le  d ose
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TABEJ3 2

Plasma pepsinogen activities (I.U.) of three groups of 
adult sheep. Groups 1 and 2, each received 200,000 

O.circumcdncta Lg on day 0  as a single dose.
Groups 1 and 3, each animal received 500 mg meclofenamic

acid daily

Time
(days)

Group 1
Animal number 

96 97 98
Mean _+ SEM

Group 2
Animal number 
47 48

Mean +_ SEM
Group 3

Animal number 
38

0 0.294 0.400 0.428 0.374 + 0.041 0.697 0.381 0.539 + 0.158 1.931
1 0.319 0.646 0.610 0.525 + 0.103 0.782 0.504 0.643 + 0.139 1.903
2 0.397 1.067 1.023 0.829 ±  0.217 1 . 1 0 2 0.826 0.964 + 0.138 1.928
3 0.514 1.418 1.384 . 1.105 + 0.296 1.374 ' 1.185 1.280 + 0.095 1.621
4 0.602 1.648 1.448 1.233 + 0.320 1.599 1.420 1.510 + 0.090 1.477
5 0.639 1.905 1.570 1.371 + 0.379 1.588 1.274 1.431 + 0.157 1.396
6 0.735 1.714 1.570 1.340 + 0.305 2 . 1 0 0 1.035 1.568 + 0.533 1.192
7 0.783 2.144 1.487 1.471 + 0.393 2.577 0.989 1.783 + 0.794 1 . 0 2 2

8 0.938 2.216 1.475 1.543 + 0.371 2.841 0.988 1.915 + 0.927 1.079
9 1.105 1.762 1.499 1.455 + 0.191 2.422 1.028 1.725 + 0.697 1.156

1 0 1.117 1.427 1.499 1.348 +0.117 1.912 1 . 1 2 0 1.516 +0.396 1.046
1 1 1.046 1.259 1.532 1.279 + 0.141 2.069 1.359 1.714 + 0.355 1.083
1 2 1.319 1.150 1.459 1.309 + 0.090 2.261 2.081 2.171 + 0.090 1.046
13 1.284 1.080 1.483 1.282 + 0.117 2.225 2.332 2.279 + 0.054 1.059
14 1.176 1.044 1.589 1.270 + 0.164 2.429 3.365 2.897 + 0.468 0.964
15 1.093 1.092 1.851 1.345 + 0.253 2.645 3.918 3.282 + 0.637 0.938
16 0.998 1.056 1.767 1.274 + 0.247 2.562 4.097 3.330 + 0.768 0.902
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TABUS 2  (Q ont'd )

Group 1
Time —  ---------------  Mean +_ SEM
(days) Animal number

96 97 98
17 0.945 1.175 1.877 1.332 + 0.281
18 1.042 1.078 2.072 1.397 + 0.338
19 1.006 1.139 2.072 1.406 + 0.336
2 0 0.981 1.090 2.327 1.466 + 0.432
2 1 1.006 1 . 2 1 2 2.715 1.644 + 0.539
2 2 0.945 1.224 2.678 1.616 + 0.538
23 0.898 1.224 2.549 1.557 + 0.505
24 0.874 1.187 2.431 1.497 + 0.476

NS Not sampled

Group 2 Group 3
------- ;—  Mean + SEM ----------

Animal number 
47 48

Animal number 
38

2.844 4.471 3.658 _+ 0.814 0 . 8 6 6

2.699 4.915 3.807 1.108 0.829
3.108 5.121 4.115 _+ 1.007 0.782
3.037 4.711 3.874 +_0.837 0.831
3.748 4.180 3.964 _+ 0.216 0.741
3.808 3.167 3.488 0.321 0.887
.3.824 2.370 3.097 _+ 0.727 NS
4.391 2.082 3.237 + 1.155 NS
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FIGDRE 6

Moan plasma pepsinogen a c t iv i t i e s  (I .U .)  o f  th ree  groups o f  

a d u lt sheep . Groups 1 and 2 , each anim al rece iv ed  200,000  

O .circum cincta L3 on day 0 a s  a  s in g le  d o se . Groups 1 and 3 , 

each anim al rece iv ed  500 mg m eclofenam ic a c id  d a ily
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TABLE 3

Nutters of parasite eggs per gram of faeces in three groups 
of adult sheep. Groups 1 and 2  sheep each received 2 0 0 , 0 0 0  

O.circumcincta L3  on day 0 as a single dose. Groups 1 and 3 
sheep received 500 mg meclofenamic add daily

Time Group 1 Group 2 Group 3
(days) Animal number Animal number Animal number

41 46 102 120 47 113 124 7496 48 96 98 103

0 N N N N N N N N N N N N
1 2 N N N 50 N N N N N N N N
14 N N N N N N N N N N N N
17 N N N N N N N N N N N N
2 0 N N N 50 N N N N N N N N
23 N N N N N N N N N N N N

N = Negative
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TABLE 4

Concentrations (ug/ml) of meclofenamate in the plasma of two 
groups of adult sheep. Groups 1 and 3, each animal received 

500 mg meclofenamic add daily. Group 1 animal*; each received 
2 0 0 , 0 0 0  O.ciraancincta L3  on day 0  as a single dose

Group 1 Group 3
Time --------------------  Mean _+ SEM   Mean _+ SEM
(days) Animal number Animal number

41 46 102 120 48 96 98 103

- 1 0 0 0 0 0 0 0 0 0 0

2 0.47 0.34 0.67 0 . 2 1 0.42 +_ 0 . 1 0 0.63 0.79 0.47 0.23 0.53 +_ 0 . 1 2

5 0.30 0.53 0.60 0 . 2 1 0.41 +_0.09 0.34 0.41 0.75 0.47 0.49 _+ 0.09
8 0.25 0.29 0.39 0.14 0.27 _+ 0.05 0.52 0.58 0.25 0.32 0.42 0.08

1 1 0.32 0.33 0.64 0.17 0.37 +_ 0 . 1 0 0.55 0.56 0.44 0.36 0.48 +_0.05
14 0.29 0.30 0.55 0.23 0.34 +_0.07 0.29 0.32 0.32 0.31 0.31 _+ 0 . 0 1

17 0.27 0.49 0.55 0.14 0.36 _+ 1 . 1 0 0.55 0.59 0.45 0.44 0.51 +_0.04
2 0 0.29 0.48 0.7 0.17 0.43 + 0.14 0.45 0.75 0.71 0.34 0.56 + 0 . 1 0
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FIGURE 7

Msan con cen tration s (ug/m l) o f  m eclofenam ate in  th e  plasma of 
two groups o f  a d u lt sh eep . Groups 1 and 3 , each anim al 

rece iv ed  500 mg m eclofenam ic a c id  d a ily . Group 1 , each animal
200,000 cincum cincta L3 cn day 0 a s  a  s in g le  d ose
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FIGURE 8

Mean plasma pepsinogen a c t iv i t ie s  ( I .U .) o f  th ree  groups o f  

a d u lt sheep . Groups 1 and 2 , each anim al rece iv ed  200,000  

O. circum cincta L3 on day 0 a s  a  s in g le  d o se . Groups 1 and 3 , 

each anim al rece iv ed  500 mg m eclofenam ic a c id  d a ily
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TABLE 6

Abcmasal pH a t  necropsy on day 23 o f  th e  experim ent 

o f  two groups o f  a d u lt sheep . Groups 1 and 2 , each anim al 

rece iv ed  200,000 O .circxincincta on day 0 a s  a  s in g le  d o se . 

Group 1 anim als each rece iv ed  500 mg m eclafenam ic a c id  d a ily

Group Sheep number Abomasal pH

1 41 3 .6

46 3 .0

1 0 2 3 .6

1 2 0 6 . 6

2 47 3 .0

113 4 .0

124 4 .7 +

7496 3 .2

+ blood con tam ination
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TABLE 8

Percentage estab lish m en t o f  a  s in g le  d ose o f  200,000  

Q«circum cincta L3 a t  necropsy, 23 days p o st-ch a llen g e  

o f  two groups o f  a d u lt sheep . Grouqp 1 sheep a ls o  rece iv ed  500 mg

m eclof enam ic a d d  d a ily

Group
number

Animal
number

T o ta l number 
o f  p a r a s i te s

P ercen tage
e s ta b lish m e n t

1 41 1 0 0 0.05%

46 1 , 0 0 0 0.50%

1 0 2 500 0.25%

1 2 0 15,800 7.90% 

Mean 2.175% 

+ SEM + 1.91

2 47 11,050 5.50%

113 300 0.15%

124 2 0 0 0 . 1 0 %

7496 42,800 24.40% 

Mean 6.79% 

+ SEM + 5.03
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TABLE 9

Numbers o f  p a r a s ite  e g g s  p er  gram o f  fa e c e s  o f  tw o grou p s o f  

p r e v io u s ly  p a r a s ite -n a iv e  lam b s. Groups 1 and 2 ,  ea ch  an im a l 

r e c e iv e d  a  c h a lle n g e  o f  7 5 ,0 0 0  0^ c ir c u m c in c ta  L3 on day 0 a s  a  

s in g le  d ose. Group 1 lambs a ls o  rece iv ed  250 mg o f  m eclofenam ic

a c id  d a ily

Group 1 Group 2
Time ---- -------------------------------------------------------------------- --------------
(days) Animal number Animal number

49 57 104 133 52 63 64 85

0 0 0 0 0 0 0 0 0

1 2 0 0 0 0 0 0 0 0

14 0 0 0 0 0 0 1 0 0 0

17 0 0 0 0 0 0 500 50

2 0 0 400 0 0 0 0 750 300

23 0 150 0 0 50 0 650 450

24 0 1 0 0 0 0 300 50 350 1750
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FIGURE 9

Numbers o f  p a r a site  eggs per gram o f  fa e c e s  in  one group 

o f  p rev io u sly  p a ra site -n a iv e  lam bs. Group 1 , each anim al 

rece iv ed  75,000 O .cixciin cin cta  1^ on day 0 a s  a  s in g le  d ose and 

250 mg m eclofenam ic a c id  d a ily . No p a r a site  eggs were 

d etected  in  th e  fa e c e s  o f  lambs 4 9 , 104 and 133
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FIGURE 10

Numbers o f  p a r a site  eggs per gram o f  fa e c es  in  one group o f  

p rev io u sly  p a ra site -n a iv e  lam bs. Group 2 , each anim al rece iv ed

75,000 circum cincta L3 on day 0 a s  a  s in g le  d ose
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TABLE 10

C o n cen tra tio n s (u g /m l) o f  m eclo fen am ate in  th e  p lasm a o f  on e  

group o f  p rev io u sly  p a ra site -n a iv e  lam bs. Group 1 , each anim al 

r e c e i v e d  2 5 0  mg m e c l o f e n a m i c  a c i d  d a i l y  a n d  7 5 , 0 0 0  

O. c ir a m c in c ta  Ig  on day 0 a s  a  s in g le  d ose

Time
(days)

Group 1
+ SEM

49
Animal number 

57 104 133

- 1 0 0 0 0 0

2 0.17 0.57 0 . 2 2 0.48 0.36 + 0 . 1 0

5 + 0 0.36 + 0 0.50 0 . 2 2 + 0.13

8 0 0.47 0 . 2 2 0.50 0.30 + 0 . 1 2

1 1 0 0.34 1 . 0 1 0.51 0.47 + 0 . 2 1

14 0 0.28 0 0.30 0.15 + 0 .08

17 0 0.61 0 0.29 0.23 + 0.15

2 0 0.38 0.55 ++ o 0.40 0.33 + 0 . 1 2

23 0 . 2 2 0.71 ++ 0 0.72 0.41 + 0.18

24 0 . 2 2 0.38 ++ 0 0.'43 0.26 + 0 . 1 0

+ d ia r rh o e a , b u t improved w ith o u t tre a tm e n t.

++ s ig n s  o f  p o s s ib le  meclofenamic a c id  to x i c i t y  from day 19. 
Dose reduced  to  h a l f  from day 19 u n t i l  end o f  experim en t.
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FIGURE 11

Mean concentration, (ug/m l) o f  m eclofenam ate in  th e  plasma o f  

one group o f  p rev io u sly  p a ra site -n a iv e  lam bs. Group 1 , each  

anim al rece iv ed  250 mg m eclofenam ic a c id  d a ily  and 75,000  

O. circum cincta L3 on day 0 a s  a  s in g le  d ose
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FIGURE 12

Mean p lasna pepsinogen a c t iv i t i e s  ( I . U . ) o f  two groups o f  

p rev io u sly  p a ra site -n a iv e  Iambs. Groups 1 and 2 , each animal 
rece iv ed  75,000 O .circum cincta L3 cn  day 0 a s  a  s in g le  d o se . 

Group 1 lambs each rece iv ed  250 mg m eclofenam ic a c id  d a ily
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TftHLE 12

Abomasa! pH a t  necropsy on day 24 o f  th e  experim ent o f  two 

groups o f  p rev io u sly  p a ra site -n a iv e  lambs 

Groups 1 and 2 , each anim al rece iv ed  a  ch a llen g e o f  75,000  

O, circum cincta Lg on day 0 a s a  s in g le  d o se .

Group 1 lambs each rece iv ed  250 mg m eclofenam ic a d d  d a ily

Group
number

Animal
number

Abomasal
pH

1 49 3 .8

57 6 . 6

104 6 .7

133 6 . 1  +

2 52 6 . 6

63 5.6

64 6 . 6

85 6 .3

+ b lood con tam ination .
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TABLE 14

Percentage estab lish m en t o f  a  s in g le  ch a llen g e o f  75,000  

O, circum cincta L3 in  two groups o f  p rev io u sly  p a ra site -n a iv e  

lam bs. Group 1 lambs rece iv ed  250 mg m eclofenam ic a d d  d a ily

Group
number

Animal
number

T o ta l number 
o f  p a r a s i te s

P ercen tage
e s ta b lish m e n t

1 49 3,700 4.933

57 3,900 5.200

104 1 0 0 0.133

133 7,350 9.800

Mean 5.017

_+ SEM + 1.974

2 52 2,300 3.067

63 4,300 5.733

64 25,700 34.267

85 28,950 38.600

Mean 20.417

+ SEM + 9.305
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TABLE 15

Numbers o f  m ale and fem ale p a r a s ite s  in  two groups o f  

p rev io u sly  p a ra site -n a iv e  lam bs. Groups 1 and 2 , each anim al 

was challen ged  w ith  75,000 c ira m c in c ta  Group 1 , each  

anim al rece iv ed  250 mg m eclofenam ic a c id  d a ily

Group
number

Animal
number

T o ta l number o f  a d u l ts
V 7  $

R a tio  
Male : Female

1 49 1,750 1,900 0.92

57 2,500 1,400 1.79

104 0 50 -

133 2,650 4,500 0.59  

Mean 1.1 

+_ SEM _+ 0 .64

2 52 600 1,600 0.38

63 1,600 2,600 0.63

64 16,100 9,400 1.71

85 13,450 15,500 0.87

Mean 0.90 

_+ SEM _+ 0.29
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TftHUE 16

E stim ation  o f  numbers o f  a d u lt 0 . circum cin cta tra n sferred  in to  

lambs o f  groups 3 and 4 from groups 1 and 2 . Group 1 donor lam bs 

rece iv ed  250 mg m eclofenam ic a c id  d a ily  throughout th e  in fe c t io n

Group
number

Animal
number

T o ta l number o f  p a r a s i te s  
i n  abcm asal c o n te n ts Mean _+ SEM

1 49 3,000

57 3,850
3,450 + 1,389

104 1 0 0

133 6,850

2 52 2,150

63 4,250
1 5 ,0 2 5 + 6 ,8 7 8

64 25,100

85 28,600
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TABUS 17

Numbers o f  p a r a s ite  e g g s  p er  gram o f  fa e c e s  in  tw o  grou p s o f  

p r e v io u s ly  p a r a s ite -n a iv e  lam b s. Groups 3 and 4 , ea ch  a n im a l 

r e c e iv e d  a d u lt  O .c ircu m cin cta  v ia  ab om asal ca n n u la e  on  day 0.  

A nim als in  grou p s 3B and 4B r e c e iv e d  p a r a s ite s  from  d on ors  

tr e a te d  w ith  m eclo fen a m ic  a c id . A n im als in  grou p s 3A and 4A 

rece iv ed  p a r a s ite s  from un treated  donors. Group 3 , each anim al 

rece iv ed  250 mg m eclofenam ic a c id  d a ily

Time
(days)

1

Group 
3A 3B

Animal number 
51 56 93

Group 
4A 4B

Animal number 
75 76 79 8 6

0 N N N N N N N N

1 500 350 1 0 0 N 250 350 N N

3 2 , 0 0 0 1,700 150 900 1 , 1 0 0 2,500 450 400

5 950 3,100 950 1 ,300 1 , 1 0 0 1,850 700 650

7 450 4,500 350 1 , 2 0 0 2 0 0 950 500 400

9 N 1,350 5,000 900 650 1,600 550 600

1 1 N N N 400 N 150 N N

13 1 0 0 N N 1 0 0 N 1 0 0 N N

15 N 150 50 N 50 150 50 250

N -  N egative
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FIGURE 13

Numbers o f  p a r a site  eggs per gram o f  fa e c e s  in  one group o f  

p rev io u sly  p a ra site -n a iv e  lam bs. Group 3 , each anim al rece iv ed  

a d u lt O .eircim ctn cta  v ia  ahcmasal cannulae on day 0 ,  

and 250 mg m edofenam ic a c id  d a ily
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FIGURE 14

Numbers o f  p a r a site  eggs per gram o f  fa e c e s  in  one group o f  

p rev io u sly  p a ra site -n a iv e  lam bs. Group 4 , each anim al rece iv ed  

a d u lt O.circimiciLncta v ia  ahomasal cannulae on day 0

v
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TABEJE 18

C o n cen tra tio n s (u g /m l) o f  m eclo fen am ate in  th e  p lasm a o f  one  

group o f  p rev io u sly  p a ra site -n a iv e  lam bs. Group 3 lam bs rece iv ed  

250 mg m eclo fen a m ic  a c id  d a ily  and a d u lt  O .c ircu m cin cta  v ia

ahcmasal cannulae cn  day 0

Time
(days)

Group 3
h SEM

1

Animal number 
51 56 93

riccUl 1

- 1 0 0 0 0 0

1 0.34 0.29 0.18 0.47 0.32 + 0.06

3 0.52 0.57 0.26 0 . 6 8 0.51 + 0.09

5 0.40 0.60 0.28 0.65 0.48 ±  ° - 0 9

7 0.34 0.40 0.24 0.91 0.47 + 0 .15

9 0.23 0.29 0 . 2 1 0.46 0.30 + 0 .06

1 1 0.23 0 . 2 1 0.18 0.61 0.31 + 0 . 1 0

13 0.45 0.29 0.24 0.62 0.40 ±  0-09

15 0.30 0.49 0.34 0.31 0.36 + 0 .04
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TABLE 19

OoDoentrations (ug/m l) o f  m eclofenam ate in  th e  abomasa! f lu id  o f  

one group o f  p rev io u sly  p a ra site -n a iv e  lam bs. Group 3 lambs 

rece iv ed  250 mg m eclofenam ic a c id  d a ily  and a d u lt 

O .circan cin cta  v ia  abomasa 1 cannulae cn  day 0

Time
(days)

Group 3
Mean +_ SEM

1
Animal number 

51 56 93

-1 0 0 0 0 0

1 0 0 0 0.12 0.030 + 0.03

3 0.10 0 0 0.15 0.063 + 0.04 .

5 0 0.14 0 0.38 0.130 + 0.09

7 0 0 0 0 0 0

9 0 0 0 0 0 0

11 0 0.14 0 0 0.040 + 0.04

13 0 0 0 0.10 0.030 + 0.03

15 0 0 0 0 0 0
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FIGURE 15

Mean con cen tration s (ug/m l) o f  m eclofenam ate in  th e  plasma and 

abomasa 1 f lu id  o f  one group o f  p rev io u sly  p a ra site -n a iv e  lam bs. 

Group 3 , each anim al rece iv ed  250 mg m eclofenam ic a c id  d a ily  and 

a d u lt O. c±rciincincta  v ia  ahomasal cannulae on day 0
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TABLE 20

Abomasa! pH in two groups of previously parasite-naive lambs. Groups 3 and 4, 
each animal received adult cuxxancincta via abomasal cannulae an day 0 . 

Group 3, each animal received 250 mg meclofenamic add daily

Time
(days)

Group 
3A 3B

f SEM
4A

Group
4B

Mean jh SEM
1

Animal number 
51 56 93

Animal number 
75 76 79 8 6

0 3.5 2 .7 - p 2.9 y 3.0-y 3.025 + 0.170 3.3 3.4 3.2 2 . 6 3.125 + 0.180
1 3.4 3.0 3.1 3.8 3.325 + 0.180 3.4 3.6 2.9 2.9 3.200 + 0.180
3 3.5 2.7 2.9 3.0 3.025 + 0.170 3.3 3.4 3.2 2 . 6 3.125 + 0.180
5 3.4 3.2 2 . 8 2 . 8 3.050 + 0.150 3.25 3.2 3.1 2.9 3.110 + 0.080
7 2.9 3.2 2 . 8 2 . 8 2.295 + 0.095 2.85 3.0 2 . 8 2.7 2.840 + 0.063
9 2.9 2.9 2.9 2 . 8 2.875 + 0.025 2.7 3.1 2.5 2 . 8 2.780 + 0.125

1 1 3.1 3.0 2.7 2 . 8 2.900 + 0.090 2 . 8 3.4 2.9 3.1 3.050 ±  0.132
13 2.9 2.9 2.4 2.9 2.775 + 0.125 2 . 8 3.2 2.5 3.0 2.880 + 0.150
15 2 . 8 2.7 3.3 3.0 2.950 + 0.132 3.3 2.4 2.3 2 . 8 2.700 + 0.230
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FIGDRE 16

Moan abcmasal pH o f  two groups o f  p rev io u sly  p a ra site -n a iv e  

lam bs. Groups 3 and 4 , each anim al rece iv ed  a d u lt O .c irca n cin cta  

v ia  abcmasal canm ilae cn  day 0 . Group 3 , each anim al rece iv ed  

250 mg m eclofenam ic a c id  d a ily
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FIGURE 17

Moan plasm a pepsinogen a c t i v i t i e s  ( I .U . ) o f  two groups o f  

p re v io u s ly  p a ra s i te -n a iv e  lam bs. Groups 3 and 4 , each  an im al 

re c e iv e d  a d u l t  O .c irc im c in c ta  v ia  abcm asal cannu lae  on day 0 .  

Grot?) 3 , each  anim al re c e iv e d  250 mg m eclofenam ic a c id  d a i ly



m ^r
CL CLz> z> o o cn cn
o  CD

£ t

in

o

in

ota ­
in o in o

o  o

( n I) A 1 I A I 1 3 V  N 3 9 0 N I S d 3 d  VWSVTd

TI
ME

 
(D

A
Y

S)



TftBEJE 21

Plasma pepsinogen activities (I.U.) of two groups of previously 
parasite-naive lambs. Both groups received adult 0.circumni nct-a cn day 0. 

Groups 3B and 4B received parasites from donors treated with meclofenamic acid. 
Group 3 also received 250 mg meclofenamic acid daily

Group Animal
number 0 1 3

Time (days post-challenge)
5 7 9 11 13 15

3A 1 0.505 0.346 0.346 0.408 0.383 0.274 0.274 0.286 0.310
51 0.113 0.651 0.950 0.950 0.902 0.914 0.794 0.687 0.691

B 56 0.383 0.323 0.310 0.323 0.323 0.383 0.323 0.383 0.334
93 0.579 0.675 0.627 0.842 0.926 0.723 0.914 0.735 0.735

Mean 
(of Group 3) 

_+ SEM
0.395
0.102

0.499
0.095

0.558
0.149

0.631
0.156

0.634
0.163

0.574
0.148

0.576
0.163

0.523
0.111

0.518
0.113

Mean
(of A) 

+ SEM
0.309
0.196

0.499
0.153

0.648
0.302

0.679
0.271

0.643
0.260

0.594
0.320

0.534
0.260

0.487
0.201

0.501
0.191

Mean
(of B) 

_+ SEM
0.481
0.098

0.499
0.176

0.469
0.159

0.583
0.260

0.625
0.302

0.553
0.170

0.619
0.296

0.559
0.176

0.535
0.201

4 A 75 0.080 1.109 1.726 1.473 1.552 1.204 0.998 0.966 0.808
76 0.239 1.981 2.157 2.946 2.433 2.583 2.620 2.696 2.783

B 79 0.239 0.489 0.527 0.614 0.878 1.617 0.865 0.727 0.702
86 0.174 0.254 0.142 0.222 0.269 0.301 0.412 0.364 0.380
Mean 

(of Group 4) 
_+ SEM

0.183
0.038

0.958
0.386

1.138
0.479

1.314
0.604

1.283
0.464

1.426
0.474

1.224
0.482

1.188
0.518

1.168
0.546

Mean 
(of A) 

+ SEM
0.160
0.080

1.545
0.436

1.942
0.216

2.210

0.737
1.993
0.441

1.894
0.690

1.809
0.811

1.831
0.865

1.796
0.988

Mean 
(of B) 

+ SEM
0.207
0.033

0.372
0.118

0.335
0.193

0.418
0.196

0.574
0.305

0.959
0.658

0.639
0.227

0.546
0.182

0.541
0.161

7 5



FIGURE 18

Mean plasm a pepsinogen a c t i v i t i e s  ( I .U .)  o f  two groups o f  

p re v io u s ly  p a r a s i te -n a iv e  lam bs. Groups 3 and 4, each  animal 
re c e iv e d  a d u l t  0 .  c irc iin c in c ta  v ia  abcm asal cannu lae  on day  0 .  

Animals i n  groups 3B and 4B re c e iv e d  p a r a s i t e s  from  donors 

t r e a te d  w ith  m eclofenam ic a c id .  Animals i n  g roups 3A and 4A 
re c e iv e d  p a r a s i t e s  from u n tre a te d  d o n o rs . Group 3, each  animal 

re c e iv e d  250 mg m eclofenam ic a c id  d a i ly
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TABUS 23

Percentage estab lish m en t o f  a d u lt 0^ c irctm cin cta  in  group 3 

and 4 lam bs. Group 3B and 4B rece iv ed  p a r a site s  from denars 

trea ted  w ith  m eclofenam ic a c id . Group 3 lambs a ls o  rece iv ed  

250 mg m eclofenam ic a d d  d a ily

Group
number

Animal
number

T o ta l number 
o f  p a r a s i t e s

P ercen tage
es ta b lish m e n t Mean

3 A 1 3,600 23.96 )
32.62

51 6,200 41.27 )

B 56 1,900 55.07 )
) 46.38

93 1,300 37.68 )

4 A 75 5,800 38.60 )
42.60

76 7,000 46.59 )

B 79 900 26.09 )
24.64

- 86 800 23.19 )
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a s m s  25

The mean m o tility  o f  0 ^ circum cincta L3 in  v itr o  a s  a  

percentage o f  co n tro l m o t ility  during in cu b ation  w ith  variou s  

con cen tration s o f  phenylbutazone

C o n cen tra tio n  phenylbutazone (ug/m l)

(hours) 2 0 2 0 . 2

T 95.0 95.3 94.0

3 82.5 77.0 98.2

6 99.7 85.4 101.9

24 94.4 80.0 88.7

30 92.7 77.6 99.0
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STUDIES mso THE EFFECT CF A MUCOLYTIC, BRCMHEXINE HXCROCHDCXU33E, 

A OQHTiaOSTSQOID, DEXAMETBASCNE ACETATE; AND A SUBSTTTOTED 

BEimM IDM aLE, CMEERA0OU3, WHICH RAISES DHRASASDRIC pH; CN 

THE RESPONSES CF DMONE SH^P TO O stertaq ia  c irc iin c liic ta

EraR crocncN

The e n v iro n m e n t o f  th e  ab o m asa l p a r a s i t e  i n  t h e  sh e e p  i s  

made up o f  many components.

I n  o r d e r  f o r  t h e  in c o m in g  0 . c i r c u m c in c ta  l a r v a e  (L 3 ) t o  

m a tu re  i n  t h e  ab o m asa l g la n d s ,  t h e  mucus l a y e r  l i n i n g  t h e  

g a s t r o in te s t in a l  t r a c t  has to  be p e n e tra te d .

When th e  p a r a s i t e  h a s  re a c h e d  th e  young a d u l t  s t a g e ,  i t  

em erges from th e  g land  and m a in ta in s  i t s e l f  in  c lo se  a p p o s it io n  

to  th e  m ucosal su rfa c e  and th e  mucus la y e r  f o r  th e  rem ain d er o f  

i t s  l i f e .

The ab o m asa l m ucus l i n i n g  i s  t h e r e f o r e  a  v e ry  im p o r ta n t  

component o f  th e  p a ra s i te * s  environm ent.

G a s t r o in te s t in a l  mucus

S tru cture

T h e  m u c u s  l a y e r  i s  a  c o n t i n u o u s  l i n i n g  t o  t h e  

g a s t r o i n t e s t i n a l  t r a c t  b u t  t h e r e  i s  a  l a r g e  v a r i a t i o n  i n  

th ic k n e s s  a lo n g  t h e  t r a c t  a s  w e l l  a s  b e tw e e n  s p e c ie s  (G a rn e r , 

Flemstrom and A lle n , 1983).

Mucus c o n ta in s  l a r g e  m o le c u la r  w eigh t g ly c o p ro te in s  w hich 

a r e  r e s p o n s i b l e  f o r  i t s  g e l  f o r m in g  a n d  v i s c o u s  n a t u r e  

(H ollander, 1954; A llen , 1978).

Mucus c o n ta in s  1% to  10% o f  i t s  w eigh t a s  th e  g ly c o p ro te in s , 

95% o f  i t s  w eigh t i s  w a te r  (C reeth , 1978). D ia ly zab le  s a l t s ,  1%
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by  w e ig h t ,  g iv e  i t  an  e l e c t r o l y t e  c o m p o s i t io n  c lo s e  t o  p la sm a  

(H ollander, 1963). Im m unoglobulins, plasm a p ro te in s ,  f o r  exam ple 

a lb u m in  a n d  s e c r e t o r y  Ig A , som e w h ic h  i s  b o u n d  t o  t h e  

g ly c o p r o te in s ,  DNA and  enzym es c an  a l s o  b e  fo u n d  ( F o r s tn e r ,  

Wesley and F o rs tn e r , 1982).

The m ucus g ly c o p r o te in s  a r e  v e ry  l a r g e  m o le c u le s  v a r y in g  

from  2 x  10^ to  15 x  10^ m o lecu lar w eigh t and g e n e ra lly  c o n s is t  

o f  a  p ro te in  co re  surrounded by carb o hydrate  s id e  c h a in s  (A llen , 

1978? 1981).

In  m ost c a se s , th e  g ly c o p ro te in  polym ers can  be d is s o c ia te d  

i n t o  s u b u n i t s  w h ich  do  n o t  p o s s e s s  t h e  sam e v is c o u s  and  g e l  

fo rm in g  p r o p e r t i e s  (A lle n , 1978). F o r e x am p le , n a t i v e  p ig  

g a s t r i c  mucus g ly c o p r o te in  (m o le c u la r  w e ig h t  2 x  10^) can  b e  

d i s s o c i a t e d  i n t o  f o u r  s u b u n i t s  o f  e q u a l  w e ig h t  (5 x  10^) w h ich  

a r e  j o i n e d  t o g e t h e r  by  d i s u l p h i d e  b r i d g e s .  The s u g a r  

c o n s t i tu e n ts  o f - th e  s id e  ch a in s  a r e : -  

N -acety lg lucosam ine 

N -ace ty lg a lac to sam in e  

g a la c to s e  (a  n e u tr a l  hexose) 

fucose  (a  deoxyhexose) 

and v a rio u s  neuram inic ( s i a l i c )  a c id s  

The s u g a r  c o n s t i t u e n t s  do n o t  in c lu d e  u r o n ic  a c id ,  a  s u g a r  

c h a r a c t e r i s t i c a l l y  fo u n d  i n  th e  p ro te o g ly c a n s  o f  c o n n e c t iv e  

t i s s u e ,  o r  m annose w h ich  i s  fo u n d  i n  serum  and  som e m em brane 

g ly c o p ro te in s .

T h e re  i s  c o n s id e r a b le  v a r i a t i o n  i n  t h e  c a r b o h y d ra te  s i d e  

ch a in s  o b ta in ed  from d i f f e r e n t  r e g io n s  o f  th e  g a s t r o i n t e s t i n a l  

t r a c t  b o th  i n  th e  sam e s p e c ie s  and  b e tw e e n  d i f f e r e n t  s p e c i e s
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(Allen, 1978; 1981).

The g ly c o p ro te in s  p o ssess  a  s tro n g  n e g a tiv e  charge because 

o f  th e  p resen ce  o f  carbohydrate-bound e s t e r  su lp h a te  and s i a l i c  

a c id  r e s id u e s .

The p r o t e i n s  c o n ta in  l a r g e  am oun ts  o f  th e  am ino  a c i d s ,  

s e r in e ,  th re o n in e  and p ro l in e  when compared to  ty p ic a l  g lo b u la r  

p ro te in s  (A llen , 1981). Threonine and s e r in e  a r e  in v o lv ed  in  th e  

cL -O -g ly co s id ic  lin k ag e  to  th e  carbohydrate  s id e  ch a in s  th rough  

N -ace ty lg a lac to sam in e . This lin k a g e  i s  a ls o  found in  o th e r  "non- 

mucus" g ly c o p ro te in s  in c lu d in g  im m u n o g lo b u lin s  (C a r ls o n , 1977). 

T h e re fo re  t h e  p r o t e i n  c o re  i s  s u rro u n d e d  by c l o s e l y  p ack ed  

c a r b o h y d ra te  c h a in s  w h ich  p ro v id e  a  p r o t e c t i v e  s h e a th  a g a i n s t  

p ro te o ly s is .  However, n o t a l l  o f  th e  p ro te in  co re  i s  covered  and 

a  p r o t e i n  s i m i l a r  i n  c o m p o s i t io n  t o  a  t y p i c a l  g lo b u la r  p r o t e i n  

has been i s o la te d  from p ig  g a s t r i c  mucus when su b u n its  have been 

p ro d u c e d  by b re a k in g  d i s u lp h id e  b o n d s. Human g a s t r i c  m ucus 

g ly c o p ro te in  i s  though t to  be s im i la r  (A llen , 1981).

M ucus i s  a  v i s c o e l a s t i c  g e l ,  i . e .  i t  h a s  p r o p e r t i e s  

i n t e r m e d ia t e  b e tw ee n  a  s o l i d  g e l  and  a  l i q u i d  ( L i t t ,  W olf and  

Khan, 1977; S ilb e rb e rg  e t  a l ,  1977). Once f u l l y  h y d ra ted  i t  w i l l  

rem ain  in  aqueous s o lu tio n  w ith o u t s w e llin g  and when se c tio n e d  i t  

w i l l  a n n ea l.

A ll th re e  p ro p e r t ie s  can  be  ex p la in ed  a t  th e  m o lecu lar l e v e l  

and  a r e  due  t o  t h e  p o ly m e r-p o ly m e r i n t e r a c t i o n s  and  p o ly m e r -  

s o lv e n t  (w a te r )  i n t e r a c t i o n s  (M o rr is  and  R ees , 1978). The 

g ly c o p ro te in s  a r e  " s tick y "  m olecu les w ith  re s p e c t  t o  th em se lv es  

and  o th e r s .  They a l s o  b in d  to  c e l l  m em branes (A lle n  an d
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Minnikin, 1975).

A t d i l u t e  c o n c e n t r a t io n s  o f  g ly c o p r o te in s ,  e a c h  m o le c u le  

e x i s t s  a s  a n  a p p r o x i m a t e l y  s p h e r i c a l  m o le c u le .  As t h e  

c o n c e n t r a t io n  i s  in c r e a s e d  th e  g ly c o p r o te in s  b e g in  t o  f i l l  t h e  

whole volume ( th i s  f i l l i n g  o ccu rs  a t  a  g ly c o p ro te in  c o n c e n tra tio n  

o f  20 mg/ml) and th e  v i s c o s i ty  s t a r t s  to  in c re a se  sh a rp ly  (A llen , 

P a in  and  R obson, 1976; A l le n ,  1978). As th e  c o n c e n t r a t io n  

in c re a se s  s t i l l  f u r th e r ,  th e  m olecu les o v e rlap  more and more, th e  

noncovalen t in te r a c t io n s  betw een th e  m olecu les in c re a s e  a s  do th e  

v i s c o e l a s t i c  p r o p e r t i e s  and  a  g e l  fo rm s  a t  a  c o n c e n t r a t i o n  o f  

g l y c o p r o t e i n  o f  a p p r o x i m a t e l y  50 m g /m l. I f ,  a t  t h i s  

c o n c e n tra tio n , th e  polym ers a re  s p l i t  in to  su b u n its  by b reak in g  

th e  d isu lp h id e  bonds, th e  v i s c o e la s t i c  p ro p e r t ie s  a r e  l o s t .  T h is 

i s  fo u n d  i n  many ty p e s  o f  m ucus. H ow ever, sh ee p  and  c a t t l e  

su b m ax illa ry  mucus and r a t  sm a ll i n t e s t i n a l  mucus do n o t p o sse ss  

a  s t r u c t u r e  d e p e n d e n t on d i s u lp h id e  bonds. I n s t e a d ,  t h e  g e l  

fo rm atio n  i s  due to  th e  i n t e r l i n k i n g  o f  t h e  n e g a t iv e ly - c h a r g e d  

lo n g - c h a in  p o ly m e rs  (H olden e t  a l ,  1971, F o r s tn e r ,  J a b b a l  and  

F o rs tn e r , 1973; H i l l ,  Reynolds and H i l l ,  1977).

B io sy n th etic  pathway o f  produ ction

The g a s t r o i n t e s t i n a l  mucus l a y e r  i s  m a in ta in e d  by t h e  

s e c re t io n s  o f  th e  fo llo w in g  c e l l s  

Oesophageal mucus g lands

C a r d i a c ,  f u n d i c  a n d  p y l o r i c  g l a n d s  o f  t h e

stomach/abomasum

B runners g lan d s o f  th e  duodenum

G oblet c e l l s  o f  th e  sm all and la rg e  in t e s t i n e

W ithin th e se  c e l l s  th e  fo llo w in g  b io s y n th e s is  ta k e s  p la c e .
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The p ro te in  co re  o f  th e  g ly c o p ro te in  i s  form ed a t  membrane- 

bound ribosom es by th e  t r a n s la t io n  o f  m essenger r ib o n u c le ic  a c id  

(mRNA). The carb o h y d rate  s id e  ch a in s  a re  added a s  th e  m a te r ia l  

p a sse s  th rough  th e  rough endoplasm ic re tic u lu m  (RER) and th e n  th e  

smooth endoplasm ic re tic u lu m  (SER) to  th e  G olgi ap p a ra tu s . The 

c a r b o h y d ra te  s id e  c h a in s  b e g in  w i th  t h e  a t ta c h m e n t  o f  N- 

a ce ty lg a la c to sa m in e  to  s e r in e  o r  th re o n in e  and su g ars  a r e  added 

one  by  one . I n  t h e  G o lg i a p p a r tu s  t h e  g ly c o p r o te in  i s  p a ck e d  

i n t o  s e c r e to r y  v e s i c l e s  and  s e c r e t e d  i n t o  th e  lum en  o f  t h e  

g a s t r o in te s t in a l  t r a c t  by fu s io n  o f  th e  v e s ic le s  w ith  th e  p lasm a 

membrane o f  th e  c e l l  (C arlson , 1977).

C ontrol o f  se c r e tio n

The d e p th  o f  th e  mucus l a y e r  i s  t h e  r e s u l t  o f  t h e  b a la n c e  

between mucus s e c re t io n  and e ro s io n .

The r a t e  o f  mucus s e c re t io n  can  be c o n tro l le d  a t  two l e v e l s .

( i )  th e  s e c re t io n  o f  preform ed mucus.

( i i )  th e  b io sy n th e s is  o f  th e  mucus.

S tu d ie s  in  th e  dog g a s t r i c  mucosa show th re e  mechanisms by 

which mucus i s  re le a s e d  (Zalewsky and Moody, 1979).

( i )  con tinuous e x o s to s is  o f  a  sm a ll number o f  v e s ic le s  a t  

one tim e .

( i i )  e x p lo s iv e  r e l e a s e  o f  t h e  a p i c a l  p o r t i o n  o f  m u cu s-

p ro d u c in g  c e l l s .  T h i s  w as f o l l o w e d  b y  i n  s i t u

d eg en e ra tio n  o f  th e  c e l l .  The ex p lo s iv e  r e le a s e  was 

o b se rv e d  in  th e  o l d e s t  c e l l s  fo rm in g  c r e s t s  i n  t h e  

i n t e r f o v e o l a r  a r e a  ( i . e .  t h e  a r e a  b e tw e e n  g a s t r i c  

p i t s ) .
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( i i i )  c e l l  e x f o l ia t io n  in  which th e  e n t i r e  c e l l  was ex tru d ed  

i n t o  th e  g a s t r i c  lum en . T h is  i s  a  r e l a t i v e l y  r a r e  

e v en t, b u t p robab ly  occu rs  when i r r i t a n t s  e.g. m ustard  

o i l  a r e  ad m in is te red  ex p erim en ta lly  (H ollander, 1954). 

N e u ra l and  h o rm o n a l i n f l u e n c e s  c an  a f f e c t  m ucus o u tp u t .  

A c e t y l c h o l i n e  a d m i n i s t e r e d  t o p i c a l l y ,  o r  i t s  r e l e a s e  by 

s t i m u l a t i o n  o f  s p la n c h n ic  o r  v a g a l  n e r v e s ,  s t i m u l a t e s  g a s t r i c  

mucus p ro d u c tio n  in  th e  dog (H ollander, 1954; F lo rey , 1955). In  

th e  r a b b i t  and human co lon , a c e ty lc h o lin e  in c re a s e s  th e  r a t e  o f  

m ucus s e c r e t i o n  b u t  d o e s  n o t  i n c r e a s e  b io sy n th e s is . C arbachol 

a l s o  in c r e a s e s  mucus s e c r e t i o n  (B la ck , B rad b u ry  and  W y ll ie ,  

1979). L u m in al pH may a l s o  p la y  a  p a r t  i n  mucus s e c r e t i o n .  

A c id if ic a t io n  o f  th e  can in e  g a s t r i c  antrum  was found to  be a  m ost 

p o te n t  s t i m u l a t i o n  o f  mucus s e c r e t i o n  (M enguy, 1969). The 

hormone s e c r e t in  in c re a s e s  th e  amount o f  su g ar m olecu les in  th e  

g a s t r i c  mucus o f  man, c a t s  and  dogs (A ndre, L am b ert and D e sc o s , 

1972; Vagne, 1974; Kowalewski, Pachkowski and K blodej, 1978) in  

a d d it io n  to  i t s  e f f e c t s  on g a s t r i c  s e c re t io n s  and m o t i l i ty .

P ro s ta g la n d in s  have been found to  in c re a s e  th e  p ro d u c tio n  o f  

a  v is c o u s  mucus i n  man (Domschke e t  a l ,  1978). B o lto n , P a lm e r  

and  Cohen (1978) r e p o r t e d  a  s i m i l a r  e f f e c t  i n  r a t s  b u t  o n ly  

m easu red  th e  am ount o f  s o lu b le  g ly c o p r o te in  i n  th e  lu m in a l  

c o n t e n t s  a n d  n o t  t h e  a d h e r e n t  m ucus g e l .  The e f f e c t  o f  

p ro s ta g la n d in s  i s  p o s s ib ly  m ediated  by an in c re a s e  i n  c y c l ic  AMP 

(adenosine 3 ', 5 1 monophosphate) w ith in  th e  m ucus-producing c e l l s  

(Parke and Symons, 1977).

P r o s ta g la n d in s  E<j and E2  a d m in is te r e d  o r a l l y  t o  r a t s  

produced an in c re a se d  in c o rp o ra tio n  o f  N -ace ty l [ H] g lycosam m e
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i n t o  g a s t r i c  m u co sa l g ly c o p r o te in  (J o h s to n ,  Symons and  P a rk e , 

1975) i n d i c a t i n g  an  in c r e a s e  i n  mucus b io s y n th e s i s  a s  w e l l  a s  

s e c r e t i o n .  T h is  i s  i n t e r e s t i n g  i n  v iew  o f  p ro s ta g la n d in s *  

p o s s i b l e  c y t o p r o t e c t i v e  e f f e c t  i n  th e  g a s t r i c  mucosa and t h e i r  

s t im u l a t o r y  e f f e c t  on b ic a r b o n a te  s e c r e t i o n  by g a s t r i c  and  

duodenal m ucosal c e l l s .

L euk o trien es  have a ls o  been im p lic a te d  in  mucus s e c re t io n . 

L e u k o tr ie n e s  C4  and  D4  i n c r e a s e  m ucus s e c r e t i o n  i n  t h e  c a n in e  

tra c h e a , le u k o tr ie n e  D4  be ing  th e  more p o te n t (Johnson and McNee, 

1983). C o le s  e t  a l  (1983) fo u n d  a  s i m i l a r  e f f e c t  u s in g  human 

b r o n c h ia l  m ucosa, t h e  l e u k o t r i e n e s  C4  and  D4  b e in g  one  h u n d re d  

tim e s  more e f f e c t iv e  on a  m olar b a s is  th an  c h o lin e rg ic  a g o n is ts . 

The e f f e c t  on th e  mucus p ro d u c in g  c e l l s  was n o t  th o u g h t  t o  b e  

m ediated  th rough  s p e c i f ic  re c e p to r s  a s  le u k o tr ie n e  analogues w ere 

a ls o  a c t iv e .

The a n a p h y la to x in  C3a i s  a l s o  a  p o te n t  s e c re ta g o g u e  f o r  

a irw ay  mucus (Marom e t  a l ,  1985). 5 -h y d ro x y try p ta m in e  (5-HT) 

a ls o  in c re a se s  mucus p ro d u c tio n  in  th e  r a t  co lon  (Menguy, 1969; 

B lack, Bradbury and W yllie , 1979).

I n  human b r o n c h i ,  i n  v i t r o , h i s ta m in e  h a s  b een  show n t o  

c a u s e  an  in c r e a s e  i n  mucus s e c r e t i o n ,  b o th  by a p p l i c a t i o n  o f  

h is ta m in e  and by m ast c e l l  d e g ra n u la tio n . T his e f f e c t  cou ld  be 

b lo c k e d  b y  c i m e t i d i n e ,  a  h i s t a m i n e  H2  r e c e p t o r  a g o n i s t  

(Shelham er, Marom and K a lin e r , 1980).

A num ber o f  a n t i - in f l a m m a to r y  a g e n ts  h av e  b e e n  s tu d i e d  i n  

t h e i r  r e la t io n s h ip  to  mucus b io s y n th e s is  and r e le a s e .  Many a n t i ­

in f la m m a to ry  d ru g s  d e c r e a s e  mucus b io s y n th e s i s  (Menguy, 1969;
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Glass and Slomiany, 1977; Parke, 1978).

S a l i c y l a t e s  d e c r e a s e  mucus p r o d u c t io n  i n  t h e  r a t  and  dog 

s to m ach s  and  d e c r e a s e  g ly c o p r o te in  b io s y n th e s i s  i n  th e  sh e e p  

c o lo n  in  v i t r o  (K ent and A l le n ,  1968). In d o m e th a c in  and  

p h e n y lb u ta z o n e  a l s o  d e c r e a s e  t h e  b i o s y n t h e s i s  o f  m u cu s 

g ly c o p ro te in  (S h i l l in g fo rd , 1975).

C o r t i c o s t e r o i d s  and  a d r e n o c o r t i c o t r o p ic  horm one (ACTH) 

d e c r e a s e  t h e  am ount o f  s t a i n a b l e  mucus i n  t h e  m ucosa an d  t h e  

amount o f  g ly c o p ro te in  sugars  in  g a s t r i c  mucus (D e sb a ille ts  and 

Menguy, 1967; G lass and Slom iany, 1977). D e s b a il le ts  and Menguy 

(1967) suggested  th a t  t h i s  re d u c tio n  in  carbohydrate  may make th e  

g ly c o p ro te in s  more s u b je c t  to  p r o te o ly t ic  enzymes and th e re fo re  

l e s s  p ro te c tiv e .

In  t h e  do g , c o r t i c o s t e r o i d s  i n i t i a l l y  p ro d u c e  h y p e r p la s ia  

and  in c r e a s e  g ly c o p r o te in  p ro d u c t io n  w h ich  i s  th e n  r e v e r s e d  

(G lass and Slom iany, 1977).

Im m unological re a c t io n s  have a ls o  been shown to  a f f e c t  mucus 

s e c r e t i o n .  S h e lh a m e r, Marom and  K a l in e r  (1980) show ed t h a t  

im m u n o g lo b u lin  IgE  a n d a n tig e n  p ro d u ced  an  in c r e a s e  i n  m ucus 

p ro d u c tio n , p robab ly  m ediated  p a r t l y  th ro u g h  h i s ta m in e  r e l e a s e  

i . e .  a n a p h y la x is  s t i m u l a t e s  mucus r e l e a s e  (Lake e t  a l ,  1980 ). 

Lake e t  a l  (1979) fo u n d  t h a t  r a t s  s e n s i t i s e d  t o  b o v in e  serum  

album in produced a  r e le a s e  o f  g o b le t c e l l  mucus when bovine serum 

album in was a d m in is te red . A lso, th e  a d d it io n  o f  IgA to  p u r i f i e d  

dog g a s t r i c  g ly c o p r o te in s  c a u se d  a  s i g n i f i c a n t  i n c r e a s e  i n  

v is c o s i ty  (Murty e t  a l ,  1984).

D egradation o f  th e  mucus la y e r

T h ere  a r e  tw o  m ain  f o r c e s  w h ich  a c t  on  g a s t r o i n t e s t i n a l
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mucus.

M echanical e ro s io n  ta k e s  p la c e  and reduces th e  dep th  o f  th e  

mucus la y e r . A lso th e  a c t io n  o f  p r o te o ly t ic  enzymes (e.g. p ep sin  

and  t r y p s i n )  d e g ra d e  th e  s u r f a c e  o f  th e  mucus (H o sk in s , 1978). 

(The s t r u c t u r e  o f  mucus w i l l  n o t  a l lo w  l a r g e  m o le c u la r  w e ig h t  

s u b s ta n c e s  th ro u g h , t h e r e f o r e  p e p s in  {m olecular w eigh t 35,000} 

can on ly  a c t  on th e  g e l  su rfa c e ) . The r e s u l t s  o f  th e  con tinuous 

e ro s io n  o f  th e  mucus a re  so lu b le  g ly c o p ro te in s  which a r e  f u r th e r  

degraded by b a c te r i a l  enzymes to  low m o lecu lar w eigh t su g a rs  and 

am ino  a c id s  w h ich  a r e  u t i l i s e d  by e n t e r i c  f l o r a  o r  t h e  body 

i t s e l f .

The tu r n o v e r  o f  g a s t r i c  mucus c an  b e  su m m arised  a s  i n  

F ig u re  19.

H istoch em istry o f  mucus se c r e tio n s

Mucus s e c r e t i o n s  c an  be  d iv id e d  on th e  b a s i s  o f  t h e i r  

h is to ch em ica l s ta in in g .

(a) n e u tr a l  -  th e s e  s t a i n  o n ly  w i th  t h e  P e r io d i c  A c id

S c h if f  (PAS) tech n iq u e

(b) s i a l i c  a c id  c o n ta in in g  ] n e g a t i v e l y  c h a r g e d ,  a c i d
]

(c) e s t e r  su lp h a te  ] s e c r e t i o n .  T hese  s t a i n  o n ly
]

c o n ta in in g  ] w i t h  b a s o p h i l i c  d y e s  e .g .

A l c i a n  b l u e .  T hey  c a n  b e  

d i s t i n g u i s h e d  by th e  u s e  o f  

s t a i n i n g  s o l u t i o n s  o f  

d i f f e r e n t  pH ( G l a s s  a n d  

S lo m ian y , 1977; Lev, 1977 , 

F i l i p e ,  1979).
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F u nctions o f  g a s tr o in te s tin a l mucus

Mucus f u l f i l s  many fu n c tio n s .

P ro te c tio n  a g a in s t  m echanical damage.

W ater r e te n t io n .  I t  p re v e n ts  d eh y d ra tio n  o f  th e  

m ucosal su rfa c e .

I t  h a s  a  r o l e  i n  p r o t e c t i o n  a g a i n s t  

a u to d ig e s tio n .

P o ss ib le  r o le  in  p ro te c t io n  a g a in s t  u lc e r a t io n . 

I t  m ay h e l p  t o  p r o t e c t  t h e  h o s t  f r o m  

g a s t r o i n t e s t i n a l  p a r a s i te s .

Mucus has a n t ib a c te r i a l  and a n t i v i r a l  fu n c tio n s , 

( v i i )  N u t r i t i o n a l .  M u cu s  h e l p s  t o  m a i n t a i n

g a s t r o in te s t in a l  f l o r a .

The f i r s t  f iv e  fu n c tio n s  w i l l  be  d iscu ssed  in  more d e t a i l .  

P ro tectio n  a g a in st m echanical damage

The m ucus g e l  l a y e r  i s  p r e s e n t  a s  a  c o n tin u o u s  l a y e r  o v e r  

th e  g a s t r o in te s t in a l  mucosa. The n a tu re  o f  th e  mucus a llo w s  i t  

t o  l u b r i c a t e  th e  p a s s a g e  o f  fo o d  m a t e r i a l  a lo n g  th e  t r a c t  

(F lo rey , 1955).

W ater r e ten tio n

The mucus la y e r  i s  composed 95% by w eigh t o f  w a te r  m ost o f  

w h ich  i s  c o n ta in e d  b e tw e e n  th e  g ly c o p r o te in  m o le c u le s .  The 

c a r b o h y d ra te  c h a in s  o f  th e  g ly c o p r o te in s  e n s u re  a  s t r o n g  

a t ta c h m e n t  t o  th e  w a te r  m o le c u le s .  T h is  t h e r e f o r e  p r o v id e s  a  

p e r p e t u a l  a q u e o u s  e n v i r o n m e n t  f o r  t h e  u n d e r ly in g  m ucosa 

(S ilb e rb e rg  e t  a l ,  1977).

( i )

( i i )

( i i i )

( iv )

(v)
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P ro tectio n  a g a in st a u to d ig estio n

As s t a t e d  p r e v io u s ly ,  t h e  mucus s t r u c t u r e  d o e s  n o t  a l lo w  

l a r g e  m o le c u la r  w e ig h t  s u b s ta n c e s  e .g . p r o t e o l y t i c  enzym es t o  

p e n e tra te  and th e re fo re  p ro te c ts  th e  u n d e rly in g  mucosa from  t h e i r  

e f f e c t s .

H ydrogen io n s  (H+) a r e  a b le  t o  d i f f u s e  a c r o s s  t h e  m ucus 

la y e r  so  i t  does n o t s im p ly  a c t  a s  a  b a r r i e r  to  th e  a c id  produced 

i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  (W ill ia m s  and  T u rn b e rg , 1979) I t  

does however, because o f  i t s  dense m o lecu lar s t r u c tu r e  c o n ta in in g  

w a te r , p ro v id e  a  b a r r i e r  to  g ro ss  m ixing up to  th e  m ucosal s u r fa c e  

(H e a t le y , 1959). I n  a d d i t i o n  t o  t h i s ,  t h e  g a s t r i c  and  d u o d e n a l 

mucosa s e c re te s  b ic a rb o n a te  io n s  w hich, because o f  th e  u n s t i r r e d  

mucus la y e r ,  a r e  r e s t r i c t e d  to  th e  su rfa c e  and incom ing hydrogen 

io n s  a r e  n e u t r a l i s e d  (G a rn e r, F lem stro m  and  A lle n ,  1983). 

Support f o r  t h i s  i s  g iven  by th e  f a c t  t h a t  th e re  i s  a  pH g ra d ie n t  

a c ro ss  th e  mucus la y e r . In  th e  r a b b i t ,  a  pH o f  2.36 was m easured 

a t  th e  lu m in a l s id e  o f  th e  mucus la y e r  w h ile  in  th e  same an im a l a  

pH o f  7.59 a t  t h e  m u co sa l s u r f a c e  was r e c o rd e d  (W ill ia m s  and  

Turnberg, 1979). A s im i la r  pH g ra d ie n t has a ls o  been d e te c te d  in  

th e  f ro g  g a s t r i c  mucus g e l  (Takeuchi e t  a l , 1983).

The im p o r ta n c e  o f  t h i s  r o l e  i s  u n d e r l in e d  by th e  f a c t  t h a t  

i s o la te d  g a s t r i c  m u cu s-sec re tin g  c e l l s  cease  to  r e s p i r e  a t  pH 5 

o r  le s s  in  v i t r o .  In  v iv o , th e  mucus la y e r  i s  th e  o n ly  s t r u c tu r e  

s e p a r a t i n g  th e s e  c e l l s  from  a  pH o f  1 t o  2 (S n ary  and  A l le n ,  

1972).

P ro tectio n  a g a in st u lcera tio n

T h is  r o l e  i s  b a se d  m a in ly  on c i r c u m s t a n t i a l  e v id e n c e .  

G a s t r i c  mucus p ro d u c t io n  i s  i n h i b i t e d  by v a r io u s  u l c e r o g e n ic
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a g e n ts  e .g . s a l i c y l a t e  (K ent and  A l le n ,  1968) b u t  a n t i - u l c e r  

a g e n ts  e .g . p r o s ta g la n d in s  a r e  r e p o r te d  t o  i n c r e a s e  mucus 

p ro d u c t io n  (B o lto n , P a lm e r  and  Cohen, 1978). The g r e a t e r  th e  

dep th  o f  th e  mucus g e l ,  th e  g re a te r  i t s  p ro te c t iv e  e f f e c t .  A lso 

a l t e r a t i o n s  i n  t h e  g l y c o p r o t e i n  s t r u c t u r e  may a l t e r  i t s  

p ro te c t iv e  e f f e c t .  In  human g a s t r i c  u lc e r  p a t ie n t s ,  th e re  i s  a  

d e c r e a s e  i n  th e  am ount o f  n a t i v e  p o ly m e r ic  g ly c o p r o te in  i n  t h e  

g a s t r i c  mucus and an in c re a se  in  low m o lecu lar w eigh t (degraded) 

g ly c o p ro te in s . P a t ie n ts  w ith  duodenal u lc e r s  show s im i la r ,  b u t 

n o t so marked, changes in  th e  g a s t r i c  mucus (A llen  e t  a l ,  1981). 

Some w o rk e rs  h av e  d e s c r ib e d  a  h y d ro p h o b ic  p h o s p h o l ip id  l a y e r  

below  th e  mucus g e l  in  th e  stom ach t h a t  may a ls o  be in v o lv ed  in  

c y to p ro te c tio n  (L ich ten b erg er e t  a l ,  1983; S z e le n y i  and  E n g le r ,  

1986). P ro s ta g la n d in s  may be in vo lved  in  th e  m aintenance o f  t h i s  

la y e r .

B ole o f  g a s tr o in te s tin a l mucus in  p ro tec tio n  a g a in st p a r a site s

A number o f  s tu d ie s  have shown t h a t  mucus p la y s  an  im p o rta n t 

r o l e  i n  t h e  im m u n ity  o f  a n im a ls  t o  g a s t r o in te s t in a l  p a r a s i t e s .  

I t  i s  a l s o  th o u g h t  t h a t  th e  mucus c o u ld  p ro v id e  c h e m ic a l  o r  

p h y s ic a l s ig n a ls  t h a t  d i r e c t  th e  p a r a s i te s  to  t h e i r  env iro n m en ta l 

n ich e  w ith in  th e  g a s t r o in te s t in a l  t r a c t  (M ille r , 1987).

I n  r a t s  im m u n e  t o  t h e  i n t e s t i n a l  p a r a s i t e ,  

N ippostrongylus b r a s i l i e n s i s , t h e  in c o m in g  l a r v a e  a r e  e x c lu d e d  

from th e  m ucosal su rfa c e  and f u r th e r  down th e  i n t e s t i n e  become 

trap p ed  w ith in  th e  mucus la y e r  and e x p e lle d  w ith in  tw o to  th r e e  

h o u rs  ( te rm e d  'r a p i d  e x p u ls io n 1) ( M i l l e r ,  H u n tle y  and  W a lla c e , 

1981). The mucus t r a p p in g  w as n o t  n e c e s s a r i l y  t h e  c a u s e  o f
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ex p u ls io n  from th e  mucosa a s  th e  p a r a s i te s  on ly  became enveloped 

in  th e  mucus f u r th e r  down th e  g a s t r o in te s t in a l  t r a c t .

A s i m i l a r  p h e n o m e n o n  h a s  b e e n  o b s e r v e d  w i t h  

T r ic h in e l la  s p i r a l i s  in fe c t io n  o f  r a t s  where i t  was re p o r te d  t h a t  

t h e  p r o p e r ty  o f  immune mucus c o u ld  b e  t r a n s f e r r e d ,  t o  some 

e x te n t ,  to  p a r a s i t e  n a iv e  an im a ls  by in t r a p e r i to n e a l  in je c t io n  o f  

immune serum  a t  t h e  sam e t im e  a s  t h e  l a r v a l  c h a l l e n g e  (Lee and  

O g i lv ie ,  1982).

M i l l e r  and  H u n tle y  (1982b) d i s r u p te d  th e  mucus o f  immune 

r a t s  by  th e  u s e  o f  a  m u c o ly t ic  and  i n  d o in g  so  p re v e n te d  th e  

e x c lu s io n  and ex p u ls io n  o f  th e  N ippostrongylus la rv a e . Work by 

th e  sam e a u th o r s  ( M i l l e r  and  H u n tle y , 1982a) a l s o  show ed t h a t  

t r e a tm e n t  o f  immune r a t s  w i th  c o r t i c o s t e r o i d s  p re v e n te d  th e  

e x c lu s io n  and ex p u ls io n  o f  th e  p a r a s i te s .  A s im i la r  r e s u l t  was 

o b ta in ed  w ith  sheep immune to  Haemonchus o o n to rtu s .

The r o l e  o f  ab o m asa l mucus i n  t h e  im m u n ity  o f  sh e e p  t o  

H. c o n t o r t u s  i s  n o t  a s  c l e a r  a s  t h a t  i n  N̂ _ b r a s i l i e n s i s  

in fe c t io n .  Hyperimmune sheep ch a llen g ed  w ith  H. c o n to r tu s  la rv a e  

a llo w  them to  p e n e tra te  th e  mucus la y e r  to  th e  mucosa, b u t th e y  

a r e  p rev en ted  from  e n te r in g  th e  abom asal g lands. Many la rv a e  a r e  

enveloped in  th e  s u p e r f ic ia l  mucus (M ille r  e t  a l ,  1983).

In  v i t r o  work w ith  mucus has u n d e rlin e d  i t s  p o s s ib le  r o l e  in  

im m unity. Dobson (1966a, b; 1967) showed th a t  mucus from  sheep  

immune to  th e  p a r a s i t e  Oesophagostomum columbianum in h ib i te d  th e  

oxygen u p ta k e  o f  l a r v a e  i n  v i t r o .  The mucus c o n ta in e d  h ig h  

t i t r e s  o f  h a e m a g g lu t in a t in g  a n t ib o d y  b u t  d id  n o t  p r e c i p i t a t e  

p a r a s i te  a n tig e n s . However, i n t e s t i n a l  homogenates d id  c o n ta in  

p r e c ip i ta t in g  a n tib o d ie s . The e f f e c t  on oxygen up tak e  was found
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n o t  t o  b e  s p e c i f i c a l l y  a g a i n s t  one p a r a s i t e ,  b u t  t o  a f f e c t  

an o th e r , u n re la te d  p a r a s i te ,  N em atospiro ides dubius.

O ther work concern ing  g a s t r o in te s t in a l  mucus from  sheep by 

Douch e t  a l  (1983) showed th a t  mucus from immune sheep  in h ib i te d  

th e  m ig ra tio n  o f  p a r a s i t i c  la rv a e . Again, t h i s  was n o t d i r e c te d  

s p e c i f i c a l l y  a g a i n s t  t h e  p a r a s i t e  t o  w h ich  im m u n ity  w as 

e x p re s s e d .  The s u b s ta n c e  w i th in  t h e  mucus t h a t  a p p e a re d  t o  

p ro d u c e  t h i s  e f f e c t  had  th e  c h a r a c t e r i s t i c s  o f  s lo w  r e a c t i n g  

s u b s ta n c e  o f  a n a p h y la x is  (SRS-A) known t o  c o n s i s t  o f  t h e  

l e u k o t r i e n e s  C4 , D4  and  E 4 . The a u th o r s  s u g g e s t  t h a t  t h e  

le u k o tr ie n e s  may produce p a r a ly s is  o f  th e  la rv a e  and p re v e n t them 

e s ta b l is h in g  in  th e  h o s t t i s s u e s .

I n  c o n t r a s t ,  Lee and  O g i lv ie  (1982) im p l ic a te d  co m p lem en t 

and non-IgA a n tib o d ie s  a s  b e in g  invo lved  in  th e  m ucus-trapp ing  o f  

T. s p i r a l i s .  B e l l ,  Adams and  Ogden (1984) s u g g e s t  t h a t  IgG i s  

in v o lv e d , a s s o c i a t e d  w i th  s y s te m ic  s e n s i t i s a t i o n  t h a t  o c c u r s  

d u rin g  th e  t i s s u e  s ta g e s  o f  th e  p a r a s i te .

S heep , hyperim m une t o  IL_ c o n to r tu s ,  h av e  b e en  fo u n d  t o  

c o n ta in  s i g n i f i c a n t  c o n c e n t r a t io n s  o f  IgG i n  m ucus, ev en  a f t e r  

p a r t i a l  p u r i f i c a t io n  (Dawson and M ille r ,  c i t e d  M il le r ,  1987).

S tu d ie s  w ith  N;_ b r a s i l i e n s i s  have shown, by im m unoperoxidase 

s t a i n i n g ,  t h a t  t h e  p a r a s i t e  i n g e s t s  lu m in a l  m ucus d u r in g  t h e  

in fe c t io n ,  b u t t h i s  was reduced a s  th e  h o s t 's  im m unity developed  

( M i l l e r ,  H u n tle y  and  Dawson, 1981). T h is  i s  t h e r e f o r e  a n o th e r  

p o s s ib le  way in  which su b stan ces  in  th e  g a s t r o in te s t in a l  mucus 

cou ld  a f f e c t  th e  p a r a s i t e .
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The number o f  m ucus-producing  c e l l s  and  t h e i r  a s s o c i a t i o n  

w i th  t h e  e s t a b l i s h m e n t  o f  im m u n ity  i n  a n im a ls  h a s  a l s o  b e en  

in v e s t ig a te d .

O s te r ta g ia  c irc u m c in c ta  in f e c t io n  in  n a iv e , non-immune sheep 

produces a  h y p e rp la s ia  o f  th e  m ucus-producing c e l l s  e a r ly  in  th e  

i n f e c t i o n .  T h is  t a k e s  p la c e  i n  th e  ab o m asa l g la n d s  t h a t  

p re v io u s ly  housed th e  develop ing  la rv a e  b e fo re  th e  young a d u l ts  

emerged on to  th e  m ucosal su rfa c e  (Armour, J a r r e t t  and Jen n in g s , 

1 9 6 6 ) . T h i s  i s  a l s o  o b s e r v e d  i n  c a l v e s  i n f e c t e d  w i t h  

O s te r ta g ia  o s te r ta g i  (R itc h ie  e t  a l , 1966).

N. b r a s i l i e n s i s  i n f e c t i o n  i n  r a t s  p ro d u c e s  an  i n c r e a s e  i n  

th e  num ber o f  g o b le t  c e l l s ,  w h ich  i s  a s s o c i a t e d  w i th  t h e  

e x p u ls io n  o f  th e  p a r a s i t e  ( M i l l e r  and  Nawa, 1979a, b) and  t h i s  

r e s p o n s e  c o u ld  a l s o  be  p ro d u ced  i n  p a r a s i t i s e d  r a t s  by th e  

t r a n s f e r  o f  th o ra c ic  d u c t lym phocytes, p a r t i c u la r ly  th o se  la c k in g  

s u r f a c e  im m u n o g lo b u lin , from  immune r a t s  ( M i l l e r ,  Nawa and  

P a r i s h ,  1979). T h is  w ould  s u g g e s t  a  T - c e l l  d e p e n d e n t e v e n t .  

T herefo re  ev idence i s  p rov ided  f o r  th e  i n t e s t i n a l  immune system  

having  c o n tro l  o v e r th e  i n t e s t i n a l  mucosa.

T his th e o ry  i s  a ls o  supported  by C astro  (1982) where i t  was 

found th a t  in  an im als  develop ing  im m unity to  T^ s p i r a l i s ,  th e re  

,is  an a l t e r a t i o n  in  th e  m ucosal b ru sh -b o rd e r enzymes, a s  m easured 

by th e  re d u c e d  b in d in g  o f  w h e a t-g e rm  a g g l u t i n i n .  The b in d in g  

rem ained low ered f o r  a t  l e a s t  th re e  months a f t e r  th e  p a r a s i t e s  

w e re  e l im in a te d .  T h is  f i n d i n g  c o u ld  a l s o  b e  a n  a l t e r n a t i v e  

mechanism f o r  immune e x c lu s io n  o f  p a r a s i te s  in  c o n t r a s t  t o  a  r o le  

f o r  th e  mucus la y e r .

94



The phenomenon o f  e x c lu s io n  o f  p a r a s i te s  from immune an im a ls  

seem s t o  depend  on th e  s i z e  o f  t h e  c h a l l e n g e  d o se . A lo w e r  

p e rcen tag e  o f  p a r a s i t e s  a r e  excluded when ch a llen g ed  w ith  a  sm a ll 

num ber o f  p a r a s i t e s  when com pared  t o  a  h ig h e r  num ber. T h is  i s  

th e  case  f o r  0. c irc u m c in c ta  (Sm ith e t  a l ,  1985) and H. c o n to r tu s  

(J a c k so n , N ew lands and  M i l l e r ,  c i t e d  M i l l e r ,  1987) b u t  n o t  f o r  

th e  r a t  c h a l le n g e d  w i th  b r a s i l i e n s i s  ( M i l l e r ,  H u n tle y  and  

W a lla c e , 1981). I t  w ould  seem  t h a t  i n  some i n f e s t a t i o n s  a  

th re sh o ld  burden may be needed which s t im u la te s  th e  lo c a l  immune 

response  and th e  immune ex c lu s io n . T his i s  supported  by work by 

Sm ith e t  a l  (1984) t h a t  d e te c te d  an  o u tp u t o f  IgA and b l a s t  c e l l s  

i n  g a s t r i c  lymph fo llo w in g  c h a llen g e  w ith  5,000 0 . c irc u m c in c ta  

la rv a e , b u t n o t w ith  1 , 0 0 0 .

In c re a se s  in  th e  numbers o f  m ucus-producing c e l l s  have a ls o  

been re p o rte d  in  0. columbianum i n f e s t a t i o n s  (D obson, 1967) b u t  

found on ly  in  sheep on h igh  p ro te in  d ie t s .  P oorly  fe d  sheep d id  

n o t  show  a n  i n c r e a s e  (D obson  a n d  B aw d en , 1 9 7 4 ) . I n  

T rich o stro n g y lu s  c o lu b r ifo rm is  in f e s ta t io n  in  sheep th e re  i s  a l s o  

an  in c re a s e  in  m ucus-producing c e l l  numbers. When t h i s  in c re a s e  

was r e la te d  to  th e  im m unity o f  th e  an im al and th e  a n t i - p a r a s i t i c  

a c t i v i t y  o f  th e  g a s t r o i n t e s t i n a l  m ucus i n  p r e v e n t in g  l a r v a l  

m i g r a t i o n  i n  v i t r o , i t  w as fo u n d  t h a t  t h e r e  w as a  p o o r  

c o r r e la t io n .  G lobule leu k o cy te  and e o s in o p h i l  num bers a p p e a re d  

to  be more c lo s e ly  r e la te d  to  im m unity (Douch e t  a l ,  1986).

In  c o n tr a s t ,  S tro n g y lo id es  r a t t i  i n f e s t a t i o n  and  e x p u ls io n  

in  r a t s  i s  n o t a s s o c ia te d  w ith  in c re a se d  numbers o f  g o b le t  c e l l s  

(Mimori e t  a l ,  1982).
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T h erefo re , i t  would seem th a t  in  a  number o f  h o s t - p a r a s i te  

r e la t io n s h ip s ,  g a s t r o in te s t in a l  mucus p la y s  an  im p o rtan t r o l e  in  

h o s t  p r o t e c t i o n .  The e f f e c t s  on  mucus o f  th e  num erous c h a n g e s  

t h a t  ta k e  p la c e  in  immune an im a ls  a f t e r  ch a llen g e , f o r  exam ple, 

in c re a se d  m ucosal p e rm e a b il i ty , r e le a s e  o f  n o n -s p e c if ic  m ed ia to rs  

from g lo b u le  leu k o cy tes  e t c .  a ls o  need to  be e lu c id a te d .
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FIGURE 19

F actors im portant in  th e  m aintenance o f  th e  g a s tr ic  nucus la y e r
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B ranhexine hyd roch lorid e

Bromhexine h y d ro ch lo rid e  (N -cyclohexyl-N -m ethyl-(2-am ino -3 , 

5 -d ib ro m o b en zy l)-am m o n iu m  c h lo r id e  i s  a  b e n z y la m in e  compound 

d e r iv e d  from  v a s i c i n e ,  w h ich  i s  an  a l k a l o i d  o f  t h e  A s ia n  p l a n t  

Adhatoda v a s ic a  (Amin and  M ehta , 1959). The s t r u c t u r e  i s  shown 

i n  F ig u re  20. I t  i s  m arketed in  B r i ta in  by B oehringer Ingelheim  

f o r  b o th  human and  v e t e r i n a r y  u s e  a s  a  b r o n c h ia l  m u c o ly t ic  

(B iso lv o n  I n j e c t i o n ,  P ow der, T a b le t s  and  E l i x i r ) .  I t  i s  a l s o  

a v a i l a b l e  i n  c o m b in a tio n  w i th  o x y te t r a c y c l in e  (B iso lv o m y c in  

I n je c t io n ) .  In  B r i ta in  i t  i s  m arketed f o r  u se  in  h o rse s , c a t t l e ,  

p ig s  and sm a ll an im als  a s  w e ll a s  man. E a rly  w orkers (Burgi and 

R eg li, 1967) s tu d y in g  th e  e f f e c t  o f  brom hexine on b ro n c h ia l mucus 

d e t e c t e d  f r a g m e n ta t io n  o f  th e  a c id  m u c o p o ly sa c c h a r id e  f i b r e s  

( a c i d - s t a i n i n g  g ly c o p r o te in s )  w i th in  t h e  m ucus, p ro d u c in g  a  

d ec rea se  in  th e  v is c o s i ty .  The same w orkers showed a  change in  

th e  g o b le t c e l l  c o n te n ts  o f  th e  b ronch i o f  g u in e a -p ig s  re c e iv in g  

brom hexine. There appeared  to  be more p ro te in -b o u n d  carb o h y d ra te  

c o n ta in e d  w i th in  t h e  c e l l s  and  th e y  c o n c lu d e d  t h a t  t h e  a c i d  

m u c o p o ly s a c c h a r id e s  w e re  ch anged  i n  s t r u c t u r e  a s  a  r e s u l t  o f  

tre a tm e n t.

O ther work u s in g  e le c tro n  m ic roscop ic  s tu d ie s  have su g g ested  

th a t  th e re  i s  an  in c re a s e  in  lysosom al a c t i v i t y  in  th e  e p i t h e l i a l  

c e l l s  o f  th e  b ro n c h ia l mucosa. The h y d ro ly t ic  enzymes t h a t  th e y  

p ro d u c e  may e x p la in  th e  b reakdow n  o f  g ly c o p r o te in s  w i th in  t h e  

mucus s e c re t io n  (C aird e t  a l ,  1972; Takeda, Misawa and Yanaura, 

1983).

F u r t h e r  s t u d i e s  i n t o  t h e  e f f e c t  o f  b r o m h e x in e  on  

g ly c o p ro te in  s t r u c tu r e  u s in g  is o to p ic  la b e l l in g  on hen t r a c h e a l
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p r e p a r a t i o n s ,  h av e  d e m o n s tra te d  t h a t  t h e r e  i s  n o t  a  g e n e r a l  

in h ib i t io n  o f  g ly c o p ro te in  sy n th e s is . However, th e re  does ap p ear 

t o  b e  an  e f f e c t  on th e  r a t e  o f  g ly c o p r o te in  r e l e a s e  from  

s e c r e t i n g  c e l l s  t h a t  may b e  s e l e c t i v e  f o r  c e r ta in  g ly c o p ro te in  

com ponen ts o f  m ucus. W eakly a c i d i c ,  m a jo r  co m ponen ts  a r e  

s u p p re s s e d  i n  f a v o u r  o f  m ore a c i d i c  and h ig h ly  s u lp h a te d  

f r a c t i o n s  (K ent and  R o g ers  [B o e h r in g e r  In g e lh e im  R e s e a rc h  

R ep o rt] , 1980). M a r r io tt ,  Readman and B arre tt-B ee  (1983) s tu d ie d  

th e  e f f e c t  o f  b ro m h ex in e  on  p ig  t r a c h e a l  m ucus. I t  p ro d u c e d  a  

g e n e r a l  d e c r e a s e  i n  v i s c o s i t y  and  a l s o  a f f e c t e d  th e  m ucus 

g ly c o p r o te in s .  The c o n c e n t r a t io n  o f  h e x o se  r o s e ,  w h i le  t h e  

p r o t e i n  c o n c e n t r a t io n  f e l l ,  t h e r e f o r e  th e  h e x o se /p ro te in  r a t i o  

e x h ib i t e d  a  r i s e  w h ich  c o n t in u e d  a f t e r  th e  t e r m i n a t i o n  o f  

tre a tm e n t su g g es tin g  a  pro longed  e f f e c t  a f t e r  drug w ithd raw al.

A t t e n t io n  h a s  a l s o  b e en  d raw n  t o  t h e  f a c t  t h a t  b ro m h e x in e  

t r e a tm e n t  a p p e a rs  t o  in c r e a s e  c e r t a i n  p ro te in  f r a c t io n s  i n  th e  

mucus, p a r t i c u la r ly  im m unoglobulins, w ith  a  s im u ltaneous d e c rea se  

i n  a lb u m in  and  vC- g l o b u l i n  f r a c t i o n s  (B u rg i and  R e g l i ,  1967). 

These a u th o rs  assumed t h a t  t r e a tm e n t  w i th  b ro m h ex in e  a c t i v a t e d  

th e  lo c a l  hum oral immune r e s is ta n c e  to  d is e a s e  in  a d d i t io n  to  i t s  

m u co ly tic  e f f e c t .  F u r th e r  s tu d ie s  by Gotz (1970) have shown th e  

i n c r e a s e  t o  be  due  t o  a  r i s e  i n  s e c r e t o r y  IgA c o n c e n t r a t io n  an d  

t o  a  l e s s e r  e x t e n t  IgG c o n c e n t r a t io n  w i th in  th e  m ucus. The 

a u th o r  a g r e e s  t h a t  t h e r e  may b e  s t i m u l a t i o n  o f  Ig A -p ro d u c in g  

e le m e n ts  d u r in g  b ro m h ex in e  t r e a tm e n t  b u t  s u g g e s ts  a  m ore 

p l a u s i b l e  e x p la n a t io n .  In  th e  l e s s  v is c o u s  m ucus p ro d u c e d  by 

brom hexine tre a tm e n t, IgA may be more e f f e c t iv e ly  l ib e r a te d  from
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t h e  m ucus. T h e re  may a l s o  b e  an  in c r e a s e d  p e r m e a b i l i t y  o f  th e  

mucous membrane e p i th e l ia .  T herefo re , a l l  th e  work shows t h a t  

brom hexine does produce a  l e s s  v isco u s  b ro n c h ia l mucus s e c re t io n  

w ith  changes in  th e  g ly c o p ro te in  s t r u c tu r e  which may o r  may n o t 

c o n tr ib u te  to  in c re a se d  am ounts o f  IgA measured w ith in  th e  g e l.

The d ru g  i s  g e n e r a l l y  w e l l  t o l e r a t e d  b u t  t h e r e  h av e  b e en  

la rg e ly  u n su b s ta n tia te d  r e p o r ts  o f  g a s t r i c  d isc o m fo rt and nausea 

in  human p a t ie n ts  t r e a te d  w ith  th e  drug  (Anon, 1971). T h e re fo re , 

th e  e f f e c t  o f  brom hexine tre a tm e n t on g a s t r o in te s t in a l  mucus i s  

an  im p o rtan t a sp e c t o f  t h i s  re s e a rc h .

G uslandi (1982) su g g es ts  t h a t  tre a tm e n t w ith  m u co ly tic s  i n  

p a t i e n t s  w i th  g a s tr o d u o d e n a l  d i s o r d e r s  sh o u ld  b e  d is c o u r a g e d  

b e c a u se  o f  p o s s i b l e  r e d u c t i o n  i n  g a s t r o i n t e s t i n a l  m u cu s 

v is c o s i ty .  M a r r io tt  (pe rso n a l communication) a ls o  su g g es ts  t h a t  

m u co ly tic  d rugs a d m in is te red  o r a l ly  co u ld  a f f e c t  g a s t r o in t e s t i n a l  

u lc e r a t io n .

S tu d ie s  w ith  a  brom hexine m e ta b o lite , am broxol, which a l s o  

a c t s  a s  a  b r o n c h ia l  m u c o ly t ic  h av e  shown no e f f e c t  on g a s t r i c  

m ucus i n  man (G u s la n d i and  Z an o n i, 1985). H ow ever, w ork  by 

S z e l e n y i  a n d  E n g l e r  (1 9 8 6 ) sh o w ed  t h a t  a m b ro x o l  w as 

c y t o p r o t e c t i v e  i n  t h e  g a s t r o i n t e s t i n a l  t r a c t  by in c re a s in g  th e  

s u r f a c e  a c t i v e  p h o s p h o l i p i d s  b e lo w  t h e  m ucus l a y e r  (a  

p h o sp h o lip id  la y e r  e q u iv a le n t to  pulm onary s u r f a c ta n t  in  th e  lung  

w h ich  am b ro x o l i s  a l s o  known t o  p ro m o te ) . B rom hexine  i s  a l s o  

known to  prom ote s u r f a c ta n t  s e c re t io n  in  th e  lung  and th e r e f o r e  

i t  i s  p o s s ib le  t h a t  i t  sh a res  t h i s  c y to p ro te c t iv e  e f f e c t  t o  some 

e x te n t  in  th e  g a s t r o in te s t in a l  t r a c t .
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FIGURE 20

S tru ctu re o f  brom exhine h yd roch lorid e
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The e f f e c t s  o f  b ro m h ex in e  on g a s t r o i n t e s t i n a l  m ucus a r e  

th e re fo re  n o t known.

The m e ta b o lism  o f  b ro m h ex in e  i s  known t o  show g r e a t  

d if f e re n c e s  betw een sp e c ie s . Humans and r a b b i ts  e x h ib i t  m ain ly  

u r i n a r y  e x c r e t i o n ,  d o g s and  r a t s  e x c r e t e  a b o u t 50% i n  f a e c e s  

(Kent and Rogers [B oehringer In g e lh e im  R e se a rc h  R e p o r t ] ,  1980). 

R e s id u e  s t u d i e s  i n  c a l v e s ,  a f t e r  o r a l  a d m i n i s t r a t i o n  o f  

brom hexine f o r  seven days, have shown th a t  h ig h e s t  c o n c e n tra tio n s  

a r e  found th re e  hours a f t e r  f i n a l  a d m in is tra t io n  i n  th e  l i v e r  a t  

220ug/kg, k idney  a t  79 ug/kg , m uscle a t  17 ug/kg and in  th e  lung  

a t  1 ug/kg. Seven days p o s t- tre a tm e n t,  th e  c o n c e n tra tio n s  i n  th e  

t i s s u e s  had  re d u c e d  s i g n i f i c a n t l y ,  o n ly  th e  f a t  c o n ta in e d  

6 8  ug /kg  and k idney 12 ug/kg (E ic h le r  and K reuzer, 1975).

PRELIMINARY INVESTIGATION INTO THE EFFECTS OF 

BROMHEXINE HXERDCHUQRIEE IN SHEEP 

M ateria ls and M ethods

Animals

The an im a ls  used  in  t h i s  experim en t w ere S c o t t is h  B lack face  

c r o s s  ew es ag ed  g r e a t e r  th a n  f i v e  y e a r s .  T h e ir  w e ig h ts  ra n g e d  

frcm 50 to  60 kg.

E xperim ental d esig n

Group Sheep number Procedure

C on tro l 1

58
1 2 1

No tre a tm e n t

Bromhexine 64 T rea ted  w ith  bromhexine
65 h y d ro ch lo rid e  a t  a  dose r a t e  

o f  0 .5  mg/kg d a i ly  f o r  
3 days
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A in in istr a tic n  o f  bronhexine h yd roch lorid e

B rom hexine h y d r o c h lo r id e  was a d m in is te r e d  o r a l l y  a s  a  

s u s p e n s io n  i n  20 m l o f  w a t e r .  0 .5  m g /k g  b o d y w e ig h t  w as 

ad m in is te red  once d a i ly  to  each sheep in  th e  brom hexine group f o r  

t h r e e  d a y s . A l l  t h e  a n im a ls  w ere  k i l l e d  on  th e  t h i r d  d ay  o f  

bronhexine a d m in is tra tio n .

Sampling te ch n iq u es

( i )  Mucus sa n p les

Mucus was o b ta in e d  from  th e  abomasum and  duodenum a t  

necropsy. The sam ples w ere c o l le c te d  by c a r e f u l ly  rem oving g ro s s  

fo o d  c o n ta m in a t io n  from  th e  m u co sa l s u r f a c e  and  th e n  g e n t l y  

sc rap in g  w ith  th e  edge o f  a  g la s s  m icroscope s l id e .  An a t te m p t 

was made t o  c o l l e c t  s a m p le s  o f  b r o n c h ia l  mucus s e c r e t i o n s  b u t  

th e re  was in s u f f i c i e n t  in  bo th  groups o f  sheep.

( i i )  H is to lo g ic a l se c tio n s

S e c t io n s  w ere  ta k e n  from  th e  ab o m asa l p y lo r h s ,  a n t e r i o r  

duodenum and  a n t e r i o r  lu n g  lo b e . The sa m p le s  w e re  f i x e d  i n  

b u f f e r e d  1 0 % f o r m a l i n  a n d  r o u t i n e l y  p ro c e s s e d ,  em bedded, 

s e c t io n e d  and  s t a i n e d  w i th  a l c i a n  b l u e / P e r i o d i c  A cid  S c h i f f  

pH 2.5 and  pH 1.0 a f t e r  d i g e s t i o n  w i th  d i a s t a s e  t o  rem ove 

g lycogen.

T reatm ent o f  san p ie s

I t  w as fo u n d  t o  b e  i m p o s s i b l e  t o  re m o v e  a l l  f o o d  

c o n ta m in a t io n  w i th o u t  r e d u c in g  m a rk e d ly  th e  am ount o f  m ucus 

c o l l e c t e d .  F o r t h i s  r e a s o n ,  a  c a p i l l a r y  v is c o m e te r  ( C o u l te r  

E le c tro n ic s ,  Harpenden, H e r t f o r d s h i r e )  was t h e  o n ly  in s t r u m e n t  

a v a i la b le  to  m easure th e  mucus v is c o s i ty  and a b le  to  w ith s ta n d
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t h e  p re s e n c e  o f  s m a l l  fo o d  p a r t i c l e s  w i th in  th e  m ucus. The 

m ucus, h o w ev er, had  t o  b e  d i l u t e d  1 : 1  (v /v )  w i th  p h o s p h a te  

b u f f e r e d  s a l i n e  (PBS) (pH 7) and  ho m o g en ised  u s in g  an  U l t r a -  

Turrax  t i s s u e  hom ogeniser (Janke and Kunkel GmBH). The r e s u l t a n t  

s u s p e n s io n  was c e n t r i f u g e d  a t  1 ,500 x  g f o r  20 m in u te s  and  th e  

s u p e r n a ta n t  s t o r e d  a t  4°c f o r  l e s s  th a n  24 h o u rs  b e f o r e  t h e  

v i s c o s i t y  was m easu red . I n s u f f i c i e n t  ab o m asa l mucus w as 

c o l le c te d  to  be m easured in  t h i s  manner.

R esu lts

Mucus v is c o s ity

There was no o b serv ab le  d if f e r e n c e  in  th e  v is c o s i ty  o f  th e  

duodenal mucus betw een b ro m h ex in e -trea ted  and u n tre a te d  sheep.

The r e s u l t s  o f  th e  v i s c o s i t y  m e asu re m e n ts  on th e  d u o d e n a l 

mucus sam ples a r e  shown in  T able 26.

Assuming a  s im i la r  g ly c o p ro te in  c o n te n t o f  th e  sam ples th e r e  

w as l i t t l e  d i f f e r e n c e  b e tw e e n  th e  v i s c o s i t y  o f  th o s e  a n im a ls  

t r e a te d  w ith  bromhexine and th e  c o n tro ls .

H isto lo g y

There was no obvious d if f e r e n c e  in  mucus q u a n ti ty , number o f  

m ucus-producing c e l l s  o r  s t a i n in g  c h a r a c t e r i s t i c s  o f  th e  m ucus 

betw een t r e a te d  an im als  and u n tre a te d  c o n tro ls .  However, a l l  th e  

s e c t io n s  from th e  u n tre a te d  c o n tro ls  showed p a le r  s ta in in g  th a n  

th e  t r e a t e d  a n im a ls .  T h is  was a p p a r e n t  a t  pH 1.0 and  pH 2.5 o f  

A lc ia n  b lu e /P A S . A lso , t h e  su b m u co sa l d u o d e n a l g la n d s  o f  t h e  

u n t r e a t e d  a n im a l  a p p e a r e d  l e s s  v o lu m in o u s  th a n  th o s e  i n  

b ro m h ex in e -trea ted  an im als.
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D iscu ssio n

The h i s t o l o g i c a l  e v id e n c e  from  t h i s  t r i a l  s u g g e s ts  t h a t  

brom hexine h y d ro ch lo rid e  d id  e x e r t  an  e f f e c t  on g a s t r o in te s t in a l  

m u c u s , p o s s i b l y  a l t e r i n g  m ucus c h a r a c t e r  an d  s e c r e t i o n .  

O bviously, a  re d u c tio n  in  th e  mucus v is c o s i ty  would have proved 

i t s  e f f e c t .  H ow ever, i t  w as im p o s s ib le  t o  m e asu re  v i s c o s i t y  

a c c u ra te ly  o r  d e te c t  sm a ll changes w ith  th e  equipm ent a v a i la b le .  

A m easurem ent o f  g ly c o p ro te in  c o n c e n tra tio n  may have de term in ed  

v i s c o s i t y  ch an g es  i n d i r e c t l y ,  i . e .  i f  t h e  t r e a t e d  s a m p le s  

c o n t a i n e d  h i g h e r  c o n c e n t r a t i o n s  o f  g ly c o p r o te in  th a n  th e  

u n tre a te d  c o n tro ls ,  th e  v is c o s i ty  cou ld  have been reduced  by th e  

brom hexine tre a tm e n t. A lso, m easuring th e  h e x o se /p ro te in  r a t i o  

may have d e te c te d  changes in  mucus s t ru c tu re .

H isto lo g y  o f  th e  abomasum o f  th e  rum inant

The ru m in a n t  s to m ach  c o n s i s t s  o f  f o u r  p a r t s :  ru m en ,

re tic u lu m , omasum and abomasum. The fo restom ach  c o n s is ts  o f  th e  

f i r s t  th r e e  cham bers and i s  d e riv e d  from  th e  oesophageal re g io n  

o f  th e  s to m ach . I t  i s  l i n e d  by  an  a g la n d u la r ,  s t r a t i f i e d  

squamous ep ith e liu m .

The f u n c t io n  o f  t h e  fo re s to m a c h s  i s  t o  b re a k  down i n g e s t a  

th ro u g h  m e c h a n ic a l and  c h e m ic a l  a c t i v i t y .  The rum en a c t s  a s  a  

la rg e  fe rm e n ta tio n  v a t  in  which b a c te r ia  and p ro to zo a  b reak  down 

th e  in g e s te d  food and produce v o l a t i l e  f a t t y  a c id s  (VFAs), w hich 

a re  absorbed. The m echanical a c t io n  o f  th e  re tic u lu m  and omasum 

c o n v e r ts  t h e  b roken-dow n i n g e s t a  i n t o  q u i t e  f i n e ,  p a r t i c u l a t e
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m a t te r .  The in g e s t a  i s  th e n  moved i n t o  th e  abomasum w h ere  

enzymic d ig e s t io n  ta k e s  p la c e .

The abomasum i s  th e  g la n d u la r  stom ach. Food d e lay ed  w ith in  

th e  stom ach i s  su b jec te d  to  th e  h y d ro ly t ic  and enzym atic  a c t io n  

o f  th e  g a s t r i c  s e c r e t i o n s .  The m u sc u la r  w a l l  o f  t h e  o rg a n  

induces m echanical m ixing and breakup o f  th e  food. P e r i s t a l t i c  

w aves o f  c o n t r a c t i o n  p r o p e l  t h e  p a r t i a l l y  d ig e s t e d  f o o d s t u f f s  

in to  th e  duodenum.

Muoosa

The m ucosa o f  th e  abomasum i s  f o ld e d ,  w i th  t h e  f o l d s  

o r ie n ta te d  p a r a l l e l  to  th e  long  a x is .  The e p i t h e l i a l  s u r fa c e  i s  

d iv id e d  i n t o  s m a l l  i r r e g u l a r  u n i t s  c a l l e d  g a s t r i c  a r e a s  by 

numerous sm a ll grooves. The m ucosal su rfa c e  i s  marked w ith  many 

sm a ll d e p re ss io n s  c a l le d  g a s t r i c  p i t s .  The g a s t r i c  g lan d s open 

in to  th e  bottom  o f  th e  g a s t r i c  p i t s .

The m ucosal c e l l s ,  in c lu d in g  th e  g a s t r i c  p i t s  a r e  composed 

o f  a  s im p le  colum nar ep ith e liu m . The c e l l s  l in in g  th e  abomasum 

a re  m u cu s-sec re tin g .

Below th e  mucosa, th e  lam ina  p ro p r ia  c o n ta in s  lym phocytes, 

m a c ro p h a g e s  a n d  p la s m a  c e l l s  t h a t  i m p a r t  a  d i s t i n c t  

h y p e r c e l l u l a r i t y .  S c a t t e r e d  ly m p h a t ic  f o l l i c l e s  may a l s o  b e  

p r e s e n t .  G a s t r i c  g la n d s  p e n e t r a t e  v a r io u s  d i s t a n c e s  i n t o  t h e  

lam ina p ro p r ia .

A lam ina m u scu la ris  mucosa i s  p re s e n t c o n s is t in g  o f  tw o to  

f o u r  sm ooth  m u sc le  l a y e r s ,  o r i e n t a t e d  l o n g i t u d i n a l l y  an d
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c i r c u la r ly .  Thin s tra n d s  o f  smooth m uscle ex tend  in to  th e  lam ina  

p ro p r ia  between th e  g lan d s (Banks, 1986b).

Suhnuoosa

Neuronal f ib r e s  and g an g lio n  c e l l  cy tons form  th e  subm ucosal 

(M eissn e r 's )  p le x u s .

M uscu laris

N e u ro n e s  a n d  n e u r o n a l  p r o c e s s e s  fo rm  t h e  m y e n t e r i c  

(Auerbach1 s) p lex u s betw een th e  in n e r  and o u te r  la m in a l o f  smooth 

m uscle.

G landu lar re g io n s

The abomasum can be d iv id e d  in to  th r e e  d i s t i n c t  re g io n s : -

( i )  C ardiac gland  reg io n

T h is  i s  a  v e ry  s m a l l  a r e a .  The b e g in n in g  i s  m arked  by  th e  

t r a n s i t i o n  from  th e  s t r a t i f i e d  squam ous e p i th e l iu m  o f  t h e  

fo restom achs, to  columnar ep ith e liu m .

The c a rd ia c  g lands a r e  branched, tu b u la r ,  c o i le d  g lan d s  t h a t  

can be d iv id e d  in to  two re g io n s .

The n eck  i s  th e  p o r t i o n  n e a r e s t  t h e  o p e n in g  o f  t h e  g a s t r i c  

p i t .  The body makes up th e  rem ainder o f  th e  g land . The neck and 

th e  u p p e r  p a r t  o f  body a r e  l i n e d  by m u c u s - s e c r e t in g  c u b o id a l  

c e l l s .  The rem ain ing  c e l l s  a r e  colum nar, m u cu s-sec re tin g  c e l l s .

A r g e n ta f f in  ( e n te ro c h ro m a f f in )  c e l l s  a r e  sm a ll, p y ram id a l 

c e l l s  lo c a te d  betw een th e  g la n d u la r  l in in g  c e l l s  and th e  basem ent 

membrane. They a re  dem onstra ted  by s p e c i f ic  s i l v e r  s ta in s .  As 

many a s  t e n  d i f f e r e n t  c e l l  ty p e s  h av e  b e en  r e c o g n is e d  a s  

a r g e n t a f f i n  c e l l s .  The p r o d u c ts  o f  th e s e  c e l l s  a r e  s e c r e t e d  

in to  th e  blood v e s s e ls  o f  th e  lam ina  p ro p r ia . They a re  horm one-
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s e c r e t i n g  c e l l s ,  o r  g a s t r o i n t e s t i n a l  e n d o c r i n e  c e l l s  

( e n t e r o e n d o c r i n e ) .  S e c r e t i o n s  o f  t h e s e  c e l l s  in c lu d e  5 -  

hydroxytryp tam ine (5-HT), h is ta m in e  and g a s t r in .  These hormones 

e x e r t  some c o n t r o l  on  th e  s e c r e t o r y  and  m u s c u la r  a c t i v i t i e s  o f  

th e  g a s t r o in te s t in a l  t r a c t .

( i± )  Fundic glan d  reg io n

The g lands in  t h i s  re g io n  a re  tu b u la r  g lands t h a t  a r e  lo n g e r 

b u t l e s s  branched th a n  th e  c a rd ia c  g lands. The fu n d ic  g land  can  

b e  d iv id e d  i n t o  f o u r  a r e a s ,  b a s e ,  body , n eck  and  is th m u s . The 

is thm us i s  th e  opening o f  g land  continuous w ith  th e  c o n s t r ic te d  

n eck . The body i s  t h e  m ain  p o r t i o n  o f  t h e  g la n d  t h a t  en d s  i n  a  

s l i g h t ly  d i la te d  b a se .

T h ree  c e l l  ty p e s  c a n  b e  s e e n  i n  t h i s  r e g io n ,  w i th in  t h e  

g la n d s .

Mucus n eck  c e l l s  l i n e  th e  n eck  o f  th e  g la n d  and  a r e  

in te r s p e r s e d  betw een th e  p a r i e t a l  c e l l s .  They may be cap ab le  o f  

d i f f e r e n t i a t i n g  i n t o  s u r f a c e  l i n i n g  a n d /o r  g la n d u la r  l i n i n g  

c e l l s .

Zymogen (c h ie f)  c e l l s  a re  th e  predom inant c e l l  ty p e  o f  th e  

f u n d ic  g la n d . They a r e  p y ra m id a l- s h a p e d  c e l l s  w i th  a  ro u n d  

n u c le u s  s i t u a t e d  b a s a l l y .  S e c r e to r y  (zym ogen) g r a n u le s  a r e  

p re s e n t in  th e  a p ic a l  p o r tio n  o f  th e  c e l l .  The b a s a l  p o r t io n  o f  

t h e  c e l l  c o n ta in s  ro u g h  e n d o p la sm ic  r e t i c u lu m  (RER) and  f r e e  

r ib o so m e s  t h a t  p ro d u c e  a  b a s o p h i l i a  when s t a i n e d .  T hese  c e l l s  

a r e  r e s p o n s ib le  f o r  th e  s y n th e s i s  and  s e c r e t i o n  o f  p e p s in o g e n , 

re n n in  and g a s t r i c  l ip a s e .
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P a r ie ta l  (oxyntic) c e l l s  a r e  e a s i l y  d i s t i n g u i s h e d  by t h e i r  

c h a r a c te r i s t i c  s ta in in g  w ith  a c id ic  dyes such a s  e o s in , which i s  

p ro b a b ly  due  t o  t h e  l a r g e  num ber o f  m ito c h o n d r ia  ( I t o f 1981). 

They a r e  l a r g e  c e l l s  s c a t t e r e d  th ro u g h o u t t h e  le n g th  o f  t h e  

g la n d . They a r e  w edged b e tw ee n  zym ogen c e l l s .  T h e ir  b a s a l  

b o rd ers  a re  in  c o n ta c t w ith  th e  basem ent membrane b u t n o t a l l  o f  

th e  c e l l s  re ach  th e  lum inal s u rfa c e  o f  th e  g lan d .

When a c t i v e ,  num erous c a n a l i c u l i  e x te n d  from  t h e  a p i c a l  

p lasm a membrane in to  th e  cy toplasm  o f  th e  c e l l .  Many m ic r o v i l l i  

p ro je c t  in to  th e  c a n a l ic u l i .  P a r ie ta l  c e l l s  s e c re te  h y d ro c h lo ric  

a c id .

( i i i )  P y lo r ic  gland  reg io n  (antrum )

The g a s t r i c  p i t s  a r e  lo n g e r  i n  t h i s  r e g io n ,  b u t  th e  g la n d s  

a r e  s h o r t ,  s im p le  o r  b ra n c h e d  t u b u l a r  g la n d s .  The p re d o m in a n t 

c e l l  i s  th e  m ucus-producing c e l l .

The p a r ie ta l c e l l

The p a r i e t a l  c e l l  i s  p re s e n t w ith in  th e  fu n d ic  g lan d s o f  th e  

o v in e  abomasum. The o v in e  abomasum i s  n o rm a lly  m a in ta in e d  a t  

pH 2 -3 .

U ltra stru ctu re

The a p p e a ra n c e  o f  t h e  p a r i e t a l  c e l l  c h an g e s  when a c t i v e ,  

s e c re t in g  h y d ro c h lo ric  a c id , compared to  i t s  r e s t in g  s t a t e  (Sedar 

and  F r ie d m a n , 1961, H e la n d e r  and  H ir s c h o w i tz ,  1972? S ach s  an d  

B erg lin d h , 1981; B erg lin d h , 1984).

The c e l l s  c o n ta in  a  la rg e  number o f  m itochondria  (H elander 

and  H ir s c h o w i tz ,  1972) and  a r e  p ro b a b ly  t h e  c e l l s  r i c h e s t  i n  

m ito c h o n d r ia  i n  t h e  body (B e rg lin d h , 1984). A t t h e  a p i c a l  a r e a  

o f  th e  c e l l  th e re  i s  an in fo ld in g  o f  th e  plasm a membrane, fo rm ing
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th e  i n t r a c e l l u l a r  c a n a lic u lu s .

E le c t r o n  m ic ro sco p y  o f  a  r e s t i n g  c e l l  show s t h a t  t h e  

c y to p la sm  i s  f i l l e d  w i th  ro u n d  o r  e lo n g a te d  sm ooth  m em brane 

s t r u c tu r e s ,  te rm ed  tu b u lo v e s ic le s . During a c id  s e c re t io n  th e re  

i s  a  d e c r e a s e  i n  th e s e  s t r u c t u r e s ,  and  a n  e x p a n s io n  o f  t h e  

i n t r a c e l l u l a r  c a n a lic u lu s . The su rfa c e  a re a  o f  th e  c a n a lic u lu s  

i s  f u r t h e r  in c r e a s e d  by num erous m i c r o v i l l i .  T h e re fo re  t h e  

s e c r e t o r y  s u r f a c e  o f  t h e  c e l l  i n c r e a s e s  g r e a t l y .  T h is  i s  t h e  

s i t e  o f  a c id  s e c re t io n  from th e  c e l l .

S tim u la tion  o f  a d d  se c r e tio n

Three d i f f e r e n t  ty p es  o f  g a s t r i c  a c id  s t im u la n ts  have been 

d is c o v e r e d .  T hese  a r e ,  h i s t a m in e ,  c h o l in e r g i c  com pounds, f o r  

example, a c e ty lc h o lin e  and p e p tid e s , f o r  exam ple, g a s t r in .

W orkers h av e  s tu d ie d  th e  e f f e c t s  o f  t h e s e  s t i m u l a n t s  an d  

t h e i r  s p e c i f i c  a n t a g o n i s t s  on p a r i e t a l  c e l l s  b o th  i n  v iv o  an d  

in  v i t r o .  T h e re  i s  s t i l l  a  g r e a t  d e a l  o f  c o n t r o v e r s y  a s  t o  t h e  

mode o f  a c t i o n  o f  t h e s e  a g e n ts ,  m a in ly  due  t o  t h e  d i f f e r e n t  

r e s u l t s  o b ta in e d  i n  v iv o ,  when com pared  t o  i s o l a t e d  g la n d s  o r  

p a r i e t a l  c e l l s  in  v i t r o .

A sso c ia ted  w ith  th e  s t im u la t io n  o f  p a r i e t a l  c e l l s ,  th e r e  i s  

an  in c r e a s e  i n  g a s t r i c  b lo o d  f lo w , b o th  i n  t h e  t o t a l  b lo o d  

p e rfu s in g  th e  stom ach and a  r e d i s t r ib u t io n  cau sin g  an  in c re a s e  o f  

b lood to  th e  g a s t r i c  g lan d s (Jacobson, Swan and Grossman, 1967).

( i )  R esu lts ob tain ed  from in  v iv o  s tu d ie s

H istam ine produced a  p o te n t and dose dependent s t im u la t io n  

o f  a c id  s e c r e t i o n .  T h is  e f f e c t  i s  s t r o n g ly  i n h i b i t e d  by 

h is ta m in e  ^ - r e c e p t o r  a n ta g o n is ts  and p r o s ta g la n d i n s .  A tro p in e
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o n ly  i n h i b i t s  t h e  r e s p o n s e  a t  v e r y  h ig h  c o n c e n t r a t i o n s .  

C h o lin e rg ic  in f lu e n c e , from  v ag a l s t im u la tio n  o r  by th e  a c t io n  o f  

s ta b le  m u sca rin ic  a g o n is ts  produce h ig h  r a te s  o f  a c id  s e c re t io n . 

T h is  r e s p o n s e  i s  i n h i b i t e d  by a t r o p i n e ,  h i s ta m in e  H2 - r e c e p t o r  

a n ta g o n is ts  and p ro s ta g la n d in s .

G a s tr in  a ls o  causes a  p o te n t and dose dependent s t im u la t io n  

o f  th e  p a r i e t a l  c e l l .  T h is  e f f e c t  i s  in h ib i te d  by h is ta m in e  H2-  

r e c e p to r  a n t a g o n i s t s  and  p r o s ta g la n d in s .  A tro p in e  i s  o n ly  

e f f e c t i v e  a t  h ig h  c o n c e n t r a t io n s  (S achs and  B e r g l in d h , 1981). 

In  v iv o  in te r a c t io n s  a re  a ls o  though t to  occu r betw een d i f f e r e n t  

a g o n i s t s  (H ir s c h o w itz  and  S a c h s , 1965). T h e re fo re ,  i n  v iv o , 

h is ta m in e  ^ - r e c e p t o r  a n ta g o n is ts  ( fo r  exam ple, c im e tid in e )  a c t  

t o  p r e v e n t  t h e  s t i m u l a t i o n  c a u se d  by a l l  t h r e e  ty p e s  o f  

s t im u la n t .  T h is  h a s  le d  some w o rk e rs  t o  b e l i e v e  t h a t  t h e  

response  to  h is ta m in e  i s  th e  f i n a l ,  common pathw ay f o r  p a r i e t a l  

c e l l  s t im u la t io n  and h is ta m in e  H2  re c e p to r s ,  d i s t i n c t  from th e  H-| 

re c e p to rs  on smooth m uscle e tc . ,  a r e  p re s e n t on th e  p a r i e t a l  c e l l  

(B lack  e t  a l ,  1972).

( i )  R e su lts  o b ta in e d  from  i n  v i t r o  s tu d ie s  

S tu d ie s  in  v i t r o  u s in g  is o la te d  c e l l s  do n o t show t h i s  w ide 

e f f e c t  o f  h i s ta m in e  H2  a n t a g o n i s t s  ( S o i l ,  1978a) and  o t h e r s  

r e g a r d  th e  e v id e n c e  a s  s u g g e s t in g  t h a t  t h e r e  a r e  s p e c i f i c  

c h o lin e rg ic , m u scarin ic  (Sachs and B erg lindh , 1981) and g a s t r i n  

r e c e p to r s  (T ak e u c h i, S p e i r  and  Jo h n so n , 1979a, b) a s  w e l l  a s  

h is tam in e  H2  r e c e p to r s .
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P o te n t ia t in g  in te r a c t io n s  b e tw ee n  h is ta m in e  and  th e  o t h e r  

s t i m u l a n t s  h av e  b een  shown t o  o c c u r  i n  p a r i e t a l  c e l l s  i n  v i t r o  

(S o il, 1978b). I t  has been suggested  th a t  in  v iv o , th e  p a r i e t a l  

c e l l ,  i s  c o n s t a n t ly  u n d e r  th e  in f lu e n c e  o f  h i s ta m in e  and  

a c e ty lc h o lin e  which cou ld  e x p la in  th e  d i f f e r e n t  r e s u l t s  in  v iv o  

compared to  in  v i t r o .

The p r o c e s s e s  t h a t  o c c u r  w i t h i n  t h e  c e l l  a f t e r  t h e  

s t i m u l a n t - r e c e p t o r  c o u p l in g  a r e  n o t  f u l l y  u n d e rs to o d . From 

in  v i t r o  s t u d i e s  i t  w ould  a p p e a r  t h a t  h i s ta m in e  s t i m u l a t i o n  

causes an  in c re a s e  in  c y c l ic  AMP (adenosine 3*, 5* monophosphate) 

(cAMP) v ia  ad en y lcy c lase  a c t iv a t io n  The cAMP would th e re fo re  a c t  

a s  a  s e c o n d a ry  m e sse n g e r and  p ro m o te  a c id  s e c r e t i o n ,  p o s s ib ly  

in v o lv in g  p ro te in  phosp h o ry la tio n .

C h o l in e r g ic  s t i m u l a t i o n ,  h o w ev er, a p p e a rs  t o  p ro d u c e  an  

in c re a s e  in  calc ium  io n s  w ith in  th e  c e l l ,  by an  in c re a se d  in f lu x  

a c r o s s  th e  p la sm a  m em brane. The s u b se q u e n t a c t i o n  o f  t h e  

in c re a se d  calc ium  c o n c e n tra tio n  i s  n o t known, b u t cou ld  in v o lv e  

b in d in g  to  th e  p ro te in  calm odu lin  and e f f e c t s  on enzymes such a s  

a d e n y la te  c y c la s e ,  p h o s p h o d ie s te r a s e  and  p h o s p h o lip a s e  A2  

(Cheung, 1980; Sachs and B erg lindh , 1981).

G a s t r in  may a l s o  c a u s e  an  i n c r e a s e  i n  c a lc iu m  io n s  w i t h i n  

th e  c e l l .

R ole o f  p rostag lan d in s in  p a r ie ta l c e l l  se c r e tio n

P r o s ta g la n d in s  h av e  b een  shown t o  h av e  s t r o n g  i n h i b i t o r y  

a c t i o n s  on g a s t r i c  a c id  s e c r e t i o n .  They i n h i b i t  t h e  h i s t a m in e  

induced r i s e  in  cAMP w ith in  th e  p a r i e t a l  c e l l  (W ollin , S o l i  and 

Sam loff, 1979; S o l i ,  1980).
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P r o s ta g la n d in s  may a l s o  h av e  a  r o l e  i n  th e  c a lc iu m  io n  

dependent pathway o f  a c id  s e c re tio n . P ro s ta g la n d in s  a r e  d e r iv e d  

from  a ra ch id o n ic  a c id  p re s e n t w ith in  p h o sp h o lip id s . The r e le a s e  

o f  th e  p re c u rso r  i s  dependent on th e  a c t iv a t io n  o f  th e  c a lc iu m - 

d e p e n d e n t enzym e, p h o s p h o l ip a s e  A2  (M a rs h a l l ,  D ixon and  H okin , 

1980). T h e re fo re  p r o s ta g la n d in s  c o u ld  p ro v id e  a  r e g u l a t o r y  

system  between th e  cAMP and calcium  io n  secondary m essengers. 

Enzyme system s p resen t in  p a r ie ta l c e l l s  

(H+K+) ATPase h a s  b een  i s o l a t e d  a s  th e  enzym e r e s p o n s i b l e  

f o r  t h e  s e c r e t i o n  o f  h y d ro g en  io n s  i n t o  th e  g a s t r i c  lum en  i . e .  

t h e  p ro to n  pump. I t  i s  p r e s e n t  a lm o s t  e x c lu s iv e ly  i n  p a r i e t a l  

c e l l s ,  lo c a t e d  on th e  m i c r o v i l l i  o f  th e  s e c r e t o r y  c a n a l i c u l u s  

(Saccomani e t  a l ,  1979; B erg lindh , 1984).

I t  i s  th o u g h t t h a t  c h lo r id e  io n  s e c r e t i o n  i s  c o u p le d  w i th  

potassium  io n  movements (B erg lindh , 1984).

C a rb o n ic  a n h y d ra se  h a s  b een  fo u n d  i n  h ig h  c o n c e n t r a t i o n s  

w i th in  th e  p a r i e t a l  c e l l  (M aren, 1967) i n  i n t i m a t e  a s s o c i a t i o n  

w ith  th e  m ic r o v i l l i  o f  th e  s e c re to ry  c a n a lic u lu s  (C ross, 1970). 

C a rb o n ic  a n h y d ra se  i s  th o u g h t  t o  p la y  a  p r o t e c t i v e  r o l e  i n  

m a in ta in in g  c e l l u l a r  pH by b u ffe r in g  th e  hydroxide io n s  produced 

a s  a  r e s u l t  o f  th e  p r o to n  (H+) s e c r e t i o n .  I n h i b i t i o n  o f  t h i s  

enzym e w ith  a c e ta z o la m id e ,  l e a d s  t o  a  d e c r e a s e  i n  t h e  r a t e  o f  

a c id  s e c re t io n  due to  an in c re a s e  in  i n t r a c e l l u l a r  pH (Hersey and 

H igh , 1971).
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Acid se c r e tio n  from th e  ov in e  abomasum

The abomasum o f  th e  a d u l t  ru m in a n t  s e c r e t e s  a c id  and 

pepsinogen co n tin u o u sly  (Masson and P h il l ip s o n , 1952; H i l l ,  1955; 

1960 and Ash, 1961a, b ) .

The e x p lan a tio n  o f fe re d  f o r  t h i s  i s  t h a t  th e  s e c re t io n  has 

b een  s t im u la t e d  by th e  e n t r y  o f  d i g e s t a  w i th  i t s  f a t t y  a c id  

c o n te n t from  th e  fo restom ach  in to  th e  abomasum (H il l ,  1955; 1960; 

Ash, 1961a, b). Both chem ical and m echanical s t im u la t io n  o f  th e  

abomasum c o n t r i b u t e  t o  th e  c o n t r o l  o f  i t s  s e c r e t i o n  i . e .  

d is te n s io n , pH o f  th e  c o n te n ts  and p e p tid e  c o n c e n tra tio n . T his 

i s  m e d ia te d  by  v a g a l  s t i m u l a t i o n  o f  e n d o c r in e  c e l l s  t o  p ro d u c e  

g a s t r i n .  The " g a s t r i c  p h a se "  o f  a c id  s e c r e t i o n .  Low pH w i l l  

i n h i b i t  s e c r e t i o n ,  p ro b a b ly  by a  r e d u c t io n  o f  g a s t r i n  r e l e a s e  

(Grossman, 1981). D is ten s io n  can a ls o  i n h i b i t  g a s t r i c  s e c re t io n . 

The volume and a c id i ty  o f  fu n d ic  abom asal pouches w ere b o th  found 

to  be h ig h e r  when an im als  w ere feed in g  o r  had re c e n t ly  been fe d  

th a n  when th e y  were d u rin g  f a s t in g  (Masson and P h i l l ip s o n , 1952; 

H i l l ,  1955; 1960; A sh, 1961a; McLeay and  T i tc h e n ,  1970). 

S e c r e to r y  re s p o n s e s  t o  f e e d in g  o r  t e a s i n g  w i th  fo o d  w ere  

r e g u l a r l y  o b ta in e d  from  f u n d ic  a b o m asa l p o u ch es  (McLeay and  

T i tc h e n ,  1970). The r a p i d i t y  o f  t h e  r e s p o n s e  t o  t e a s i n g  w i th  

food o r  im m edia te ly  fo llo w in g  in g e s t io n  suggested  t h a t  th e  vagus 

nerve  was involved . The vagus would a ls o  s t im u la te  th e  r e le a s e  

o f  g a s t r i n .  T h is  i s  t h e  'c e p h a l i c  p h a se ' o f  g a s t r i c  s e c r e t i o n  

(G rossm an, 1981).

An in c re a se  in  th e  a c id i ty  o f  abom asal c o n te n ts  le a d s  t o  an  

i n h i b i t i o n  o f  a c id  s e c r e t i o n .  T h is  i s  due  t o  i n h i b i t i o n  o f  

g a s t r in  r e le a s e  from th e  abomasal mucosa.
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The p re s e n c e  o f  fo o d  i n  th e  s m a l l  i n t e s t i n e  c an  s t i m u l a t e  

g a s t r i c  s e c r e t i o n .  I t  i s  th o u g h t t h a t  d i s t e n s i o n ,  p e p t id e  

c o n c e n t r a t i o n  a n d  pH a r e  i m p o r t a n t  i n  t h i s  a c t i o n .  T he 

" i n t e s t i n a l  p h a se "  o f  a c id  s e c r e t i o n .  A low  pH o f  t h e  d u o d e n a l 

c o n te n ts  w i l l  i n h ib i t  g a s t r i c  a c id  s e c re t io n  in  th e  sheep (Ash, 

1961b). The m echanism  f o r  t h i s  i s  n o t  known, b u t  a  p a r t  i s  

p la y e d  by a  h u m o ra l a g e n t ,  p o s s i b l y  g a s t r i n  o r  s e c r e t i n  

(G rossm an, 1981). A n e u r a l  m echanism  may a l s o  e x i s t .  F a t  and  

h y p e ro s m o la r  c o n te n t s  p r e s e n t  i n  t h e  duodenum h av e  a l s o  b e en  

found to  in h ib i t  g a s t r i c  a c id  s e c re t io n .

In flu en ce o f  p a r a s ite s  on abomasal pH

0 . c irc u m c in c ta  in f e s ta t io n s  in  non-immune sheep cause  th e  

abom asal pH to  r i s e .  T h is was seen  by e ig h t  days p o s t  c h a lle n g e  w ith

100,000 0^ c i r c u m c in c ta  l a r v a e  by A rm our, J a r r e t t  and  J e n n in g s  

(1966). The pH r o s e  t o  s i x  and  re m a in e d  a t  t h i s  l e v e l  u n t i l  

day 35 p o s t-c h a lle n g e , b u t had n o t re tu rn e d  to  norm al by day 60.

The r i s e  i n  t h e  a b o m a s a l  pH w as a s s o c i a t e d  w i t h  l a r v a l  

developm ent w ith in  th e  g lands to  th e  young a d u l t  s ta g e  (L5) and 

th e  s t a r t  o f  t h e i r  em ergence on to  th e  abom asal m ucosal su r fa c e .

The g l a n d s  b e ca m e  d i l a t e d  an d  l i n e d  w i t h  a  r e l a t i v e l y  

u n d i f f e r e n t i a t e d  e p i th e l iu m ,  w i th  no h i s t o l o g i c a l  e v id e n c e  o f  

p a r i e t a l  c e l l s .  These changes do n o t s o le ly  a f f e c t  p a r a s i t i s e d  

g lan d s. N eighbouring g lan d s a ls o  become e lo n g a ted  and l in e d  w ith  

a  s im i la r ,  u n d if f e r e n t ia te d  e p ith e liu m . U l t r a s t r u c tu r a l  s tu d ie s  

by M urray , J e n n in g s  and  Arm our (1970) i n  t h e  s i m i l a r  s i t u a t i o n  

t h a t  o c c u r s  i n  0 ^ o s t e r t a g i  i n f e s t a t i o n  i n  c a lv e s ,  show ed t h a t  

th e  p a r i e t a l  c e l l s  i n  s u r ro u n d in g  g la n d s  c o n ta in e d  s t r u c t u r a l
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changes in d ic a t in g  reduced  s e c re to ry  a c t i v i t y  b e fo re  lo s in g  t h e i r  

s t r u c t u r a l  id e n t i ty .

As th e  abom asal pH re tu rn e d  tow ards norm al le v e ls  th e re  was 

ev idence o f  a  g rad u a l re g re s s io n  o f  th e  le s io n s . The abom asal pH 

ch an g es  s e e n  i n  c a lv e s  w i th  0 ^ o s t e r t a g i  a r e  a s s o c i a t e d  w i th  

s i m i l a r  s t r u c t u r a l  ch an g e s  b u t  t h e  l a r v a l  d e v e lo p m e n t t a k e s  

s l i g h t l y  lo n g e r  and  t h e r e f o r e  t h e  ab o m asa l pH r i s e  i s  l a t e r  

(R itc h ie  e t  a l ,  1966; Jen n in g s e t  a l ,  1967; M urray, Jen n in g s  and 

A rm our, 1970). When th e  i n f e c t e d  a n im a ls  a r e  t r e a t e d  w i th  

a n th e lm in tic , th e  pH f a l l s  b u t ta k e s  ap p rox im ate ly  f iv e  days to  

r e t u r n  t o  n o rm a l (Arm our e t  a l ,  1967; A nd erso n , B la k e  and  

T i tc h e n ,  1976). The c a u s e  o f  th e  a b o m asa l pH r i s e  i s  o b v io u s ly  

due to  th e  lo s s  o f  p a r i e t a l  c e l l  mass w ith in  th e  abomasum. How 

t h i s  re d u c tio n  comes abou t i s  n o t known.

P h y s i c a l  s t r e t c h i n g  o f  t h e  a b o m a s a l  g l a n d s  a n d  i t s  

su rround ing  a re a  by th e  develop ing  p a r a s i t e  has been su g g ested  a s  

t h e  c a u s e . H ow ever, a s  th e  l e s i o n s  r e s o lv e ,  t h e  p r e v io u s ly -  

p a r a s i t i s e d  g land  becomes l in e d  w ith  a  m u cu s-sec re tin g  e p ith e liu m  

w h ile  th e  surround ing  g lands r e v e r t  to  t h e i r  norm al appearance. 

T h e re fo re  i t  w as s u g g e s te d  t h a t  s u b s ta n c e s  p ro d u ced  by  th e  

p a r a s i t e s ,  o r  t h e  im m une r e s p o n s e  by  t h e  h o s t  c o u ld  b e  

r e s p o n s ib le  (A rm our, J a r r e t t  and  J e n n in g s ,  1966). M u rray , 

Jenn ings and Armour (1970) added to  t h i s  th e o ry  w ith  th e  f in d in g  

t h a t  th e  u l t r a s t r u c t u r a l  a p p e a ra n c e  o f  t h e  p a r i e t a l  c e l l s  w e re  

s im i la r  to  th o se  found in  r a t s  when su b stan ces  w ere a d m in is te re d  

to  d ep re ss  a c id  s e c re tio n .
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F u rth e r  work on t h i s  q u e s tio n  (McLeay e t  a l ,  1973; Anderson, 

B lak e  and  T i tc h e n ,  1976) u s in g  sh ee p  s u r g i c a l l y  p re p a re d  w i th  

abom asal pouches which rem ain  u n p a ra s i t is e d  when th e  sheep was 

in fe c te d , have im p lic a te d  an o th e r change th ough t to  be s t im u la te d  

by th e  p a r a s i t e s ,  a s  a  r i s e  i n  p la sm a  g a s t r i n  c o n c e n t r a t io n .  

T h is  g a s t r i n  r i s e  p ro m o te s  an  in c r e a s e  i n  a c id  o u tp u t  i n  t h e  

ab o m asa l pouch , w h i le  th e  r e m a in d e r  o f  t h e  abomasum show s a  

d ec rea se  in  s e c re t io n . The p a r i e t a l  c e l l s  in  th e  abomasum w hich 

rem ained had th e  appearance o f  su p ressed  s e c re t io n  w h ile  th o se  in  

th e  pouch appeared  v e ry  a c t iv e .  The p o s s ib le  in h ib i to r y  a c t io n s  

on th e  p a r i e t a l  c e l l s  a r e  suggested  a s  be in g  more im p o rtan t when 

a d u l t  p a r a s i t e s  a r e  p r e s e n t  th a n  when l a r v a e  a r e  d e v e lo p in g  

(McLeay e t  a l , 1973).

O th e r  r e s u l t s  w h ich  a rg u e  a g a i n s t  a  p u r e ly  p h y s ic a l  c a u s e  

f o r  l o s s  o f  a c id  s e c r e t i o n  h av e  come from  th e  t r a n s f e r  o f  a  

m a in ly  a d u l t  O s t e r t a g i a  i n f e c t i o n  d i r e c t l y  in to  th e  abom asi o f  

p r e v io u s ly  w o rm -fre e  sh ee p . A r i s e  i n  ab o m asa l pH o c c u r r e d  

5 to  7 days p o s t - t r a n s f e r .  T herefo re  e x te n s iv e  in v a s io n  o f  th e  

mucosa was n o t n ecessa ry  f o r  th e  pH r i s e .  However, l a r v a l  s ta g e s  

w e re  p r e s e n t  so  som e a b o m asa l dam age c o u ld  h av e  ta k e n  p l a c e  

(Anderson, Hansky and T itch en , 1985).

H o w ev e r, t r a n s f e r  o f  a  p u r e l y  a d u l t  p o p u l a t i o n  o f  

0 . o s t e r t a g i  i n t o  c a lv e s  d id  n o t  p ro d u c e  a  r i s e  i n  a b o m a sa l pH 

(M cK ella r e t  a l ,  1986; 1987) b u t  f e w e r  a d u l t s  w e re  t r a n s f e r r e d  

and  a  t h r e s h o ld  num ber o f  a d u l t  p a r a s i t e s  may be  n e ed e d  t o  

produce th e  pH r i s e  (M cKellar e t  a l , 1987).

W ork b y  E i l e r  e t  a l  (1 9 8 1 ) u s i n g  a  h o m o g e n a te  o f  

0 . o s t e r t a g i  a d u l ts  showed th a t  i t s  in tra m u sc u la r  in je c t io n  in to
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r a t s  produced a  r i s e  in  g a s t r i c  pH. In  v i t r o  s tu d ie s  by th e  same 

au th o rs  suggested  th a t  a d u l t  p a r a s i te s  w ere unab le  to  su rv iv e  in  

an  a c id ic  pH and th e re fo re  i t  was n ecessa ry  f o r  th e  abom asal pH 

t o  r i s e  f o r  th e  s u r v i v a l  o f  th e  p a r a s i t e .  The f a c t  t h a t  

O s te r ta g ia  su rv iv ed  in  c a lv e s  tra n s p la n te d  w ith  a d u l t  p a r a s i t e s  

w i th o u t  a  r i s e  i n  pH w ould  a rg u e  a g a i n s t  t h i s  (M cK ella r e t  a l ,  

1986? 1987).

However, a  more im p o rtan t f a c to r  in  p a r a s i t e  s u rv iv a l  may be 

th e  p re s e n c e  o f  O s t e r t a g i a  a d u l t s  i n  c lo s e  a p p o s i t i o n  t o  t h e  

mucosa w ith in  th e  mucus la y e r  (M ille r , 1984) where a  pH g ra d ie n t  

i s  known to  occu r (W illiam s and Tum berg, 1979? Takeuchi e t  a l ,  

1983). T h is  w ould  s e r v e  t o  p r o t e c t  t h e  p a r a s i t e s  a g a i n s t  t h e  

ad v erse  e f f e c t s  o f  a  low abom asal pH.

In  c o n t r a s t  to  th e  work by E i l e r  e t  a l  (1981), H a ll and Oddy 

(1984) found th a t  in  sheep i n f e c t e d  w i th  a d u l t  0 . c i r c u m c i n c t a / 

r a i s in g  th e  abom asal pH w ith  c im e tid in e , a  h is ta m in e  ^ - r e c e p t o r  

b lo c k e r ,  c a u se d  a  re m o v a l o f  th e  p a r a s i t e s .  H ow ever, t h e  h ig h  

d o se  r a t e  o f  c im e t id in e  u se d  c o u ld  h av e  had  a  d i r e c t  e f f e c t  on  

th e  p a r a s i t e s .

E v id en c e  t h a t  p a r a s i t e s  c a n  i n d i r e c t l y  a f f e c t  a b o m a sa l pH 

h a s  co m e  f r o m  w o rk  w i t h  t h e  i n t e s t i n a l  p a r a s i t e  

T rich o stro n g y lu s  c o lu b r i f o r m is  i n  sh ee p  (B a rk e r  and  T i tc h e n ,  

1982). Lambs in fe c te d  w ith  t h i s  p a r a s i t e  showed a  re d u c tio n  in  

a b o m asa l a c id  s e c r e t i o n  ev en  th o u g h  l e s s  th a n  0 . 8 % o f  t h e  worm 

b u rd e n  w as e s t a b l i s h e d  i n  t h e  abom asum . L oss o f  p ro m in e n c e  o f  

p a r i e t a l  c e l l s ,  w i th  a s s o c i a t e d  ch an g es  s u g g e s t in g  re d u c e d  

a c t i v i t y ,  and  e n c ro ac h m e n t o f  mucus c e l l s  w as s e e n . T h ese
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ch an g es  w e re  m ore p ro n o u n ced  th a n  th o s e  in d u c e d  s o l e l y  by a  

re d u c tio n  in  food in ta k e ,

T h ere fo re , i t  would seem p robab le  t h a t  o th e r  mechanisms a re  

a c t i n g  t o  c a u s e  a  r i s e  i n  a b o m asa l pH i n  a  num ber o f  p a r a s i t e  

i n f e s t a t i o n s  i n  a d d i t i o n  t o  t h e  r e s p o n s e  t o  m e c h a n ic a l dam age. 

H o w ev e r, i n  a n i m a l s  t h a t  w e re  p r e v i o u s l y  i n f e c t e d  w i t h  

O s te r ta g ia , th e re  i s  o n ly  a  t r a n s ie n t  r i s e  in  pH a f t e r  c h a lle n g e , 

even though t h e i r  im m unity i s  i n s u f f i c i e n t  to  p re v e n t r e l a t i v e l y  

l a r g e  num bers o f  p a r a s i t e s  e s t a b l i s h i n g  (A nderson , B la k e  and  

T itch en , 1976). Any a f f e c t  o f  th e  p a r a s i t e  on th e  abom asal pH i s  

th e r e f o r e  p reven ted .

I n  v iew  o f  t h i s ,  i t  w as d e c id e d  t o  a s s e s s  t h e  e f f e c t s  o f  a  

r i s e  i n  a b o m asa l pH a t  t h e  t im e  o f  c h a l l e n g e  i n  a d u l t  immune 

sheep on th e  e s ta b lish m e n t o f  th e  p a r a s i te s  and th e  re sp o n ses  o f  

th e  h o s t. To r a i s e  th e  abom asal pH th e  a f f e c t s  o f  om eprazole, a  

su b stance  t h a t  r a i s e s  in tr a g a s  t r i e  pH, was s tu d ie d  in  sheep . 

Omeprazole

O m e p ra z o le  (5 -m e th o x y -2 -[  [ (4 -m e th o x y -3 , 5 - d im e th y l - 2 -  

p y r id in y l ) - m e th y l ] s u lp h in y l ] - T H - b e n z im id a z o le )  i s  a  com pound 

w h ich  a c t s  t o  r a i s e  g a s t r i c  pH by p r e v e n t in g  t h e  s e c r e t i o n  o f  

h y d ro c h lo ric  a c id . I t  c o n s i s t s  o f  a  s u b s t i t u t e d  b e n z im id a z o le  

r in g  and a  s u b s t i tu te d  p y r id in e  r in g  connected  by a  su lp h o x id e - 

c o n ta in in g  ch a in  (B randstrom , L indberg  and Junggren , 1985).

The s t r u c tu r e  o f  om eprazole i s  shown in  F ig u re  21.

I t  a c t s  on an  enzym e (H+ K+)ATPase w h ich  i s  fo u n d  o n ly  a t  

th e  s e c re to ry  su rfa c e  o f  th e  p a r i e t a l  c e l l  i n  th e  membrane o f  th e  

s e c r e t o r y  c a n a l i c u l i  and  p r e v e n ts  i t s  c a t a l y s t  o f  a  o n e - to - o n e  

exchange o f  p ro to n s  and po tassium  io n s  (F e lle n iu s  e t  a l ,  1981a;
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1981b; W allm ark  e t  a l , 1983; W allm ark , L o re n tz o n  and  L a rs s o n , 

1985). T h ere  i s  one r e p o r t  o f  f i n d i n g  th e  enzym e e ls e w h e re  i n  

th e  r a b b i t  c o lo n . The s i g n i f i c a n c e  o f  t h i s  i s  unknown (G u s tin  

and  Goodman, 1981). O m eprazo le  i s  t h e r e f o r e  a c t i n g  a t  t h e  end  

s t a g e  o f  a c id  p ro d u c t io n  and  p r e v e n ts  a c id  s e c r e t i o n  i n  t h e  

b a s a l ,  u n s tim u la te d , p a r i e t a l  c e l l  and a ls o  th e  a c id  s t im u la te d  

b y , f o r  e x am p le , h i s t a m in e ,  p e n t a g a s t r i n  and  o t h e r  s u b s ta n c e s
■C'V

t h a t  a c t  i n t r a c e l l u l a r l y  e .g . d ib u th y l  cAMP (W allm ark  e t  a l , 

1983; W allm ark , L o re n tz o n  and  L a rs s o n , 1985; L in d  e t  a l ,  1983, 

Konturek e t  a l ,  1984). The in h ib i t io n  o f  (H+ K+)ATPase h as been 

fo u n d  t o  b e  p H -d ep en d en t, t h e  lo w e r  t h e  pH, th e  g r e a t e r  t h e  

i n h i b i t i o n  (W allm ark  e t  a l ,  1983; W allm ark , L o re n tz o n  and  

L a rs s o n , 1985). T h is  may b e  b e c a u s e , t o  a c t ,  o m e p ra z o le  h a s  t o  

b e  p r o to n a te d ,  o r  t h a t  a  g ro u p  w i th in  t h e  (H+ K+)ATPase enzym e 

r e q u i r e s  p r o to n a t io n  t o  r e a c t  w i th  t h e  o m e p ra z o le . A ls o , 

om eprazole, be ing  a  l i p i d  perm eable weak base , would accum ulate  

w ith in  th e  low pH com partm ents w ith in  p a r i e t a l  c e l l s  (F e lle n iu s  

e t  a l ,  1981a; 1981b).

A l l  t h e s e  p r o p e r t i e s  t h e r e f o r e  com bine  t o  p ro d u c e  a  v e ry  

s p e c i f ic  a c t io n  w ith in  a c t iv e  p a r i e t a l  c e l l s .

Omeprazole has been found to  i n h ib i t  g a s t r i c  a c id  s e c r e t io n  

in  a  w id e -v a r ie ty  o f  sp e c ie s . I t  can be a d m in is te re d  o r a l ly  o r  

by in trav en o u s  in je c t io n .

O ral a d m in is tra t io n  r e s u l t s  in  a  dose-dependent i n h ib i t i o n  

o f  a c id  s e c re t io n  which c o r r e la te s  w ith  th e  a re a  under th e  p lasm a 

c o n c e n t r a t io n  t im e  c u rv e . The d u r a t io n  o f  a c t i o n  o f  a  s i n g l e  

dose i s  n o t dependent on a  s u s ta in e d  plasm a c o n c e n tra tio n  (Lind
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e t  a l ,  1983). I n  man, one  d o se  p ro d u c e s  an  e f f e c t  f o r  2 -3  d a y s  

(C ed e rb e rg  e t  a l , 1985) and a l s o  i n  th e  dog (L a rsso n  e t  a l , 

1985) which cou ld  be ex p la in ed  by accum ulation  w ith in  th e  a c id -  

producing c e l l s .  There a ls o  appears  t o  be an  accu m u la tiv e  e f f e c t  

when a d m in is te r e d  d a i l y  w i th  th e  d e g re e  o f  a c id  i n h i b i t i o n  

s t a b i l i s i n g  a f t e r  f i v e  d a y s  (C e d e rb e rg  e t  a l ,  1985; L a rs s o n  

e t  a l ,  1985).

In trav en o u s a d m in is tra t io n  o f  om eprazole i s  n o t a s  e f f e c t iv e  

i n  i t s  i n h i b i t i o n  o f  a c id  s e c r e t i o n .  A lth o u g h  a  r a p id  r i s e  i n  

g a s t r i c  pH i s  a c h i e v e d ,  h i g h e r  d o s e s  a n d  m o re  f r e q u e n t  

a d m i n i s t r a t i o n  a r e  r e q u i r e d .  T h is  c o u ld  s u g g e s t  t h a t  t h e  d ru g  

has a  lo c a l  e f f e c t  w ith  th e  g a s t r i c  com partm ent b e fo re  a b so rp tio n  

when g iv en  o r a l ly ,  o r  t h a t  an  a c t iv e  m e ta b o li te  i s  form ed w ith in  

th e  g a s t r o in te s t in a l  t r a c t  (W alt e t  a l ,  1985). F u r th e r  ev id en ce  

f o r  t h i s  com es from  K o n tu rek  e t  a l  (1984), who fo u n d  t h a t  

o m e p ra z o le  in f u s e d  i n t o  t h e  H e id e n h a in  pouch  o f  a  dog p ro d u c e d  

i n h i b i t i o n  o f  h is ta m in e  s t im u la t e d  a c id  s e c r e t i o n  w i th o u t  any  

s i g n i f i c a n t  ch an g e  i n  t h e  re s p o n s e  o f  th e  m ain  s to m a ch  o r  t h e  

plasm a c o n c e n tra tio n  o f  th e  drug.

The e f f e c t s  o f  om eprazole on th e  abom asal pH in  ru m in an ts  do 

n o t appear t o  have been in v e s t ig a te d .

Work t o  s tu d y  th e  e f f e c t  o f  o m e p ra z o le  on o t h e r  g a s t r i c  

s e c re t io n s  have produced v a rio u s  r e s u l t s .  Using a  p e rfu sed  mouse 

stom ach in  v i t r o  Fimmel and Blum (1983) found t h a t  h ig h  d o ses  o f  

om epraole which in h ib i te d  a c id  s e c r e t i o n  c a u se d  an  i n c r e a s e  i n  

p e p s in o g e n  s e c r e t i o n ,  w h i le  w ork  on pepsinogen-producing  c e l l s  

from  th e  r a b b i t  g a s t r i c  m ucosa show ed t h a t  o m e p ra z o le  h ad  no 

e f f e c t  on pepsinogen re le a s e  (Fryklund e t  a l , 1984).
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FIGURE 21

S tru c tu re  o f  cm eprazole



Omeprazole



T o x ic o lo g ic a l  s t u d i e s  on  o m e p ra z o le  h av e  shown v e ry  low  

a c u te  to x ic i ty  w ith  LD5 Q v a lu es  n o t a b le  to  be reached  (g re a te r  

th a n  4 g /k g  i n  r o d e n ts ) .  The m a jo r  f e a t u r e s  o f  r e p e a te d  

a d m i n i s t r a t i o n  a r e  h y p e r p la s ia  o f  p a r i e t a l  m u co sa l c e l l s ,  

i n c r e a s e  i n  s to m ach  w e ig h t ,  m u co sa l th ic k n e s s  and  m u c o sa l 

f o ld i n g ,  s e e n  i n  t h e  do g , r a t  and  m ouse. T hese  e f f e c t s  w ere  

r e v e r s ib le  upon w ithd raw al o f  th e  drug. G a s tr ic  c a rc in o id s  have 

a ls o  been observed  in  r a t s .

The h y p e rp la s ia  i s  due to  th e  pronounced h y p e rg a s tr in ae m ia  

t h a t  occu rs  due to  th e  profound e f f e c t s  on g a s t r i c  a c id  s e c r e t io n  

and  can  b e  p re v e n te d  by a n tre c to m y  t o  p r e v e n t  t h e  i n c r e a s e d  

g a s t r in  c o n c e n tra tio n s  ( E k m a n e ta l ,  1985).

T h e re fo re ,  o m e p ra z o le  r e p r e s e n t s  a  h ig h  s e l e c t i v e  and  

e f f i c i e n t  m ethod  o f  r a i s i n g  g a s t r i c  pH, and  was t h e r e f o r e  t h e  

d ru g  c h o se n  t o  a l t e r  ab o m asa l pH and  a s s e s s  i t s  e f f e c t  on 

g a s t r o in te s t in a l  immunity.

PRELIMINARY INVESTIGATION INTO THE EFFECTS CF 

OMEPRAZOLE IN SHEEP

M ateria ls and methods

Animals

The a n im a l u se d  i n  t h i s  p r e l im in a r y  s tu d y  was a n  a d u l t  

D orset c ro s s  ewe aged th re e  y e a r s .

G annulaticn o f  th e  abomasun

The a n im a l had  b een  p re p a re d  w i th  a  p e rm a n e n t a b o m a sa l 

c a n n u la  f o u r  m on ths p r i o r  t o  t h e  s t a r t  o f  t h e  e x p e r im e n t .  The 

cannula and s u rg ic a l  tech n iq u es  were a s  d e sc rib e d  p re v io u s ly .
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E xperim ental d e s ig n

Animal number Procedure

5 S tu d y  1. 40 mg o m e p ra z o le  a d m in is te r e d  
tw ice  d a i ly  a t  in te r v a l s  o f. 8  and 16 h o u rs .

S tu d y  2. 40 mg o m e p ra z o le  a d m in is te r e d  
tw ice  d a i ly  a t  1 2  hour in te r v a ls

Study 3. 40 mg om eprazole a d m in is te re d  a s  
a  s i n g l e  i n j e c t i o n  t o  c l o s e l y  m o n ito r  
changes in  abom asal pH

A dm inistration o f  om eprazole

I n i t i a l l y ,  o r a l  a d m i n i s t r a t i o n  o f  o m e p r a z o le  w as 

in v e s t ig a te d . A 30 mg cap su le  o f  om eprazole was a d m in is te re d  t o  

t h e  sh e e p . T h is  d id  n o t  p ro d u c e  any  r i s e  i n  a b o m asa l pH. 

T here fo re  th e  in trav en o u s  ro u te  was used .

Omeprazole was o b ta in e d  a s  a  powder k in d ly  su p p lie d  by A stra  

Chem icals which was d is so lv e d  in  p o ly e th y len e  g ly c o l 400 (PEG^qq) 

(BDH Chem icals L td.) and s to re d  in  a l iq u o ts  a t  -20°C f o r  n o t more 

th a n  one week p r io r  to  u se , a s  om eprazole i s  known to  be u n s ta b le  

in  aqueous so lu tio n .

B e fo re  a d m i n i s t r a t i o n ,  i t  was a l lo w e d  to  warm t o  room  

te m p e ra tu re  and d i lu te d  w ith  s t e r i l e  w a te r . A f i n a l  s o lu t io n  o f  

4 mg/ml om eprazole in  40% PEG^qq was used. The om eprazole was 

i n j e c t e d  in t r a v e n o u s ly  i n t o  t h e  j u g u l a r  v e in  v ia  a  19 j  gauge 1 " 

n eed le  over a  tw o m inute p e rio d . A dose o f  40 mg om eprazole was 

g iv e n  t o  t h e  a n im a l a t  e ac h  a d m i n i s t r a t i o n ,  a  d o se  r a t e  o f  

1 . 2  mg/kg bodyw eight.

Sampling te ch n iq u es

( i )  Abomasal f lu id

Abomasal f l u i d  sam ples w ere ta k en  in to  a  p l a s t i c  b eak e r v ia
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th e  cannula. The an im al was r e s t r a in e d  in  th e  s tan d in g  p o s i t io n .  

The sam p le  w as c o l l e c t e d  by a l lo w in g  th e  n o rm a l p a s s a g e  o f  

in g e s ta  to  p ass  th e  f l u i d  th rough  th e  cannula. The f i r s t  p o r t io n  

was d isca rd e d  a s  u n re p re se n ta tiv e  o f  th e  abom asal c o n te n ts . The 

pH o f  th e  a b o m asa l f l u i d  was m easu red  im m e d ia te ly  u s in g  a  

upH sen so r (Whatman L ab sa les  L t d . ) .

( i i )  Blood sam ples

B lood  sa m p le s  w ere  c o l l e c t e d  i n t o  h e p a r in i s e d  s y r in g e s  

(M o n o v e tte s , S a r s t e d t )  u s in g  a  20 g  1" n e e d le .  The b lo o d  w as 

c e n tr ifu g e d  a t  1,000 x  g f o r  te n  m inu tes. The plasm a su p e rn a ta n t 

w as rem oved and  s t o r e d  a t  -20°C  f o r  e s t i m a t i o n  o f  p la sm a  

pepsinogen a c t i v i t y .

R esu lts

Abomasal pH

The r e s u l t s  a re  shown in  T able 27 and F ig u re  23.

( i )  Study 1

I t  w as hoped  t o  m a in ta in  an  ab o m asa l pH g r e a t e r  th a n  pH 4 

o v e r  a  24 h o u r  p e r io d .  The m o st c o n v e n ie n t  i n t e r v a l  b e tw e e n  

i n j e c t i o n s  w as e i g h t  h o u rs  and  16 h o u rs .  T h is  was t h e  f i r s t  

reg im e in v e s t ig a te d . The abom asal pH ro s e  from  2.8 to  pH 6  tw o 

h o u rs  a f t e r  a d m i n i s t r a t i o n  o f  o m e p ra z o le . The pH th e n  s lo w ly  

f e l l  t o  re ach  pH 5 a t  e ig h t  h o u rs .

A seco n d  a d m i n i s t r a t i o n  o f  o m e p ra z o le  w as c a r r i e d  o u t  a t  

t h i s  tim e . Four hours a f t e r  t h i s  second in je c t io n  th e  abom asal 

pH was 5.9 b u t  16 h o u rs  a f t e r  t h e  seco n d  a d m i n i s t r a t i o n  t h e  pH 

had re tu rn e d  to  3 .1 .
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T h is  a d m i n i s t r a t i o n  re g im e  t h e r e f o r e  d id  n o t  m a in ta in  an  

abcm asal pH above pH 4 over a  24 hour p e r io d .

( i i )  Study 2

An i n j  e c t i o n  re g im e  o f  40 mg o f  o m e p ra z o le  e v e ry  12 h o u rs  

was th e n  s tu d ie d .

P r io r  to  om eprazole a d m in is tra t io n , th e  abom asal pH was 3.1. 

T h is  ro s e  to  pH 5 fo u r  hours a f t e r  in je c t io n  b u t by 12 hours had 

f a l l e n  t o  pH 2 .7 ,  t h e r e f o r e  12 h o u r l y  i n t e r v a l s  b e tw e e n  

o m e p ra z o le  i n j e c t i o n s  w ould  n o t  m a in ta in  an  ab o m asa l pH ab o v e  

pH 4 .

( i i i )  Study 3

A s i n g l e  i n j e c t i o n  o f  o m e p ra z o le  was a d m in is te r e d  and  th e  

abom asal pH m onito red  to  a s s e s s  th e  o p tim a l tim e  in te r v a l  betw een 

in je c t io n s .  A fte r  a d m in is tra t io n  o f  40 mg o f  om eprazole, th e  pH 

r o s e  t o  a  maximum o f  pH 6  tw o  h o u rs  l a t e r .  The a b o m asa l pH 

g ra d u a lly  f e l l .  At e ig h t  hours a  pH o f  4.2 was reached  which had 

f a l l e n  to  pH 2 .9  a t  12 h o u rs .

T h e re fo re  i t  was n e c e s s a r y  t o  i n j e c t  40 mg o f  o m e p ra z o le  

every  e ig h t  hours to  m a in ta in  th e  abomasal pH above pH 4 .

Plasma pepsinogen

The r e s u l t s  o f  p la sm a  p e p s in o g e n  a c t i v i t y  d u r in g  t h e  

a d m in is tra t io n  o f  om eprazole a r e  shown in  Table 27. The p lasm a 

p e p s in o g e n  a c t i v i t y  f l u c t u a t e d  b e tw e e n  0.324 I.U. and 0.514 I.U. 

b u t i t  was n o t c le a r ly  a s s o c ia te d  w ith  th e  r i s e  in  abom asal pH.

T h e re fo re ,  from  t h i s  e x p e r im e n t ,  i t  was o b v io u s  t h a t  

o m e p ra z o le  p ro d u c e s  a  r i s e  i n  ab o m asa l pH when a d m in i s t e r e d  

in tra v e n o u s ly  a t  e ig h t  hour in t e r v a l s .
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O artioostero id s

Two c la s s e s  o f  c o r t ic o s te r o id s  a re  sy n th e s ise d  and re le a s e d  

from  th e  a d re n a l c o r te x  under th e  c o n tro l  o f  a d re n o c o r t ic o tro p ic  

horm one (ACTH). ACTH i s  r e l e a s e d  from  th e  a d e n o h y p o p h y s is  

( a n t e r i o r  p i t u i t a r y )  a n d  s t i m u l a t e s  t h e  s y n t h e s i s  o f  

g lu c o c o r t i c o id s  ( c o r t i s o l  and  c o r t i c o s t e r o n e )  and  t o  a  much 

l e s s e r  e x te n t ,  a  m in e ra lo c o r tic o id , a ld o s te ro n e . ACTH r e le a s e  i s  

u n d e r  t h e  in f lu e n c e  o f  th e  n e rv o u s  sy s te m  w h ich  em p lo y s t h e  

neurbhum oral su b stan ce , c o r t i c o t r o p h i n - r e l e a s i n g - f a c t o r  (CRF), 

which i s  t ra n s p o r te d  from  th e  hypothalam us, and a ls o  a  n e g a tiv e  

feedback  e x e r te d  by th e  g lu c o c o r t ic o id s .

The c o r t i c o s t e r o i d s  p ro d u c e d  by th e  body h av e  w id e  an d  

num erous e f f e c t s .  C a rb o h y d ra te , p r o t e i n  and  f a t  m e ta b o lis m , 

e l e c t r o l y t e  and  w a te r  b a la n c e ,  f u n c t io n s  o f  th e  c a rd io v a s c u la r  

system , k idneys, s k e le ta l  m uscle and th e  nervous system  can  a l l  

b e  a f f e c te d .

C h o l e s t e r o l  i s  a n  o b l i g a t o r y  i n t e r m e d i a t e  i n  t h e  

b io sy n th e s is  o f  c o r t ic o s te r o id s .

The plasm a c o n c e n tra tio n s  o f  g lu c o c o r tic o id s  d is p la y  d iu rn a l  

v a r i a t i o n  a s  d o e s  ACTH c o n c e n t r a t io n .  T h e ir  r e l e a s e  i s  a l s o  

in c re a se d  d u rin g  s t r e s s .

S y n th e tic  c o r t ic o s te r o id s  a r e  d iv id e d  in to  tw o c a te g o r ie s  o f  

sodium r e ta in in g  (m in e ra lo c o rtic o id s )  and a n t i - i n f l a m m a to r y  and  

g lu c o n e o g e n ic  ( g lu c o c o r t i c o id s )  a c c o rd in g  t o  t h e i r  r e l a t i v e  

p o te n c y  (H aynes and  M urad, 1985). Newly d e v e lo p e d  d ru g s  h a v e  

l i t t l e  o v e rla p  between th e se  c a te g o r ie s .
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A ction  o f  g lu cx x n rtio o id s

G lu c o c o r t ic o id s  a r e  th o u g h t t o  a c t  by c o n t r o l l i n g  th e  

sy n th e s is  o f  p ro te in s . A s te r o id - r e c e p to r  complex i s  form ed on 

th e  c e l l  su rfa c e . This complex becomes m odified  and p a sse s  in to  

t h e  c e l l ,  th ro u g h  th e  c y to p la sm  t o  t h e  n u c le u s .  I t  b in d s  t h e r e  

and  d i r e c t s  th e  p ro d u c t io n  o f  RNA and  t h e r e f o r e ,  u l t i m a t e l y ,  

p r o t e i n s .  I t  may i n h i b i t  p r o d u c t io n ,  a s  i n  ly m p h o id  c e l l s ,  o r  

s t im u la te  i t ,  a s  in  th e  l i v e r  ( P a r r i l lo  and F au c i, 1979).

E ffe c ts  on b lood  formed elem ents

G lu c o c o r t ic o id  a d m i n i s t r a t i o n  le a d s  t o  a n  i n c r e a s e  i n  t h e  

num ber o f  p o ly m o rp h o n u c le a r  le u k o c y te s  i n  t h e  b lo o d , d u e  t o  

in c r e a s e d  e n t r a n c e  and  d e c r e a s e d  re m o v a l from  th e  c i r c u l a t i o n  

(B ishop  e t  a l ,  1968; P a r r i l l o  and  F a u c i ,  1979). L ym p h o cy tes , 

e o s i n o p h i l s ,  m onocy tes  and  b a s o p h i l  numbers d ecrease . In  man, 

th e  maximum e f f e c t  on lym phocytes and monocytes i s  seen  fo u r  to  

s ix  hours a f t e r  hormone a d m in is tra t io n . The e f f e c t  i s  seen  l a t e r  

f o r  e o s in o p h ils  and b a so p h ils . The d ec rea se  in  c e l l  numbers i s  

t r a n s i e n t ,  w i th  r e c o v e ry  24 t o  72 h o u rs  l a t e r  (C lam an, 1975; 

P a r r i l l o  and F au c i, 1979; Cupps and F a u c i, 1982).
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E ffe c ts  cxi inflam m ation

C o r tis o l and i t s  s y n th e t ic  analogues p rev en t o r  su p re ss  th e  

h e a t ,  r e d n e s s ,  s w e l l i n g  and  te n d e r n e s s  o f  in f la m m a tio n .  The 

e a r l y  e v e n ts  o f  oedem a, c a p i l l a r y  d i l a t a t i o n ,  m ig r a t io n  o f  

leu k o cy tes , p h ag o cy tosis  and f i b r i n  d e p o s it io n  a re  a l l  in h ib i te d  

by g lu c o c o r tic o id s  a s  w e ll a s  c a p i l l a r y  p r o l i f e r a t i o n ,  f ib r o b la s t  

p r o l i f e r a t i o n ,  d e p o s it io n  o f  c o lla g e n  and s c a r  fo rm atio n . These 

e f f e c t s  depend on th e  d i r e c t  lo c a l  a c t io n  o f  th e  s te r o id s .

The m ost im p o rtan t e f f e c t  maybe t h e i r  a b i l i t y  to  i n h i b i t  th e  

m ig r a t io n  o f  n e u t r o p h i l s  and  m o n o cy te s-m ac ro p h ag es  i n t o  t h e  

in f la m e d  a r e a  ( P a r r i l l o  and  F a u c i ,  1979). They may a l s o  a f f e c t  

t h e  a b i l i t y  o f  n e u t r o p h i l s  t o  a d h e re  t o  c a p i l l a r y  e n d o t h e l i a l  

c e l l s  (MacGregor, 1977).

G lu c o c o r t ic o id s  a l s o  h av e  e f f e c t s  on th e  r e s p o n s e  o f  

macrophages in  d e lay ed -ty p e  h y p e rs e n s i t iv i ty .  In  th e s e  r e a c t io n s  

th e  lym phocytes have been p re v io u s ly  s e n s i t i s e d  to  th e  a n tig e n . 

When th ey  encoun ter th e  a n tig e n  th ey  become a c t iv a te d  and produce 

f a c t o r s  c a l l e d  ly m p h o k in es  t h a t  c o n t r o l  th e  c e l l u l a r  resp o n se .

Macrophage m ig ra tio n  in h ib i to r y  f a c to r  (MIF) i s  one o f  th e  

ly m p h o k in es  p ro d u c e d  w h ich  prom otes macrophage accu m u la tio n  in  

th e  a re a  (Bloom and B en n e tt, 1966). G lu c o co rtico id s  i n h i b i t  th e  

e f f e c t  o f  MIF on m acro p h ag es  so  t h a t  th e y  do  n o t  a c c u m u la te  

(Balow and R osen tha l, 1973).

A lso , th e  f o r m a t io n  o f  p la sm in o g e n  a c t i v a t o r ,  p ro d u c e d  by  

n e u tro p h ils  i s  in h ib i te d .  T his enzyme f a c i l i t a t e s  f i b r i n o l y s i n  

which i s  though t to  a id  th e  e n tra n ce  o f  leu k o cy tes  in to  in flam e d  

a re a s .
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Another a c t io n , which p robab ly  p la y s  a  m ajor r o le  in  t h e i r  

a n t i - in f l a m m a to r y  e f f e c t s ,  i s  t h e i r  i n h i b i t i o n  o f  a r a c h id o n ic  

r e le a s e  from  p h o sp h o lip id s  by a c t io n  on phospho lipase  A2 . T his 

a c t i o n  i s  th o u g h t to  be  m e d ia te d  by an  i n h i b i t o r y  p r o t e i n  

produced o r  re le a s e d  a s  a  r e s u l t  o f  g lu c o c o r tic o id  a d m in is tr a t io n  

(Danon and A ss a il in e , 1978; F low er and B lack w ell, 1979; B lackw ell 

e t  a l ,  1980; B lackw ell and F low er, 1983). T his p ro te in  h as been 

i s o la te d  from g u in e a -p ig  lung  and c a l le d  m acro co rtin . A s im i la r  

p r o t e i n  h a s  b e en  i s o l a t e d  fro m  r a b b i t  n e u t r o p h i l s  and  c a l l e d  

l ip o m o d u lin  (Heim an and  C rew s, 1984). T h is  a c t i o n  t h e r e f o r e  

r e d u c e s  t h e  f o r m a t i o n  o f  p r o s t a g l a n d i n s ,  l e u k o t r i e n e s ,  

throm boxanes and p ro s ta g la n d in  endoperoxidase.

G lu c o c o r t ic o id s  a r e  known t o  p r e v e n t  im m u n o g lo b u lin -  

dependent r e le a s e  o f  a ra ch id o n ic  a c id  from  r a t  m ast c e l l s  (Heiman 

and Crews, 1984) and th ey  a ls o  p re v e n t th e  r e le a s e  o f  h is ta m in e  

from i s o la te d  r a t  and m urine m ast c e l l s  (Daeron e t  a l ,  1982; King 

e t  a l ,  1985). 5-hydroxy tryp tam ine  (5-HT) r e le a s e  from  r a t  m ast 

c e l l s  i s  a ls o  reduced  (M arquardt and Wasserman, 1983).

The num ber o f  r a t  g lo b u le  le u k o c y te s  i s  a l s o  m a rk e d ly  

reduced  by g lu c o c o r tic o id  tre a tm e n t (Kent e t  a l ,  1954).

E ffe c t on lymphoid t is s u e  and immune resp on ses

G lu co co rtico id s  have d i f f e r e n t  e f f e c t s  on d i f f e r e n t  s p e c ie s . 

R a b b i t s ,  r a t s  and  m ice  a r e  te rm e d  ‘s t e r o i d  s e n s i t i v e 1 an d  i n  

th e s e  s p e c ie s  t h e r e  i s  a  r a p id  l y s i s  o f  ly m p h o id  t i s s u e  an d  

in h ib i t io n  o f  an tib o d y  p ro d u c tio n . In  c o n tr a s t ,  man, monkeys and 

g u in e a - p ig s  do n o t  show th e  above  e f f e c t s .  M e ta b o lism  o f  

complement i s  p robab ly  a ls o  n o t a l t e r e d  (Claman, 1975). However, 

c i r c u l a t i n g  m onocy tes  do show an  im p a ire d  a b i l i t y  t o  k i l l
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m icro-organ ism s b u t p h ag o cy tosis  i s  n o t a f fe c te d . There i s  a l s o  

e v id e n c e  from  i n  v i t r o  s t u d i e s  t h a t  t h e  f u n c t io n  o f  n a t u r a l l y  

o c cu rrin g  su p re sso r lym phocytes i s  in h ib i te d  by g lu c o c o r tic o id s  

in  man (Haynes and F au c i, 1979).

E ffe c ts  on ov in e lyiqphoid t is s u e

S t u d i e s  i n t o  t h e  e f f e c t  o f  a  g l u c o c o r t i c o i d ,  

m e th y lp re d n is o lo n e  i n  s h e e p , show ed t h a t  th e y  a r e  s i m i l a r  i n  

t h e i r  r e s p o n s e s  t o  man i . e  th e y  c o u ld  b e  te rm e d  ' s t e r o i d  

r e s i s t a n t '  (Zukoski and Montgomery, 1985).

In  agreem ent w ith  th e  s tu d ie s  in  man, sheep e x h ib i t  a  marked 

p e r ip h e ra l  b lood g ra n u lo c y to s is  and lym phopaenia which reached  a  

maximum fo u r  hour p o s t - in je c t io n  b u t had re tu rn e d  to  norm al by 24 

h o u rs . A lso , t h e r e  i s  a  m arked  d e c r e a s e  i n  t h e  c e l l  num bers i n  

lymph. However, by 24 hours p o s t-g lu c o c o r tic o id  a d m in is tr a t io n  

c e l l  num bers had  in c r e a s e d  t o  above  p r e - i n j  e c t i o n  n u m b ers . 

Z u kosk i and  M ontgom ery (1985) a l s o  fo u n d  t h a t  w i th  c o n t in u o u s  

dosin g  o f  m eth y lp red n iso lo n e , th e  above changes w ere n o ted , b u t 

a l l  p a ram ete rs  re tu rn e d  to  norm al le v e ls  by 56 hours even though 

th e  g lu c o c o r tic o id  was s t i l l  be in g  a d m in is te red .

There was no ev idence  o f  g lu c o c o r tic o id - in d u c e d  lym p h o ly sis .

P ro te in  and IgG c o n c e n tra tio n s  m easured in  lymph d ec rea sed  

a f t e r  d ru g  a d m i n i s t r a t i o n .  T h is  c o u ld  r e f l e c t  a  d e c r e a s e  i n  

p ro te in  e f f lu x  in to  th e  lymph a s  th e re  w ere no com parable changes 

in  serum p ro te in  o r  IgG c o n c e n tra tio n .

I t  w as fo u n d , i n  th e s e  s t u d i e s ,  t h a t  t h e  ch an g es  i n  w h i te  

b lood c e l l s  and lym phatic  p ro te in  c o n c e n tra tio n s  w ere n o t d o se -  

d e p e n d e n t. M axim al r e s p o n s e s  o c c u r r e d  a t  t h e  lo w e s t  d o se  o f
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m ethy lp redn iso lone  te s t e d  (31 ug/kg). The e f f e c t s  on lymph c e l l  

c o n c e n tra tio n  w ere, however, h ig h ly  dose-dependent.

A bsorption o f  g lu co co r tico id s

C o r tis o l  and i t s  numerous s y n th e t ic  analogues a re  e f f e c t iv e  

when g iv e n  o r a l l y  i n  s im p le -s to m a c h e d  s p e c ie s .  W ate r s o lu b le  

e s t e r s  c an  a l s o  b e  a d m in is te r e d  in t r a v e n o u s ly  t o  p ro d u c e  h ig h  

c o n c e n tra tio n s  in  body f l u i d s  r a p i d l y .  More p ro lo n g e d  e f f e c t s  

a r e  o b ta in e d  by in t r a m u s c u la r  i n j e c t i o n  o f  w a te r  i n s o l u b l e  

su sp en sio n s.

T ran sp o rt

I n  p la sm a , 90% o f  c o r t i s o l  i s  r e v e r s i b l y  bound t o  p r o t e i n .  

There a r e  tw o p ro te in s  cap ab le  o f  b in d in g  c o r t ic o s te r o id s .

( i )  c o r t ic o s te ro id -b in d in g  g lo b u lin , a  g ly c o p ro te in .

( i i )  album in.

The g lo b u lin  has a  h igh  a f f i n i t y  fo r  c o r t ic o s te r o id s  b u t a  

low t o t a l  b in d in g  c ap a c ity . In  c o n tr a s t ,  th e  album in has a  low 

a f f i n i t y  b u t  a  r e l a t i v e l y  l a r g e  b in d in g  c a p a c i ty .  A t n o rm a l 

c o n c e n t r a t io n s ,  c o r t i c o s t e r o i d s  a r e  bound t o  t h e  g lo b u l in .  

I n c r e a s e d  c o n c e n t r a t i o n s  p ro d u c e  m o re  a lb u m in  b o u n d  

c o r t i c o s t e r o i d  a n d  a l s o  i n c r e a s e s  t h e  f r e e ,  u n b o u n d  

c o n c e n tra tio n . The unbound drug  i s  a c t iv e .

S tru ctu re o f  dexamethascne

The b a s i c  s t r u c t u r e  common t o  a l l  c o r t i c o s t e r o i d s  i s  a  

17 c a rb o n  s k e le to n .  F o r  g l u c o c o r t i c o id  and  a n t i - i n f l a m m a to r y  

a c t i v i t y  i t  i s  n e c e s s a r y  t o  h a v e  c e r t a i n  s t r u c t u r a l  f e a t u r e s .  

T h e re  m u st b e  a  d o u b le  bond b e tw e e n  C4  and  C5 , a  c a rb o n y l  g ro u p  

a t  C3 , a  h y d ro x y l g ro u p  on  and  a  tw o  c a rb o n  s id e  c h a in  on

c 17-
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The p resence  o f  a  f lu o r id e  atom on Cg enhances th e  a c t i v i t y  

o f  d ex am e th aso n e . D exam ethasone i s  25 t im e s  m ore p o te n t  a s  a n  

a n ti- in f la m m a to ry  d rug  when compared to  c o r t i s o l .  I t  a ls o  h as an  

in c re a se d  plasma and b io lo g ic a l  h a l f - l i f e .

Dexamethasone a c e ta te  was used in  t h i s  experim ent. T h is i s  

a  w a te r - in s o lu b le  su spension  which f u r th e r  ex tends th e  tim e  o f  

a c t i v i t y  o f  th e  dexam ethasone by a c tin g  a s  a  dep o t a t  th e  s i t e  o f  

i n j e c t i o n .  The a n t i - in f l a m m a to r y  a c t i v i t y  p e r s i s t s  f o r  up  t o  

e i g h t  d a y s . The s t r u c t u r e  o f  d e x a m e th a s o n e  i s  sh o w n  i n  

F ig u re  22.

E ffe c ts  o f  g lu o o o a rtio o id s on h o st-p a r a s ite  r ela tio n sh ip s

G lu c o c o r t ic o id s  h av e  b e en  w id e ly  u se d  t o  s tu d y  a  l a r g e  

n u m b e r o f  g a s t r o i n t e s t i n a l  p a r a s i t e  i n f e s t a t i o n s  and  th e  

p ro cesses  re sp o n s ib le  f o r  t h e i r  e x p u ls io n .

G en era lly , th e  a d m in is tra t io n  o f  g lu c o c o r tic o id s  to  a n im a ls , 

p re v io u s ly  ren dered  immune to  a  p a r a s i t e ,  ab ro g a te s  r e s is ta n c e .  

T h is  i s  a s s o c i a t e d  w i th  ch an g es  i n  c e l l  num bers w i th in  t h e  

g a s t r o in te s t in a l  w a ll .

S tu d ie s  i n  r a t s  and  m ic e , th e  " s t e r o i d  s e n s i t i v e "  s p e c i e s ,  

h av e  shown t h a t  r e s i s t a n c e  t o  N ip p o s tro n g y lu s  b r a s i l i e n s i s  

(O g i lv ie ,  1965; M urray , J a r r e t t  and  J e n n in g s ,  1971; M i l l e r  an d  

Nawa, 1 9 7 9 a), T r i c h i n e l l a  s p i r a l i s  (Sukhdeo and  C r o l l ,  1981; 

B e l l ,  McGregor and Adams, 1982), S tro n g y lo id es  r a t t i  (Olson and 

S c h i l le r ,  1978; Moqbel, 1980) and T r ic h u r is  m uris  (W akelin, 1975) 

can  be a b o lish e d  by g lu c o c o r tic o id  tre a tm e n t.

Work on N. b r a s i l i e n s i s  in f e s t a t io n  in  r a t s  has shown t h a t  

th e  r i s e  in  th e  numbers o f  m ast c e l l s  and g o b le t c e l l s  a s s o c ia te d
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FIGURE 22

S tru ctu re o f  dexamethasone
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w ith  p a r a s i t e  e x p u ls io n  was i n h i b i t e d .  A lso  t h e  a s s o c i a t e d  

in c re a se  in  m ucosal p e rm e a b il i ty  was a b o lish ed  (Murray, J a r r e t t  

and Jen n in g s , 1971).

More re c e n t  work has shown t h a t  g lu c o c o r tic o id s  p re v e n t th e  

ex c lu s io n  o f  N J a ra s il ie n s is  la rv a e  from  th e  i n t e s t i n a l  mucosa o f  

r a t s  and th e  mucus tra p p in g  th a t  o ccu rs  in  immune an im als  (M ille r  

and H untley , 1982a).

G lu c o c o r t ic o id s  a l s o  p re v e n te d  th e  p r o te c t io n  produced by 

an tib o d y  t r a n s f e r  to  n a iv e  an im als (M ille r  and Nawa, 1979a).

. In  immune an im a ls , when N. b r a s i l i e n s i s  a n tig e n  i s  in je c te d  

in tra v e n o u s ly , an  a n a p h y la c tic  shock syndrome a s s o c ia te d  w ith  th e  

i n t e s t i n e  i s  p ro d u c e d . L o c a l a n a p h y la x is  i s  th o u g h t  t o  b e  

im p o r ta n t  i n  b r in g in g  a b o u t  p a r a s i t e  e x p u ls io n  i n  n a t u r a l l y  

i n f e c t e d  r a t s .  T h is  r e s u l t s  i n  in c re a s e d  m ucosal p e rm e a b il i ty  

and  mucus s e c r e t i o n .  T h e re  i s  a l s o  h y p e ra e m ia  and  e p i t h e l i a l  

sh e d d in g . A s i m i l a r  r e a c t i o n  o c c u r s  a t  t h e  t im e  o f  s e l f  c u re  

(B a r th , J a r r e t t  and  U rq u h a r t ,  1966). The d e v e lo p m e n t o f  t h e s e  

le s io n s  i s  a s s o c ia te d  w ith  r e le a s e  o f  a  p ro te a se , r a t  m ast c e l l  

p ro te a se  I I  (RMCPII) i n t o  th e  b lo o d  and  g u t  lum en from  m u c o sa l 

m a s t c e l l s .  RMCPII h a s  b een  im p l i c a te d  a s  t h e  c a u s e  o f  th e  

in c r e a s e d  m u co sa l p e r m e a b i l i t y .  G lu c o c o r t ic o id  t r e a t m e n t  

p re v e n te d  th e  a n a p h y la x is ,  d e c r e a s e d  th e  r e l e a s e  o f  RMCPII and  

p re v e n te d  th e  i n c r e a s e  i n  m u co sa l m a s t c e l l  num bers (U rq u h a r t  

e t  a l ,  1965; K ing e t  a l , 1985). N e i th e r  c o n n e c t iv e  t i s s u e  m a s t 

c e l l s  o r  p a r a s i t e  s p e c i f i c  IgE  w as a f f e c t e d  by th e  d ru g  

tre a tm e n t.

S tu d ie s  w ith  S tro n g y lo id es  r a t t i  i n f e s t a t io n  have shown t h a t  

g lu c o c o r tic o id s  cause  a  d e c r e a s e  i n  t h e  num bers o f  e o s in o p h i l s
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and  d e g r a n u la t in g  m a s t c e l l s  i n  a  p r im a ry  i n f e c t i o n  (M oqbel, 

1980), The immune e x p u ls io n  i n  b o th  p r im a ry  and  s e c o n d a ry  

in fe c t io n s  was a ls o  p rev en ted  (Olson and S c h i l l e r ,  1978).

A d e c r e a s e  i n  th e  num ber o f  e o s in o p h i l s  i n  T. s p i r a l i s  

i n f e s t a t i o n  i n  m ice  w as a l s o  n o te d  w i th  s t e r o i d  t r e a tm e n t  

(Sukhdeo and C ro l l ,  1981).

I n t e r e s t i n g l y ,  w o rk  by  F a rm e r  (1982) h a s  shown t h a t  

betam ethasone has an  e f f e c t  on th e  smooth m uscle o f  i s o la te d  r a t  

i n t e s t i n e  from  a n im a ls  i n f e c t e d  w i th  b r a s i l i e n s i s .  I n  

in fe c te d  an im a ls  th e re  i s  an  in c re a s e  in  th e  maximum resp o n ses  t o  

5-h y d ro x y try p ta m in e  and  a c e ty lc h o lin e . B etam ethasone p rev en ted  

t h i s  in c r e a s e .

Work w ith  g a s t r o i n t e s t i n a l  p a r a s i t e s  o f  ru m in a n ts  h a s  

y ie ld e d  s im i la r  changes i n  c e l l  p o p u la tio n s .

T re a tm e n t o f  sh ee p  immune t o  Haemonchus c o n to r tu s  and  

T rich o s tro n g y lu s  c o lu b r ifo rm is  i s  a s s o c ia te d  w ith  a  d e c rea se  in  

t h e  num bers o f  m a s t c e l l s ,  g lo b u le  le u k o c y te s  and  e o s in o p h i l s  

( M i l l e r  e t  a l ,  1985; Douch e t  a l ,  1986). T h e re  was a l s o  an  

in c re a s e  in  th e  number o f  H. c o n to r tu s  p a r a s i t e s  e s ta b l is h e d  in  

s t e r o id - t r e a te d  non-immune sheep compared to  u n tre a te d  c o n tro ls  

(Jackson, p e rso n a l com m unication).

The p re v e n tio n  o f  immune e x c lu s io n  and mucus tra p p in g  in  a  

number o f  sp e c ie s  by c o r t ic o s te r o id  tre a tm e n t cou ld  be due to  a  

d i r e c t  e f f e c t  on mucus s e c re t io n , o r , a  p re v e n tio n  o f  fo rm a tio n  

o f  l e u k o t r i e n e s  th o u g h t  t o  h av e  a  r o l e  i n  t h e  mucus t r a p p in g  

(Douch e t  a l ,  1986). P rev en tio n  cou ld  a ls o  be due to  a  d e c re a se  

in  m ucosal p e rm e a b il ity  and th e re fo re  p re v e n tio n  o f  t r a n s lo c a t io n

132



o f  im m unoglobulins e tc .  in to  th e  g a s t r o in te s t in a l  lumen (M urray, 

1972).

However, s tu d ie s  by M ams (1982; 1983) and M ams and D avies 

(1982) suggested  th a t  g lu c o c o r tic o id s  g iv en  a t  th e  same tim e  a s  a  

c h a l le n g e  o f  c o n to r tu s  l a r v a e  i n  non-im m une, immune o r  i n  

sh ee p  o f  u n d e f in e d  immune s t a t u s ,  re d u c e d  th e  num bers o f  

p a r a s i t e s  e s t a b l i s h e d  com pared  t o  u n t r e a t e d  immune s h e e p , 

p o s s ib ly  im p lic a t in g  some su p p resso r mechanism a c tin g  w hich was 

p rev en ted  by g lu c o c o r tic o id  tre a tm e n t.

S te ro id  a d m in is tr a t io n  to  c a t t l e  w ith  O s t e r t a g i a  o s t e r t a g i  

i n f e s t a t i o n  h a s  shown t h a t  t h e r e  i s  a  s lo w e r  l o s s  o f  p a r a s i t e s  

fro m  t r e a t e d  a n im a ls  (M ic h e l, 1969). H ig h e r f a e c a l  egg  c o u n ts  

and  fe w e r  s ig n s  o f  im m u n o lo g ic a l dam age t o  t h e  p a r a s i t e s  w e re  

a l s o  no ted . T rea ted  an im a ls  harboured  lo n g e r p a r a s i t e s  and th e r e  

w as a  s lo w e r  d e c r e a s e  i n  worm le n g th  to w a rd s  t h e  end  o f  t h e  

i n f e c t i o n  com pared  t o  c o n t r o l s .  T h e re  w ere  a l s o  fe w e r  f e m a le  

0 . o s t e r t a g i  w i th  p o o r ly  d e v e lo p e d  v u lv a l  f l a p s  (M ich e l an d  

S in c la i r ,  1969).

S im ila r  r e s u l t s  o f  in c re a se d  p a r a s i t e  burdens and f a e c a l  egg 

c o u n ts  a r e  s e e n  i n  g l u c o c o r t i c o id  t r e a t e d  sh ee p  i n f e s t e d  w i th  

O s te r ta g ia  c i r c u m c in c ta  and  o th e r  p a r a s i t e s  e .g . H^ c o n t o r t u s , 

N e m a to d iru s , C o o p e ria  and  T r ic h o s t r o n g y le  sp p . T h is  w as 

a s s o c i a t e d  w i t h  a  d e c r e a s e  i n  t h e  num ber o f  c i r c u l a t i n g  

lym phocytes and a  s l i g h t  d ec rea se  in  th e  an tib o d y  re sp o n se  t o  a  

b a c te r i a l  v acc in e  (M atthews, Brunsdon and V la sso ff , 1979).

O th e r  w ork i n  th e s e  s p e c ie s  ha^  c e n t r e d  on th e  e f f e c t s  o f  

g lu c o c o r tic o id s  on a r r e s te d  la rv a e . Dunsmore (1961) showed t h a t  

s t e r o i d  t r e a t e d  sh ee p  a l lo w e d  fe w e r  0 ^ c i r c u m c in c ta  l a r v a e  t o
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a r r e s t  th an  in  u n tre a te d  c o n tro ls  and tre a tm e n t o f  c a lv e s  w ith  an  

e x i s t i n g  p o p u la t io n  o f  a r r e s t e d  o s t e r t a g i  d id  n o t  i n i t i a t e  

redevelopm ent o f  th e  la rv a e , b u t in h ib i te d  th e  n a tu ra l  r e j e c t i o n  

o f  th e  in f e s ta t io n  (P ric h a rd , Donald and Hennessy, 1974).



EXPERIMENT TO ASSESS THE EFFECTS OF BROMHEXINE, OMEPRAZQTE AND 

DEXAMETHASONE ON THE BMDNIIY CF SHEEP TO 

O sterta g ia  c irctin cin cta  

M ateria ls and methods 

Animals

Twenty a d u l t  B lackface  ewes w ere o b ta in ed  aged g r e a te r  th a n  

f iv e  y e a rs , which had been re a re d  and m ain ta in ed  e x te n s iv e ly  on a  

h i l l  farm  s in c e  b i r t h .  This farm  was known to  be in fe c te d  w ith  

O. c ircu m cin c ta . These an im a ls  w ere co n sid e red  to  be immune to  

0 . c irc u m cin c ta .

Experim ental d esign  

Group Sheep nmfoer

C on tro l

Bromhexine

74
104 
110
113
114 
122

73
103
105 
109 
111

C o rtic o s te ro id 52
101
102
112
121

Omeprazole 8
72

107
108

Procedure

C hallenged w ith  200,000 
O .c ircu m cin ta  L3  on day 0 .

B r o m h e x in e  h y d r o c h l o r i d e  
a d m in is te re d  o r a l ly  a t  a  dose 
r a t e  o f  0.5 m g/kg o n ce  d a i l y  
s t a r t i n g  5 d a y s  p r i o r  t o  
c h a llen g e  and c o n tin u in g  u n t i l  
day 4 o f  t h e  e x p e r i m e n t .  
C h a l l e n g e d  w i t h  2 0 0 ,0 0 0  
0 . c ircu m cin c ta  L3  on day 0 .

Dexamethasone a c e ta te  in je c te d  
in t r a m u s c u la r ly  once  e v e r y  7 
d a y s  a t  a  d o s e  r a t e  o f  
0 .08 m g /k g  s t a r t i n g  8  d a y s  
p r i o r  t o  c h a l l e n g e  a n d  
c o n t i n u e d  th r o u g h o u t  t h e  
e x p e r im e n t .  C h a lle n g e d  w i th
2 0 0 . 0 0 0  O. c ir c u m c in c ta  L3  on 
day 0 .

O m eprazo le  a d m in i s t e r e d  a t  8  

h o u r  i n t e r v a l s  f o r  3 d a y s  
b e g in n in g  on day  0 , 2  h o u rs  
p r i o r  t o  c h a l l e n g e  w i t h
2 0 0 . 0 0 0  c ircu m cin c ta  L3 .
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A d m in is tr a t io n  o f  i n f e c t i v e  s t a g e  la r v a e  (Ln) o f
0 .  circum cincta

P r i o r  t o  t h e  s t a r t  o f  t h i s  e x p e r im e n t ,  a l l  t h e  sh e e p  w e re  

d o sed  tw ic e  w eek ly  w i th  2 , 0 0 0  0 . c i r c u m c in c ta  L3  t o  e n s u r e  

immunity to  th e  p a r a s i t e .  This was con tinued  f o r  fo u r  weeks.

A t t h e  end  o f  t h i s  p e r io d  th e  a n im a ls  w e re  w e ig h ed , 

a l l o c a t e d  i n t o  f o u r  g ro u p s  and  d o sed  w i th  an  a n t h e l m i n t i c ,  

oxfendazole  (Synanthic Suspension, Syntex) a t  5 mg/kg to  remove 

any g a s t r o in te s t in a l  nem atodes.

The s t a r t  o f  t h e  e x p e r im e n t f o r  th e  o m e p ra z o le  g ro u p  w as 

d e la y e d  due  t o  d i f f i c u l t i e s  i n  o b ta in in g  th e  d ru g . T h e r e f o r e  

t h i s  g ro u p  t o g e th e r  w i th  sh e e p  num ber 104 o f  t h e  c o n t r o l  g ro u p  

underw ent a n o th e r p e rio d  o f  dosin g  w ith  4,000 O. c irc u m c in c ta  L3  

e ig h t  weeks l a t e r  in  o rd e r  to  m a in ta in  a  s tro n g  im m unity. These 

an im als  re c e iv e d  4000 0. c irc u m cin c ta  la rv a e  (L3 ) once d a i ly  f o r  

fo u r  d ay s. The a n th e lm in tic  tre a tm e n t was th e n  re p e a te d .

A l l  o f  t h e  s h e e p  w e r e  c h a l l e n g e d  w i t h  2 0 0 ,0 0 0  

O. c irc u m c in c ta  L3  a s  a  s in g le  dose one week a f t e r  a n th e lm in tic  

t r e a tm e n t .  The g ro u p s  w h ich  w ere  s u b je c te d  to  b ro m h e x in e , 

c o r t i c o s t e r o i d  and  o m e p ra z o le  tre a tm e n t w ere ch a llen g ed  d u rin g  

th e  p e rio d  o f  a d m in is tr a t io n  o f  th e  drug.

Drug a d m in is tra tio n

( i )  B ranhexine

Bromhexine was g iv en  o r a l ly  a s  d e sc rib e d  p re v io u s ly  and was 

a d m in is te r e d  d a i l y  f o r  t e n  d ay s  a ro u n d  th e  t im e  o f  c h a l l e n g e .  

The sheep were ch a llen g ed  w ith  200,000 O. c irc u m c in c ta  L3  on th e  

s ix th  day o f  bromhexine tre a tm e n t.
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( i± )  C o r tic o s te ro id

D exam ethasone a c e t a t e  (D u p h aco rt LA, D uphavet L td .)  was 

i n j  e c te d  in t r a m u s c u la r ly  a t  t h e  recom m ended d o se  r a t e  o f  

0 .08 mg/kg bodyw eight. I n je c t io n s  were c a r r ie d  o u t w eekly from  

e ig h t  days p r io r  to  c h a llen g e  u n t i l  s la u g h te r .

( i i i )  Omeprazole 

The om eprazole was a d m in is te red  in tra v e n o u s ly  a s  d e sc rib e d  

p r e v io u s ly ,  a t  e i g h t  h o u r  i n t e r v a l s  f o r  t h r e e  d a y s  a ro u n d  t h e  

t im e  o f  c h a l le n g e .  The sh ee p  w ere  c h a l le n g e d  w i th  200 ,000  

O. c irc u m c in c ta  L3  on th e  f i r s t  day o f  om eprazole a d m in is tr a t io n , 

tw o hou rs  a f t e r  th e  f i r s t  in je c t io n .  From th e  p rev io u s  s tu d ie s  

th e  abom asal pH was expected  to  be above pH 4 a t  t h i s  tim e  and to  

rem ain so  d u rin g  th e  th re e  days o f  om eprazole tre a tm e n t.

Sampling te ch n iq u es

( i )  Blood sam ples

Blood was tak en  a s  p re v io u s ly  d e sc rib e d  and th e  p lasm a used  I f o r  

e s tim a tio n  o f  pepsinogen a c t i v i t y .

(± i)  F aeca l s a n p le s  

F a e c a l  s a m p le s  w ere  o b ta in e d  p e r  re c tu m  and  p a r a s i t e  egg  

numbers e s tim a te d  by a  m od ified  McMaster techn ique.

Samples o f  faece s  w ere a ls o  c o l le c te d  d a i ly  f o r  th re e  days 

a f t e r  c h a llen g e  and su b je c te d  to  b o th  a  B aerm an isa tion  te ch n iq u e  

and a  s a l t  f l o t a t i o n  tech n iq u e  to  d e te c t  any la rv a e  which had n o t 

e s t a b l i s h e d ,  s u rv iv e d  d i g e s t i o n  and  had  p a s s e d  th ro u g h  t h e  

an im al.

P rocedure  a t  necropsy

The an im als  w ere k i l l e d  by s tu n n in g  w ith  a  c a p tiv e  b o l t  and
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e x s a n g u in a t io n .  The abomasum to g e th e r  w i th  omasum and  3 t o  4 

f e e t  o f  duodenum were removed. The ends w ere secu red  to  p re v e n t 

escape  o f  t h e i r  c o n te n ts .

Sanyling techn iq ues a t  necropsy

( i )  Abomasa! co n ten ts

The abomasum was s e p a ra te d  from  th e  omasum and in c is e d  a lo n g  

i t s  g r e a t e r  c u r v a tu r e .  The a b o m asa l c o n te n t s  w ere  c o l l e c t e d .  

Abomasal pH was m easured u s in g  a  upH sen so r. The c o n te n ts  o f  th e  

abomasum w ere  p ro c e s s e d  f o r  e s t i m a t i o n  o f  p a r a s i t e  num bers  a s  

d e sc rib e d  p re v io u s ly .

( i i )  Abomasal mucosa

The abomasum was h a lv e d  le n g th w is e .  One h a l f  o f  t h e  

abomasum was p ro cessed  f o r  p e p s in /h y d r o c h lo r ic  a c id  d i g e s t  an d  

e s tim a tio n  o f  p a r a s i t e  numbers a s  d e sc rib e d  p re v io u s ly .

( i i i )  Abomasal mucus

The rem ain ing  h a l f  o f  th e  abom asal mucosa was g e n tly  c lean ed  

o f  food p a r t i c l e s  m anually , p laced  on a  coo led  board  and removed 

t o  a  c o ld  e n v iro n m e n t (5°C ). The mucus l a y e r  was c a r e f u l l y  

removed a s  d e sc rib e d  p re v io u s ly  u s in g  c o ld  m icroscope s l id e s  and 

c o l le c te d  in to  c o ld , prew eighed u n iv e rs a l  b o t t l e s .  The w eig h t o f  

mucus c o l le c te d  was c a lc u la te d .

( iv )  Duodenal mucus

The duodenum was c u t  i n t o  s m a l l  15 cm s e c t i o n s  an d  t h e  

c o n te n ts  a llo w ed  to  ru n  o u t. Each s e c t io n  was opened le n g th w ise  

and  th e  mucus c o l l e c t e d  a s  d e s c r ib e d  above i n  t h e  sam e c o ld  

c o n d itio n s .
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(v ) Iso la ted  smooth m uscle

Two a n im a ls  from  e a c h  g ro u p  w ere  ran d o m ly  c h o se n . S m a ll 

s e c t i o n s  o f  t h e  abomasum and  duodenum w ere  rem oved  a s  so o n  a s  

p o s s i b l e  p o s t  m ortem  and  t r a n s f e r r e d  t o  a  b e a k e r  o f  K rebs 

s o lu t io n  a t  room tem p era tu re . The resp o n ses  o f  th e  smooth m uscle 

o f  th e se  s e c tio n s  were in v e s t ig a te d  u s in g  t i s s u e  b a th s .

P rocessin g  o f  mucus sam ples

To each mucus sam ple, 10 ml o f  c o ld , HPLC grade  m ethanol was 

ad d ed . T h is  w as th e n  ho m o g en ised  u s in g  a  t i s s u e  h o m o g e n ise r  

( U l t r a tu r r e x ) .  The sam p le  was k e p t  i n  a  l a r g e  b e a k e r  o f  i c e  i n  

o rd e r  t o  m a in ta in  a  low tem p e ra tu re  d u rin g  t h i s  p ro cess .

The homogenate was c e n tr ifu g e d  a t  10,000 x  g  f o r  15 m inu tes 

and th e  su p e rn a ta n t c o l le c te d  and s to re d  a t  -20°C f o r  e s t im a tio n  

o f  le u k o tr ie n e  c o n ten t. The c o n c e n tra tio n  o f  le u k o tr ie n e  was 

m easured u s in g  a  radioim m une a ssay  by Dr. Moqbel and c o lle a g u e s  

a t  Brompton H o sp ita l, London.

R esu lts

Plasma pepsinogen a c t iv ity

The r e s u l t s  o f  th e  m easurem ent o f  plasm a pepsinogen a c t i v i t y  

a r e  shown in  T ables 28, 29, 30 and 31 and th e  mean o f  each group 

in  F ig u re  24.

From F ig u r e  24 , i t  c an  b e  s e e n  t h a t  t h e  mean p la sm a  

pepsinogen a c t i v i t y  o f  each group ro se  a f t e r  c h a llen g e  on day 0  

to  reach  maximum a t  day 4 to  6  and th e n  f e l l .

From day 10 o f  th e  experim en t th e  mean v a lu e s  o f  each  group 

d i f f e r e d .

The mean p la sm a  p e p s in o g e n  a c t i v i t y  o f  t h e  c o n t r o l  g ro u p
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r o s e  t o  r e a c h  a  m axim um  o f  4 .361 I .U . by  d a y  22 o f  t h e  

experim ent, f a l l i n g  s l i g h t l y  by day 24.

The mean plasm a pepsinogen a c t i v i t y  o f  th e  brom hexine group 

rem ained below 1 .5  I .U . to  th e  end o f  th e  experim ent.

The mean plasm a pepsinogen  a c t i v i t y  o f  th e  c o r t i c o s t e r o i d  

g ro u p  r o s e  m ore s t e e p l y  th a n  t h a t  o f  th e  c o n t r o l  g ro u p . I t  

reached  a  maximum o f  5.934 I.U. by day 20 o f  th e  experim en t a f t e r  

w h ich  i t  d e c l in e d  t o  4.297 I.U . and  th e n  r o s e  t o  5.088 I.U . by  

th e  end o f  th e  experim ent.

The o m e p ra z o le  g ro u p  show ed th e  s t e e p e s t  r i s e  i n  p la sm a  

p e p s in o g e n  a f t e r  d ay  10 o f  t h e  e x p e r im e n t .  The m ean v a lu e  

re a c h e d  a  maximum o f  4.558 I.U . a t  day  16 and  t h e r e a f t e r  

d e c lin in g  u n t i l  day 24.

F ig u re  25 shows the. mean plasm a pepsinogen a c t i v i t y  o f  th e  

om eprazole group and th e  pepsinogen a c t i v i t y  o f  sheep number 104 

which a c te d  a s  th e  u n tre a te d  c o n tro l f o r  t h i s  group. Sheep 104 

d id  n o t show any s ig n i f ic a n t  r i s e  in  plasm a pepsinogen d u rin g  th e  

experim en t, a c t i v i t i e s  rem ain ing  below  1.3 I.U. In  c o n tr a s t ,  th e  

mean pepsinogen v a lu e s , f o r  th e  om eprazole group showed two peaks 

o f  a c t i v i t y ,  t h e  f i r s t  a t  day  6  o f  t h e  e x p e r im e n t t o  1.795 I.U . 

and  th e  sec o n d , l a r g e r  r i s e ,  r e a c h in g  a  maximum a t  day  16 , t o  

4.558 I .U .

T h e re fo re ,  when co m p arin g  th e  o m e p ra z o le  g ro u p  t o  t h e  o n e  

an im al t h a t  a c te d  a s  th e  g roup 's  c o n tro l  th e re  would appear t o  be  

d i s t i n c t  d if f e re n c e s  in  th e  plasm a pepsinogen a c t i v i t i e s ,  w hich 

a re  n o t seen  when th e  group i s  compared to  th e  c o n tro l  group f o r  

th e  w ho le  e x p e r im e n t . I n  F ig u r e  26 th e  i n d i v i d u a l  p la sm a
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pepsinogen a c t i v i t i e s  f o r  each  member o f  th e  om eprazole group a r e  

shown to g e th e r  w ith  number 104, th e  c o n tro l. A lthough th e re  i s  a  

range in  a c t i v i t i e s  in  t h e  an im a ls  t r e a te d  w ith  om eprazole, th r e e  

o f  t h e  f o u r  sh e e p  show tw o  d i s t i n c t  r i s e s  i n  p la sm a  p e p s in o g e n  

a c t i v i t i e s .

F aecal egg counts

The r e s u l t s  o f  th e  e x a m in a t io n  o f  f a e c e s  f o r  p a r a s i t e  egg  

num bers a r e  shown i n  T a b le  32 and  F ig u r e s  27 , 28 and  29. Eggs 

w ere  d e t e c t e d  i n  a l l  o f  t h e  sh e e p  o f  th e  c o n t r o l  g ro u p  e x c e p t  

number 104 from  day 17 p o s t-c h a lle n g e .

The a p p e a ra n c e  o f  p a r a s i t e  eg g s  i n  t h e  f a e c e s  o f  t h e  

bromhexine group o ccu rred  l a t e r ,  from day 23 p o s t-c h a lle n g e .

A l l  o f  th e  sh ee p  i n  th e  c o r t i c o s t e r o i d  g ro u p  e x p e l l e d  

p a r a s i t e  eggs in  t h e i r  fa e c e s  ex cep t sheep number 121. Eggs w ere 

f i r s t  d e te c te d  on d ay  17 p o s t - c h a l l e n g e .

Only in  one sheep, number 107, in  th e  om eprazole group w ere 

eg g s  d e te c te d  i n  v e ry  low  n u m b ers , d e s p i t e  v e ry  h ig h  p la sm a  

pepsinogen a c t i v i t i e s  seen  in  t h i s  an im al.

D etectio n  o f  th ir d  s ta g e  la rv a e

Very sm a ll numbers o f  la rv a e  w ere d e te c te d  in  th e  fa e c e s  f o r  

th e  f i r s t  th re e  days o f  th e  experim en t. The r e s u l t s  a r e  shown in  

Table 33.

Abanasal pH

The abom asal pH a t  necropsy  o f  th e  m a jo r ity  o f  th e  sheep  in  

t h i s  experim en t was h ig h e r  th an  m ight be expected . The av erag e  

abom asal pH f o r  each group ranged betw een pH 4 and 5 (Table 34).

Abanasal p a r a site  counts

The r e s u l t s  o f  t h e s e  a r e  sh o w n  i n  T a b le  35 a n d  t h e
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p e r c e n t a g e  e s t a b l i s h m e n t  o f  t h e  c h a l l e n g e  o f  2 0 0 , 0 0 0  

0 . c irc u m cin c ta  (L3 ) in  T able 36.

I n  g e n e r a l  t h e  h ig h e s t  num bers o f  p a r a s i t e s  w ere  fo u n d  i n  

t h e  sh ee p  o f  t h e  c o r t i c o s t e r o i d  g ro u p , an  a v e ra g e  o f  30 ,580  

p a r a s i t e s  b e in g  p r e s e n t .  The o m ep razo le  and brom hexine groups 

possessed  low er numbers o f  p a r a s i t e s  a t  s la u g h te r , mean v a lu e s  

o f  4,300 and 6,140 p a r a s i t e s  re s p e c tiv e ly .

I t  i s  in te r e s t in g  to  n o te  t h a t  low numbers o f  p a r a s i t e s  w ere 

fo u n d  i n  a l l  t h e  a n im a ls  o f  t h e  o m e p ra z o le  g ro u p , a  m ean 

p e rcen tag e  e s ta b lish m e n t o f  2.15%, d e s p i te  h ig h  plasm a pepsinogen 

a c t i v i t e s  seen  tow ards th e  end o f  th e  experim ent.

The c o n tro l  group co n ta in ed  an  average  o f  15,370 la rv a e .

In  v itr o  s tu d ie s

These were c a r r ie d  o u t a s  d e sc rib e d  e lsew h ere  to  a s s e s s  th e  

e f f e c t s  o f  b ro m h ex in e  h y d r o c h lo r id e  and  o m e p ra z o le  on  t h e  

m o t i l i ty  o f  c irc u m c in c ta  L3  in  v i t r o .  The r e s u l t s  a r e  shown 

i n  T a b le s  37 and  38. N e i th e r  d ru g  a f f e c t e d  p a r a s i t e  m o t i l i t y  

d u rin g  th e  experim ent. I t  i s  th e re fo re  u n lik e ly  t h a t  th e s e  d rugs 

a r e  a b le  to  e x e r t  d i r e c t  to x ic  e f f e c t s  on th e se  p a r a s i te s .

L eukotriene C4 con cen tration  in  mucus

The c o n c e n tra tio n  o f  LTC4  in  th e  mucus o f  th e  fo u r  g roups o f  

sheep a re  shown in  T able  39.

C o n tro l Group; The mean v a lu e s  f o r  t h i s  group w ere 1,735 p g /g  o f  

abom asal mucus, and 2,301 pg /g  o f  duodenal mucus, however th e r e  

was a  g r e a t  d e a l  o f  i n d iv id u a l  v a r i a t i o n .  A bom asal m ucus 

c o n c e n t r a t io n s  ra n g e d  from  168 p g /g  from  sh ee p  num ber 114 t o  

3,342 pg /g  from sheep number 110. The c o n c e n tra tio n s  o f  LTC4  i n
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t h e  d u o d e n a l mucus show ed l e s s  v a r i a t i o n  from  1 ,746  p g /g  f o r  

sheep number 114 to  3,141 p g /g  f o r  sheep number 104. 

C o r t i c o s t e r o i d  g ro u p : The mean c o n c e n t r a t io n s  o f  LTC4  i n  t h e

abom asal and duodenal mucus sam ples w ere low er th a n  th e  v a lu e  f o r  

t h e  c o n t r o l  g ro u p . The a b o m asa l c o n c e n t r a t io n s  ra n g e d  fro m  

1,029 p g /g  f o r  s h e e p  n u m b e r 101 t o  1 ,9 3 3  p g /g  f o r  s h e e p  

number 12 1 . T he d u o d e n a l  LTC4  c o n c e n t r a t i o n  v a r i e d  f ro m  

1,118 p g /g  f o r  s h e e p  n u m b e r 102 t o  2 ,2 3 5  p g /g  f o r  s h e e p  

number 1 0 1 .

B rom hexine  g ro u p : I n  t h i s  g ro u p  t h e r e  was a  h ig h e r  m ean LTC4

c o n c e n t r a t io n  i n  t h e  a b o m asa l mucus th a n  th e  v a lu e  f o r  t h e  

c o n tro l  group, b u t th e  LTC4  c o n c e n tra tio n  in  th e  duodenal mucus 

was s l i g h t ly  low er. The lo w e s t c o n c e n tra tio n  o f  LTC4  i n  abom asal 

mucus was 1,748 p g /g  from  sheep number 111 and th e  h ig h e s t ,  from  

sh ee p  num ber 109 o f  2 ,914  p g /g . The c o n c e n t r a t io n s  o f  LTC4  i n  

d u o d e n a l mucus v a r i e d  from  932 p g /g  f o r  sh ee p  num ber 73 t o  

3,811 pg /g  f o r  sheep number 103.

Omeprazole group: The mean v a lu e s  w ere s im i la r  f o r  b o th  mucus

ty p e s  t o  th o s e  o b ta in e d  f o r  t h e  b ro m h ex in e  g ro u p . A bom asal 

c o n c e n t r a t io n s  v a r i e d  from  1,145  p g /g  (sheep 108) to  3,728 p g /g  

(sheep 72) w h i le  d u o d e n a l c o n c e n t r a t io n s  ra n g e d  from  1 ,072  

(sheep 8 ) t o  3 ,6 4 5  ( s h e e p  n u m b e r 1 0 8 ) .

G enera lly , th e  c o n c e n tra tio n s  o f  LTC4  i n  th e  mucus sam ples 

w ere s im i la r  fo r  th e  c o n tro l ,  brom hexine and om eprazole g roups. 

The v a l u e s  f o r  t h e  c o r t i c o s t e r o i d  g ro u p  w e re  l o w e r .  

C o n cen tra tio n s  o f  LTC4  were n o t id e n t ic a l  in  mucus sam ples ta k e n  

fro m  th e  abomasum and  duodenum o f  th e  sam e a n im a l b u t  t h e  

v a r ia t io n  was n o t la rg e .
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Iso la te d  suooth m uscle respon ses

The smooth m uscle from th e  abomasum and duodenum o f  sheep 

number 113 o f  t h e  c o n t r o l  g ro u p  c o n t r a c t e d  m a r k e d ly  t o  

a c e ty lc h o lin e .

P ro s ta g la n d in s  E-j a n d  E 2  p r o d u c e d  c o n t r a c t i o n s  o f  t h e  

l o n g i t u d i n a l  sm ooth  m u sc le  o f  th e  d u o d e n a l p r e p a r a t i o n  o n ly .  

P r o s t a g l a n d i n  E 2  p r o d u c e d  a  g r e a t e r  c o n t r a c t i o n  t h a n  

p ro s ta g la n d in  E-j.

S im i l a r  r e s p o n s e s  w ere  o b s e rv e d  i n  t i s s u e  o b ta in e d  fro m  

sheep number 103 o f  th e  brom hexine group. T issu e  from  b o th  sheep  

numbers 1 2 1  and  1 0 1  o f  t h e  c o r t i c o s t e r o i d  g ro u p  p ro v e d  t o  b e  

u n s a t i s f a c t o r y  f o r  t e s t i n g  a l th o u g h  th e y  w ere  p re p a re d  i n  t h e  

same way a s  th e  t i s s u e s  above. L i t t l e  resp o n se  was e l i c i t e d  w ith  

a c e ty lc h o lin e  in  th e  lo n g itu d in a l  m uscle o f  th e  duodenum o f  b o th  

sh e e p . The ab o m asa l t i s s u e s  e x h ib i t e d  l a r g e  s p o n ta n e o u s , 

i r r e g u l a r  c o n t r a c t i o n s  w h ich  d id  n o t  re d u c e  upon c o o l in g  t h e  

t i s s u e .

The m uscle p re p a ra t io n s  o b ta in ed  from sheep numbers 107 and 

72 o f  t h e  o m e p ra z o le  g ro u p  f a i l e d  t o  c o n t r a c t  t o  a c e t y l c h o l i n e  

and d id  n o t show any spontaneous a c t i v i t y  even though th e  t i s s u e s  

had  b een  p re p a re d  i n  th e  sam e way a s  th o s e  from  th e  c o n t r o l  and  

bromhexine g roups.

D iscu ssion

The m o st o b v io u s  c o n c lu s io n  from  t h i s  e x p e r im e n t i s  t h a t  

d e s p i te  th e  im m unising schedu le , th e  an im a ls  o f  th e  c o n tro l  group 

a llow ed  la rg e  numbers o f  p a r a s i te s  to  e s ta b l i s h  and h ig h  p lasm a 

pepsinogen a c t i v i t i e s  w ere recorded . O bviously, th e  im m unising
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re g im e  c a r r i e d  o u t  was i n s u f f i c i e n t  t o  s t i m u l a t e  im m u n ity . 

T herefo re  i t  i s  d i f f i c u l t  to  a s c e r ta in  th e  e f f e c t s  o f  th e  d rugs 

on th e  im m u n ity  and  r e s p o n s e s  o f  t h e  a n im a ls  t o  a  c h a l l e n g e  o f  

0 . c ircu m cin c ta  L3 .

H ow ever, t h e  a n im a ls  o f  th e  c o n t r o l  (e x c lu d in g  a n im a l 

number 104 ), b ro m h ex in e  and  c o r t i c o s t e r o i d  g ro u p s  w ere  a l l  

t r e a t e d  s i m i l a r l y  and  t h e r e f o r e  i t  i s  p o s s ib le  t h a t  brom hexine 

tre a tm e n t was a c t in g  to  reduce  p a r a s i t e  e s ta b lish m e n t and p lasm a 

p e p s in o g e n  a c t i v i t i e s .  T h e re  c o u ld  b e  a  num ber o f  r e a s o n s  f o r  

t h i s  e f f e c t .

( i )  Mucus g ly c o p ro te in s  w ere a l t e r e d  s u f f i c i e n t ly  by brom hexine 

tre a tm e n t t h a t  th e  incom ing p a r a s i t e s  w ere unab le  to  re c o g n ise  

t h e i r  e n v iro n m e n ta l  n ic h e  and  f a i l e d  t o  e s t a b l i s h .  Few l a r v a e  

w ere d e te c te d  in  th e  fa e c e s  fo llo w in g  c h a llen g e  o f  th e  brom hexine 

group and i t  would be expected  t h a t  more la rv a e  would be found i f  

t h i s  had o ccu rred .

( i i )  The a l t e r e d  s t r u c tu r e  made i t  im p o ssib le  f o r  th e  p a r a s i t e s  

t o  b e  m a in ta in e d  w i th in  t h i s  l a y e r  a f t e r  d e v e lo p m en t t o  a d u l t  

s ta g e s , which would subseq u en tly  by l o s t .

One a n im a l  p r o d u c e d  h ig h  n u m b e rs  o f  p a r a s i t e  e g g s ,  

in d ic a t in g  th a t  a d u l t  p a r a s i t e s  were e s ta b l is h e d , th e  r e s t  o f  th e  

an im a ls  passed  few p a r a s i t e  eggs. I t  i s  i n t e r e s t in g  to  n o te  t h a t  

th e  an im als  in  t h i s  group w ith  th e  h ig h e s t  number o f  p a r a s i t e s  a t  

n e c ro p s y , p a s s e d  few  p a r a s i t e  e g g s . T h is  u n d e r l in e s  t h e  

u n r e l i a b i l i t y  o f  fa e c a l  egg coun ts a s  a  m easure o f  p a ra s i t i s m .

( i i i )  The a l t e r e d  s t r u c tu r e  a llow ed  th e  in c re a se d  l i b e r a t i o n  o f  

im m u n o g lo b u lin s  and a  m ore e f f e c t i v e  r e s p o n s e  a g a i n s t  t h e
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incoming la rv a e .

A lte rn a tiv e ly , i t  i s  p o s s ib le  t h a t  th e  d if f e r e n c e s  observed  

betw een th e  brom hexine and c o n tro l  groups a r e  due to  d if f e r e n c e s  

in  t h e i r  im m unity to  0 . c irc u m c in c ta  and t h i s  was u n a ffe c te d  by 

b ro m h ex in e  t r e a tm e n t .  I f  t h e  b ro m h ex in e  g ro u p  i s  com pared  t o  

sheep number 104 o f  th e  c o n tro ls  t h a t  underw ent a  more pro longed  

im m u n is a tio n  p e r io d  p r i o r  t o  t h e  e x p e r im e n t ,  t h e r e  i s  l i t t l e  

d i f f e r e n c e  b e tw ee n  p la sm a  p e p s in o g e n  re s p o n s e  and  p a r a s i t e s  

e s ta b l is h e d .

The re s p o n s e s  o f  t h e  s t e r o i d  g ro u p  show t h a t  ev en  a t  a  low  

d o se  o f  d e x am e th a so n e , h ig h e r  p la sm a  p e p s in o g e n  a c t i v i t i e s ,  

f a e c a l  egg  c o u n ts  and  num bers o f  p a r a s i t e s  e s t a b l i s h e d  w ere  

reco rded . The number o f  p a r a s i t e s  a t  necropsy  was s ig n i f i c a n t ly  

h ig h e r  s t a t i s t i c a l l y  th a n  th o se  o f  th e  brom hexine and om eprazole 

g ro u p s .. T his len d s  f u r th e r  su p p o rt to  th e  id e a  t h a t  th e  c o n tro l  

group was unable  to  p re v e n t p a r a s i t e  e s ta b lish m e n t.

When th e  plasm a pepsinogen a c t i v i t i e s  o f  th e  an im a ls  t r e a te d  

w ith  om eprazole a re  compared to  th e  c o n tro l  group th e re  i s  l i t t l e  

d if f e r e n c e , th e  pepsinogen reach in g  a  maximum s l i g h t l y  e a r l i e r  in  

th e  om eprazole t r e a te d  an im als  compared to  th e  c o n tro ls .  There 

w ere a ls o  few er p a r a s i t e s  e s ta b lis h e d  a t  necropsy  compared t o  th e  

c o n tro l group.

H ow ever, when th e  p la sm a  p e p s in o g e n  a c t i v i t y  o f  t h e  

om eprazole t r e a te d  group i s  compared to  t h a t  o f  sheep 104 w hich 

a c te d  a s  th e  g ro u p  c o n t r o l ,  d i f f e r e n c e s  a r e  s e e n . T h e re  w as no 

obvious peak in  plasm a pepsinogen a c t i v i t i e s  in  sheep number 104 

com pared  t o  t h e  h ig h  a c t i v i t i e s  r e c o rd e d  a f t e r  d ay  1 2  i n  t h e  

om eprazole group. . There was l i t t l e  d if f e r e n c e  in  th e  numbers o f
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p a r a s i te s  e s ta b lis h e d .

Omeprazole was a d m in is te re d  o n ly  f o r  th e  f i r s t  th r e e  days o f  

th e  experim en t, b u t d u rin g  t h i s  tim e  th e  abom asal pH was u n lik e ly  

to  f a l l  below  pH 4. T herefo re  th e re  would be a  re d u c tio n  in  th e  

fo rm a tio n  o f  p ep sin  from  pepsinogen w ith in  th e  abom asal g lan d s. 

C o n co m itan t w i th  t h i s ,  t h e r e  w ould  be  a  r i s e  i n  g a s t r i n  

c o n c e n tra tio n  due to  th e  a c id  su p p re ss io n .

The r i s e  i n  p la sm a  p e p s in o g e n  a c t i v i t y  i n  t h e  o m e p ra z o le  

group cou ld  be due to  any one o r  a  com bination o f  re a so n s .

( i )  A h ig h e r c o n c e n tra tio n  o f  pepsinogen in  th e  abom asal lumen 

would be p re s e n t d u rin g  om eprazole tre a tm e n t and th e re fo re  more 

would be a v a i la b le  to  p ass  in to  th e  plasm a. But om eprazole was 

on ly  a d m in is te red  f o r  a  s h o r t  tim e  a t  th e  s t a r t  o f  th e  ex perim en t 

and  i t s  e f f e c t s  on  a b o m asa l pH w ere  shown t o  l a s t  l e s s  th a n  12 

h o u rs . The h ig h  p la sm a  p e p s in o g e n  a c t i v i t i e s  w e re  r e c o rd e d  

1 2  days l a t e r .

( i i )  The c h a llen g e  caused a  h y p e rs e n s it iv e  response  which caused  

t h e  m u co sa l p e r m e a b i l i t y  t o  i n c r e a s e  c a u s in g  a  r i s e  i n  p la sm a  

p e p s in o g e n  e a r l y  on i n  th e  e x p e r im e n t ,  s e e n  i n  t h e  r i s e  i n  

pepsinogen a c t i v i t y  reach in g  a  maximum a t  day 6 . I t  i s  p o s s ib le  

t h a t  th e  h y p e rs e n s it iv e  in c re a se  in  p e rm e a b il i ty  and th e  h ig h e r  

c o n c e n t r a t io n  o f  p e p s in o g e n  a c t e d  t o g e t h e r  t o  c a u s e  t h e  

e l e v a t i o n ,  b u t  t h i s  i s  u n l ik e ly  c o n s id e r in g  th e  h y p e rs e n s i t iv e  

response  occu rred  around day 6  and th e  pepsinogen a c t i v i t y  f e l l  

u n t i l  day 1 2 .

( i i i )  The t r e a tm e n t  w i th  o m e p ra z o le  w ould  h av e  c a u se d  g a s t r i n  

l e v e l s  t o  r i s e .  The e f f e c t  o f  g a s t r i n  on a c id  and  p e p s in o g e n
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p ro d u c tio n  cou ld  a ls o  c o n tr ib u te  to  th e  pepsinogen r i s e .

( iv )  The p la sm a  p e p s in o g e n  a c t i v i t y  in c r e a s e  c o u ld  h av e  b e e n  

caused by p a r a s i t e  damage due to  emergence o f  la rv a e . However, 

th e re  was l i t t l e  ev idence o f  p a r a s i t e  e s ta b lish m e n t a t  necropsy  

and no p a r a s i t e  eggs w ere d e te c te d  in  th e  fa e ce s . The tre a tm e n t 

w ith  om eprazole ov er th e  tim e  o f  c h a llen g e  cou ld  have a llo w ed  th e  

p a r a s i t e s  to  e s ta b l i s h  and cause th e  damage to  produce th e  h ig h  

pepsinogen a c t i v i t i e s  b u t a s  th e  young a d u l ts  emerged th e y  w ere 

removed by th e  h o s t 's  immune re sp o n se .

The f a c t  t h a t  p a r a s i t e  eggs w ere n o t d e te c te d  in  th e  fa e c e s  

may a ls o  be ex p la in ed  by t h i s .  I t  would be expected  t h a t  a n im a ls  

showing h ig h  pepsinogen a c t i v i t i e s  a s  th r e e  an im als  o f  t h i s  group 

d id ,  w ould  b e  due  t o  p a r a s i t e  e s t a b l i s h m e n t  and  p a r a s i t e  e g g s  

w ould  b e  d e te c te d .  O nly one p a r a s i t e  egg  w as d e t e c t e d  on  one  

o ccasio n  in  one anim al (107).

The p o s s i b i l i t y  o f  o m e p ra z o le  a l lo w in g  th e  p a r a s i t e s  t o  

e s t a b l i s h  i n  p r e v io u s ly  immune sh ee p  i s  n o t  u n d e rs to o d . I t  i s  

p o s s ib l e  t h a t  a l t e r i n g  ab o m asa l pH a l lo w e d  a  l e s s  e f f e c t i v e  

s p e c i f i c  immune re s p o n s e  a g a i n s t  t h e  in c o m in g  l a r v a e ,  o r  t h a t  

n o n -s p e c if ic  m ed ia to rs  w ere le s s  e f f e c t iv e .

A lte rn a tiv e ly , th e  r i s e  in  g a s t r in  c o n c e n tra tio n s  caused  by 

o m e p ra z o le  t r e a tm e n t  c o u ld  h av e  an  a d v e r s e  e f f e c t  on  h o s t  

immunity.

The r e s u l t s  o b ta in ed  from le u k o tr ie n e  C4  m easurem ent i n  th e  

v a rio u s  mucus sam ples w ere in te r e s t in g .  I t  m ust be remembered 

th a t  th e  an im als  were k i l l e d  24 days p o s t-c h a lle n g e  (26 days f o r  

th e  brom hexine group) and th e  c o n c e n tra tio n  o f  le u k o tr ie n e  C4  may 

have changed m arkedly in  t h i s  tim e .
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I t  i s  th o u g h t  t h a t  th e  l e u k o t r i e n e s  a r e  r e l e a s e d  from  

m u co sa l m a s t c e l l s ,  e o s in o p h i l s  and  p o s s ib ly  o th e r  c e l l s  t h a t  

in c r e a s e  i n  th e  g a s t r o i n t e s t i n a l  t r a c t  a t  p a r a s i t e  c h a l l e n g e  

(Moqbel e t  a l , 1987)•

G lobule leu k o cy te  numbers c o r r e la te  w e ll w ith  th e  amount o f  

a n t i - p a r a s i t i c  a c t i v i t y  o f  g a s t r o i n t e s t i n a l  mucus (Douch e t  a l ,  

1986) and th e se  a re  th o u g h t by many to  be d e riv e d  from m ast c e l l s  

( M i l l e r ,  1984; 1987) and  by o th e r s  t o  b e  a  d i s t i n c t  c e l l  ty p e  

(D ouch e t  a l , 1 9 8 6 ) . I t  h a s  b e e n  r e p o r t e d  t h a t  LTC 4  

c o n c e n t r a t io n s  i n  g u t  t i s s u e  and  th e  m ucus w e re  s i g n i f i c a n t l y  

h ig h e r  in  immune sheep compared to  non-immune an im a ls  ch a llen g ed  

w i th  0 . c i r c u m c in c ta  (M oqbel, S m ith , N ew lands and  M acD onald, 

c i t e d  M o q b el e t  a l ,  1 9 8 7 ) T h is  w o u ld  s u g g e s t  a  p o s s i b l e  

p ro te c t iv e  r o le  o f  th e se  m ed ia to rs  in c o rp o ra te d  in to  mucus. I t  

w as n o t  s t a t e d  i f  t h e s e  im m une s h e e p  h a d  b e e n  r e c e n t l y  

ch a llen g ed . R aised  le u k o t r ie n e  mucus c o n c e n t r a t io n s  h av e  a l s o  

b e en  re c o rd e d  in  r a t s  u n d e rg o in g  p a r a s i t e  c h a l l e n g e  (M oqbel 

e t  a l ,  1986? 1987).

Tw o, n o n - im m u n e , u n c h a l l e n g e d  la m b s  w e re  u s e d  f o r  

g a s t r o in te s t in a l  mucus c o l le c t io n  in  th e  same way a s  d e sc r ib e d  

ab o v e , and  LTC4  c o n c e n t r a t io n  d e te rm in e d . The v a lu e s  f o r  b o th  

abom asal and duodenal mucus w ere h ig h e r th a n  th o se  reco rd ed  in  

th e  a d u l t  sheep. Abomasal mucus c o n c e n tra tio n s  o f  8,150 p g /g  and 

12,245 p g /g , and duodenal c o n c e n tra tio n s  o f  2,081 and 5,720 p g /g  

w ere reco rd ed . The rea so n  f o r  t h i s  i s  unknown a s  i t  was ex p ec ted  

t h a t  lo w e r  LTC4  c o n c e n t r a t io n s  w ould  b e  o b ta in e d .  The h ig h  

a b o m asa l c o n c e n t r a t io n s  may b e  e x p la in e d  by  t h e  d i f f i c u l t y  i n
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o b ta in in g  s u f f i c i e n t  mucus from  th e  sm a ll abomasix o f  th e se  lam bs. 

More v igo rous sc rap in g  o f  th e  m ucosal su rfa c e  may have r e s u l te d  

i n  t h e  g e n e r a t io n  o f  in f la m m a to ry  m e d ia to r s  from  th e  m u co sa l 

c e l l s  even in  th e  coo led  c o n d itio n s .

I d e a l l y  th e s e  c o n t r o l s  f o r  LTC4  c o n c e n t r a t io n s  w ould  h av e  

b e e n  t h e  sam e a g e  e t c .  a s  t h e  a d u l t  s h e e p  u s e d  i n  t h i s  

experim en t, b u t t h i s  was n o t p o s s ib le .

Inflam m atory  g a s t r o in te s t in a l  c o n d itio n s  cou ld  have a l t e r e d  

th e  l e u k o t r i e n e  c o n c e n t r a t io n  o f  t h e  mucus i n  t h e s e  young 

a n im a ls ,  a s s o c i a t e d  w i th  ch an g e  o f  d i e t  o r  i n f e c t i o n  b u t  t h e r e  

was no ev idence o f  t h i s  a t  th e  tim e o f  s la u g h te r .

T h ere  was no o b v io u s  c o r r e l a t i o n  b e tw ee n  l e u k o t r i e n e  

c o n c e n tra tio n  in  th e  mucus and numbers o f  p a r a s i te s  e s ta b l is h e d  

a f t e r  c h a l l e n g e ,  b u t  th e  g ro u p  t r e a t e d  w i th  a  low  d o se  o f  

c o r t ic o s te r o id  had a  low er c o n c e n tra tio n  o f  le u k o tr ie n e  C4  i n  th e  

g a s t r o i n t e s t i n a l  mucus th a n  th e  o th e r  g ro u p s . T h is  w ou ld  add  

w e ig h t  t o  th e  id e a  t h a t  t h e  o r i g i n  o f  th e  l e u k o t r i e n e  w as fro m  

m a s t c e l l s ,  known t o  b e  d e p le t e d  by  c o r t i c o s t e r o i d  t r e a t m e n t .  

However, o th e r  c e l l s  e.g . macrophages would a ls o  be a f fe c te d . I t  

i s  known t h a t  c o r t i c o s t e r o i d s  i n h i b i t  le u k o tr ie n e  s y n th e s is  i n  

a lv e o la r  macrophages (P eters-G olden  and T hebert, 1987).

O b v io u s ly , f u r t h e r  s t u d i e s  n eed  t o  b e  done  on  t h e  p o s s i b l e  

e f f e c t s  o f  b r o m h e x in e  a n d  o m e p r a z o le  o n  h o s t - p a r a s i t e  

r e la t io n s h ip s  b e fo re  co n clu sio n s  can  be drawn.
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TABLE 26

V isc o s ity  o f  duodenal mucus sam ples obtained f rom f iv e  

a d u lt sheep , two sheep were trea ted  w ith  brom hexine, 

th ree  sheep were un treated  co n tro ls

Group Sheep number V isc o s ity  measurement 
(C en tip o ise)

C on tro l 1 2 1 2 .456 , 2.502

1 1 .902 , 1.904

58 2 .5 0 8 , 2.484

Mean _+ SEM 2 .2 9 3 + 0 .1 2 3

Bromhexine 64 2 .276 , 2.270

65 2 .3 6 8 , 2.484

Mean _+ SEM 2.350 + 0.050
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TABLE 27

Abcmasal pH and plasma pepsinogen a c t iv ity  

in  a  sheep trea ted  w ith  om eprazole

Study 1.

Time
(hours)

Abcmasal pH Plasma pepsinogen 
a c t i v i t y  ( I .U . )

+ 0 2 . 8 0.324

2 6 . 0 -

4 5 .8 -

6 4 .9 -

+ 8 5 .0 0.398

1 2 5 .9 -

24 3.1 0.504

Study 2 .

+ 0 3.1 0.504

4 5 .0 -

1 2 2 .7 0.355

Study 3 .

+ 0 2 .5 0.366

1 4 .8 -

2 6 . 0 0.514

4 5 .5 -

8 4 .2 -

1 2 2 .9 -

Time o f  in trav en o u s  in je c t io n  o f  40 mg om eprazole.
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FIGURE 23

Abomasal pH a f te r  treatm ent o f  an a d u lt sheep w ith  om eprazole, 

a  substance th a t r a is e s  in tr a g a s tr ic  pH
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The c o n tro l  group was u n tre a te d .

The b ro m h ex in e  g ro u p  r e c e iv e d  b ro m h ex in e  h y d r o c h lo r id e  

o r a l l y  a t  a  d o se  r a t e  o f  0.5 m g/kg f o r  t e n  d ay s  a ro u n d  th e  t im e  

o f  c h a lle n g e .

The c o r t ic o s te r o id  group re c e iv e d  dexam ethasone a c e ta te  by 

in t r a m u s c u la r  i n j e c t i o n ,  o n ce  w e ek ly , a t  a  d o se  r a t e  o f  

0 .08 mg/kg th roughou t th e  experim en t.

The o m e p r a z o le  g r o u p  r e c e i v e d  40 mg o m e p r a z o le  b y  

in trav en o u s  in je c t io n  every  e ig h t  hours f o r  th re e  days around th e  

tim e o f  c h a llen g e .
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TABUS 28

Plasna pepsinogen a c tiv ity  (I .U .) in  four groups o f adult sheep. 

A ll animals were challenged with 200,000 O. c iro m d jc ta  L3 

on day 0 as a sin g le  dose

Control Group

Time
(days) 74 104

Animal number 
110 113 114 1 2 2 Mean +_ SEM

Pre 0 0.801 0.870 1.188 1.709 1.326 0.745 1.107 +_ 0.149

2 1.701 1 . 1 1 2 1.397 1.746 2.042 1.153 1.525 jf 0.147

4 2.478 1.163 2.317 2.523 3.202 1.921 2.267 +_ 0.273

6 . 2.182 0.788 1.478 3.313 2.893 1.141 1.966 _+ 0.401

8 1.714 0.748 0.920 2.523 2.005 0.582 1.415 Hh 0.312

1 0 1.566 1.223 0.733 1.672 1.919 0.454 1.261 jf 0.228

1 2 1.561 0.880 0.722 1.413 2.362 0.431 1.228 +_0.280

14 1.800 1 . 1 0 2 0.839 1.252 3.498 0.443 1.489 +_0.433

16 2.429 1.031 1.223 1.388 4.078 0.396 1.758 +_0.526

18 5.226 1 . 1 2 2 2.992 1.795 3.954 0.361 2.575 ± 0.732

2 0 8.937 0.708 5.216 2.437 4.460 0.361 3.687 +_1.290

2 2 9.146 1.274 6.194 3.535 5.669 0.349 4.361 jf 1.318

24 8.616 1.031 5.938 4.016 5.348 0.303 4.209 1.254
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TABLE 29

Plasma pepsinogen activity (I.U.) in four groups of adult sheep. 
All animals were challenged with 200,000 O. cdrcuncincta L3  

on day 0  as a single dose.

Bromhexine Group

Time
(days) 73 103

Animal number 
105 109 1 1 1 Mean _+ SEM

0 0.706 0.767 0.515 0.821 1.427 0.847 + 0.154
2 1.023 1.188 1.023 0.700 1.899 1.167 + 0 . 2 0 0

4 2.231 1.595 2.816 0.862 2.540 2.009 + 0.351
6 1.379 0.808 2.879 0.862 2.105 1.607 ±  0.394
8 0.604 0.523 2.078 0.713 1.947 1.173 + 0.345

1 0 0.477 0.482 1.443 0.795 1.790 0.997 + 0.265
1 2 0.489 0.550 1.290 0.835 1.524 0.938 + 0.204
14 0.375 0.374 1.328 1.148 2.350 1.115 + 0.365
16 0.604 0.509 1.087 1.392 2.648 1.248 + 0.385
18 0.680 0.495 0.947 1.908 2.443 1.295 + 0.376
2 0 0.756 0.550 0.947 2.057 2.370 1.336 +0.367
2 2 0.845 0.537 0.884 1.840 2.612 1.344 + 0.385
24 0.858 0.563 0.820 1.582 2.540 1.273 + 0.359
26 0.743 0.469 0.718 1.378 2.261 1.114 + 0.324
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TABUS 30

Plasma pepsinogen activity (I.U.) in four groups of adult sheep. 
All animals were challenged with 200,000 ciramcincta L3  

on day 0  as a single dose.

Corticosteroid Group

Time
(days) 52 1 0 1

Animal number 
1 0 2 1 1 2 1 2 1 Mean :I SEM

0 1.450 1.485 1.473 0.441 0.847 1.139 + 0 . 2 1 2

2 1.255 2.063 1.160 0.539 1.258 1.255 + 0.242
4 0.980 2.508 2.339 1.313 1.476 1.723 + 0.298
6 0.882 2.435 1.858 1.108 1.331 1.523 + 0.280
8 0.990 2.014 1.004 0.412 0.931 1.070 + 0.260

1 0 0.931 2.027 0.848 0.912 0.895 1.123 + 0.227
1 2 2.039 3.806 0.968 0.470 1.173 1.691 + 0.586
14 2.676 4.528 0.800 0.441 1 . 2 2 2 1.933 + 0.752
16 5.244 8 . 1 1 2 0.692 1 . 0 0 0 1.887 3.387 + 1.432
18 6.538 13.968 1.570 3.274 3.193 5.709 + 2.217
2 0 6.078 11.744 2.929 4.117 4.801 5.934 + 1.539
2 2 4.048 8.448 2.231 1.520 5.236 4.297 + 1.228
24 4.401 10.637 2.676 1.569 6.156 5.088 + 1.591
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TABLE 31

Plasma pepsinogen activity (I.U.) in four groups of adult sheep. 
All animals were challenged with 200,000 cjrcuracincta L3  

on day 0  as a single dose.

Qneprazole Group

Time Animal number
(days) 8 72 107 108 Mean :I SEM

0 0.653 1.160 0.768 0.495 0.769 + 0.142
2 1.239 2.309 1.314 1.526 1.597 + 0.245
4 % 1.611 2.568 1.658 0.930 1.692 + 0.336
6 1.650 2.771 1.961 0.798 1.795 + 0.408
8 0.743 1.453 1.870 0.940 1.252 + 0.255

10 0.574 1.036 1.334 1.647 1.148 + 0.228
12 0.743 1.036 2.032 1.677 1.372 + 0.294
14 0.484 1.014 6.924 2.818 2.810 + 1.460
16 0.417 1.521 10.877 5.415 4.558 + 2.364
18 0.372 1.936 11.109 4.092 4.377 + 2.370
20 0.439 2.962 10.563 3.445 4.352 + 2.173
22 0.484 2.444 5.984 2.334 2.812 + 1.149
24 0.450 1.972 3.285 1.889 1.899 + 0.579
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FIGURE 24

Mean p lasna pepsinogen a c t iv i t ie s  ( I .U .)  o f  th ree  groups o f  

sheep trea ted  w ith  variou s substan ces and th e  u n treated  c o n tro l 

group. A ll anim als were ch allen ged  w ith  200,000  

O. c irc iin c in cta  L3 an day 0
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FIGURE 25

Moan plasma pepsinogen a c t iv ity  ( I .U .)  o f  th e  group trea ted  w ith  

cm eprazole and th e  p lasn a pepsinogen a c t iv ity  o£ sheep  

number 104 th a t acted  a s  an u n treated  c o n tr o l. A ll animal*? 

were ch allen ged  w ith  200,000 O. circumcdxicta L3 cn  day 0
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FIGURE 26

Plasma pepsinogen a c t iv i t ie s  ( I .U .)  o f  th e  sheep tr e a ted  w ith  

om eprazole and sheep number 104 th a t acted  a s  th e  u n treated  

c o n tr o l. A ll anim als were ch allen ged  w ith  200,000  

O. c irc ijn cin cta  cn  day 0
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TABLE 32

Number o f  p a r a site  eggs p er gram o f  fa e c e s  in  fou r groups 

o f  a d u lt sheep . A ll anim als rece iv ed  200,000 circum cin cta  

I3  on day 0 a s  a  s in g le  d ose

0 1 2

Time (days) 
17 19 2 1 23 25 27

C o n tro l Group

74 0 0 1 0 0 50 400 50 0

104 0 0 0 0 0 0 0 —

1 1 0 0 0 0 1 0 0 250 150 50 -

113 0 0 0 0 0 0 1 0 0 -

114 0 0 0 0 50 0 50 —

1 2 2 0 0 0 0 0 600 500 -

B ranhexine Group

73 0 0 0 0 0 50 2 0 0 550
103 0 0 0 0 0 1 0 0 1 0 0 300
105 0 0 0 0 0 0 0 50
109 0 0 0 0 0 0 0 0

1 1 1 0 0 0 0 0 0 0 50

C b r tio o s te ro id  Group

52 0 0 1 , 2 0 0 600 1 0 0 50 250 _
1 0 1 0 0 2 0 0 150 0 150 150 -

1 0 2 0 0 0 0 50 0 50 —

1 1 2 0 0 0 0 0 50 350 -

1 2 1 0 0 0 0 0 0 0 -

Omeprazole Group

8 0 0 0 0 0 0 0 _
72 0 0 0 0 0 0 0 -

107 0 50 50 0 0 0 0 -

108 0 0 0 0 0 0 0 -
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FIGURE 27

Niinber o f  p a r a site  eggs d e tec ted  in  th e  fa e c es  o f  sheep  

o f  th e  co n tro l group. No p a r a s ite  eggs were d etec ted  

in  th e  fa e c e s  o f  sheep number 104
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FIGURE 28

Number o f  p a r a site  eggs d e tec ted  in  th e  fa eo es o f  sheep tr e a te d  

w ith  bronhexine. No p a r a s ite  eggs were d etected  in  th e  

fa eo es o f  sheep number 109
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FIGURE 29

Number o f  p a r a site  eggs d e tec ted  in  th e  fa eo es o f  sheep tr e a ted  

w ith  a  c o r tic o s te r o id . No p a r a site  eggs were d e tected  

in  th e  fa eo es o f  sheep number 121
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TABLE 33

Number o f  la rv a e  d etected  in  th e  fa eo es o f  fou r groups o f  a d u lt 

sheep a fte r  ch a llen g e w ith  200,000 0̂ _ circum cincta 113.  Larvae 

were d etected  by B aennanisaticn and s a l t  f lo ta t io n  tech n iq u es

C ontro l Group
Time ------------ ----------- --------------------------
(days) Animal number

74 104 1 1 0 113 114 1 2 2

A B A B A B A B A B A B

1 0 0 0 0 0 7 0 4 0 0 1  0

2 0 0 0 0 0 0 0 0 0 0 0  2

3 0 0 0 0 0 1 0 0 0 0 0  0

4 0 0 — — 0 0 0 0 0 0 0  0

Bromhexine Group
Time ------- -------- ---------------------------------------------- ------------ ----------
(days) Animal number

73 103 105 109 111
A B A B A B A B A B

0 0 0 0 0 0 0 1  
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0

C o rtic o s te ro id  Group
Time — ■------------------- ■----- --------------------------------------------------
(days) Animal number

52 101 102 112 121
A B A B A B A B A B

1 0 0 0 0 0 1 0 0 0 2

2 0 0 0 8 0 1 0 0 0 0

3 0 2 0 2 0 0 0 0 0 0

4 — — — — — — — —

G neprazole Group
Time --------------------------- ■---- •------- ----------- ---------------------------
(days) Animal number

8  72 107 108
A B A B A B A B

1 0 0 0 1 0 0 0 0

2 0 0 1 1 0 0 0 0

3 0 0 0 0 0 0 0 0

4 — — _ — —

A -  r e s u l t s  from s a l t  f l o t a t i o n  te ch n iq u e . 
B -  r e s u l t s  from B aerm anisation  te ch n iq u e .

1 0 1
2 0 0
3 0 1
4 -



TABLE 34

The pH o f  abomasa! con ten ts a t  necropsy o f  fou r groups o f  a d u lt  

sheep . A ll anim als rece iv ed  200,000 c irca n c in cta  L3 

on day 0 a s  a  s in g le  dose

Group Animal number Abcmasal pH

C ontro l 74 6 .7
104 5 .6
1 1 0 4.2
113 4.2
114 4.4
1 2 2 2 .7

' Mean _+ SEM 4.63 + 0.56

Bromhexine 73 4 .3
103 3 .5
105 3 .9
109 3 .8
1 1 1 5 .8

Mean _+ SEM 4.26 + 0.41

C o r tic o s te ro id 52 5 .9
1 0 1 5 .5
1 0 2 6 . 0

1 1 2 4.6
1 2 1 6 . 8

Mean _+ SEM 5.76 + 0.36

Omeprazole 8 4 «1 V

72 6 . 1 (b)
107 4 -2 / *
108 3 .5 (a)

Mean + SEM 4.48 + 0.56

tum our i n f i l t r a t i o n  down th e  g a s t r o in te s t in a l  t r a c t  in  th e  
form o f  d i s c r e te  no d u les.

v e ry  l i t t l e  sample p re s e n t.
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TABLE 36

E stablishm ent o f  p a r a s ite s  a f te r  a  s in g le  ch a llen g e o f  200,000

O. c irc ijn cin cta  Ig  in  fcu r  groups o f  a d u lt sheep trea ted  

w ith  variou s a g en ts. E stablishm ent expressed  a s a  percentage

Group
Sheep
number

T o ta l number 
o f

p a r a s i te s

E stab lish m en t
(%)

C ontro l 74 37,800 18.90
104 3,200 1.60
1 1 0 2 0 , 2 0 0 1 0 . 1 0

113 2 0 , 1 0 0 10.05
114 11,400 5.70
1 2 2 1,700 0.85

Mean ± SEM 7.87 + 2 .74

Bramhexine 73 900 0.45
103 1 , 0 0 0 0.50
105 600 0.30
109 1 2 , 0 0 0 6 . 0 0

1 1 1 16,200 8 . 1 0

Mean +_ SEM 3.07 + 1.66

C o r tic o s te ro id 52 11,800 5.90
1 0 1 47,700 23.85
1 0 2 14,600 7.30
1 1 2 40,100 20.05
1 2 1 38,700 19.35

Mean jf SEM 15.29 + 3.63

Omeprazole 8 7,400 3.70
72 1,300 0.65

107 3,600 1.80
108 4,900 2.45

Mean ± SEM 2.15 + 0 .64
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TABLE 37

M o tility  o f  0^ circum cincta Lg incubated in  v itr o  w ith  

variou s ocn oen tration s o f  branhexine h yd roch lorid e. M o tility  

expressed  a s  percentage o f  co n tro l m o t ility

C o n cen tra tio n
bromhexine
h y d ro ch lo rid e
(ug/m l)

1

Time

3

(hours)

6 24

30 128.35 137.23 96.17 113.32

3 104.62 104.22 103.83 107.29

0 .3 1 1 0 . 2 1 82.28 100.87 102.61

0.03 113.36 105.98 105.60 99.29

0.003 138.88 1 2 2 . 0 0 101.42 134.39

163



TABLE 38

The m o tility  o f  c ircu n cin cta  L3 incubated in  v itr o  

w ith  variou s con cen tration s o f  om eprazole and known 

a n th elm in tic  drugs. M o tility  expressed  a s  percentage  

o f  co n tro l m o tility

C o n cen tra tio n  o f  
t e s t  su b stan ce 17

Time (hours) 
24 48 72

0 . 1  mg/ml om eprazole 104.73 123.44 114.74 103.48

0.04 mg/ml omeprazole 105.80 119.62 106.52 106.77

0 . 0 1  mg/ml cm eprazole 121.67 110.78 104.17 112.87

0.005 mg/ml om eprazole 122.05 85.61 93.01 102.35

A lbendazole 
su lphox ide  1 0  ug/ml 28.57* 31.87* 18.82** 28.73*

T hiabendazole 
2 0  ug/m l 39.38* 1 0 . 2 0 * 11.89** 9.51*

Levam isole 
30 ug/m l 23.87* 17.81** 1 1 . 6 6 * 11.81*

* p  < 0.05 ** p < 0.01

in d ic a t in g  le v e l s  o f  s ig n i f ic a n t  d if f e r e n c e  from c o n tro l  v a lu es
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C oncentration (p g /g  mucus) o f  leu k o trien e  in  th e  

g a s tr o in te s tin a l tr a c t  o f  fou r groups o f  a d u lt sheep

TABLE 39

C on tro l Group
Animal number

Mucus ----------------------------------------------------------------------Mean _+ SEM
sample 74 104 110 113 114 122

Abomasal 2,906 2,764 3,342 965 168 263 1 ,7 3 5 + 5 8 4

Duodenal 2,748 3,141 1,788 1,928 1,746 2,457 2,301 + 234

C o r tic o s te ro id  Group
Animal number

Mucus ---------------------■— -------------------- -----------------  Mean _+ SEM.
sample 52 101 102 112 121

Abomasal 1,345 1,029 1,468 1,775 1,933 1 ,5 1 0 + 1 5 9

Duodenal 1,413 2,235 1,118 1,247 1,822 1,567*+ 205

Bromhexine Group
Animal number

Mucus ------------------- *--------------------------------------------- Mean _+ SEM
sample 73 103 105 109 111

Abomasal 2,760 2,826 1,927 2,914 1,748 2,435 + 246

Duodenal 932 3,811 2,735 1,502 2,199 2,236 + 498

Omeprazole Group
Animal number

Mucus ----------------------------------------------------------------- Mean _+ SEM
sample 8  72 107 108

Abomasal 2,402 3,728 1,256 1,145 2,133 + 603

Duodenal 1,072 3,020 1,390 3,645 2,282 + 623

* p < 0.05 s ig n i f ic a n t ly  d i f f e r e n t  from c o n tro l  v a lu e s
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In  v it r o  STUDIES CN ISOLATED GASTRDIOTESTINAL 

SMOOTH MDSCU2 PREPARATIONS

IN3RQDUCPICN 

Smooth m uscle o f  th e  g a s tr o in te s tin a l tr a c t

Many re v ie w s  o f  t h e  s t r u c t u r e  and  f u n c t io n  o f  i n t e s t i n a l  

sm ooth  m u sc le  h av e  b e en  p u b l is h e d  r e c e n t l y  (B o lto n , 1979; 

B u lb r in g ,  1979; H o rto n , 1979; G a b e l la ,  1981; H a r t s h o r n e ,1981), 

A g e n e ra l , b r i e f  summary on th e  s u b je c t  i s  p re sen te d  h e re .

Sm ooth m u sc le  c o n s t i t u t e s  t h e  m u s c u la r  l a y e r s  o f  t h e  

g a s t r o in te s t in a l  t r a c t .  I t  i s  a l s o  p re s e n t in  o th e r  s i t e s  o f  th e  

body. I t  i s  a s s o c i a t e d  w i th  t h e  g a s t r o i n t e s t i n a l  t r a c t  a s  tw o  

o u te r  l a y e r s .  The in n e r  l a y e r  c o n s i s t s  o f  m u sc le  f i b r e s  

o r i e n t a t e d  c i r c u l a r l y  a ro u n d  th e  t u b u l a r  t r a c t ,  t h e  c i r c u l a r  

l a y e r ,  a n d  t h e  o u t e r  l a y e r  w h e re  t h e  m u s c le  f i b r e s  r u n  

lo n g i tu d in a l ly , th e  lo n g itu d in a l  la y e r . There i s  a l s o  p re s e n t ,  a  

v e ry  s m a l l  l a y e r ,  t h e  m u s c u la r i s  m ucosa, w h ich  s e p a r a t e s  t h e  

m ucosa and  subm ucosa. The c i r c u l a r  and  l o n g i t u d i n a l  m u sc le  

l a y e r s  o f  t h e  g a s t r o i n t e s t i n a l  t r a c t  a r e  im p o r ta n t  i n  t h e  

p r o p u ls io n  and  m ix in g  o f  t h e  t r a c t  c o n te n t s .  C o n ta in e d  w i t h i n  

e a c h  m u sc le  c e l l  a r e  p r o t e i n s ,  a c t i n  and  m y o sin , p r e s e n t  a s  

f i la m e n ts ,  which c o n s t i tu te  p a r t  o f  th e  c o n t r a c t i l e  a p p a ra tu s  o f  

th e  c e l l .  In  i s o to n ic  c o n tra c t io n  th e  c e l l s  sh o rte n  to  a  s im i la r  

d e g re e  a s  th e  w ho le  m u sc le . I t  i s  th o u g h t  t h i s  i s  due  t o  t h e  

a c t i n  and myosin f i la m e n ts  s l id in g  p a s t  each o th e r  a s  in  s k e l e t a l  

m u sc le , b u t  l e s s  i s  known a b o u t th e  p ro c e s s  o f  c o n t r a c t i o n  i n  

sm ooth  m u sc le . T e n s io n  w ould  b e  g e n e r a te d  a s  a  c o n se q u e n ce  o f  

c y c l ic  c ro s s  b r id g e -a c t in  in te r a c t io n s  which i s  .a s s o c ia te d  w ith
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th e  h y d ro ly s is  o f  adenosine  t r i p h o s p h a te  (ATP). As i n  s k e l e t a l  

m u sc le  t h e  c o n c e n t r a t io n  o f  i n t r a c e l l u l a r  c a lc iu m  p la y s  an  

im p o rtan t r o le  in  th e  p ro cess  o f  c o n tra c tio n .

The in n e r v a t io n  o f  th e  g a s t r o i n t e s t i n a l  t r a c t  i s  b o th  

i n t r i n s i c  and e x t r in s ic .

The m ost prom inant p lex u s c o n ta in in g  i n t r i n s i c  neurones i s  

t h e  m y e n te r ic  (A u erb ach 's )  p le x u s  w h ich  i s  p r e s e n t  b e tw e e n  th e  

c i r c u l a r  and  l o n g i t u d i n a l  l a y e r s  o f  t h e  sm ooth  m u sc le . Axons 

from  t h i s  p le x u s  p e n e t r a t e  b o th  sm oo th  m u sc le  l a y e r s .  The 

neurones a ls o  re c e iv e  in p u t from re c e p to r s  in  th e  mucosa and th e  

s m o o th  m u s c le .  T h e r e f o r e  l o c a l  r e f l e x e s  w i t h i n  t h e  

g a s t r o in te s t in a l  t r a c t  w a ll can be s e t  up. These a r e  im p o rta n t 

i n  p e r i s t a l s i s .  A n o th e r p le x u s  p r e s e n t  i s  t h e  su b m u co sa l 

(M eissner's) p lexus. T his i s  th o u g h t to  be more im p o rtan t i n  th e  

c o n t r o l  o f  s e c r e t i o n  and  r e c e iv in g  s e n s o ry  s t i m u l i  from  t h e  

mucosa .and submucosa.

In  a d d it io n  to  th e  i n t r i n s i c  c o n tro l  in v o lv in g  th e  m y en te ric  

p lex u s, e x t r in s ic  c o n tro l  i s  a ls o  e x e r te d  on th e  g a s t r o in te s t in a l  

t r a c t .  A xons f ro m  n e u r o n e s  o f  t h e  p a r a s y m p a t h e t i c  a n d  

sy m p ath e tic  nervous system s e n te r  th e  p lex u ses . P a rasy m p ath e tic  

c o n t r o l  i s  m a in ly  v i a  t h e  v ag u s  n e rv e . S y m p a th e tic  c o n t r o l  i s  

v ia  d i f f e r e n t  g a n g lia  and u s u a lly  e x e r ts  an in h ib i to r y  a c t io n  on 

neurones w ith in  th e  ne rv e  p le x u se s .

S tu d ies  in to  th e  d i f f e r e n t  n e u ro tra n s m itte r s  p re s e n t i n  th e  

w a l l  o f  t h e  g u t  h av e  shown a  m a jo r i t y  o f  n e u ro n e s  c o n ta i n  

c h o lin e s te ra s e ;  in d ic a t in g  a c e ty lc h o lin e  a s  th e  n e u ro tra n s m itte r  

invo lved . Large amounts o f  a c e ty lc h o lin e  a r e  s to re d  and re le a s e d  

by th e  m yen teric  p lex u s (D ik sh it, 1938; Welsh and Hyde, 1944).
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A catecho lam ine , n o r-a d e n a lin e , i s  p re s e n t in  axons e n te r in g  

from th e  sym pathetic  nervous system . As s ta t e d  p re v io u s ly , one 

o f  t h e  i m p o r t a n t  e f f e c t s  o f  s y m p a t h e t i c  s t i m u l a t i o n  o r  

e x o g e n o u s ly  a p p l ie d  n o r - a d r e n a l in e  i s  t o  i n h i b i t  r e l e a s e  o f  

a c e ty l c h o l in e  from  c h o l i n e r g i c  n e rv e  e n d in g s  (P a to n  and  V iz i ,  

1969; K o s te r l i tz ,  Lydon and W att, 1970).

ATP o r  r e l a t e d  p u r in e s  may b e  p r e s e n t  i n  some i n h i b i t o r y  

n e u ro n e s  t h a t  a r e  n o n -a d re n e r g ic  (B u rn s to c k  e t  a l ,  1970). 

E n k e p h a lin s  a r e  a l s o  p r e s e n t  i n  n e u ro n e s  o f  t h e  g u t .  T h ese  a r e  

p e n tap e p tid e s  t h a t  have h ig h  a f f i n i t y  f o r  o p ia te  re c e p to r s . They 

a l s o  a p p e a r  t o  b e  in v o lv e d  i n  th e  i n h i b i t i o n  o f  a c e t y l c h o l i n e  

p a r t i c u l a r l y  w i th in  t h e  m y e n te r ic  p le x u s  (N o rth  and  W il l ia m s ,  

1976).

G a s tr in s , c h o le c y s to k in in , su b stan ce  P and so m a to s ta tin  have 

a l l  been lo c a l is e d  w ith in  g a s t r o in te s t in a l  neurones.

The c o n t r a c t i o n s  o f  th e  u p p e r  g a s t r o i n t e s t i n a l  t r a c t  a r e  

c o n tro l le d  by a  number o f  d i f f e r e n t  mechanisms.

1. A c tiv i ty  o f  e x t r in s ic  n e rv e s .

2 . A c tiv i ty  o f  i n t r i n s i c  n e rv e s .

3 . In h e re n t, spontaneous smooth m uscle c e l l  a c t i v i t y .

4 . C i r c u l a t i n g  o r  l o c a l l y  r e l e a s e d  c h e m ic a l  m e d ia to r s  e .g .

p ro s ta g la n d in s , 5-hydroxytryptam ine and a d re n a lin e . 

S p o n ta n e o u s  s m o o th  m u s c l e  c e l l  a c t i v i t y  i n  t h e

g a s t r o i n t e s t i n a l  t r a c t  i s  p ro d u c e d  a s  t h e  m u sc le  c e l l s  h a v e  a n  

u n s ta b le  r e s t in g  membrane p o t e n t i a l .  P e r io d i c  d e p o l a r i s a t i o n s  

occu r a t  r e g u la r  in te r v a ls  due to  r e g u la r  f lu c tu a t io n s  o f  io n ic  

p e r m e a b i l i ty  o f  t h e  m u sc le  c e l l  m em brane (s lo w  w av es). T h ese
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tra n sm em b ran e  p o t e n t i a l  ch an g es  a r e  s y n c h ro n is e d  f o r  s e v e r a l  

c e l l s  t o  p ro d u c e  th e  b a s a l  e l e c t r i c a l  rh y th m  (BER). T hese  a r e  

a lw a y s  p r e s e n t .  C o n t r a c t io n s  a r e  n o t  a s s o c i a t e d  w i th  e a c h  o f  

t h e s e  p e r i o d i c  d e p o l a r i s a t i o n s .  A c tio n  p o t e n t i a l s  ( s p ik e  

p o te n t ia ls )  r e p re s e n t  f a s t  d e p o la r is a t io n s  o f  smooth m uscle c e l l s  

and  c a u s e  c o n t r a c t i o n  o f  t h e  sm ooth  m u sc le . The g r e a t e r  t h e  

f r e q u e n c y  o f  a c t i o n  p o t e n t i a l s  i n  a  b u r s t ,  t h e  g r e a t e r  t h e  

c o n tra c tio n . M uscle c e l l s  o f  b o th  th e  lo n g itu d in a l a rd  c i r c u l a r  

m uscle la y e r s  g e n e ra te  th e se . Spontaneous c o n tra c tio n s  p robab ly  

a r i s e  a s  a  r e s u l t  o f  s im u lta n e o u s  d e p o l a r i s a t i o n  o f  many c e l l s  

(C reed , 1979).

I n  t h e  i n t e s t i n e ,  t h e  s p ik e  p o t e n t i a l s  o c c u r  i n  a  p h a se  

c a l l e d ,  th e  'p h a s e  o f  r e g u l a r  s p ik in g  a c t i v i t y *  (RSA) and  i s  

preceded by a  long  p e rio d  d u rin g  which th e  sp ik e  p o te n t ia l s  a r e  

i r r e g u la r ly  superim posed on th e  s lo w  w aves 'p h a s e  o f  i r r e g u l a r  

s p ik in g  a c t i v i t y '  (ISA) and  fo l lo w e d  by a  p e r io d  o f  no  s p ik in g  

a c t i v i t y .  T hese  tw o  c y c l i c  p h a se s  ISA and  RSA, a r e  p ro p a g a te d  

from  th e  duodenum w here  th e y  o r i g i n a t e ,  t o  t h e  ile u m  a s  a  

'm ig r a t in g  m y o e le c t r ic  co m p lex ' (MMC). The s lo w  w aves an d  th e  

a c t io n  p o te n t ia l s  can be  m o d ified  by nervous and hum oral f a c to r s .

P e r is ta ls is

T h is  i s  an  i n t r i n s i c  n e u r a l  r e f l e x  w h ich  i s  s t i m u l a t e d  by  

r a d i a l  s t r e t c h  o f  th e  i n t e s t i n e .  I t  i s  t h e  m ain  fo rm  o f  

p ro p u ls io n  in  th e  i n t e s t in e  and th e  c o n tro l i s  v e ry  complex ( fo r  

a  d e ta i le d  d e s c r ip t io n  see  H ir s t ,  1979). B a s ic a l ly  i t  c o n s is t s  

o f  c o n t r a c t i o n  o f  a  r i n g  o f  c i r c u l a r  sm ooth  m u sc le  t h a t  p a s s e s  

down th e  t r a c t .  I t  i s  preceded to  a  g r e a te r  o r  l e s s e r  d eg ree  by 

r e l a x a t i o n  o f  th e  m u sc le  d i r e c t l y  i n  f r o n t  o f  t h e  r i n g  o f
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c o n tra c tio n . The lo n g itu d in a l  m uscle may c o n tra c t  p r io r  to  th e  

c o n tra c tio n  o f  th e  c i r c u la r  m uscle which i s  th en  accom panied by 

th e  sim ultaneous r e la x a t io n  o f  th e  lo n g itu d in a l  m uscle.

O th e r  m o t i l i t y  p a t t e r n s  o f  th e  s m a l l  i n t e s t i n e  h a v e  b e e n  

d e s c r ib e d  and  i n c lu d e ,  p e n d u l a r  m o v e m e n ts , s e g m e n t a t i o n  

c o n t r a c t i o n s ,  to n u s  ch an g es  and  v i l l i  m ovem ent. T h e ir  m a in  

fu n c tio n  i s  to  mix th e  c o n te n ts  o f  th e  lumen.

Ovine abomasa 1 -in te s tin a  1 m o t ility

In  m ost an im a ls , th e  change in  volume o f  g a s t r i c  c o n te n ts  i s  

im p o rtan t in  changing m o t i l i ty  p re s e n t d u rin g  f a s t in g  to  t h a t  o f  

a  f e e d in g  p a t t e r n .  I n  ru m in a n ts ,  h o w ev er, t h e  lo n g  p e r io d s  o f  

s lo w  in g e s t i o n  and  th e  p re s e n c e  o f  t h e  fo re s to m a c h s  p ro d u c e  an  

alm ost c o n s ta n t abomasal flow  (Bueno and F io ram o n ti, 1979).

In  a d u l t  an im a ls , th e  abom asal in flo w  i s  la rg e ly  dependent 

on r e t i c u lo - o m a s a l  m o t i l i t y  and  th e  mean p r e s s u r e  o f  t h e  

abomasum. A bom asal em p ty in g  i s  l a r g e l y  d e p e n d e n t on a n t r a l  

m o t i l i t y  i . e .  t h a t  o f  t h e  p y l o r i c  a r e a ,  a n d  d u o d e n a l  

c o o rd in a tio n .

Rhythmic slow  p e r i s t a l t i c  c o n tra c tio n s  o f  th e  p y lo r ic  a re a  

o f  th e  abomasum occur. I t  i s  though t t h a t  th e  p y lo r i s  opens and 

sh u ts  in  phase w ith  th e  p e r i s t a l t i c  waves.

S low  w aves and  a c t i o n  p o t e n t i a l s  o c c u r  i n  th e  abomasum a s  

d e sc rib e d  above.

Sm all i n t e s t i n a l  a c t i v i t y  i s  d i f f e r e n t  from  th a t  d e sc r ib e d  

p re v io u s ly  in  t h a t  slow  waves a r e  a b se n t from  th e  f i r s t  8  cm o f  

t h e  duodenum o f  th e  sh e e p . I n s te a d  t h e r e  a r e  b u r s t s  o f  a c t i o n  

p o te n t ia l s .  RSA and ISA occu r and m ig ra te  a lo n g  th e  i n t e s t i n e  a s
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MMCs.

I n  ru m in a n ts  t h i s  p a t t e r n  i s  p r e s e n t  in d e p e n d e n t o f  fo o d  

in g e s t io n  and feed in g  b eh av io u r.

E m pty ing  o f  t h e  abomasum i s  n o t  fo l lo w e d  by  a  d u o d e n a l 

p r o p u ls iv e  w ave. D is te n s io n  o f  t h e  d u o d e n a l b u lb  o c c u r s  f i r s t  

w h ich  th e n  e m p t ie s ,  c a u se d  by a  b u r s t  o f  a c t i o n  p o t e n t i a l s  

p ropagated  a long  th e  i n te s t in e .  Most o f  th e  i n t e s t i n a l  c o n te n ts  

flo w  in te r m i t te n t ly  th rough  th e  t r a c t  a t  th e  same frequency  a s  

th e  MMC.

T h e re fo re  t h e r e  i s  a  c o n tin u o u s  p re s e n c e  o f  MMCs i n  t h e  

rum inan t compared to  t h e i r  d is ru p t io n  b e fo re  and a f t e r  fe e d in g  in  

o th e r  sp ec ie s . L im ited  access  to  c o n c e n tra te  in c re a s e s  th e  flo w  

o f  d i g e s t a  and  th e  d u r a t io n  o f  s p ik in g  a c t i v i t y  (Thompson an d  

Lamming, 1972).

I t  would seem th a t  s e c r e t in  and c h o lec y s to k in in  a re  a b le  t o  

reduce  re tic u lo -o m a s a l flo w  o f  d ig e s ta ,  a s  can  g a s t r in  w hich a ls o  

i n h i b i t s  r u m i n o - r e t i c u l a r  c o n t r a c t i o n s  and  t h e r e f o r e  a l t e r s  

a b o m asa l f i l l i n g  (R uckebusch , 1971; W ilso n , G o e tsch  and  H uber, 

1976). I t  h a s  b een  fo u n d  t h a t  s e c r e t i n  i n  sh ee p  p ro d u c e d  a  

d i f f e r e n t  r e s u l t  com pared  t o  t h a t  s e e n  i n  d o g s . I n  sh ee p  t h e r e  

i s  an  in c r e a s e  i n  t h e  num ber o f  d u o d e n a l MMCs and  d e c r e a s e d  

a n t r a l  m o t i l i ty .  A rev iew  o f  t h e  c o n t r o l  o f  a b o m a s a l-d u o d e n a l 

ju n c tio n  i s  g iven  by Ruckebusch and M e r r i t t  (1985).

R ole o f  gu t m o t ility  in  in te s t in a l p a r a s ite  in fe s ta t io n s

A bno rm alitie s  in  g u t m o t i l i ty  have been reco rded  in  a  number 

o f  a n im a ls  i n f e c t e d  w i t h  d i f f e r e n t  p a r a s i t e s ,  e i t h e r  i n  

a s s o c i a t i o n  w i th  t h e i r  e x p u ls io n  o r  w i th  t h e i r  p re s e n c e  i n  t h e  

g a s t r o in te s t in a l  t r a c t .
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S te w a r t  (1953) r e p o r t e d  on th e  ' s e l f - c u r e '  phenom enon i n  

s h e e p ,  w h e r e b y  i n g e s t i o n  o f  i n f e c t i v e  l a r v a e  o f  

Haeroonchus c o n to rtu s  by sheep a lre a d y  in fe c te d  w ith  th e  p a r a s i te  

c a u se d  th e  e x p u ls io n  o f  a d u l t  p a r a s i t e s  p r e s e n t ,  n o t  o n ly  

H. c o n to r tu s  b u t a ls o  0;_ c irc u m c in c ta  and  T r ic h o s t r o n g y lu s  sp p . 

F u r th e r  in v e s t ig a t io n s  by S te w a rt (1955) observed t h a t  in je c t io n  

o f  c o n to r tu s  d i r e c t l y  i n t o  th e  abomasum i n  i n f e c t e d  sh ee p  

caused an  in c re a se  in  p e r i s t a l s i s  and segm en ta tion  in  th e  o rgan  

w ith in  te n  m in u tes , in d ic a t in g  th a t  th e  a l t e r e d  p e r i s t a l s i s  was 

a s s o c i a t e d  w i th  t h e  l o s s  o f  a d u l t  p a r a s i t e s  and  t h i s  w as 

t r i g g e r e d  by in co m in g  i n f e c t i v e  l a r v a e .  Bueno, Dakkak and  

F io ra m o n ti  (1982) r e c o rd e d  g a s t r o - d u o d e n a l  m o to r and  t r a n s i t  

d i s tu r b a n c e s  a s s o c i a t e d  w i th  c o n to r tu s  i n f e c t i o n  i n  sh e e p . 

T h e re  w e re  in c r e a s e s  i n  t h e  f r e q u e n c y  o f  d u o d e n a l MMCs an d  i n  

duodenal flow  o f  in g e s ta  b u t a  sh o rte n in g  o f  th e  80 -  90 m inu te  

c y c le s  o f  a n t r a l  c o n t r a c t i o n s  i . e .  c o n t r a c t i o n s  o f  th e  p y l o r i c  

a r e a  o f  t h e  ab o m asu m . T h e s e  w e re  a l l  r e l a t e d  t o  o t h e r  

c o n se q u e n ce s  o f  p a r a s i t e  i n f e c t i o n  by th e  a u th o r s  i . e .  t h e  

a l t e r a t i o n  in  duodenal MMCs was th ough t to  be due to  th e  a l t e r e d  

g a s t r i c  a c id  s e c re t io n  t h a t  ta k e s  p la c e  d u rin g  l a r v a l  developm ent 

o f  th e  p a r a s i te .  (This has been d isp u te d  by Gregory, Rayner and 

Wenham (1984) who showed th a t  duodenal MMCs can be i n i t i a t e d  in  

sheep by duodenal a c i d i f i c a t i o n ,  w h i le  d u o d e n a l a l k a l i n i s a t i o n  

had no in f lu e n c e  on MMC frequency). The in c re a se d  duodenal flo w  

was though t to  be a  consequence o f  th e  io n ic  p e rm e a b il i ty  changes 

o f  t h e  m ucosa. I n t e s t i n a l  d i s tu r b a n c e s ,  m a in ly  d e t e c t e d  a s  a n  

i n c r e a s e  i n  t r a n s i t  t i m e  h a v e  a l s o  b e e n  r e p o r t e d  i n
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O. c i r c u m c in c ta  i n f e c t i o n s  i n  sh ee p . T h is  w as a l s o  r e l a t e d  t o  

a l t e r a t i o n s  i n  p e r m e a b i l i ty  and  s e c r e to r y  a c t i v i t i e s  o f  t h e  

abomasum (Dakkak and K hallaayoune, p e rso n a l com m unication).

S tu d ie s  i n t o  t h e  e f f e c t  o f  T rich o stro n c ry lu s  c o lu b r ifo rm is  

in f e c t io n  in  sheep a ls o  showed a l t e r a t io n s  in  m o t i l i ty .  Horak, 

C la rk  and  G ray (1968) and  R oseby (1977) show ed a  s lo w in g  o f  

i n t e s t i n a l  t r a n s i t  r a t e  a s s o c ia te d  w ith  a  la rg e  s in g le  c h a llen g e  

o f  t h i s  i n t e s t i n a l  p a r a s i te .  However, no accoun t was made o f  th e  

d e c r e a s e  i n  fo o d  in t a k e  t h a t  a l s o  o c c u r re d  w h ich  c o u ld  a l t e r  

t r a n s i t  tim e s  (Coombe and Kay, 1965). Gregory, M il le r  and Brew er 

(1985) have shown th a t  abom asal volume and r a t e  o f  d ig e s ta  flo w  

from  th e  abomasum a long  th e  sm a ll i n t e s t i n e  a r e  l i n e a r ly  r e l a t e d  

t o  t h e  l e v e l  o f  fo o d  i n t a k e  i . e . ,  t h e  s m a l l e r  t h e  am ount o f  fo o d  

in g e s te d  th e  lo n g e r th e  sm a ll i n t e s t i n a l  t r a n s i t  tim e .

Work by G reg o ry  and  Wenham (1984) and  G reg o ry  e t  a l  (1985) 

lo o k e d  a t  th e  e f f e c t  o f  a  c h ro n ic  s u b c l i n i c a l  i n f e c t i o n  o f  

T. c o lu b r i f o r m is .  A gain  t h e r e  was a  s lo w in g  o f  t h e  s m a l l  

i n t e s t i n a l  t r a n s i t  r a te .  Abomasal volume in c re a se d  and abom asal 

o u tflo w  d ecreased . These changes occu rred  in  a b so lu te  te rm s  and 

a l s o  when com pared  w i th  v a lu e s  p r e d i c t e d  f o r  th e  l e v e l  o f  fo o d  

i n ta k e .  T h e re  w as an  i n c r e a s e  i n  t h e  f r e q u e n c y  o f  MMCs and  a  

p ro g re s s iv e  in h ib i t io n  o f  abom asal and sm a ll i n t e s t i n a l  m o t i l i ty .  

The ch an g es  r e s o lv e d  a s  th e  a n im a ls  becam e r e s i s t a n t  an d  a l s o  

when g iv e n  a n th e l m in t i c .  T h ere  w as no s i g n i f i c a n t  ch an g e  i n  

ab o m asa l pH th ro u g h o u t t h e  s tu d y . I t  w as s u g g e s te d  by  t h e s e  

a u th o rs  t h a t  a l t e r e d  s e c re t io n  o f  g a s t r o in te s t in a l  hormones due 

t o  t h e  p re s e n c e  o f  p a r a s i t e s  c o u ld  a c c o u n t f o r  som e o r  a l l  o f  

th e s e  m o t i l i t y  ch an g es  and  th e  r e d u c t io n  i n  fo o d  in t a k e  c o u ld
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a l s o  b e  d u e  t o  c h a n g e s  i n  h o rm o n e s  e .g .  s e c r e t i n  a n d / o r  

c h o le c y s to k in in  (OCK).

T r ic h in e l la  s p i r a l i s  i n f e c t i o n  i n  r a t s  and  dogs h a s  b e en  

s tu d ie d  by a  num ber o f  w o rk e rs  f o r  i t s  e f f e c t s  on i n t e s t i n a l  

m o t i l i t y .  C a s tro  e t  a l  (1976) and  C a s t r o ,  P o s t  and  Roy (1977) 

re p o r te d  an  in c re a s e  in  i n t e s t i n a l  t r a n s i t  a s s o c i a t e d  w i th  t h e  

i n t e s t i n a l  p h a se  o f  s p i r a l i s  i n f e c t i o n  d u r in g  a  p r im a ry  

in fe c t io n .  No changes in  m o t i l i ty  w ere observed when immune r a t s  

w ere  c h a l le n g e d  w ith  T. s p i r a l i s  l a r v a e .  S ch an b ach e r e t  a l  

(1978) reco rded  a  s im i la r  r e s u l t  in  dogs and abnorm al e l e c t r i c a l  

a c t i v i t y  o f  th e  i n t e s t i n a l  sm ooth  m u sc le  a s s o c i a t e d  w i th  

T. s p i r a l i s  i n f e c t i o n .  Hookworm i n f e s t a t i o n  i n  d o g s  a l s o  

appeared  to  a l t e r  i n t e s t i n a l  m y o e le c tr ic  a c t i v i t y  (W eisbrodt and 

C as tro , 1977).

N ippostrongylus b r a s i l i e n s i s  i n f e c t i o n  i n  r a t s  h a s  b e en  

shown t o  s lo w  th e  t r a n s i t  o f  fo o d  i n  th e  u p p e r  s m a l l  i n t e s t i n e  

(S y m o n s, 1 9 6 6 ) . F a r m e r  (1 9 8 1 b ) r e p o r t e d  a n  i n c r e a s e  i n  

i n t e s t i n a l  p ro p u ls iv e  a c t i v i t y  e ig h t  days p o s t in f e c t io n  in  r a t s ,  

b u t i t  appeared  th a t  p ro p u ls io n  in  th e  upper sm a ll i n t e s t i n e  may 

have d ecreased  on day 6  p o s t  in fe c t io n .  The in c re a s e  reco rd ed  in  

i n t e s t i n a l  p r o p u ls iv e  a c t i v i t y  d id  n o t  seem  t o  b e  r e l a t e d  t o  

p a r a s i t e  ex p u lsio n , which beg in s  a t  app ro x im ate ly  day 10. Work 

w ith  i s o la te d  r a t  i n t e s t i n e  and a d d it io n  o f  a d u l t  N. b r a s i l i e n s i s  

i n t o  t h e  lum en h a s  a l s o  re c o rd e d  a  d e c r e a s e  i n  sm ooth  m u sc le  

c o n tra c tio n s  (B iggin e t  a l ,  1983). Farm er (1981a), Farm er, Brown 

and  P o l lo c k  (1983) and  F a rm e r and  L an iy o n u  (1984) r e p o r t e d  t h a t  

d u rin g  N;_ b r a s i l i e n s i s  in f e c t io n  in  r a t s  th e re  i s  an  a l t e r a t i o n
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in  th e  maximum response  o f  i s o la te d  in t e s t i n e  to  a c e ty lc h o lin e  

and  5 -h y d ro x y try p ta m in e  (5-HT). T h ere  i s  a l s o  a  s p e c i f i c  

s u b s e n s i t i v i t y  t o  5-HT d u r in g  th e  i n f e c t i o n  and  a l th o u g h  t h e  

maximum responses a re  in c re a se d  above c o n tro ls ,  th e  in c re a s e  i s  

n o t  a s  l a r g e  a s  o c c u r s  w i th  a c e ty l c h o l in e .  The c a u s e  o f  t h e  

s u b s e n s i t i v i t y  t o  5-HT may b e  due  t o  in c r e a s e d  c o n c e n t r a t io n s  

d u r in g  i n f e c t i o n  a s  p ro lo n g e d  e x p o su re  t o  5-HT r e n d e r s  r a t  

i n t e s t i n e  u n re s p o n s iv e  t o  th e  c o n t r a c t i l e  a c t io n  o f  t h i s  am ine 

( G i l l a n  and  P o l lo c k , 1980) and  d e p le t i o n  o f  t h e  g u t  o f  5-HT by 

p a rach lo ro p h en y la lan in e  p rev en ted  th e  s u b s e n s i t iv i ty  (Farm er and 

Laniyonu, 1984). The in c re a s e  in  maximum responses may be p a r t ly  

d ue  t o  h y p e r tro p h y  o f  t h e  sm oo th  m u sc le , b u t  t h e r e  w as a l s o  a n  

i n c r e a s e  i n  c o n t r a c t i l e  c a p a c i ty  and  F a rm e r (1982) p o s t u l a t e d  

t h i s  cou ld  be  th e  r e s u l t  o f  th e  immune resp o n se , a s  be tam ethasone 

in h ib i te d  t h i s  in c re a se .

One f a c t o r  w h ich  may r e s u l t  i n  a l t e r e d  sm ooth  m u sc le  

m o t i l i t y ,  a t  l e a s t  l o c a l l y ,  i s  th e  e v id e n c e  t h a t  a  num ber o f  

p a r a s i t e s  s e c r e t e  a c e t y l c h o l i n e s t e r a s e .  T h e s e  a r e : -  

A sc a ris  lu m b rico id es  (Lee, 1962); N e c a to r  a m e r ic a n u s  (M cLaren, 

1 974), N ip p o s tro n g y lu s  b r a s i l i e n s i s  (Sanderson, 1969; Sanderson 

a n d  O g i l v i e ,  1 9 7 .1 ; J o n e s  a n d  O g i l v i e ,  1 9 7 2 ) ,  

Oesophagostomum r a d ia tu m  (B rem ner e t  a l , 1973; O g i lv ie  e t  a l , 

1973), T r ic h o s t r o n g y le  sp p  (R o th w e ll , O g i lv ie  and  Love, 1973; 

O g i l v i e  e t  a_l, 1 9 7 3 ) ,  H a e m o n c h u s  c o n t o r t u s  a n d  

O s te r ta g ia  c i r c u m c in c ta  (O g ilv ie  e t  a l ,  1973). I t  h a s  b e e n  

suggested  th a t  s e c re t io n  o f  a c e ty lc h o lin e  cou ld  reduce  a c t i v i t y  

i n  t h e  m u s c le s  i n  t h e  a r e a  o f  t h e  p a r a s i t e s  a n d  a i d  t h e  

p a r a s i t e 's  m aintenance in  t h a t  a re a  (Lee, 1970).
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P h il ip p  (1984) o f fe re d  an  a l t e r n a t i v e  s u g g e s t io n ,  t h a t  th e  

p r im a ry  s i t e  o f  a c t i o n  o f  t h e  a c e t y l c h o l i n e s t e r a s e  w ould  b e  on 

th e  p a r a s y m p a th e t ic  c o n t r o l  o f  mucus c e l l s .  T h is  i s  d i s c u s s e d  

e lsew here.

The o r i g i n  o f  t h e  enzym e a p p e a rs  t o  b e  com m only, t h e  

o e so p h a g e a l and  s u b v e n t r a l  e x c r e to r y  g la n d s  o f  th e  p a r a s i t e  

(L ee, 1962; 1970; O g i lv ie  e t  a l ,  1973, R o th w e l l ,  O g i lv ie  and  

Love, 1973; M cLaren, B u r t  and  O g i lv ie ,  1974) and  i s  a l s o  

a s s o c i a t e d  w i th  t h e  p a r a s i t e * s  n e rv o u s  sy s te m . I t  w ould , seem  

p ro b a b le  t h a t  t h e  a c e t y l c h o l i n e s t e r a s e  from  th e  o e so p h a g e a l 

g lan d s p asses  in to  th e  oesophageal lumen and b u cca l c ap su le  and 

o u t o f  th e  p a r a s i t e  (McLaren, B urt and O g ilv ie , 1974).

S tu d ie s  i n t o  a c e t y l c h o l i n e s t e r a s e  p re s e n c e  and  s e c r e t i o n  

from  th e  p a r a s i t e  have in d ic a te d  t h a t  th e  amount in c re a s e s  a s  th e  

p a r a s i t e  becom es a d u l t  i . e .  t h i r d  s t a g e  l a r v a e  c o n ta i n  and  

s e c re te  l e s s  th a n  a d u l ts  (Sanderson, 1969; Sanderson and O g ilv ie , 

1971). Changes have a ls o  been d e te c te d  in  th e  s e c re t io n  r a t e .  As 

t h e  h o s t  becom es immune t o  th e  p a r a s i t e ,  t h e  a c e t y l c h o l i n e  

s e c re t io n  in c re a se s  (Edwards, B urt and O g ilv ie , 1971; Sanderson 

and O g ilv ie , 1971; Jones and O g ilv ie , 1972).

A n tib o d ie s  t o  a c e ty lc h o l in e s t e r a s e  have a ls o  been d e te c te d  

i n  a  num ber o f  a n im a ls  i n f e c t e d  w i th  d i f f e r e n t  p a r a s i t e s ,  

in c lu d in g  O s te r ta g ia  and T rich o s tro n g y lu s  spp in  c a t t l e  and sheep  

(R o th w e ll e t  a l ,  1976) a s  w e l l  a s  N;_ b r a s i l i e n s i s  i n f e c t i o n  o f  

r a t s  (Jones and O g ilv ie , 1972).
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Iso la te d  t is s u e  preparations

I s o la te d  t i s s u e  p re p a ra t io n s  a r e  used  w idely  in  th e  f i e l d  o f  

p h a rm aco lo g y  t o  ex am in e  th e  a c t i v i t y  o f  s u b s ta n c e s  and  a l s o  t o  

a s s a y  t h a t  a c t i v i t y  ( L iv in g s to n e ,  1968). C r i t i c i s m  o f  t h i s  

a p p ro a c h  i s  a im ed  a t  t h e  u n p h y s io lo g ic a l  n a tu r e  o f  t h e s e  

e x p e r im e n ts ,  t h e  t i s s u e  b e in g  su sp en d ed  i n  s a l t  s o l u t i o n s ,  and  

th e re fo re  th e  d i f f i c u l t y  o f  e x tra p o la t in g  r e s u l t s  to  th e  in v iv o  

s i tu a t io n .

H ow ever, many p r e p a r a t i o n s  do p ro v id e  a  r e l a t i v e ly  s im p le  

and r e l i a b l e  m easurem ent o f  d ru g  a c t i v i t y  and  u n d e r s ta n d in g  o f  

d i f f e r e n t  re c e p to rs  t h a t  would be d i f f i c u l t  to  s tu d y  u s in g  o th e r  

system s.

In d e e d , many o f  t h e  m a jo r  a d v an c e s  i n  p h a rm aco lo g y  i n  t h e  

l a s t  tw en ty  y e a rs , th e  c l a s s i f i c a t i o n  o f  h is ta m in e , B -ad ren erg ic  

and  o p io id  r e c e p to r s  h av e  a l l  b een  made u s in g  i s o l a t e d  t i s s u e  

p re p a ra t io n s  f o r  d i f f e r e n t i a t i o n  o f  th e  many ty p e s  o f  re c e p to r .

The g a s t r o i n t e s t i n a l  sm ooth  m u sc le  p r e p a r a t i o n  i s  w id e ly  

used and th e  one s tu d ie d  m ost f re q u e n tly  i s  th e  g u in e a -p ig  ileum .

G en era lly , a c e ty lc h o lin e  i s  a b le  to  cause c o n tra c t io n  i n  a  

w id e  v a r i e t y  o f  sm ooth  m u sc le  p r e p a r a t i o n s .  H ow ever, t h e  

c i r c u la r  m uscle o f  th e  g u in e a -p ig  ileu m , when s e p a ra te d  from  th e  

l o n g i t u d i n a l  m u sc le  and  th e  m y e n te r ic  p le x u s  i s  r e l a t i v e l y  o r  

c o m p le te ly  i n s e n s i t i v e  t o  a c e t y l c h o l i n e  (H a rry , 1963). The 

r e a s o n  f o r  t h i s  may b e  due  t o  h ig h  c o n c e n t r a t io n s  o f  s p e c i f i c  

c h o l i n e s t e r a s e  w i th in  t h e  c i r c u l a r  m u sc le  (K o e lle ,  K o e l le  an d  

F riedenw ald , 1950). I t  was shown t h a t  i f  th e  c h o l in e s te ra s e  was 

in h ib i te d  in  th e  c i r c u la r  m uscle o f  g u in e a -p ig  ileum  th e n  th e r e  

was a  response  to  a c e ty lc h o lin e  (Harry, 1963).
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H istam ine a ls o  cau ses  c o n tra c tio n  o f  th e  lo n g itu d in a l  m uscle 

o f  t h e  g u in e a - p ig  i le u m , b u t  t h a t  o f  t h e  r a t  i n t e s t i n e  d o e s  n o t  

respond (L iv in g sto n e , 1968; Sakai e t  a l ,  1979).

5 -h y d ro x y try p ta m in e  (5-HT) a l s o  c a u s e s  c o n t r a c t i o n  o f  

i s o la te d  smooth m uscle o f  th e  g a s t r o in te s t in a l  t r a c t  in  commonly 

used  p re p a ra t io n s  (L iv ingstone , 1968; Sakai e t  a l ,  1979; K itchen , 

1984).

P r o s ta g la n d in s  p ro d u c e  d i f f e r i n g  r e s p o n s e s .  G e n e ra l ly  

p r o s ta g la n d in  E2  (PGE2 ) r e l a x e s  c i r c u l a r  m u sc le , b u t  c o n t r a c t s  

lo n g itu d in a l  m uscle, w h ile  p ro s ta g la n d in  F2 ^  causes c o n tra c t io n  

in  b o th  (B ennett and F le s h ie r ,  1970).

I n  a  num ber o f  p r e p a r a t i o n s ,  p r o s ta g la n d in s  h av e  b e en  

produced by th e  t i s s u e s  and d e te c te d  in  th e  b a th in g  s a l t  s o lu t io n  

(P o sn e r , 1970; F e r r e i r a ,  Herman and  V ane, 1972). I t  h a s  b e en  

suggested  th a t  p ro s ta g la n d in s  h e lp  m a in ta in  th e  r e s t in g  to n e  o f  

t h e  t i s s u e ,  a s  t h e i r  i n h i b i t i o n  b y  n o n - s t e r o i d a l  a n t i ­

in f la m m a to ry  d ru g s ,  c a u s e s  a  l o s s  o f  t h e  r e s t i n g  to n e  and  

a b o l i s h e s  p r o s ta g la n d in  p ro d u c t io n  (B e n n e tt and  P o s n e r , 1971; 

F e r r e i r a ,  Herman and  V ane, 1972). B u t t h e  p ro d u c t io n  o f  

p ro s ta g la n d in s  cou ld  be due to  th e  damage caused  to  th e  t i s s u e  in  

s e t t in g  up th e  p re p a ra tio n . P ro s ta g la n d in  PGEs have been found 

t o  i n h ib i t  n o r-a d re n a lin e  r e le a s e  in  i n t e s t i n a l  smooth m uscle and 

i t  h a s  b een  s u g g e s te d  t h a t  p r o s ta g la n d in s  h av e  a  r o l e  i n  

c o n t r o l l i n g  n o r - a d r e n a l in e  r e l e a s e  from  a d r e n e r g ic  n e rv e s  

(H edqvist, 1977). T his may account in  p a r t  f o r  t h e i r  c o n t r a c t i l e  

re s p o n s e  on sm ooth  m u sc le . P r o s ta g la n d in s  E-| and  E2  h av e  a l s o  

been found to  enhance th e  c o n t r a c t i l e  response  to  s t im u la t io n  by
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c h o lin e rg ic  ne rv es  (H arry, 1968; K adlec, Masdc and S e fe m a , 1974) 

b u t  t h e r e  w as no p o t e n t i a t i o n  o f  th e  r e s p o n s e  t o  ex o g en o u s 

su b stan ces  (H all, O 'N eill and Sheenan, 1975). B ennett, E ley  and 

S to ck ley  (1976) found th a t  in h ib i t io n  o f  p ro s ta g la n d in  s y n th e s is  

by indom ethacin  o r  a s p i r in  on g u in ea -p ig  i s o la te d  ileum  and co lo n  

g r e a t ly  d ecreased  a l l  a sp e c ts  o f  p e r i s t a l s i s .  T herefo re  i t  would 

appear t h a t  p ro s ta g la n d in s  a ls o  s t im u la te  c h o lin e rg ic  n e rv es  a t  

p r e j u n c t i o n a l  s i t e s ,  b u t  th e y  h av e  b een  a l s o  fo u n d  t o  h a v e  a  

d i r e c t  e f f e c t  on th e  smooth m uscle i t s e l f  (B ennett and F le s h ie r ,  

1970; K a d lec , M asek and  S e fe rn a ,  1974). The r e a c t i o n  o f  sm o o th  

m uscle to  5 -hydroxy tryp tam ine  may a ls o  be m ediated  by s t im u la t io n  

o f  p ro s ta g la n d in  s y n th e s is  and r e le a s e  (Famaey e t  a l ,  1977).

L i t t l e  w ork  h a s  b e en  c a r r i e d  o u t  on th e  r e s p o n s e s  o f  

rum inan t g a s t r o in te s t in a l  smooth m uscle in  v i t r o .  Duncan (1954) 

s tu d ie d  th e  r e s p o n s e s  o f  th e  g a s t r i c  m u s c u la tu r e  i n  sh e e p  b o th  

in  v iv o  and  i n  v i t r o .  The r e s u l t s  o b ta in e d  i n  v i t r o  w e re  'n o t  

s a t i s f a c to r y '.  A c e ty lc h o l in e  p ro d u ced  c o n t r a c t i o n s  o f  s t r i p s  

from a l l  chambers o f  th e  stom ach. H istam ine gave in c o n c lu s iv e  

r e s u l t s ,  b u t  s t r o n g  c o n t r a c t i o n s  w ere  n o t  o b s e rv e d  ev en  w i th  

c o n c e n tra tio n s  o f  60 ug/m l. Sanford (1961) c a r r ie d  o u t a  s im i la r  

s tu d y  dii v i t r o .  S im ila r  r e s u l t s  w ere o b ta in ed  w ith  a c e ty lc h o lin e  

a s  th o s e  fo u n d  by Duncan, b u t  d i f f e r e n t  r e s u l t s  w ere  o b ta in e d  

w i th  h i s ta m in e .  C o n t r a c t io n s  w ere  n o t  o b s e rv e d  i n  any  s t r i p s  

from th e  v a rio u s  com partm ents o f  th e  rum inan t stom ach. In s te a d , 

r e la x a t io n  o f  m uscle s t r i p s  o f  rumen and abomasum w ere o b ta in e d , 

b u t  o n ly  i n  t h o s e  p r e p a r a t i o n s  e x h i b i t i n g  s p o n ta n e o u s  

c o n t r a c t i o n s .  M epyram ine (a  H-j r e c e p t o r  b l o c k e r )  f a i l e d  

c o n s is te n t ly  to  an tag o n ise  th e  a c t io n  co m ple te ly .
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H is ta m in e  was fo u n d  t o  c a u s e  t h r e e  d i f f e r e n t  ty p e s  o f  

response  in  lo n g itu d in a l  and c i r c u lar  smooth m uscle p re p a ra t io n s  

o f  bovine rumen and re tic u lu m  by o th e r  w orkers. A c o n tra c tio n , 

a  c o n tra c tio n  fo llo w ed  by r e la x a t io n  and a  r e la x a tio n . From work 

w i th  H-j and  ^ - r e c e p t o r  a n t a g o n i s t s ,  i t  was c o n c lu d e d  t h a t  

h is ta m in e  H-j re c e p to rs  m ed ia te  th e  c o n tra c tio n  and h is ta m in e  H2  

r e c e p to r s  t h e  r e l a x a t i o n  (Ohga and  T a n e ik a , 1978). Work by 

V e rg a ra  and  B a l l e s t e r o s  (1985) showed in h ib i t io n  o f  spontaneous 

a c t i v i t y  o f  ov ine  omasum b o th  lo n g itu d in a l  and c i r c u l a r  m uscles , 

by h i s t a m in e ,  b u t  th e y  r e c o rd e d  c o n t r a c t i o n s  o f  o v in e  r u m in a l  

m uscle in  response  to  h is ta m in e . C o n trac tio n s  in  resp o n se  to  5 -  

h y d ro x y try p ta m in e  w ere  o b ta in e d  i n  m u sc le  from  r e t i c u lu m  and  

abomasum a t  c o n c e n tra tio n s  o f  0.05 -  10 ug /m l, b u t re p e a te d  doses 

showed marked tach y p h y lax is .

The S ch u ltz -D a le  R eac tio n

T h is  i s  d e f in e d  a s  t h e  c o n t r a c t i o n  o f  sm ooth  m u sc le  i n  

in  v i t r o  p r e p a r a t i o n s  fro m  s e n s i t i s e d  a n im a ls  i n  r e s p o n s e  t o  a  

s p e c i f ic  a n tig e n .

I t  h a s  becom e a  s ta n d a r d  te c h n iq u e  f o r  d e m o n s t r a t in g  

a n a p h y la c tic  h y p e r s e n s i t iv i ty  and has been dem onstra ted  in  a  w ide 

v a r ie ty  o f  sp e c ie s  and smooth m uscle p re p a ra t io n s , in c lu d in g  c a l f  

je junum  (A itken, D eline  and Eyre, 1975). In  c o n t r a s t  to  t h i s ,  a  

unique re la x a t io n  response  has been o b ta in ed  in  ov ine  pulm onary 

v e in  (Eyre, 1975; Eyre and D e lin e , 1976).

I t  was f i r s t  o b s e rv e d  i n  1910, when S c h u l tz  r e c o r d e d  

c o n t r a c t i o n  o f  g u in e a - p ig  ile u m  t o  a  s p e c i f i c  a n t ig e n .  D a le  

(1913) r e p o r t e d  a  s i m i l a r  r e s p o n s e  i n  s e n s i t i s e d  g u in e a - p ig  

u te r u s .
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Chand and Eyre (1978) re c o rd  s e v e ra l  c h a r a c te r i s t i c s  o f  t h i s  

re sp o n se .

( i )  The response  i s  s p e c if ic  f o r  th e  a n tig e n  and s e n s i t iv e  

to  sm all d o ses .

( i i )  A l a t e n t  p e r io d  o f  v a r i a b l e  l e n g th  o c c u r s  b e f o r e  t h e  

re sp o n se .

( i i i )  T a c h y p h y la x is  c a n  o c c u r  r e a d i l y  a f t e r  tw o  t o  t h r e e  

d o s e s  o f  a n t ig e n ,  w i th o u t  a l t e r i n g  i t s  r e s p o n s e  t o  

o th e r  su b s ta n c es .

( iv )  The t i s s u e  c an  r e c o v e r  a f t e r  th e  ta c h y p h y la x is  i f  

r e s te d  f o r  a  couple  o f  hours.

(v) The a n t ig e n  d o e s  n o t  c a u s e  any  d i r e c t  a c t i o n  on  t h e  

smooth m uscle i t s e l f .

(v i)  There i s  a  slow  r e la x a t io n  o f  th e  t i s s u e  in  v i t r o  a f t e r  

c o n tra c t io n .

S tu d ie s  u s in g  s p e c i f ic  a n ta g o n is ts  o f  p o s s ib le  m ed ia to rs  o f  

th e  S chu ltz -D ale  r e a c t io n  would appear to  p o in t  to  h is ta m in e  a s  

a n  im p o r ta n t  m e d ia to r  o f  a n a p h y la x is  i n  t h e  g a s t r o i n t e s t i n a l  

smooth m uscle o f  th e  g u in e a -p ig  (G eiger, H i l l  and Thompson, 1956; 

C a l i f a n o  and  S c a p a g n in i ,  1968; D a le  and  Z i l l e t t i ,  1970; J o i n e r  

e t  a l ,  1974). Work by Herman, Laekeman and Van Beek (1979) would 

in d ic a te  t h a t  SRS-A i s  a ls o  invo lved  in  th e  S ch u ltz -D ale  re sp o n se  

seen  in  g u in e a -p ig  sm all i n t e s t i n e .

I n  t h e  c h i c k e n  i le u m  p r e p a r a t i o n s ,  t h e  a n a p h y la c t i c  

c o n tra c tio n s  may in v o lv e  p ro s ta g la n d in s  and  l e u k o t r i e n e s  (Chand 

and E yre, 1976).
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T h e re fo re ,  d i f f e r e n t  m e d ia to r s  h av e  b een  im p l i c a te d  i n  

d i f f e r e n t  p re p a ra t io n s  o f  smooth m uscle.

There a re  s e v e ra l  th e o r ie s  a s  to  th e  mechanism o f  a c t io n  o f  

t h i s  resp o n se .

( i )  P h ysica l th eory o f  mechanism o f  response  

E a rly  w orkers suggested  t h a t  th e  a n tig e n  had a  d i r e c t  a c t io n  

on th e  sm ooth  m u sc le  and  th e  m u sc le  c e l l s  w ere  th e m s e lv e s  

s e n s i t i s e d  (D ale, 1920).

(± i)  Chemical th eory o f  mechanism o f  response  

T his th e o ry  i s  t h a t  th e  r e le a s e  o f  p h a rm aco lo g ica lly  a c t iv e  

m e d ia to r s ,  e .g . h i s ta m in e ,  from  t i s s u e  m a s t c e l l s  i s  t h e  m ain  

i n i t i a t i o n  in  th e  response . T his i s  supported  by th e  p a r t i a l  o r  

c o m p le te  i n h i b i t i o n  by  h i s ta m in e  H-j a n t a g o n i s t s  ( C a l i f a n o  and  

S capagn in i, 1968; J o in e r  e t  a l ,  1974).

A lth o u g h  th e  p re s e n c e  o f  a n t i h i s t a m i n e s  w i l l  b lo c k  many 

re a c t io n s ,  a s  w i l l  th e  p re v e n tio n  o f  h is ta m in e  r e le a s e  from  m ast 

c e l l s  by p r io r  tre a tm e n t w ith  m ast c e l l  s t a b i l i s e r s ,  th e  p re sen ce  

o f  m ast c e l l s  i s  n o t n ecessa ry  f o r  th e  S ch u ltz -D ale  r e a c t io n  to  

ta k e  p la c e  (Guschin, 1975).

As som e r e s p o n s e s  a r e  n o t  a f f e c t e d  by  h i s t a m i n e  

a n ta g o n is ts  and p re p a ra t io n s  t h a t  do n o t  c o n t r a c t  t o  h i s t a m in e  

c an  p ro d u c e  a  S h u l tz - D a le  r e s p o n s e ,  o th e r  m e d ia to r s ,  su c h  a s  

p ro s ta g la n d in s , may be im p o rtan t in  some t i s s u e s .

( i i i )  Neuronal theory o f  mechanism o f  response  

Some a g e n ts  w h ich  p r e v e n t  n e rv e  t r a n s m is s io n  b lo c k  t h e  

S c h u ltz -D a le  c o n t r a c t i o n  o f  g u in e a -p ig  ileum  w ith o u t a f f e c t in g  

i t s  r e s p o n s e  t o  h i s ta m in e  and  a c e t y l c h o l i n e  (G e ig e r , H i l l  and  

Thompson, 1956).
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( iv )  Lymphocyte th eory o f  th e  mechanism o f  response

I t  h a s  b een  s u g g e s te d  t h a t  t h e  t i s s u e s  t h a t  do n o t  e x h i b i t  

S ch u ltz -D ale  e.g . g u in ea -p ig  vasa  d e fe re n t ia  and sem inal v e s ic le s  

a re  devoid  o f  lym phocytes and plasm a c e l l s  (Katsh, 1958) and th a t  

p ro d u c t io n  o f  som e f a c t o r  by th e s e  c e l l s  by a n t ig e n  c a u s e s  t h e  

resp o n se .

T h e re fo re  i t  i s  p o s s ib l e  t h a t  a  c o m b in a tio n  o f  th e s e  

t h e o r i e s  and  o th e r  m echan ism s may e x p la in  th e  S c h u l tz -D a le  

response  in  s e n s i t i s e d  smooth m uscle. The tach y p h y lax is  observed  

in  t h i s  response  and i t s  p a r t i a l  reco v ery  s im i la r ly  have a  number 

o f  th e o r ie s  a s  to  i t s  mechanism. In  summary th e se  a r e : -

( i )  The an tig e n -an tib o d y  com plexes form ed o r  a lre a d y  p re s e n t  a r e  

a c t iv e  f o r  o n ly  a  s h o r t  tim e  and may in te r f e r e  w ith  new com plexes 

b e in g  formed.

( i i )  The a n t ig e n - b in d in g  s i t e s  on a n t ib o d y  becom e o c c u p ie d  

le a d in g  to  d e - s e n s i t i s a t io n  o f  th e  p re p a ra tio n . These may become 

d is s o c ia te d  l a t e r .

( i i i )  T h e re  i s  e x h a u s t io n  o f  t h e  m e d ia to r s  e .g . h i s ta m in e  t h a t  

may p ro d u c e  th e  r e s p o n s e ,  t h i s  c o u ld  b e  r e s t o r e d  le a d in g  t o  

reco v ery .

( iv )  Enzyme sy s te m s  t h a t  may b e  a c t i v a t e d  by a n t ig e n  c h a l l e n g e  

become in a c t iv e ,  which may be a b le  to  be re a c t iv a te d  l a t e r .

(v) In h ib i to ry  f a c to r s  may be a c t in g .
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In  v i tr o  STUDIES

M a te ria ls  and m ethods

Animals

The an im a ls  used a s  so u rces  o f  m a te r ia l  w ere g e n e ra l ly  p a r t  

o f  o th e r  e x p e r im e n ts  and  w ere  s la u g h te r e d  a s  p a r t  o f  t h a t  

e x p e r im e n ta l  re g im e . The a n im a ls  had  m a in ly  b e en  p a r a s i t i s e d  

e x p e r im e n ta lly  and t r e a te d  w ith  a n th e lm in tic  p r io r  to  s la u g h te r . 

The sm a ll number o f  an im a ls  t h a t  had been t r e a te d  d i f f e r e n t ly  a r e  

d e ta i l e d .

The an im als  were a l l  k i l l e d  by s tu n n in g  and ex san g u in a tio n . 

The m a t e r i a l  u se d  i n  t h e s e  e x p e r im e n ts  was o b ta in e d  a s  so o n  a s  

p o s s ib le  a f t e r  d e a th , u s u a lly  w ith in  f iv e  m inutes. The an im a ls  

c la s s e d  a s  hav ing  low im m unity w ere e i t h e r  p a r a s i te -n a iv e  o r  had 

b e e n  in d o o r s  f o r  g r e a t e r  t h a n  t h r e e  m o n th s . T h o se  n o n ­

p a r a s i t i s e d  w e re  e i t h e r  n a i v e  o r  h a d  b e e n  t r e a t e d  w i t h  

a n th e l m in t i c .  The a n im a ls  c o n s id e re d  t o  be  immune w ere  a d u l t  

an im a ls  which had been g ra z in g  p a s tu re  known to  be in f e c te d  w ith  

O s te r ta g ia  spp and o th e r  t r ic h o s tro n g y le s  f o r  a  number o f  y e a r s .

P reparation o f  th e  is o la te d  t is s u e

At necropsy , s e c tio n s  o f  abom asal and duodenal t i s s u e  w ere 

ta k e n  w h ich  w ere  l a r g e r  th a n  th e  am ount f i n a l l y  u se d  i n  t h e  

e x p e r im e n t .  The a b o m asa l sm ooth  m u sc le  was ta k e n  fro m  t h e  

p y l o r i c  r e g io n ,  th e  l o n g i t u d i n a l  a x i s  b e in g  p a r a l l e l  t o  t h e  

lo n g itu d in a l  a x is  o f  th e  abomasum. A c ro s s - s e c t io n  o f  duodenum 

was o b ta in ed  ap p rox im ate ly  5 cm from th e  p y lo r is .  The m a te r ia l  

was p la c e d  i n  a  b e a k e r  c o n ta in in g  p h y s io lo g ic a l  s a l t  s o l u t i o n  

(Kreb's) and tra n s p o r te d  to  th e  la b o ra to ry . During t h i s  tim e  th e  

t i s s u e  was a t t a in in g  room tem p era tu re .
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I n  t h e  l a b o r a to r y ,  t h e  t i s s u e s  i n  th e  K re b 's  s o l u t i o n  w ere  

a llow ed  to  warm g e n tly  to  37°C by p la c in g  th e  beakers  in  a  w a te r  

b a th  m a in ta in e d  a t  t h a t  te m p e r a tu r e .  The K re b 's  s o l u t i o n  was 

g a s s e d  d u r in g  t h i s  p e r io d  w i th  a  m ix tu r e  c o n ta in in g  95% C>2 , 5% 

0 C> 2  (c a rb o g en ).

The t i s s u e  re m a in e d  i n  t h e  b e a k e r  f o r  30 m in u te s . The 

s e c tio n s  f o r  th e  experim en t w ere c a r e f u l ly  c u t  w ith  s c is s o r s  to  

an  a p p ro x im a te  s i z e  o f  3 /4  cm by 1 /2  cm. S e c t io n s  o f  t h e  

lo n g itu d in a l  m uscle o f  b o th  abomasum and duodenum w ere used. The 

mucosa and c i r c u la r  m uscles w ere n o t removed from  th e  p re p a ra t io n  

a s  i t  w as c o n s id e r e d  th e  l e s s  tra u m a  th e  t i s s u e  r e c e iv e d ,  t h e  

more l ik e ly  i t  would be to  respond to  d i f f e r e n t  d ru g s .

T issu e bath apparatus

The t i s s u e  s e c t i o n s  w ere  e a c h  su sp e n d e d  i n  50 m l g l a s s  

v e s s e l s  c o n ta in in g  K re b 's  s o lu t i o n .  T h is  cham ber a l lo w e d  th e  

s a l t  s o l u t i o n  t o  e n t e r  a t  th e  s id e  and  t o  b e  rem oved  a t  t h e  

bottom  o f  th e  v e s s e l . The K reb's s o lu t io n  f i l l e d  th e  v e s s e l  v ia  

ru b b e r  and  g l a s s  tu b in g  from  a  r e s e r v o i r  s i t u a t e d  ab o v e  t h e  

ap p a ra tu s . The t i s s u e  was anchored in  th e  chamber by a  loop  to  a  

g la s s  ro d  hook a t  th e  bottom  o f  th e  chamber and to  a  le v e r  a t  th e  

to p  o f  th e  v e s s e l  ba lanced  w ith  a  sm all w eigh t.

The g l a s s  ro d  was a l s o  c o n n e c te d  t o  a  g a s  c y l i n d e r  an d  

s e rv e d  t o  a e r a t e  th e  v e s s e l  w i th  c a rb o g e n . T h is  in n e r  ch am b er 

was su rro u n d e d  by a  w a te r  b a th ,  t h e  te m p e r a tu r e  o f  w h ich  w as 

c o n t r o l l e d  (B io s c ie n c e  h e a t  c o n t r o l l e r ) .  The K re b 's  s o l u t i o n  

passed  th rough  th e  w a te r b a th  v ia  g la s s  c o i l s  b e fo re  e n te r in g  th e  

in n e r  v e s s e l  to  en su re  a  c o n s is te n t  te m p e ra tu re  f o r  th e  t i s s u e .
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The t i s s u e  was washed every  te n  m inutes by two com plete changes 

o f  K re b 's  s o lu tio n .

K reb's so lu tio n

T h is  w as t h e  p h y s i o l o g i c a l  s a l t  s o l u t i o n  u se d . The 

com position  f o r  f iv e  l i t r e s  i s  shown below.

27.7  g 

1 .75  g 

1.45 g 

1.85 g 

0.80 g

10.50 g

10.50 g

The b u ffe r in g  c a p a c ity  o f  th e  K reb's s o lu t io n  i s  com pleted  

by 5% CC> 2  i n  t h e  c a rb o g e n  a e r a t i o n ,  b r in g in g  th e  s o l u t i o n  t o  

pH 7 .4 .

Temperature

The t i s s u e s  w ere  warm ed t o  37°C, b u t  a  num ber e x h i b i t e d  

i r r e g u l a r  sp o n ta n e o u s  c o n t r a c t i o n s  w h ic h  w e re  r e d u c e d  o r  

a b o lish e d  by co o lin g  th e  t i s s u e  to  30°C.

Recording t is s u e  respon ses

I s o t o n i c  r e c o r d in g  was u se d  i n  th e s e  e x p e r im e n ts  i . e .  t h e  

t i s s u e  w as a l lo w e d  t o  ch an g e  le n g th  a g a i n s t  a  c o n s ta n t  t e n s i o n  

and  th e  m ovem ent o f  t h e  m u sc le  was re c o rd e d . The t i s s u e  w as 

c o n n e c te d  t o  a  l e v e r  a s  d e s c r ib e d  p r e v io u s ly .  The m ovem ent o f  

th e  t i s s u e  and th e re fo re  th e  le v e r  was co n v erted  to  an  e l e c t r i c a l  

p o te n t ia l  by a  tra n sd u c e r  which was a m p lif ie d  and reco rd ed  a s  a  

pen movement on a  f l a t  bed p o te n tio m e tr ic  c h a r t  re c o rd e r .

NaCl

KC1

MgSO4 .7H20

CaCl2 .2H20

kh2 po4

NaH003

Glucose
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R estin g  ten sio n

The f i r s t  experim en ts  were conducted on bovine t i s s u e  and a  

lo ad  o f  6  g was used  on th e  le v e r . T his was l a t e r  reduced  a s  i t  

w as th o u g h t t h a t  a  l i g h t e r  w e ig h t m ig h t a l lo w  th e  t i s s u e  t o  

respond more r e a d i ly  to  d rugs. Duodenal m uscle was loaded  w ith  a  

w eight o f  0 .7  g and abomasal m uscle was loaded  w ith  1 g .

Spontaneous co n tra ctio n s

A lth o u g h  some d u o d e n a l p r e p a r a t io n s  e x h ib ite d  spontaneous 

c o n tra c t io n s , th e  m a jo r ity  o f  th e  abom asal t i s s u e s  showed la rg e ,  

i r r e g u la r  and con tinuous spontaneous c o n tra c tio n s . C ooling co u ld  

so m e tim es  re d u c e  them  so  t h a t  r e s p o n s e s  t o  d ru g s  c o u ld  b e  

m easured. However many p re p a ra t io n s  w ere abandoned because th e  

i r r e g u la r  n a tu re  o f  t h e i r  a c t i v i t y  made i t  im p o ssib le  to  a n a ly se  

resp o n ses  o f  th e  t i s s u e  to  d i f f e r e n t  d rugs.

Substances te s te d

A ll s o lu t io n s  w ere made up a f t e r  th e  t i s s u e  had been p la ce d  

in  th e  a p p a ra tu s .

( i )  A cety lch o lin e

A c e ty lc h o l in e  c h lo r id e  (Sigm a C h em ica ls )  was made i n t o  

s o l u t i o n  u s in g  d e io n is e d  w a te r  and  d i l u t i o n s  made from  0.5 M 

s o lu tio n  o f  a c e ty lc h o lin e . I t s  s t r u c tu r e  i s  shown in  F ig u re  30. 

( i± )  H istam ine

T his was o b ta in ed  a s  h is ta m in e  d ip h osphate  (Sigma Chem icals) 

and  made i n t o  s o l u t i o n  u s in g  d e io n is e d  w a te r .  D i lu t i o n s  w e re  

made from 0.1 M s o lu tio n  o f  h is ta m in e . I t s  s t r u c tu r e  i s  shown in  

F ig u re  31.

( i i i )  5-hydraxytryptam ine (5-HT)

T his was o b ta in ed  a s  th e  c r e a t in in e  phosphate complex (Sigma
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C hem icals), d is so lv e d  in  d e io n ised  w a te r and d i lu t io n s  w ere made 

from  0.05 M s o l u t i o n  o f  5-HT. I t s  s t r u c t u r e  i s  shown i n  

F ig u re  32.

( iv )  Sodiun m eclofenam ate

T his was o b ta in ed  a s  an  aqueous s o lu t io n  (Parke-D avis) a t  a  

c o n c e n tra tio n  o f  1 0 0  mg/ml.

(v ) P rostagland ins

P ro s ta g la n d in s  E-j and E2  w ere o b ta in e d  (Sigma C hem icals) and 

f r e s h ly  made up to  1  mg/ml s o lu tio n s  w ith  r e d i s t i l l e d  m ethanol. 

I n i t i a l l y  t h e  d i l u e n t  u se d  was a b s o lu t e  a lc o h o l  b u t  t h e r e  w e re  

p ro b le m s  w i th  t h e  s t a b i l i t y  o f  th e  p r o s ta g la n d in s  w h ich  w e re  

p ro d u c in g  re d u c e d  re s p o n s e s  and  t h e r e f o r e  t h e  d i l u e n t  w as 

changed. T h e ir  s t r u c tu r e s  a r e  shown in  F ig u re  33.

(v i)  Leuikotrienes

The le u k o tr ie n e s  B4 , C4  and w ere o b ta in e d  a s  s o lu t io n s  o f  

th e  po tassium  s a l t  o f  th e  f r e e  a c id s  (ICN B iom edicals). LTB4  was 

su p p lied  in  phosphate b u ffe re d  s a l in e  (PBS) pH 6.9, LTC4  and LTD^ 

w ere su p p lie d  in  20% ethanol/PB S pH 6.9. They w ere d i lu te d  w ith  

PBS t o  o b t a in  10 u g /m l s o l u t i o n s  im m ed ia te ly  p r io r  to  t e s t i n g .  

T h e ir s t r u c tu r e s  a r e  shown in  F ig u re  34.

( v i i )  O .circiin cin cta  hanogenates

Hcmogenates o f  0 ^  c ircu m cin c ta  a d u l ts  and L3  were u sed .

The a d u l t  p a r a s i te s  were o b ta in ed  from th e  abom asal c o n te n ts  

o f  a  lamb e x p e r im en ta lly  in fe c te d  w ith  c irc u m c in c ta  L3  24 days 

e a r l i e r .  The c o n te n ts  were p laced  in  gauze bags and suspended in  

b e a k e rs  o f  warm w a te r .  The a d u l t  p a r a s i t e s  m ig r a te d  i n t o  th e  

w a te r  and te n d e d  to  clum p to g e th e r .  T hese  w ere  c o l l e c t e d ,
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homogenised u s in g  a  hand-held  g la s s  hom ogeniser and s to re d  a t  

-30°C u n t i l  use.

The la r v a e  w ere  c o l l e c t e d  a s  d e s c r ib e d  p r e v io u s ly  and 

h o m o gen ised  a s  ab o v e . T hese  w e re  ad d ed  t o  t h e  t i s s u e  w i th o u t  

be ing  s to re d .

A ddition  o f  substan ces to  th e  t is s u e

The volume o f  t e s t  su b stan ce  added d id  n o t exceed 5% o f  th e  

t i s s u e  b a th  volume. I f  a  response  was o b ta in e d , th e  p ro cess  was 

r e p e a te d  and  a  mean r e s p o n s e  c a l c u l a t e d .  A c e ty lc h o l in e  w as 

a llo w ed  30 seconds c o n ta c t w ith  th e  t i s s u e  g e n e ra lly . The o th e r  

su b stan ces  w ere a llow ed  lo n g e r c o n ta c t to  a s c e r ta in  any re sp o n se  

by th e  t i s s u e .

The t i s s u e  was w ashed  tw ic e  w i th  K re b 's  s o l u t i o n  b e f o r e  

f u r th e r  drug  a d d it io n  and a llow ed  to  r e tu r n  to  i t s  u n s tim u la te d  

le n g th .

R esu lts

Bovine ahnmasal and duodenal smooth m uscle

( i )  A cety lch o lin e

The dose resp o n se  cu rves o f  bov ine duodenum to  a c e ty lc h o lin e  

i s  shown in  T a b le  40 and  F ig u r e  35. A l l  o f  th e  t i s s u e s  t e s t e d  

showed v ery  s im i la r  dose resp o n se  cu rv es. A ll th e  an im a ls  w ere 

o f  low im m unity and w ere n o t p a r a s i t i s e d .  T able 42 and F ig u re  37 

show th e  re s p o n s e  o f  b o v in e  abomasum t o  a c e t y l c h o l i n e .  T h is  

a n im a l was a l s o  c o n s id e re d  to  h av e  low  im m u n ity  and  w as n o t  

p a r a s i t i s e d .

( i i )  P rostagland ins

Seven p r e p a r a t i o n s  w ere  t e s t e d ,  o f  t h e s e  tw o  f a i l e d  t o  

respond to  e i t h e r  p ro s ta g la n d in . Both o f  th e se  p re p a ra t io n s  w ere
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duodenal t i s s u e  o f  an im als  having  low imm unity. One an im al was 

p a r a s i t i s e d  w ith  tr ic h o s tro n g y le s , th e  o th e r  was n o t p a r a s i t i s e d .

D uodenal p r e p a r a t i o n s  o f  p a r a s i t i s e d  a n i m a l s  sh o w ed  

responses o f  1 to  4% o f  maximum c o n tra c tio n  when compared to  th e  

d o s e - r e s p o n s e  c u r v e  o f  a c e t y l c h o l i n e  f o r  

c o n c e n tra tio n s  9 .5  x  10” 9  M t o  1.9 x  10 “ 7  M PGE-j and  PGE2 . A 

d u o d e n a l p r e p a r a t i o n  fro m  a  n o n - p a r a s i t i s e d  a n im a l show ed a  

c o n tra c tio n  24.5% o f  th e  maximum fo r  9.5 x  10~ 7  M PGE2  b u t t h i s  

cou ld  n o t be re p e a te d  and th e  t i s s u e  d id  n o t c o n tra c t  in  re sp o n se  

t o  p r o s ta g la n d in s  a g a in  d e s p i t e  c o n t in u in g  t o  c o n t r a c t  t o  

a c e ty lc h o lin e .

Duodenal p re p a ra tio n s  o f  immune an im als  showed re sp o n ses  2% 

t o  5% o f  maximum i n  r e s p o n s e  t o  1.4 x  10“ ^ M t o  2.8 x  10” ^ M 

PGE-j •

The re s p o n s e s  o f  t h e  t i s s u e s  t o  p r o s ta g la n d i n s  w e re  v e ry  

i n c o n s i s t e n t .  O fte n  se c o n d , l a r g e r  d o s e s  w ould  evoke a  p o o r e r  

r e s p o n s e . S t a b i l i t y  o f  t h e  p r o s ta g la n d in s  was th o u g h t  t o  b e  a  

p ro b lem  and  th e  d i l u e n t  changed  b u t  th e  r e s p o n s e  w as s t i l l  

e r r a t i c  and d o se-resp o n se  cu rves cou ld  n o t be o b ta in e d .

( i i i )  H istam ine

Three p re p a ra t io n s  w ere te s te d .  Two responded in  p roducing  

c o n tra c tio n s . A c i r c u l a r  m uscle p re p a ra t io n  o f  th e  duodenum o f  a  

p a r a s i t i s e d  a n im a l show ed no re s p o n s e  up t o  0.02 x 10“ ^ M 

h i s t a m i n e .  T h i s  p r e p a r a t i o n  a l s o  d i d  n o t  r e s p o n d  t o  

a c e ty lc h o lin e .

There was a  tendency  fo r  spontaneous c o n tra c tio n s  to  s t a r t  

a f t e r  t h e  a d d i t i o n  o f  h i s ta m in e .  The s i g n i f i c a n c e  i s  unknow n,
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b u t was a ls o  re p o r te d  by Duncan (1954).

D uodenal p r e p a r a t i o n s  o f  n o n - p a r a s i t i s e d  a n im a ls  o f  low  

im m unity showed resp o n ses  26 to  64% o f  maximum c o n tra c t io n  f o r  a  

dose range o f  5.6 x  10“ ^ M to  4.5 x  10”^ M b u t th e  re sp o n ses  w ere 

n o t c o n s is te n t .

( iv )  5-hydraxyturyptamine (5-HT)

Two p re p a ra t io n s  w ere t e s t e d ,  on ly  one p re p a ra t io n  responded 

producing  sm all c o n tra c t io n s .

A duodenal p re p a ra t io n  o f  a  p a r a s i t i s e d  an im al c o n tra c te d  to  

l e s s  th a n  1  % o f  maximum f o r  c o n c e n t r a t io n s  1 . 6  x  1 0 “ ^ t o  

3 .2  x  10 ” 6  M 5-HT.

A d u o d e n a l p r e p a r a t i o n  o f  an  immune a n im a l show ed no  

re sp o n se .

(v ) Sodium mBclofenamate

C o n c e n tr a t io n s  o f  1 m g/m l t o  4 m g/m l te n d e d  t o  c a u s e  

r e l a x a t i o n  o f  t h e  t i s s u e  a n d  a l s o  r e d u c e  o r  a b o l i s h  a n y  

spontaneous a c t i v i t y .

(v i)  L eukotriene

One p re p a ra t io n  o f  duodenal t i s s u e  o f  an  immune an im al was 

te s t e d  and f a i l e d  to  respond. C o n cen tra tio n s  o f  up to  0.08 ug /m l 

(2 .07  x  10” 7  M) were u sed .

Ovine abcm asal and duodenal smooth m uscle

( i )  A cety lch o lin e

The dose response  cu rves o f  ov ine  duodenal t i s s u e  a re  shown 

i n  T a b le  41 and  F ig u r e  36. A l l  th e  a n im a ls  w ere  c o n s id e r e d  t o  

have low im m unity b u t w ere n o t p a r a s i t i s e d .  Numbers 1 and 2 w ere 

a d u l t  e w es  t h a t  h a d  b e e n  h o u s e d  f o r  a  n u m b e r o f  m o n th s .  

Numbers 3 and  4 w ere  p a r a s i t e  n a iv e  lam b s . I t  c an  b e  s e e n  t h a t
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th e  dose resp o n se  cu rves f o r  th e  lam bs w ere s l i g h t ly  f u r th e r  to  

th e  l e f t  o f  th e  cu rves f o r  th e  a d u l t  sheep.

The dose response  cu rve  o f  ov in e  abom asal t i s s u e  i s  shown in  

Table 42 and F ig u re  37. This an im al was a ls o  o f  low im m unity and 

was n o t p a r a s i t i s e d .

( i i )  P rostagland ins

N ine p r e p a r a t i o n s  w ere  t e s t e d ,  f i v e  f a i l e d  t o  re sp o n d  t o  

e i t h e r  p ro s ta g la n d in  E-j o r  E2 .

There was no response  in  abcm asal t i s s u e  fro m :-

( i )  a d u l t  immune sheep .

( i i )  m eclofenamic a c id  t r e a te d  a d u l t  immune sheep .

( i i i )  a d u l t ,  low immunity, p a r a s i t i s e d  sheep .

( iv )  bromhexine t r e a te d  a d u l t  immune sheep .

The d e t a i l s  o f  t h e  t r e a t e d  sh e e p  a r e  d e s c r ib e d  e ls e w h e re .  

One duodenal p re p a ra t io n  from a  p a r a s i t i s e d  an im al a ls o  d id  n o t 

respond .

The t i s s u e s  t h a t  d id  respond w e re :-

( i )  D uodenal p r e p a r a t i o n  from  a n  a d u l t  immune a n im a l  

2 .8  x  10”® M t o  1.1 x  1 0 ^  M PGE^ p r o d u c e d  

c o n tra c tio n s  l e s s  th an  1 % o f  maximum.

5 .7  x  10“® M t o  1 .4  x  1 0 “ ® M PGE2  a l s o  p r o d u c e d  

c o n tra c tio n s  l e s s  th an  1 % o f  maximum.

( i i )  Duodenal p re p a ra t io n  from  a d u l t  immune an im a l, t r e a te d  

w ith  brom hexine.

1.1 x  10“® M PGE2  produced c o n tra c tio n  9% o f  maximum. 

PGE-j produced no re sp o n se .
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( i i i )  D u o d e n a l p r e p a r a t i o n  f ro m  a d u l t ,  lo w  im m u n i ty ,  

p a r a s i t i s e d  an im al.

5 .7  x  10” 7  M t o  2 .3  x  1 0 “ ~* M PGE 2  p r o d u c e d  

c o n tra c tio n s  2  t o  6 % o f  th e  maximum c o n tra c tio n .

PGE<| produced no re sp o n se .

( iv )  Duodenal p re p a ra t io n  from  a d u l t  immune sheep, t r e a te d  

w ith  m eclofenam ic a c id .

PGE«j 1.4 x  10“ ^ t o  1.1 x  10“ ^ M produced c o n tra c t io n s  

le s s  th an  1 % o f  maximum.

PGE2  5 .7 x  10“ ^ t o  3.4 x  10“ ^ M produced c o n tra c tio n s  

le s s  th an  1  % o f  maximum.

I n  m o s t  p r e p a r a t i o n s ,  r e p e a t e d  a d m i n i s t r a t i o n  o f  

p ro s ta g la n d in s  caused a  re d u c tio n  in  th e  response  o f  th e  t i s s u e .  

The d i lu e n t  o f  th e  p ro s ta g la n d in  s o lu t io n  was changed b u t d id  n o t 

a l t e r  th e  s i tu a t io n .

( i i i )  5-hydcoxyt37ptainiiie (5-HT)

Seven p r e p a r a t i o n s  w ere  t e s t e d ,  o n ly  one re sp o n d e d  t o  

produce sm all c o n tra c tio n s  a t  h ig h  c o n c e n tra tio n s .

There was no response  in  th e  abom asal p re p a ra t io n s  o b ta in e d  

fro m :-

( i )  a d u l t  immune an im al, t r e a te d  w ith  m eclofenam ic a c id ,

( i i )  a d u l t ,  low immunity, p a r a s i t i s e d .

( i i i )  a d u l t  immune an im al, t r e a te d  w ith  brom hexine.

T h e re  w as no re s p o n s e  t o  5-HT i n  t h e  f o l lo w in g  d u o d e n a l 

p re p a ra t io n s : -

( i )  n o n -p a ra s i t is e d , low immunity an im al.

( i i )  a d u l t ,  p a r a s i t i s e d ,  low immunity.
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( i i i )  a d u l t ,  immune an im al, t r e a te d  w ith  brom hexine.

The c o n tra c tio n  o b ta in e d  was in  a  duodenal p re p a ra t io n  o f  an  

a d u l t ,  immune an im al, t r e a te d  w ith  meclofenamic a c id .

1 x  10~2 M to  2 x  10"2’ M produced c o n tra c tio n  o f  le s s  th a n  

1  % o f  maximum.

( iv )  H istam ine

S ix  p re p a ra t io n s  were t e s t e d ,  on ly  one p re p a ra t io n  responded 

w ith  sm all c o n tra c t io n s .

There was no re sp o n se  in  abomasal p re p a ra t io n s  fro m :-

( i )  a d u l t ,  immune anim al t r e a te d  w ith  m eclofenam ic a c id ,

( i i )  a d u l t ,  low-im munity, p a r a s i t i s e d  an im al.

( i i i )  a d u l t  immune an im al, t r e a te d  w ith  brom hexine.

There was no resp o n se  from duodenal p re p a ra t io n s  o f : -

( i )  a d u l t ,  low immunity, p a r a s i t i s e d  an im al.

( i i )  a d u l t ,  immune an im al, t r e a te d  w ith  brom hexine. 

C o n t r a c t io n s  w e re  o b ta in e d  i n  a  d u o d e n a l p r e p a r a t i o n  o f  

a d u l t  immune anim al t r e a te d  w ith  m eclofenam ic a c id .

2 x  10"^ M to  4 x  10~* M produced c o n tra c tio n s  l e s s  th a n  1% 

o f  maximum.

(v ) Sodiun m eclofenam ate

T h ere  was no r e s p o n s e  i n  th e  f o u r  t i s s u e s  t e s t e d ,  up  t o  

4 mg/ml.

There was no response  in  th e  abomasal p re p a ra t io n s  frem i­

t i )  a d u l t  immune.

( i i )  a d u lt  immune an im al, t r e a te d  w ith  m eclofenam ic a c id .

There was no resp o n se  in  th e  duodenal p re p a ra t io n s  fro m :-

( i )  a d u l t  immune.
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( i i )  a d u l t  immune an im al, t r e a te d  w ith  meclofenam ic a c id .

(v i)  L eukotrienes (HRs)

LTB4 , C4  and D4 .

There was no resp o n se  in  th e  f iv e  t i s s u e s  t e s t e d .

Abomasal p re p a ra t io n s  f r a n : -

( i )  a d u l t  immune an im al, t r e a te d  w ith  m eclofenam ic a c id .

( i i )  a d u l t  immune an im al, t r e a te d  w ith  brom hexine.

Duodenal p re p a ra t io n s  fro m :-

( i )  a d u l t  immune an im al, t r e a te d  w ith  m eclofenam ic a c id .

( i i )  a d u l t ,  low immunity, p a r a s i t i s e d  an im al.

( i i i )  a d u l t  immune an im al, t r e a te d  w ith  brom hexine. 

C o n cen tra tio n s  up to  0 .14  ug/m l were used  i . e .

3 .6  x  10 ” 7  M LTB4 , 2 .2  x  10” 7  M LTC4, 2 .8  x  10“ 7  M LTD4 .

( v i i )  O .c irc iin c in c ta  homogenate 

H om ogenates o f  c i r c u m c in c ta  a d u l t s  and  l a r v a e  (L 3 ) d id  

n o t produce a  response  in  th e  th r e e  t i s s u e s  te s t e d .

( i )  Abomasal p re p a ra t io n  o f  immune, a d u l t  an im al.

( i i )  Duodenal p re p a ra t io n  o f  immune, a d u l t  an im al.

T h e s e  t i s s u e s  w e re  t e s t e d  w i t h  a n  h o m o g e n a te  o f  

O. c i r c u m c in c ta  a d u l t s .  A hom ogenate  o f  a p p ro x im a te ly  4 ,500  

a d u l ts  was added to  each t i s s u e .

( i i i )  Duodenal p re p a ra t io n  o f  an  immune a d u l t  an im al.

T his was te s t e d  w ith  an  homogenate o f  0^ c irc u m c in c ta  la rv a e  

(L3 ). A hom ogenate  o f  a p p ro x im a te ly  1 ,000  l a r v a e  w as ad d ed  t o  

th e  t i s s u e .

D iscu ssion

The r e s u l t s  o b ta in ed  w ith  th e s e  experim en ts  were g e n e ra l ly
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d isa p p o in tin g  a s  th e  ov in e  and bovine t i s s u e  appeared to  be v e ry  

unresponsive  to  d i f f e r e n t  su b stan ces  known to  e l i c i t  re sp o n ses  in  

o th e r  i s o l a t e d  t i s s u e  p r e p a r a t i o n s  and  no o b v io u s  d i f f e r e n c e s  

b e tw ee n  immune and non-im m une, p a r a s i t i s e d  and n o n -p a ra s i t is e d  

an im als were found.

The dose response  cu rves o b ta in ed  to  a c e ty lc h o lin e  from  th e  

bovine duodenal p re p a ra t io n s  w ere a l l  v e ry  s im i la r  a s  w ere th e  

an im als  used a s  sou rces  o f  t i s s u e  f o r  th e se  experim en ts. A ll  w ere 

young , o f  low  im m u n ity  t h a t  had  b een  p a r a s i t i s e d  b u t  h ad  b e en  

t r e a te d  w ith  a n th e lm in tic  b e fo re  s la u g h te r .

The r e s u l t s  o b ta in e d  by a c e t y l c h o l i n e  i n  o v in e  d u o d e n a l 

t i s s u e  w ere  m ore v a r i e d .  I t  i s  i n t e r e s t i n g  t h a t  t h e  tw o  lam b s  

produced s im i la r  resp o n ses  a s  d id  th e  two a d u l t s .

I t  w ould  a p p e a r  t h a t  t h e  a n im a ls  w ould  h av e  t o  b e  m ore 

c l o s e l y  m a tch ed  f o r  a g e  and  p e rh a p s  s e x  t o  o b t a in  s i m i l a r  d o se  

response  c u rv es .

The responses o f  abom asal t i s s u e  w ere more v a r ie d  b u t o n ly  

one p re p a ra t io n  each o f  ov ine  and bovine t i s s u e  cou ld  be te s te d .  

The r e s u l t s  o b ta in ed  f o r  each w ere s im i la r  to  th o se  o b ta in e d  f o r  

th e  duodenal p re p a ra t io n s . The d if f e r e n c e  betw een th e  re sp o n ses  

o f  bovine and ov ine  t i s s u e  m ight be  ex p la in ed  by th e  h e a v ie r  lo ad  

on th e  bovine p re p a ra t io n s  when compared to  th e  o v in e .

The response  to  h is ta m in e  was in  broad agreem ent w ith  t h a t  

fo u n d  b y  D uncan  ( 1954)  i n  b o th  o v in e  a n d  b o v in e  t i s s u e .  

R e lax a tio n  o f  th e  ov ine  t i s s u e  was never observed  in  re sp o n se  to  

h i s ta m in e  i n  c o n t r a r y  t o  r e s u l t s  d e s c r ib e d  by S a n fo rd  (1958; 

1961). I t  w ould  seem  u n l i k e l y  t h a t  t h e  a p p a r a tu s  w ou ld  n o t  

d e te c t  r e la x a t io n  a s  t h i s  was observed  when sodium m eclofenam ate
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w as added  t o  t h e  b o v in e  t i s s u e s .  H ow ever, o v in e  t i s s u e  d id  n o t  

appear to  r e la x  to  sodium m eclofenam ate and i t  i s  p o s s ib le  t h a t  

th e  p re p a ra tio n s  w ere f u l l y  r e la x e d  and  f u r t h e r  r e l a x a t i o n  w as 

im p o ssib le . I t  i s  in te r e s t in g  th a t  h is ta m in e  was a b le  to  produce 

c o n tra c tio n s  in  bovine p re p a ra t io n s  compared to  th e  g e n e ra l la c k  

o f  r e s p o n s e  i n  o v in e  t i s s u e .  The r e a s o n  f o r  t h i s  d i f f e r e n c e  i s  

unknown.

These experim en ts  a ls o  f a i l e d  to  produce c o n tra c tio n s  to  5 -  

h y d ro x y try p ta m in e  (5-HT) w h ich  w e re  a l s o  r e p o r te d  by S a n fo rd  

(1958; 1961). The c o n c e n t r a t io n s  o f  5-HT u se d  h e r e  w e re  w i t h i n  

th e  range used by Sanford. Only sm a ll c o n tra c tio n s  w ere o b ta in e d  

a t  h ig h  c o n c e n t r a t io n s  i n  b o th  t i s s u e s .  S a n fo rd  u se d  a b o m a sa l 

p re p a ra t io n s  from th e  fundus o f  th e  abomasum and re p o r te d  t h a t  

th e  c i r c u la r  m uscle was more s e n s i t iv e  which may account f o r  th e  

d i f f e r e n t  r e s u l t s  o b ta in ed .

The d i f f i c u l t i e s  w i th  t h e  s t a b i l i t y  o f  th e  p r o s ta g la n d i n s  

make th e  r e s u l t s  o b ta in ed  d i f f i c u l t  to  i n te r p r e t .  A ll abom asal 

p re p a ra tio n s  o f  ov ine  t i s s u e  t h a t  'were t e s t e d  f a i l e d  to  respond  

t o  th e  p r o s ta g la n d in s  and  th o s e  d u o d e n a l p r e p a r a t i o n s  o f  b o th  

ov ine  and bovine t i s s u e  o n ly  produced sm a ll c o n tra c t io n s , ex cep t 

one b o v in e  d u o d e n a l p r e p a r a t i o n  w h ich  p ro d u c e d  a  s t r o n g e r  

c o n tra c tio n  on one occasio n  to  p ro s ta g la n d in  E2 .

The r e s p o n s e s  o b ta in e d  t o  sod ium  m e c lo fe n a m a te  w e re  i n  

a g re e m e n t w ith  r e s u l t s  o b ta in e d  i n  o th e r  t i s s u e s  (B e n n e tt  an d  

P o s n e r ,  19 7 1 ;  F e r r e i r a ,  H erm an  a n d  V a n e , 1 9 7 2 ) .

I t  was in te r e s t in g  th a t  th e  le u k o tr ie n e s  d id  n o t cause  any 

d e t e c t a b l e  re s p o n s e  i n  t h e  o v in e  t i s s u e  and  th e  one  b o v in e
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p re p a ra t io n  te s te d .  There has been a  g re a t  d e a l  o f  work c e n tre d  

on th e  r o le  o f  le u k o tr ie n e s  in  p a r a s i t e  in fe c t io n  (Moqbel e t  a l ,  

1987) and  i t  w as p o s s i b l e  t h a t  th e y  m ig h t a f f e c t  t h e  sm ooth  

m uscle o f  th e  g a s t r o in te s t in a l  t r a c t  in  some way. There was no 

ev idence o f  t h i s  in  th e s e  experim en ts.

The re a s o n  f o r  f a i l u r e  o f  a  r e s p o n s e  t o  0^  c i r c u m c in c ta  

hom ogenate  i s  n o t  known. I t  i s  p o s s i b l e  t h a t  s to r a g e  o f  a d u l t  

p a r a s i t e s  may have  a b o l i s h e d  th e  S c h u l tz -D a le  r e s p o n s e ,  o r  

p e rh a p s  t h e  a d u l t  p a r a s i t e s  w ould  n o t  s t i m u l a t e  t h e  r e s p o n s e .  

The t h i r d  s ta g e  la rv a e  m ight be co n sid e red  more l i k e ly  to  produce 

a  re s p o n s e  and  th e s e  w e re  n o t  s to r e d  p r i o r  t o  t h e i r  a d d i t i o n  t o  

t h e  t i s s u e .  The m e d ia to r s  th o u g h t  t o  b e  in v o lv e d  i n  p ro d u c in g  

th e  S c h u ltz -D a le  r e s p o n s e ,  h i s t a m i n e ,  p r o s t a g l a n d i n s  a n d  

le u k o t r i e n e s  d id  n o t  c a u s e  a  d r a m a t ic  r e s p o n s e  i n  th e s e  t i s s u e  

p r e p a r a t i o n s  and  t h i s  m ig h t e x p la in  t h e  l a c k  o f  r e s p o n s e .  

A l t e r n a t i v e l y ,  i t  c o u ld  b e  t h a t  immune r e s p o n s e s  c a u se d  by 

s e n s i t i s a t i o n  o f  th e  a n im a l by p a r a s i t e s  a r e  n o t  o f  th e  ty p e  t o  

cause a  S chu ltz -D ale  re sp o n se .
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FIGURE 30

S tru c tu re  o f  a c e ty lc h o lin e
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FIGURE 31

S tru c tu re  o f  h is ta m in e
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FIGURE 32

S tru c tu re  o f  5~hydroK ytxyptaniine



CH2CH2 NH2



FIGURE 33

S tru c tu re s  o f  p ro s ta g la n d in s  E  ̂ and &2
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FIGURE 34

S tru ctu res o f  leu k o tr ien es B4 ,
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TABLE 40

C ontraction , a s  a  percentage o f  th e  maxi mm, o f  bovine duodenal 

iso la te d  t is s u e  p reparations to  variou s con cen tration s o f  

a c e ty lch o lin e  in  v it r o , The t is s u e s  were obtained  from  

low  in m m ity , n o n -p a ra sitised  anim als

C on cen tra tio n
o f

a c e ty lc h o lin e  

(x 1(T3 M)

Animal 1 Animal 2 Animal 3 Animal 4

0.0008 0 0 3 0

0.0016 0 4 5 o

0.01 3 12 - 8

0.02 5 17 18 10

0.04 8 27 23 12

0.08 13 32 26 13

0.16 21 37 35 -

1 .0 42 54 49 38

2 .0 44 69 62 48

4 .0 60 76 77 65

8 .0 84 79 89 83

16.0 91 100 100 100

20.0 100 93 95 100

24.0 98 - - -

25.0 - - 82 83
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FIGURE 35

Mean d ose respon se curves o f  bovine flimflgnal t is s u e  

p rep arations to  a c e ty lch o lin e
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TABLE 41

C ontraction , a s  a  percentage o f  th e  maximum, o f  ov in e duodenal 

is o la te d  t is s u e  p reparations to  variou s con cen tration s o f  

a c e ty lch o lin e  in  v it r o . The t is s u e s  were obtained  from  

low  immunity, n a n -p a ra sitised  anim als

C o n cen tra tion
o f

a c e ty lc h o lin e

( x 1 0 “ 3 M)

Animal 1 Animal 2 Animal 3 Animal 4

0.0004 0 0 2 0

0.0008 0 0 4 0

0.0016 7 .5 - 9 0

0 . 0 1 - - 19 4

0 . 0 2 - - 19 5

0.04 - - 28 7

0.08 - 29 39 1 0

0.16 17 29 41 16

1 . 0 0 - - 78 45

2 . 0 0 - - 1 0 0
6 2

4.00 56 57 90 74

8 . 0 0 73 57 95 80

1 0 . 0 0 - - 74 97

16.00 1 0 0 1 0 0 - -

2 0 . 0 0 64 79 - 99

30.00 - - 1 0 0

40.00 - - 98
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FIGURE 36

Mean d ose response curves o f  ov in e  duodenal t is s u e  

p reparations to  a c e ty lch o lin e
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TABLE 42

C ontraction , a s  a  percentage o f  th e  maxi nun, o f  bovine and 

o v in e abomasa! is o la te d  t is s u e  preparations to  variou s  

con cen tration s o f  a c e ty lc h o lin e  in  v itr o . The t is s u e s  were 

obtained from low  immunity, n o n -p a ra sitised  animals

C o n cen tra tio n
o f

a c e ty lc h o lin e  

(x 1 0 " 3  M)

Ovine Bovine

0.0016 1 -

0 . 0 1 32 4

0 . 0 2 49 2

0.04 63 7

0.08 71 1 0

0.16 57 30

1 . 0 82 2 2

2 . 0 72 37

4 .0 97 56

8 . 0 1 0 0 78

1 0 87 -

1 2 89 -

16 - 90

2 0 1 0 0

25 - 77
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FIGURE 37

Mean dose response curves o f  bovine and ov in e  ah m asal 

t is s u e  p reparations to  a c e ty lch o lin e
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In  v i t r o  tflUDIES WUH Q s te r ta q ia  circiincrL ncta

ANTHELMINTICS ACTIVE AGAINST GASTROINTESTINAL NEMATODES IN

RUMINANTS

S ince th e  in tro d u c tio n  o f  th iab en d azo le  a s  th e  f i r s t  b ro ad - 

spectrum  a n th e lm in tic  in  1961, a  la rg e  number o f  d ru g s  have been 

developed to  c o n tro l p a ra s i t is m  in  an im als.

T h e re  a r e  many r e c e n t  r e v ie w s  o f  a n th e l m in t i c  a c t i o n  and  

e f f i c a c y  ( f o r  ex am p le  Behm and  B ry a n t, 1985; Bogan and  A rm our, 

1987; P r ic h a rd , 1987).

The a n th e l m in t i c s  c u r r e n t l y  a v a i l a b l e  f o r  c o n t r o l l i n g  

g a s t r o i n t e s t i n a l  n em ato d es  i n  ru m in a n ts  c a n  b e  d iv id e d  i n t o  

groups c o n ta in in g  d rugs o f  s im i la r  chem ical s t r u c tu r e  and mode o f  

a c t io n .

B enzim idazoles

There a r e  a  la rg e  number o f  members o f  t h i s  group a v a i la b le  

com m ercially . Thiabendazole was th e  f i r s t  member m arketed. A ll  

have th e  same b a s ic  benzim idazo le  s t r u c tu r e ,  w ith  s u b s t i tu e n ts  on 

p o s i t io n s  2 and  5. The s t r u c t u r e  o f  th ia b e n d a z o le  i s  show n in , 

F ig u re  38. T h is  g ro u p  i s  c h a r a c t e r i s e d  by low  t o x i c i t y  and  i t  

h a s  b een  im p o s s ib le  t o  o b ta in  an  LD^q ( l e t h a l  d o se  o f  d ru g  

r e q u i r e d  t o  k i l l  50% o f  i n d i v i d u a l s  t r e a t e d )  f o r  th ia b e n d a z o le  

and fenbendazole. However, some members o f  t h i s  group have been 

found to  be te ra to g e n ic . Cambendazole, parbendazo le , o x fendazo le  

a n d  f e n b e n d a z o le  h a v e  b e e n  i m p l i c a t e d  i n  t h i s  r e s p e c t .  

Thiabendazole g iven  o r a l ly  i s  r a p id ly  absorbed. In  c a t t l e ,  th e  

drug  i s  e x te n s iv e ly  and ra p id ly  m e tab o lised , such t h a t  o n ly  th e  

in a c t iv e  m e ta b o lite  hydroxyth iabendazo le  i s  found in  plasm a w ith
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FIGURE 38

S tru ctu re o f  th iabendazole





maximum c o n c e n tra tio n s  o c c u rr in g  a t  fo u r  hours (P rich a rd , 1978), 

w hereas in  sheep, th e  p a re n t drug predom inates, a ls o  reach in g  a  

maximum c o n c e n tra tio n  a t  fo u r  hours (Weir and Bogan, 1985). The 

newer benzim idazo les have s t r u c tu r e s  t h a t  have a  s lo w er r a t e  o f  

m e ta b o lism  and  d e c r e a s e d  s o l u b i l i t y  m aking  them  e f f e c t i v e  a t  

lo w e r  d o se  r a t e s  and  h a v in g  a  b ro a d e r  sp e c tru m  o f  a c t i v i t y .  

T h e s e  b e z i m i d a z o l e s  a r e  f e n b e n d a z o l e ,  o x f e n d a z o l e  a n d  

a lb e n d a z o le ,  i n  w h ich  th e  t h i a z o l e  r i n g  a t  p o s i t i o n  2 o f  

th iab en d azo le  has been re p la c e d  by m ethylcarbam ate group. These 

d rugs a re  som etim es term ed th e  benz im id azo le  carbam ates (Lacey, 

1985). The s t r u c tu r e  o f  fenbendazo le  i s  shown in  F ig u re  39. In  

sheep, maximum plasm a c o n c e n tra tio n s  a r e  ach ieved  24 to  48 hours 

a f t e r  d o s in g  w i th  fe n b e n d a z o le  o r  o x fe n d a z o le  (M a r r in e r  and  

B ogan, 1981a, b ) . They a r e  a l l  m e ta b o l is e d  t o  a  s u lp h o x id e ,  

which i s  a n th e lm in t ic a l ly  a c t iv e  and a  sulphone. They a r e  a c t iv e  

a g a i n s t  a d u l t ,  im m a tu re  and  a r r e s t e d  l a r v a l  s t a g e s  o f  a l l  t h e  

im p o rtan t g a s t r o in te s t in a l  nem atodes o f  ru m inan ts . They a re  a l l  

o v ic id a l .

There i s  a  g r e a t  v a r ia t io n  in  w ithd raw al p e r io d s  f o r  members 

o f  t h e  b e n z im id a z o le  g ro u p , from  z e ro  f o r  m ea t and  m ilk  f o r  

th iab en d azo le  up to  f iv e  days f o r  m ilk  and 21 to  28 days f o r  m eat 

f o r  o th e r s .

Mode o f  a c tio n

I n i t i a l l y  i t  was th o u g h t t h a t  b e n z im id a z o le s  a c t e d  by 

in h ib i t in g  th e  fu m ara te  re d u c ta se  system  o f  an ae ro b ic  r e s p i r a t io n  

in  p a ra s i te s .  I t  was a ls o  found th a t  in  benzim idazo le  r e s i s t a n t  

s t r a in s  o f  Haemonchus c o n to r tu s  t h i s  system  was in h ib i te d  l e s s  by 

th e  d rugs th a n  s u s c e p tib le  s t r a in s  (P rich ard , 1973).
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FIGURE 39

S tru ctu re o f  fenbendazole
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O th e r  w o rk e rs  r e p o r t e d  d e c r e a s e d  u p ta k e  o f  g lu c o s e  and  

in d u c tio n  o f  g lycogen d e p le t io n  by th e se  a n th e lm in tic s  and a ls o  

re d u c tio n  in  a c e ty lc h o l in e s te ra s e  s e c re t io n .

B o rg e rs  e t  a l  (1975) o b s e rv e d  d e ra n g e m e n t o f  m ic r o tu b u le  

fu n c tio n  in  a b so rp tiv e  c e l l s  o f  p a r a s i te s  caused by benzim idazo le  

tre a tm e n t and t h i s  le d  to  f u r th e r  s tu d y  in  t h i s  a re a .

M icro tubu les a r e  composed o f ,  and e x i s t  in  e q u ilib r iu m  w ith  

t u b u l i n ,  a  s o lu b le  p r o t e i n  e x i s t i n g  a s  a  d im e r . M ic ro tu b u le s  

fo rm  th e  m i t o t i c  s p in d le  w h ich  i s  r e s p o n s ib l e  f o r  chrom osom e 

s e p a ra tio n  in  d iv id in g  c e l l s  and have o th e r  fu n c tio n s .

B e n z im id a z o le  c a rb a m a te s  i n  v i t r o  a r e  known t o  b in d  t o  

tu b u l in  and to  be p o te n t in h ib i to r s  o f  th e  r a t e  o f  p o ly m e ris a tio n  

o f  tu b u l in  to  m ic ro tu b u les  (Barrowman, M arrin e r and Bogan, 1984; 

L acey , 1985; S a n g s te r ,  P r ic h a r d  and  L acey , 1985). T h is  i s  now 

though t to  be th e  p rim ary  s i t e  o f  a c t io n  o f  th e  b en z im id azo les. 

D is r u p t io n  o f  th e s e  s t r u c t u r e s  c an  a l s o  e x p la in  t h e  o t h e r  

observed  e f f e c t s  o f  th e  benzim idazo les (Lacey, 1985). 

P ro -benzim idazo les

The a n th e lm in tic  a c t i v i t y  o f  f e b a n te l ,  th io p h a n a te  and th e  

new er netob im in  i s  th o u g h t to  be due p r im a r i ly  to  th e  fo rm a tio n  

o f  b e n z im id a z o le s  by ru m in a l  and  h e p a t i c  m e ta b o lism  i n  v iv o .  

They a r e  th e re fo re  r e f e r r e d  to  a s  p ro -b en z im id azo les  (Bogan and 

Armour, 1987).

Im id o th iazo le s

T e t r a m is o le  and  le v a m is o le  a r e  m em bers o f  t h i s  g ro u p . 

T e tram iso le  i s  th e  racem ic  m ix tu re  o f  D and L-form s. The L -form  

i s  lev am iso le  which was found to  be th e  a n th e lm in t ic a l ly  a c t iv e
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p o rtio n . The D-form c o n tr ib u te d  to  to x ic i ty .  L evam isole i s  now 

m arketed, a t  a  low er dose r a t e  th a n  t h a t  used  f o r  te t r a m is o le  and 

w ith  a  g r e a te r  th e ra p e u tic  ind ex .

L e v a m iso le  h a s  a  b ro a d  sp e c tru m  o f  a c t i v i t y  a g a i n s t  a d u l t  

and im m ature g a s t r o in te s t in a l  n em ato d es  and  i n  s h e e p , a r r e s t e d  

la rv a e . I t  i s  a v a i la b le  a s  o r a l ,  in je c ta b le ,  pour-on  and in - f e e d  

p re p a ra t io n s .
I

I t  i s  n o t  o v i c i d a l  o r  te ra to g e n ic  ; i n  c o m p a r iso n  t o  t h e  

benzim idao les.

In  sheep and c a t t l e ,  peak b lood c o n c e n tra tio n s  a r e  ach ieved  

w ith in  30 m inu tes o f  p a re n te r a l  a d m in is tra t io n  and a r e  v e ry  low 

by s ix  hours (P rich ard , 1978).

I t  i s  more to x ic  th a n  th e  ben zim id azo les, p roducing  g an g lio n  

s t i m u l a t i o n  a s s o c i a t e d  w i t h  p a r a s y m p a t h e t i c  e f f e c t s  o f  

b ra d y c a rd ia , s a l iv a t io n ,  m uscle trem ors and r e s p i r a to r y  d i s t r e s s .

Mode o f  a c tio n

L e v a m iso le  p ro d u c e s  a  r e v e r s i b l e  g a n g l io n  s t i m u l a t o r y  

e f f e c t ,  c a u s in g  n e u ro m u s c u la r  p a r a l y s i s  o f  t h e  p a r a s i t e s  (Van 

N ueten, 1972).

The s i m i l a r i t y  i n  t e r t i a r y  s t r u c t u r e  o f  le v a m is o le  t o  

a c e ty lc h o lin e  su g g es ts  t h a t  i t  may a c t  a s  a  c h o lin e rg ic  a g o n is t  

(Hsu, 1980).

Levam isole a ls o  has o th e r , p o s s ib ly  le s s  im p o rtan t e f f e c t s  

on th e  energy m etabolism  o f  th e  h o s t .

T etrahy d rcpy r im id in es

P y r a n te l  and  i t s  a n a lo g u e  m o r a n te l ,  a r e  m em bers o f  t h i s  

group. M orantel i s  more p o te n t th an  p y ra n te l  and i s  a v a i la b le  in  

t h e  UK a s  a  s lo w  r e l e a s e  d e v ic e  f o r  c a t t l e  c o n ta in in g  m o r a n te l
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t a r t r a t e .

M o ra n te l h a s  good a c t i v i t y  a g a i n s t  a d u l t  p a r a s i t e s ,  l e s s  

a g a i n s t  l a r v a e  b u t  t h e  c o n t in u o u s  r e l e a s e  d e v ic e  p r e v e n ts  

e s ta b lish m e n t. I t  has no a c t i v i t y  a g a in s t  a r r e s te d  s ta g e s .

I t  i s  g e n e ra lly  o f  low to x ic i ty  and n o n - te ra to g e n ic .

Mode o f  a c tio n

T hey  a c t  a s  d e p o l a r i s i n g  m u s c le  r e l a x a n t s  p ro d u c in g  

p a r a ly s is  o f  th e  p a r a s i t e s .  The phenom enon o f  s i d e - r e s i s t a n c e  

b e tw e e n  le v a m is o le  and  m o ra n te l  i n  some s t r a i n s  o f  p a r a s i t e s  

su g g es t s im i la r  s i t e s  o f  a c t io n  f o r  th e  two a n th e lm in tic s . 

A verm ectins

I v e r m e c t in  i s  t h e  o n ly  d ru g  o f  t h i s  g ro u p  a v a i l a b l e .  I t s  

e f f i c a c y  and  s a f e t y  h av e  b een  r e c e n t l y  re v ie w e d  (C am pbell and  

B enz, 1983).

I v e r m e c t in  h a s  an  e x tr e m e ly  b ro a d  sp e c tru m  o f  a c t i v i t y  

a g a in s t  a d u l t ,  im m ature and a r r e s te d  la rv a e . I t  i s  a ls o  a c t iv e  

a g a in s t  many e c to p a ra s i te s  when a d m in is te red  p a re n te r a l ly .  I t  i s  

v e ry  p o te n t, w ith  v e ry  sm a ll doses n ecessa ry  to  e x e r t  an  e f f e c t .

Iv e rm e c tin  i s  p e r s i s t e n t  in  th e  t i s s u e s  and p ro te c ts  a g a in s t  

e s ta b l i s h m e n t  o f  som e p a r a s i t i c  l a r v a e  f o r  up t o  tw o  w eeks 

(B a r th , 1983; A rm our e t  a l ,  1985). I t  h a s  a  lo n g  w i th d ra w a l  o f  

28 days f o r  m eat and i s  n o t recommended f o r  m ilk in g  c a t t l e .  I t  

i s  o f  lo w  t o x i c i t y  a n d  i s  s a f e  i n  p r e g n a n t  a n i m a l s .  A 

subcutaneous in je c t io n  fo rm u la tio n  i s  a v a i la b le  f o r  c a t t l e ,  w h ile  

i n  s h e e p ,  i v e r m e c t i n  i s  i n  t h e  fo rm  o f  a n  o r a l  d r e n c h .  

S u b cu tan eo u s  a d m i n i s t r a t i o n  show s g r e a t e r  p o te n c y  th a n  o r a l  

a d m i n i s t r a t i o n ,  p a r t i c u l a r l y  a g a i n s t  e c t o p a r a s i t e s ,  w h ich  i s
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th ough t to  be due to  avoidance o f  rumen m etabolism  which would 

reduce  th e  b io a v a i l a b i l i ty  (P ric h a rd , 1987).

Mode o f  a c tio n

I v e r m e c t in  a c t s  on th e  n e rv o u s  sy s te m  o f  th e  p a r a s i t e  

p roducing  p a ra ly s is .  I t  a c t s  by p o te n t ia t in g  th e  a c t io n  o f  X -  

a m in o b u ty r ic  a c id  (GABA) a t  th e  s y n a p se s  o f  GABA-ergic n e r v e s .  

In  nem atodes and a rth ro p o d s  GABA-ergic nerves a re  p re s e n t in  th e  

p e r i p h e r a l  n e rv o u s  s y s te m ; i n  mammals th e se  ne rv es  a r e  lo c a te d  

p r in c ip a l ly  in  th e  c e n t r a l  nervous system  (CNS) p ro te c te d  by th e  

b lo o d -b ra in  b a r r i e r .

In  A sca ris  suum iv e rm ec tin  ap pears  t o  a c t  a t  two s i t e s : -

( i )  a t  in h ib i to r y  neurom uscular synapses.

( i i )  a t  a  s i t e  in  th e  v e n tr a l  ne rv e  co rd , p roducing  a  b lo ck  

o f  i n t e r n e u r o n a l  s t i m u l a t i o n  o f  e x c i t a t o r y  

m otom eurons.

Both s i t e s  a re  th ough t to  be GABA-ergic (Kass, S t r e t to n  and 

Wang, 1984). From s t u d i e s  i n  r a t  b r a i n  p r e p a r a t i o n s ,  i t  i s  

though t th a t  iv e rm e c tin  s t im u la te s  p re -sy n a p tic  r e le a s e  o f  GABA 

and in c re a s e s  b in d in g  to  th e  p o s t-s y n a p tic  GABA re c e p to r  (Pong, 

Wang and F r i t z ,  1980; Pong and Wang, 1982).

In  v itr o  ASSESSMENT OF THE EFFECT OF VARIOUS SUBSTANCES 

ON PARASITIC LARVAE

In trod u ction

The aim  o f  t h i s  work was to  develop  a  tech n iq u e  which co u ld  

d e te c t  e f f e c t s  caused by su b stan ces  t h a t  may be im p o rtan t in  th e  

im m unity o f  sheep to  g a s t r o in te s t in a l  p a r a s i te s .  A f u r th e r  aim  

was to  u se  t h i s  tech n iq u e  to  d e te c t  a n th e lm in tic  a c t i v i t y  in  t e s t  

s u b s ta n c e s ,  a  sy s te m  t h a t  c o u ld  h av e  a  u s e  a s  a  p r e l im in a r y

207



sc reen  f o r  su b stan ces  t h a t  may be a n th e lm in t ic a l ly  a c t iv e .

As d i s c u s s e d  e l s e w h e r e ,  t h e  m ucus l a y e r  l i n i n g  t h e  

g a s t r o in te s t in a l  t r a c t  i s  c l o s e l y  a s s o c i a t e d  w i th  p a r a s i t e s  i n  

t h i s  r e g io n ,  a t  l e a s t  f o r  p a r t  o f  t h e i r  l i f e  c y c le ,  and  i s  

u s u a l l y  t h e  f i r s t  h o s t  b a r r i e r  m e t. I t  h a s  b een  s u g g e s te d  t h a t  

mucus p la y s  a  r o le  in  tra p p in g  la r v a l  p a r a s i te s  b e fo re  th e y  re a ch  

th e  mucosa in  immune an im a ls  (M ille r , H untley and W allace, 1981? 

M i l l e r ,  1984? 1987). Work by Douch e t  a l  (1983) h a s  shown t h a t  

th e  mucus from  immune an im a ls  i n h ib i t s  l a r v a l  m ig ra tio n  in  v i t r o .  

T h is  was fo u n d  n o t  t o  be  s p e c i f i c a l l y  d i r e c t e d  a g a i n s t  t h e  

p a r a s i t e  t o  w h ich  r e s i s t a n c e  was e x p re s s e d ,  b u t- t o  i n h i b i t  

m ig ra tio n  o f  o th e r  p a r a s i t e  sp e c ie s . The a c t i v i t y  o f  mucus from  

immune an im als  was th o u g h t to  be a s s o c ia te d  w ith  slow  re a c t in g  

su b stan ce  o f  anap h y lax is  (SRS-A) in  th e  mucus which i s  known to  

c o n s i s t  o f  l e u k o t r i e n e s  C4 , D4  and  E4  (L ew is and  A u s te n , 1981? 

1984). ' O ther p o s s ib le  m ed ia to rs , e.g. h is ta m in e , p ro s ta g la n d in s  

and 5 -hydroxytryp tam ine  w ere t e s t e d  f o r  t h e i r  p o s s ib le  e f f e c t  on 

la r v a l  m ig ra tio n  b u t t h e i r  r o l e  appeared  to  be n e g lig ib le .

The m ethod u se d  i n  t h i s  w ork w as b a se d  on th e  p r i n c i p l e  o f  

l a r v a l  m ig ra tio n  from a g a r g e ls  which had been used  p re v io u s ly , 

f o r  i s o l a t i o n  o f  i n f e c t i v e  D ic ty o c a u lu s  l a r v a e  from  h e rb a g e  

(Jorgensen , 1975) and o f  nem atodes from  g a s t r o in te s t in a l  in g e s ta  

and  m ucosa (Van Wyk and  G e rb e r , 1978? Van Wyk, G e rb e r  an d  

G ro en ev e ld , 1980).

O ther w orkers have used  p a r a s i t i c  la rv a e  to  develop  in  v i t r o  

sc reen in g  tech n iq u es  f o r  p o s s ib le  a n th e lm in tic  d rugs r a th e r  th a n  

u s i n g  t o t a l l y  f r e e - l i v i n g  n e m a to d e s  w h ich  had  b e en  u s e d
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p r e v io u s ly  o r  h av e  u se d  i n  v iv o  te c h n iq u e s .  T hese  r e l i e d  on 

d ru g - in d u c e d  e f f e c t s  on th e  d ev e lo p m en t o f  l a r v a l  s t a g e s ,  

m o t i l i ty ,  v i a b i l i t y  o r  b io ch em ica l p a ram ete rs .

N ippostrongylus b r a s i l i e n s i s  h a s  b een  u se d  w id e ly  i n  t h e s e  

sc reen s . A dult p a r a s i t e s  w ere examined f o r  changes in  m o t i l i ty  

when in cu b ated  w ith  v a r io u s  a n th e lm in tic s  b u t f a i l e d  to  show any 

a c t i v i t y  f o r  th e  benzim idazo les (Coles and M cN eillie , 1977). The 

d e v e lo p m en t o f  f o u r th  s t a g e  l a r v a e  (L^) t o  t h e  a d u l t  s t a g e  h a s  

a l s o  b een  u se d  a s  a n  a n t h e l m i n t i c  s c r e e n  and  was s u c c e s s f u l  i n  

d e t e c t i n g  a  w id e  r a n g e  o f  d i f f e r e n t  d ru g s  in c lu d in g  th e  

benzim idazo les  and av erm ec tin s  (Jen k in s, A rm itage and C arrin g to n , 

1980). This work used an undefined  medium which was cap ab le  o f  

m a in ta in in g  th e  b r a s i l i e n s i s  a d u l ts  f o r  a  number o f  weeks. In  

t h i s  s tudy  th e  e f f e c t s  o f  bo th  th e  benzim idazo les  and av e rm ec tin  

w ere g rad u a l. A s tu d y  was a ls o  done u s in g  a  f u l l y  d e fin e d  medium 

o r i g i n a l l y  d e v is e d  f o r  th e  m a in te n a n c e  o f  th e  f r e e - l i v i n g  

nematode C aen o rh ab d itis  b r ig g sa e  (Jen k in s  and C a rrin g to n , 1982).

F o u r th  s t a g e  N e m a to s p iro id e s  d u b iu s  la rv a e  reco v ered  from  

m ice  and  a l lo w e d  t o  d e v e lo p  t o  young a d u l t s  i n  v i t r o  h av e  a l s o  

been used  a s  an  a n th e lm in tic  sc ree n  (Jenk ins and Ib a r r a ,  1984) a s  

w e l l  a s  th e  t i s s u e  s t a g e s  o f  T r i c h i n e l l a  s p i r a l i s  f o r  d ru g s  

a c t iv e  a g a in s t  t h i s  p a r a s i t e  (Jen k in s  and C a rrin g to n , 1981).

O ther w orkers used p a r a s i te s  a g a in s t  which th e  a n th e lm in tic s  

w ere l ik e ly  to  be used , a rgu ing  th a t  t h i s  would be c lo s e r  t o  th e  

s i tu a t io n  in  v iv o .

L e la n d  e t  a l  (1971; 1975) d e v is e d  a  m ethod u s in g  i n  v i t r o  

d e v e lo p m en t o f  C o o p e ria  p u n c ta ta  b u t  i t  w as cum bersom e and  

re q u ire d  a  complex medium.
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The m o t i l i ty  o f  t h i r d  s ta g e  la rv a e  o f  Haemonchus c o n to r tu s  

was used to  d e te c t  av erm ec tin  and lev am iso le  e f f e c t s  b u t a g a in  

d id  n o t d e te c t  th e  a c t i v i t y  o f  n ew er b e n z im id a z o le s  (B o isv en u e  

e t  a l ,  1983). However th e re  were problem s w ith  th e  s o lu b i l i t y  o f  

th e se  su b stan ces  and drug  s o lu tio n s  were n o t o b ta in e d .

The e f f e c t  o f  d ru g s  on th e  d e v e lo p m en t from  egg  t o  t h i r d  

s t a g e  l a r v a e  i n  a  f a e c a l  s u s p e n s io n  c u l t u r e  medium a s  a  t e s t  

s y s t e m  h a s  a l s o  b e e n  p r o p o s e d .  W ork  w a s  d o n e  o n  

O s te r ta g ia  o s t e r t a g i , H a e m o n c h u s  c o n t o r t u s  a n d  

T rich o s tro n g y lu s  c o lu b r i f o r m is  a s  w e l l  a s  b r a s i l i e n s i s  and  

N em atospiroides d u b ius, b o th  ro d e n t p a r a s i te s ,  and was s u c c e s s fu l 

i n  d e t e c t i n g  a c t i v i t y  o f  a l l  t h e  m a jo r  b r o a d - s p e c t r u m  

a n th e lm in tic s . U sua lly  compounds showed a  v a r ie ty  o f  o v ic id a l  o r  

l a r v ic id a l  e f f e c t s ,  o r  slow ed th e  developm ent o f  th e  p a r a s i t e s .  

Levam isole was n o t o v ic id a l  b u t was la r v ic id a l .  Iv e rm e c tin  was 

u n iq u e  i n  t h a t  i t  show ed n e i t h e r  e f f e c t  b u t  p ro d u c e d  m arked  

i n h i b i t i o n  o f  th e  d e v e lo p m e n t and  m o t i l i t y  o f  th e  l a r v a e .  

0 . o s t e r t a g i  w as fo u n d  t o  b e  m o s t s u s c e p t i b l e  t o  t h e  

benzim idazo les  ( Ib a r ra  and Je n k in s , 1984).

F o u r th  s t a g e  l a r v a e  o f  T. c o lu b r i f o r m is  w ere  u s e d  i n  a  

sc ree n  d ev ised  by Rapson, Jen k in s  and Topley (1985). These w ere 

o b ta in e d  from  g e r b i l s  and  m a in ta in e d  in  b r a s i l i e n s i s  medium 

(NB medium) (Jen k in s, A rm itage and C arrin g to n , 1980) w here th e y  

m o u lte d  t o  becom e young a d u l t s .  T h is  s c r e e n  a l s o  d e t e c t e d  

a c t i v i t y  o f  a l l  t h e  m a jo r  b ro a d -s p e c tru m  a n t h e l m i n t i c s  by 

m on ito ring  developm ent and m o t i l i ty .  A ll o f  th e  d rugs a f f e c te d  

b o th  p a ra m e te r s  e q u a l ly  e x c e p t  iv e r m e c t in  w h ich  i n h i b i t e d
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m o u lt in g  a t  much lo w e r  c o n c e n t r a t io n s  th a n  w ere  n e c e s s a r y  t o  

re n d e r th e  la rv a e  m oribund.

The developm ent o f  second s ta g e  la rv a e , ha tched  from eggs o f  

A sca ris  suum to  t h i r d  s ta g e , and in  v iv o  d e riv ed  l a t e  t h i r d  s ta g e  

t o  e a r l y  f o u r th  was a l s o  u se d  s i m i l a r l y  a s  an  a n t h e l m i n t i c  

sc reen . The e f f e c t s  o f  iv e rm e c tin  was in h ib i te d  by th e  p resen ce  

o f  serum  i n  t h e  s u p p o r t  medium (Rew, U rban and  D ou v res, 1986) 

b u t  t h i s  was n o t  r e p o r t e d  by o th e r s .  ( J e n k in s ,  A rm ita g e  and  

C a r r in g to n  (1980), J e n k in s  and  C arrin g to n  (1982)).

H ow ever, t h e  f a c t  t h a t  a l l  th e s e  s c r e e n s  ta k e  a  g r e a t  d e a l  

o f  t im e  and  c an  b e  v e ry  s u b j e c t i v e  w as r e c o g n is e d  by tw o  

d i f f e r e n t  developm ents.

The s e c r e t i o n  o f  t h e  enzym e a c e ty lc h o l in e s te ra s e  (AChE) by 

fo u r th  l a r v a l  s ta g e  and im m atu re  a d u l t s  o f  b r a s i l i e n s i s  w as 

found to  be in h ib i te d  by a l l  m ajor a n th e lm in tic s  having  a  b road  

spectrum  o f  a c t i v i t y .  Organophosphorus compounds a r e  a ls o  p o te n t 

i n h i b i t o r s  o f  t h i s  enzym e b u t  some a r e  a l s o  a n t h e l m i n t i c a l l y  

a c t i v e  e .g . h a lo x o n . The e a s e  o f  m easu rem en t o f  AChE and  th e  

a b i l i t y  to  s to r e  medium sam ples fo r  measurem ent l a t e r  i s  u s e fu l  

in  t h i s  tech n iq u e  (Rapson, Chi 1 wan and Je n k in s , 1986). A number 

o f  o th e r  sp e c ie s  have been shown to  s e c re te  AChE, p a r t i c u la r ly  a t  

t h e  f o u r t h  l a r v a l  (L4 ) and  a d u l t  s t a g e s  so  i t  i s  p o s s i b l e  t h a t  

t h i s  te c h n iq u e  c o u ld  b e  u se d  w i th  o t h e r  p a r a s i t e s ;  ho w ev er t h e  

d i f f i c u l t y  o f  o b ta in in g  L4  from o th e r  la r g e r  and more ex pensive  

h o s ts  may make N. b r a s i l i e n s i s  a  more f e a s ib le  p a r a s i t e  to  u se .

A m ic r o m o t i l i t y  m e te r  h a s  b een  d e s ig n e d  t o  a l lo w  a  l e s s  

s u b je c t iv e  assessm en t o f  l a r v a l  and a d u l t  nematode m o t i l i t y  and 

i t s  r e s p o n s e  i n  th e  p re s e n c e  o f  d i f f e r e n t  d ru g s . A num ber o f

211



d i f f e r e n t  sp e c ie s  w ere a b le  to  be used  in  t h i s  system  p ro v id in g  a  

s im p le  and ra p id  a n a ly s is  o f  th e  p a r a s i te s ' m o t i l i ty .  The m eter 

i s  b a se d  on  th e  r e f l e c t i o n  o f  l i g h t  from  th e  m e n isc u s  o f  t h e  

medium co n ta in in g  th e  p a r a s i te s  to  a  photodiode. M o t i l i ty  o f  th e  

p a r a s i t e s  p ro d u c e s  a  f l u c t u a t i o n  in  th e  l i g h t  r e f l e c t e d  and  a  

m o t i l i t y  in d e x  can  b e  c a l c u l a t e d  (B e n n e tt and  P ax , 1986; 1987; 

F o lz  e t  a l ,  1987).

P rev ious w orkers in  t h i s  f i e l d  d ev ised  s im i la r  in s tru m e n ts  

f o r  a s s e s s in g  th e  m o t i l i t y  o f  s c h is to m e s  ( tr e m a to d e s )  and  th e  

e f f e c t  o f  d ru g s  on t h e i r  m o t i l i t y .  One in s t r u m e n t  u t i l i s e d  

f ib r e o p t ic s  (H illm an and S e n ft, 1973) , a n o th e r used  u ltra so u n d  

(Brown e t  a l ,  1973).

M ateria ls and methods

Larvae

The l a r v a e  u se d  i n  th e s e  e x p e r im e n ts  w ere  o b ta in e d  a s  

d e s c r ib e d  p r e v io u s ly .  G e n e ra l ly ,  c i r c u m c in c ta  l a r v a e  w e re  

u sed , b u t C ooperia oncophora were a ls o  te s t e d .

Assay techn iq ues

( i )  L arval m igration

I n i t i a l l y ,  th e  method a s  d e sc rib e d  by Douch e t  a l  (1983) was 

fo llow ed .

The la rv a e  to  be used were exsheathed  by a d d it io n  o f  sodium 

h y p o c h lo rite  s o lu t io n  (M ilto n  2 s t e r i l i s i n g  f l u i d ,  R ic h a rd s o n -  

V ick s L td .) .  5% v /v  o f  sodium  h y p o c h lo r i t e  was added  t o  t h e  

la rv a e  and shaken to  mix. A sam ple was tak en  on to  a  m icroscope 

s l i d e  f o r  t h e  e x s h e a t h i n g  p r o c e s s  t o  b e  o b s e r v e d .  When 

exsheathm ent had tak en  p la c e , ap p rox im ate ly  f iv e  m in u tes , w a te r
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w as ad d ed  t o  d i l u t e  th e  h y p o c h lo r i t e  s o l u t i o n  and  th e  l a r v a e  

c e n t r i f u g e d  a t  1500 x  g f o r  t e n  m in u te s .  The s u p e r n a ta n t  was 

removed and f r e s h  w a te r  added. T his was re p e a te d  th re e  tim e s  to  

remove a  la rg e  p e rcen tag e  o f  th e  h y p o c h lo rite  from th e  s o lu t io n  

co n ta in in g  th e  la rv a e . The c o n c e n tra tio n  o f  la rv a e  was a d ju s te d  

t o  1500/m l to  be  used in  t h i s  method.

1  ml o f  la rv a e  in  w a te r  was in cu b ated  w ith  2  ml o f  th e  t e s t  

substan ce  o f  mucus o r  fa e c a l  homogenates f o r  th re e  hours. 1  ml 

o f  Noble a g a r  (D ifco Lab. L td ., 1.4 g/100 ml w ater) was added to  

th e  in cu b ated  m ix tu re  and 3 ml o f  th e  m ix tu re  p laced  i n  a  s ie v e  

made from  a  p l a s t i c  r i n g  and  100 um n y lo n  m esh (S im o n y l) . The 

s i e v e  h ad  b een  p r e v io u s ly  f r o z e n  t o  a  g l a s s  p l a t e  u s in g  a  s m a l l  

am ount o f  w a te r  t o  p r e v e n t  le a k a g e . Once th e  a g a r  had  s e t ,  t h e  

s ie v e  was p laced  on a  w ire  r in g  in  40 mm p e t r i  d is h e s , p re v io u s ly  

sco red  on th e  u n d ers id e  to  make a  g r id ,  c o n ta in in g  3 ml o f  norm al 

s a l in e  (0.85%). M ig ra tio n  was a llo w ed  a t  room te m p e ra tu re  f o r  24 

h o u rs .  The s i e v e  was rem oved and th e  m ig r a te d  l a r v a e  i n  t h e  

s a l in e  counted u s in g  a  m icroscope. The p e rcen tag e  m ig ra tio n  was 

a s s e s s e d .  T h is  m ethod w as l a b o r io u s  and  th e  r e s u l t s  o b ta in e d  

w ere v e ry  v a r ia b le ,  which was a ls o  seen  in  th e  r e s u l t s  o f  Douch 

e t  a l  (1983). I t  was though t t h a t  t h i s  method was n o t id e a l  and 

c e r t a i n l y  n o t  s u i t a b l e  a s  a  p o s s i b l e  s c r e e n  f o r  a n t h e l m i n t i c  

d ru g s  w h ich  w as a  s e c o n d a ry  a im  o f  t h i s  w ork . The m ethod  w as 

th e re fo re  m odified .

The la rv a e  w ere exsheathed  a s  d e sc r ib e d  p re v io u s ly . An a g a r  

l a y e r  o f  0.25 m l N oble a g a r  (0.35 g i n  100 m l) was made i n  1 m l 

p l a s t i c  sy rin g e s  b a r r e ls  which had had th e  narrow ing  a re a  o f  th e  

no zz le  removed. The sy rin g e s  w ere s to p p ered  to  p re v e n t th e  a g a r
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b e in g  l o s t  b e f o r e  g e l l i n g .  The s to p p e r  was th e n  rem oved and  a  

s m a l l  p ie c e  o f  1 0 0  um m esh s e c u re d  a ro u n d  th e  b o tto m  o f  t h e  

s y r in g e  and  th e  a g a r  sh ak e n  down t o  c o n ta c t  th e  m esh. 1 0 0  u l  

c o n ta in in g  a  known num ber o f  l a r v a e  w ere  p la c e d  on to p  o f  t h e  

a g a r  a f t e r  in c u b a t io n  w i th  v a r io u s  t e s t  s u b s ta n c e s  and  th e  

a p p a r a tu s  p la c e d  i n  a  5 ml s y r in g e  b a r r e l  c o n ta in in g  2 m l o f  

n o rm a l s a l i n e ,  so  t h a t  t h e  s a l i n e  w as i n  c o n ta c t  w i th  t h e  m esh 

and  a g a r .  A t t h e  end  o f  th e  m ig r a t io n  p e r io d  th e  s a l i n e  w as 

c o l le c te d  and la r v a l  numbers counted and th e  p e rcen tag e  m ig ra tio n  

e s tim a te d . Each t e s t  was re p e a te d  a  number o f  tim e s . A lthough 

t h i s  method was more cap ab le  o f  a ssessm en t o f  la r g e r  numbers o f  

t e s t  su b stan ces , th e  r e s u l t s  were s t i l l  v e ry  v a r ia b le . R e su lts  

w ith  mucus and fa e c a l  homogenates and v a rio u s  a n th e lm in tic  d rugs 

w ere  o b ta in e d  u s in g  t h i s  m ethod . To t e s t  some s u b s ta n c e s  t h a t  

needed lo n g er c o n ta c t w ith  th e  la rv a e  to  show t h e i r  e f f e c t  e .g ., 

benzim idazo le  a n th e lm in tic s , a  su pport medium was n e ce ssa ry  to  

p r o m o t e  l a r v a l  s u r v i v a l  d u r i n g  t h e  i n c u b a t i o n .  

C aen o rh ab d itis  b r ig g s a e  m a in te n a n c e  medium (G ibco B io c u l t )  a  

f u l l y  d e fin e d  medium was used  supplem ented w ith  b e n z y lp e n ic i l l in ,  

s trep to m y c in  su lp h a te  and 5 -f lu o ro c y to s in e  to  p rev en t b a c t e r i a l  

an d  fu n g a l  g ro w th . A l l  r e s u l t s  o b ta in e d  u s in g  t h i s  te c h n iq u e  

w ith  v a rio u s  a n th e lm in tic  d rugs used  t h i s  medium u n le ss  s t a t e d  

o th e rw ise .

However, th e  r e s u l t s  o b ta in ed  w ere v e ry  v a r ia b le  and o f te n  

l i t t l e  e f f e c t  was seen  a f t e r  long  in c u b a tio n  tim e s  w ith  v a r io u s  

a n th e lm in tic  d ru g s .
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D e s p i te  c h a n g in g  in c u b a t io n  and  m ig r a t io n  t i m e s , a g a r  

c o n c e n t r a t io n ,  l a r v a l  p o s i t i o n ,  e i t h e r  i n  o r  on th e  a g a r  g e l ,  

d ru g  s o lv e n t  and  c o u n tin g  l a r v a e  a c c u r a t e ly  a s  p la c e d  on  th e  

a g a r ,  l i t t l e  im p ro v em en t i n  th e  v a r i a b i l i t y  o f  r e s u l t s  was 

o b ta in e d .

F in a l ly ,  i t  was decided  to  a s s e s s  l a r v a l  m o t i l i ty  o n ly  a f t e r  

in c u b a t io n  w i th  t e s t  s u b s ta n c e s  w i th o u t  p ro c e e d in g  th ro u g h  a  

m ig r a t io n  s t e p .  The v a r i a t i o n  i n  r e s u l t s  w as l e s s  and  fe w e r  

p re p a ra t io n s  w ere n ecessa ry . I t  was a ls o  a b le  to  d e te c t  changes 

c a u se d  by a  w id e  v a r i e t y  o f  a n th e l m in t i c  d ru g s  t h a t  w as 

im p ossib le  w ith  th e  p rev io u s  method.

( i± )  Larval m o tility  

Support medium

The su p p o rt medium was changed to  a  N. b r a s i l i e n s i s  medium 

(NB medium) adap ted  from  Je n k in s , A rm itage and C a rrin g to n  (1980). 

The l a r v a e  w ere  a b le  t o  s u r v iv e  lo n g e r  i n  t h i s  medium an d  

appeared  more a c t iv e  in  th e  NB medium compared to  th e  C. b r ig g sa e  

d e fin e d  medium. The NB medium was composed o f  

2 g  t r y p t i c  d ig e s t  o f  c a s e in  (D ifco)

1 g  y e a s t  e x t r a c t  (B e ta -lab )

0 .5  g D -glucose

0.08 g D i-potassium  hydrogen o rthophosphate  

0.08 g Potassium  dihydrogen o rthophosphate  

T his was made up to  100 ml u s in g  d e io n ise d  w a te r and th e  pH 

a d ju s te d  to  7.2 w ith  1QN po tassium  hydroxide. The s o lu t io n  was 

t r a n s f e r r e d  to  u n iv e rs a l  b o t t l e s  and au to c lav ed  a t  2 0  p .s . i .  f o r  

15 m inu tes .

215



P r i o r  t o  u s e ,  t h e  s o l u t i o n  w as su p p lem en te d  w i th  60 mg 

sodium  b e n z y lp e n ic i11i n , 100 mg s trep to m y c in  su lp h a te  and 3 mg 

natam ycin  p e r  100 ml o f  NB medium to  p re v e n t b a c te r i a l  and fu n g a l 

grow th.

A ssessm ent o f  la r v a l m o t ility

M u ltiw e ll p la te s  ( S te r i l in )  w ere used which had p re v io u s ly  

been sco red  on th e  u n d ers id e  to  form a  g r id .

L a rv a e  w e re  u se d  e n s h e a th e d  and  num bers w ere  a d ju s t e d  t o  

approx im atly  100 p e r  10 u l .

10 u l  o f  la rv a e  in  w a te r were p laced  in  each w e ll . 1.97 ml 

o f  NB medium w as added  and  20 u l  o f  t h e  t e s t  s u b s ta n c e .  The 

p la te s  w ere covered and in cu b ated  a t  37°C fo r  v a r ia b le  p e r io d s . 

The p la te s  w ere examined under a  m icroscope and in  each  w e ll ,  th e  

p e rcen tag e  o f  la rv a e  t h a t  w ere m o tile  was c a lc u la te d . C o n tro ls  

w ere ru n  in  each experim en t, c o n ta in in g  10 u l  o f  th e  so lv e n t used  

w i th  t h e  t e s t  s u b s ta n c e .  Each t e s t  c o n c e n t r a t io n  was ru n  i n  

d u p lic a te .

I t  w as p o s s ib l e  w i th  t h i s  m ethod t o  a s s e s s  t h e  e f f e c t  o f  

d i f f e r e n t  t y p e s  o f  a n t h e l m i n t i c s ,  e .g .  a v e r m e c t i n s  a n d  

b en zim idazo les, a s  w e ll a s  o th e r  su b stan ces  such a s  m eclofenam ic 

a c id  and om eprazole, th e  r e s u l t s  o f  which a r e  shown e lsew h ere .

P reparation o f  t e s t  substan ces

( i )  Mucus hcmogenates

The mucus sa m p le s  i n v e s t i g a t e d  u s in g  th e  l a r v a l  m ig ra tio n  

te c h n iq u e  w ere  c o l l e c t e d  from  th e  f i r s t  t h r e e  m e tre s  o f  s m a l l  

in t e s t i n e  from sheep a t  necropsy. Gross food co n tam in a tio n  was 

g e n tly  removed by washing. The mucus was c a r e f u l ly  c o l le c te d  by 

sc rap in g  w ith  th e  edge o f  a  m icroscope s l i d e .
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An eq u al volume o f  phosphate b u ffe re d  s a l in e  (PBS) was added 

and homogenised u s in g  a  b o r o s i l i c a te  hand-held  hom ogeniser. The 

homogenate was c e n tr ifu g e d  a t  2500 x  g  f o r  20 m inutes in  a  coo led  

c e n t r i f u g e  ( C h i ls p in ,  MSE). The s u p e r n a ta n t  was rem oved  and  

s to re d  a t  - 2 0 °C u n t i l  t e s t e d .

( i i )  Faecal hcmogenates

T h e s e  w e re  a l s o  a s s e s s e d  u s i n g  th e  l a r v a l  m ig r a t io n  

te c h n iq u e .  2  g  o f  o v in e  f a e c e s  w ere  o b ta in e d  and  h o m o g en ised  

w ith  10 ml o f  phosphate b u ffe re d  s a l in e  a s  d e sc rib e d  above. The 

su p e rn a ta n t was s to re d  a t  -20°C u n t i l  t e s t e d .

C la s s if ic a t io n  o f  mucus and fa e c a l hcmogenates

I t  was n o t  p o s s i b l e  t o  a c c u r a t e ly  a s c e r t a i n  t h e  im m u n ity  

s ta tu s  o f  th e  sheep from which th e  sam ples w ere c o lle c te d . Those 

sam ples c la s s e d  a s  low im m unity w ere o b ta in ed  e i t h e r  from  young 

lam b s o r  from  a n im a ls  t h a t  had  b e en  h o u sed  f o r  p e r io d s  g r e a t e r  

th a n  th re e  months. The sam ples c la s s e d  a s  immune w ere from  a d u l t  

an im als  t h a t  had been g ra z in g  con tam inated  p a s tu re  f o r  a t  l e a s t  

th re e  months and had few p a r a s i te s  a t  necropsy. Only v e ry  sm a ll 

num bers o f  p a r a s i t e s  w ere  p r e s e n t  a t  n e c ro p sy  i n  a l l  t h e s e  

an im a ls .

Substances te s te d  by th e  la r v a l m o t ility  technique

A num ber o f  d i f f e r e n t  s u b s ta n c e s  w ere  a s s e s s e d  f o r  t h e i r  

e f f e c t  on O. c irc u m c in c ta  la rv a e  (L3 ) u s in g  t h i s  tech n iq u e . The 

r e s u l t s  a re  shown h e re  and e lsew here  in  t h i s  t h e s i s .

The d i f f e r e n t  s o lv e n t s  u se d  i n  t h e s e  s u b s ta n c e s  w e re  a l l  

in c lu d ed  in  th e  c o n tro ls  f o r  each  experim en t and because o f  th e  

sm all volume added, l i t t l e  e f f e c t  was observed  on th e  la rv a e .
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( i )  P ro s ta g la n d in s . M ethanol (HPLC grade) was used a s  th e  

so lv e n t f o r  p ro s ta g la n d in  E-j and p ro s ta g la n d in  E2 .

( i i )  L euko trienes. P h o sp h a te  b u f f e r e d  s a l i n e  (PBS) pH 6.9 

was u se d  a s  a  s o lv e n t  f o r  th e  l e u k o t r i e n e s  B4 , C4  and  

D4 .

R esu lts o f  th e  la rv a e m igration  technique  

Mucus and fa e c a l hcmogenates

The r e s u l t s  a re  shown in  T ables 43, 44, 45 and 46.

There was a  w ide v a r ia t io n  in  th e  p e rcen tag es  reco rd ed  b o th  

w i th in  e x p e r im e n ts  and  b e tw e e n  d i f f e r e n t  e x p e r im e n ts .  U sin g  

C. pncophora L3 , th e re  was no s ig n i f ic a n t  d if f e r e n c e  betw een th e  

m ig ra tio n  a f t e r  in c u b a tio n  in  mucus from  immune and low im m unity 

a n im a ls  (T ab le  43). H ow ever, b o th  r e s u l t s  w ere  s i g n i f i c a n t l y  

low er th a n  th e  c o n tro l r e s u l t s  t h a t  were in cu b ated  in  w a te r . The 

mucus was p re s e n t a s  tw ic e  th e  volume o f  la rv a e  in  w a te r d u rin g  

in cu b a tio n . T his was n o t seen  in  T able  44 when th e  m ig ra tio n  o f  

0 . c irc u m cin c ta  L3  from immune mucus was compared to  c o n tro ls .  

The r e s u l t s  w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  H ere , t h e  m ucus 

was p r e s e n t  a s  h a l f  t h e  vo lum e o f  th e  l a r v a e  i n  w a te r  d u r in g  

in c u b a tio n  which may have below th e  c o n c e n tra tio n  re q u ire d  f o r  

e f f e c t .  H ow ever, when e q u a l  vo lu m es o f  l a r v a e  and  m ucus w e re  

i n c u b a t e d  t o g e t h e r  e i t h e r  f o r  t h r e e  o r  24 h o u r s ,  u s i n g  

0 . c i r c u m c in c ta  L3 , t h e  m ig r a t io n  from  immune m ucus w as 

s ig n i f ic a n t ly  low er th an  th a t  from ‘low im m unity ' mucus a t  th r e e  

h o u rs  (T ab le  45),  w h e rea s  a t  24 h o u rs  th e  d i f f e r e n c e  b e tw e e n  

m ig ra tio n  from fa e ce s  from immune and low im m unity an im a ls  was 

s ig n i f ic a n t ly  d i f f e r e n t .  However, a f t e r  24 hours in c u b a tio n  th e  

d if f e r e n c e  betw een th e  m ig ra tio n  from  th e  two d i f f e r e n t  ty p e s  o f
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mucus was n o t s t a t i s t i c a l l y  s ig n i f ic a n t  (Table 46).

A nthelm intic drugs

The r e s u l t s  u s i n g  a  v a r i e t y  o f  d i f f e r e n t  t y p e s  o f  

a n th e lm in tic  d rugs f o r  v a r ia b le  in c u b a tio n  p e rio d s  a r e  shown in  

T ables 47 , 48, and  49. I t  was v e ry  d i f f i c u l t  t o  show any  

c o n s i s t e n t  e f f e c t  o f  t h e  b e n z im id a z o le  a n th e l m in t i c s  i n  t h i s  

a ssay  system . Iv e rm ec tin  and lev am iso le  d id  show some re d u c tio n  

in  l a r v a l  m ig ra tio n  b u t th e  r e s u l t s  o b ta in ed  w ere v e ry  v a r ia b le  

and  th e  c o n t r o l s  o f t e n  d id  n o t  show a  h ig h  p e r c e n ta g e  o f  l a r v a l  

m ig ra tio n .

L i t t l e  e f f e c t  o f  a lb en d azo le  su lphox ide  o r  ox fendazo le  was 

s e e n  a f t e r  24 h o u rs  in c u b a t io n  (T ab le  47).  T h ia b e n d a z o le  

appeared  to  show some a c t i v i t y  a t  t h i s  p o in t  w ith  57.3% m ig ra tio n  

f o r  80 ug/m l. Iv e rm ec tin  a ls o  showed some a c t i v i t y  w ith  57.3 and 

65.7% m ig ra tio n  f o r  20 and 80 ug/m l re s p e c tiv e ly . There was an 

in d ic a t io n  t h a t  in c u b a tio n  o f  iv e rm e c tin  w ith  la rv a e  in  a  g la s s  

v e s s e l  produced a  low er m ig ra tio n  p e rcen tag e  th a n  when in c u b a tio n  

was c a r r ie d  o u t in  p l a s t i c .

A s i m i l a r  r e s u l t  w as o b ta in e d  f o r  48 h o u rs  i n c u b a t io n  

(Table 48) when a g a in  th e  iv e r m e c t in  in c u b a te d  w i th  l a r v a e  i n  

g l a s s  p ro d u ced  a  lo w e r  m ig r a t io n  p e rc e n ta g e .  H ow ever, som e 

i n h i b i t i o n  o f  m ig r a t io n  w as se e n  a s  a  r e s u l t  o f  in c u b a t io n  o f  

iv e r m e c t in  w ith  l a r v a e  i n  p l a s t i c  v e s s e l s ,  68.3 and  64.3% 

m ig r a t io n  f o r  20 u g /m l and  80 u g / m l  r e s p e c t i v e l y .  A g a in , no  

obvious e f f e c t  was seen  f o r  a lb en d azo le  su lphox ide , ox fendazo le  

o r  th iab en d azo le  a t  t h i s  s tag e .
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A f te r  72 h o u rs  in c u b a t io n  (T ab le  49) some i n h i b i t i o n  o f  

l a r v a l  m ig ra tio n  was seen  w ith  th e  benzim idazo les, w ith  m ig ra tio n  

reduced to  50% b u t t h i s  was v e ry  v a r ia b le . Iv e rm e c tin  showed a  

m o re  p ro n o u n c e d  e f f e c t /  w i t h  o n ly  18.3% m ig r a t io n  a f t e r  

in c u b a t io n  w i th  80 u g /m l. I n  c o n t r a s t  t o  t h e  tw o  p r e v io u s  

ta b le s ,  iv e rm e c tin  in cu b a ted  w ith  la rv a e  in  g la s s  showed l i t t l e  

in h ib i t io n  o f  l a r v a l  m ig ra tio n . Changing th e  s o lv e n t to  DMSO f o r  

t h e  t e s t  s u b s ta n c e s  d id  n o t  a l t e r  th e  r e s u l t s  o b ta in e d  w i th  

a lb en d azo le  su lphox ide  (T ables 50, 51 and 52). Some e f f e c t  was 

s e e n  a f t e r  72 h o u rs  (T ab le  52).  I v e r m e c t in  p ro d u c e d  l e s s  

i n h i b i t i o n  o f  m ig r a t io n  when com pared  t o  t h e  r e s u l t s  u s in g  

m e th a n o l a s  a  s o lv e n t .  L e v a m iso le  a t  80 u g /m l a f t e r  24 h o u r s ,  

a l lo w e d  54% o f  l a r v a e  t o  m ig r a te  (T ab le  50) .  The m ig r a t io n  

in c r e a s e d ,  59.7% a t  48 h o u rs  (T ab le  51) and  60.7% a t  72 h o u rs  

(T able 52).

R esu lts o f  th e  la r v a l m o t ility  technique

A nth e lm in tic  d ru g s

Table 53 show s a  c o m p a riso n  o f  th e  e f f e c t s  o f  v a r io u s  

c o n c e n tra tio n s  o f  iv e rm e c tin  on c irc u m c in c ta  L3  a s  a ss e sse d  by 

l a r v a l  m o t i l i t y  and  l a r v a e  m ig r a t io n  tech n iq u es . A lthough th e  

m o t i l i ty  was a sse sse d  o n ly  once a t  each c o n c e n tra tio n , a  g r e a te r  

d e g re e  o f  c o r r e l a t i o n  b e tw ee n  iv e r m e c t in  c o n c e n t r a t io n  and  

m o t i l i t y  was s e e n  th a n  b e t w e e n  c o n c e n t r a t i o n  a n d  l a r v a l  

m ig ra tio n .

Table 54 show s a  f u r t h e r  a s s e s s m e n t  o f  th e  e f f e c t s  o f  

iv e rm e c tin  u s in g  th e  l a r v a l  m o t i l i ty  techn ique. There was l i t t l e  

v a r ia t io n  betw een th e  r e s u l t s  a t  each c o n c e n tra tio n  compared to  

th e  r e s u l t s  o b ta in e d  u s in g  l a r v a l  m ig r a t io n .  The d i f f e r e n c e
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betw een th e  r e s u l t s  o b ta in ed  w ith  th e  la r v a l  m o t i l i ty  te ch n iq u e  

and  iv e r m e c t in  on th e  tw o  o c c a s io n s  may b e  d u e  t o  t h e  f a c t  t h a t  

th e  second experim en t d id  n o t u t i l i s e  C. b rig g sa e  medium, w hich 

was p re s e n t in  th e  f i r s t .

P rostagland ins

Table 55 show s th e  m o t i l i t y  o f  0^  c i r c u m c in c ta  L 3  a f t e r  

in c u b a t io n  w i th  p r o s ta g la n d in s  and  E2  i n  t h e  p re s e n c e  o f  NB 

medium. A fte r  two hours th e  m o t i l i ty  o f  la rv a e  in cu b ated  w ith  

50 ug/m l o f  p ro s ta g la n d in s  E-j and E2  was s ig n i f ic a n t ly  low er th a n  

th e  c o n t r o l  l a r v a e .  A t t h r e e  h o u rs , l a r v a e  in c u b a te d  w i th  

1 0  ug /m l o f  p ro s ta g la n d in  E-j showed s ig n i f ic a n t ly  low er m o t i l i ty  

th an  th e  c o n tro ls .

L eukotrienes

Table 56 show s th e  m o t i l i t y  o f  0^  c i r c u m c in c ta  L 3  a f t e r  

in c u b a tio n  w ith  le u k o tr ie n e s  B4 , C4  and D4  in  th e  p resen ce  o f  NB 

medium. There was l i t t l e  d if f e r e n c e  betw een th e  m o t i l i t y  o f  th e  

la rv a e  in cu b ated  w ith  le u k o tr ie n e s  and th e  c o n tro l  la rv a e .

T ables 57 a n d  58 show  t h e  m o t i l i t y  o f  s h e a t h e d  a n d  

exsheathed  la rv a e  d u rin g  in c u b a tio n  w ith  le u k o tr ie n e  C4  in  w a te r . 

No medium was p r e s e n t .  A f te r  tw o  h o u rs  in c u b a t io n  t h e r e  w as a  

reduced  m o t i l i ty  o f  b o th  sheathed  and exsheathed  la rv a e  in cu b a ted  

w ith  le u k o tr ie n e  C4  compared to  c o n tro ls .  Towards th e  end o f  th e  

e x p e r im e n t ,  t h e  m o t i l i t y  o f  th e  c o n t r o l  l a r v a e  w as m a rk e d ly  

reduced  due to  la c k  o f  su p p o rt medium.

The m o t i l i t y  o f  l a r v a e  in c u b a te d  f o r  tw o  h o u rs  w i th  t h e  

l e u k o t r i e n e  w as n o t  s t a t i s t i c a l l y  s ig n i f ic a n t ly  low er th a n  th e  

c o n t r o l s ,  b u t  t h i s  may h av e  b een  due  t o  t h e  s m a l l  num ber o f

221



r e s u l t s .

D iscu ssio n

There would appear to  be in h ib i t io n  o f  la r v a l  m ig ra tio n  when 

la rv a e  a re  in cu b ated  w ith  mucus from  immune an im als  compared to  

t h a t  from  a n im a ls  w i th  low  im m u n ity . T h is  w ork a l s o  d e t e c t e d  

some e f f e c t  d u e  t o  s u b s ta n c e ( s )  p r e s e n t  i n  f a e c e s  from  immune 

a n i m a l s .  C o o p e r ia  o n c o p h o ra  l a r v a l  m i g r a t i o n  w as n o t  

s ig n i f ic a n t ly  a l t e r e d  however. T h is p a r a s i t e  was o b ta in e d  from  

c a lv e s  and a lth o u g h  th e  e f f e c t  o f  th e  mucus i s  th ough t n o t t o  be 

s p e c if ic ,  i t  m igh t show a  reduced  e f f e c t  f o r  a  p a r a s i t e  no rm ally  

r e s id e n t  in  a  d i f f e r e n t  s p e c ie s .

The r e s u l t s  o b ta in e d  u s in g  0^  c i r c u m c in c ta  w ou ld  seem  t o  

in d ic a te  t h a t  mucus and fa e c e s  from  immune an im als  do have some 

e f f e c t  on la r v a l  m ig ra tio n . The in h ib i t io n  caused by in c u b a tio n  

w i th  immune mucus w as s e e n  a t  t h r e e  h o u rs ,  b u t  a  24 h o u r  

in c u b a tio n  was n ecessa ry  to  see  th e  e f f e c t  o f  th e  su b stan ce(s) in  

fa e c e s .

The a n th e lm in tic  s tu d ie s  produced d is a p p o in tin g  r e s u l t s .  I t  

was v e ry  d i f f i c u l t  to  d e te c t  e f f e c t s  o f  th e  b en z im idazo les a f t e r  

24 and  48 h o u rs  in c u b a t io n .  S e v e n ty - tw o  h o u rs  i n c u b a t io n  

produced a  g r e a te r  e f f e c t  o f  th e  benzim idazo les b u t r e s u l t s  w ere 

v e ry  v a r ia b le .  These a n th e lm in tic s  a r e  th ough t to  produce t h e i r  

e f f e c t s  s lo w ly ,  by t h e i r  e f f e c t s  on m ic r o tu b u le s  (L acey , 1985) 

b u t t h i s  a ssa y  system  d id  n o t d e te c t  t h e i r  e f f e c t s  c o n v in c in g ly .

Iv e rm ec tin  a ls o  needed long  in c u b a tio n  w ith  la rv a e  t o  show 

some e f f e c t ,  b u t even a f t e r  72 hours t h i s  was n o t marked. I t  h as 

been suggested  th a t  iv e rm e c tin  b in d s  to  p l a s t i c  (Rew, Urban and 

D ouvres, 1986) b u t  t h i s  was n o t  a lw a y s  a p p a r e n t  i n  t h e s e
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experim en ts.

T h e re  was no im p ro v em en t i n  t h e  r e s u l t s  o b ta in e d  when th e  

d rug so lv e n t was a l t e r e d ,  o r  by changing in c u b a tio n  and m ig ra tio n  

tim es .

Levam isole showed some in h ib i t io n  a f t e r  24 hou rs, which was 

c o n s is te n t  w ith  i t s  r a p id  e f f e c t  on p a r a s i t e s .

The r e s u l t s  o b ta in ed  from th e  assessm en t o f  m o t i l i ty  w ere 

l e s s  v a r ia b le  when compared to  m ig ra tio n  r e s u l t s  f o r  iv e rm e c tin . 

The e f f e c t s  o f  t h i a b e n d a z o l e ,  a lb e n d a z o le  s u lp h o x id e  and  

le v a m is o le  w ere  a l s o  d e t e c t e d  by t h i s  s im p le r  m ethod  ( s e e  

Table 3 8 ).

The r e s u l t s  o b ta in e d  u s in g  a s s e s s m e n t  o f  l a r v a l  m o t i l i t y  

a f t e r  in c u b a tio n  w ith  p ro s ta g la n d in s  and le u k o tr ie n e s  w ere v e ry  

in te r e s t in g .  The in h ib i to r y  e f f e c t  o f  immune mucus on la rv a e  has 

been a t t r ib u te d  to  SRS-A and th e re fo re  le u k o tr ie n e s  C4, and 

(Douch e t  a l , 1983) b u t th e re  was no d e te c ta b le  in h ib i t io n  when 

v a rio u s  le u k o tr ie n e s  w ere in cu b ated  w ith  la rv a e  in  th e  p re sen ce  

o f  NB medium. I t  i s  p o s s ib l e  t h a t  c o n s t i t u e n t s  o f  t h i s  medium 

bound th e  l e u k o t r i e n e s ,  o r  p r o t e c t e d  th e  l a r v a e ,  a s  a  g r e a t e r  

e f f e c t  was seen  in  th e  experim ent conducted w ith o u t medium. To 

b e  im p o r ta n t  a s  a  s u b s ta n c e  t h a t  p r e v e n ts  l a r v a e  p e n e t r a t i n g  

th rough th e  mucus, i t  m ust produce any e f f e c t  w ith in  a  few  h o u rs . 

An in h ib i t io n  o f  m o t i l i ty  was seen  w ith  le u k o tr ie n e  C4  a f t e r  tw o 

hours* in c u b a tio n  and a ls o  w ith  p ro s ta g la n d in s  E-j and E2 , w hich 

i s  c o n t r a r y  t o  r e s u l t s  o b ta in e d  by Douch e t  a l  (1983). I t  w as 

n o t n ecessa ry  f o r  th e  la rv a e  to  be exsheathed  to  see  t h i s  e f f e c t .
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T h e re fo re  i t  w ou ld  seem  t h a t  p r o s ta g la n d in s  E-j and  E2  and  

le u k o tr ie n e  C4  have a  d e le te r io u s  e f f e c t  on la r v a l  m o t i l i ty  and 

one o r  more cou ld  be th e  su b stan ces  p re s e n t in  immune mucus t h a t  

p r o t e c t  th e  m ucosa from  la r v a e .
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TABUS 43

Number o f  Cboperia cnoophara la rv a e (L3) th a t m igrated  

a fte r  th ree  hours in cu b ation  w ith  crvine duodenal mucus. 

Incubation was ca rr ied  o u t 2 : 1  v /v  mucus : la rv a e . The r e s u lt s  

are  expressed  a s  a  percentage o f  th e  t o t a l  mmher o f  p a r a s ite s

C ontro l Low immunity 
Mucus

Immune
Mucus

93 52 62
75 42 2 1

93 47 1 0

70
99

1 0 0

42 47

Mean + SEM 88.3 + 5 .19 45.8 + 2.39 35 + 11.88

TABLE 44

Number o f  Q stertag ia  circum cincta la rv a e (L3 ) th a t m igrated  

a fte r  th ree  hours in cu b ation  w ith  ov in e duodenal mucus. 

Incubation was ca rr ied  ou t 1 : 2  v /v  mucus : la rv a e . The r e s u lt s  

are  expressed  a s  a  percentage o f  th e  t o t a l  number o f  p a r a s ite s

C ontro l Immune
Mucus

39 7
14 2 1

49 24
49 27
75 69
52 17
40 1 2

69 29
87 75

Mean _+ SEM 5 2 .7 + 7 .2 8 31.2  + 8 .06
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TABLE 45

Nimber o f 0^ oxciTiicincta Lg th at migrated a fter  three hours 

incubation with ovine duodenal mucus and faeces. Incubation was 

carried out 1 : 1  v /v  mucus : larvae. R esults are expressed 

as a percentage o f the to ta l number o f parasites

Control Low immunity 
mucus

Immune
mucus

Low immunity 
faeces

Imnune
faeces

100 36 16 46 49
92 62 23 46 36
95 59 30 56 72
73 75 22 83 19
77 72 28 93 19
83 50 50 100 63
34 28
55 34
51 16
55 21

30
9
21
47

Mean
+_ SEM 71.5 + 6.93 59 + 5.9 26.8** + 3.04 70.7 + 9.90 43 + 9.09

** p  < 0.01

226



TABLE 46

Number o f 0^ circxmcincta Lg that migrated a fter  24 hours 

incubation with ovine duodenal mucus and faeces. Incubation was carried  

out 1 : 1  v /v  mucus : larvae. R esults expressed as a percentage 

o f the to ta l number o f parasites

Control Low immunity 
mucus

Immune
mucus

Low immunity 
faeces

Immune
faeces

100 100 20 65 13
72 13 0 75 30
62 49 13 66 16
70 60 28 100 50
100 31 31 100 25
73 47 22 75 6044

69
9

Mean + SEM 79.5+6.67 50 + 12.03 26.2 +̂ 6.86 80.3 + 6.43 32.3 + 7.71
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TABLE 47

Number o f  0 ^  c ir a g ir a n c ta  L3 th a t  m ig ra ted  a f t e r  24 h o u rs

in c u b a tio n  w ith  v a rio u s  a n th e lm in tic  d ru g s in  m ethano l. R e s u lts

ex p ressed  a s  a  p e rc en ta g e  o f  th e  t o t a l  number o f  p a r a s i te s

T est
su b stan ce

C o n cen tra tio n
(ug/m l)

M igra tion
(%)

Mean SEM

A lbendazole
su lphoxide 2 0 82 93 87 87.3 +_ 3.18

A lbendazole
su lphoxide 80 71 89 84 81.3 +_ 5.37

A lbendazole 
su lphox ide  + 80 61 33 1 0 0 64.7 +_19.45

Oxfendazole 2 0 95 8 8 51 78 +_13.67

T hiabendazole 80 71 51 47 56.3 +_ 7.43

Iv erm ectin 2 0 49 67 56 57.3 Hh 5.25

Iv erm ec tin 80 84 51 62 65.7 _+ 9.71

Iv erm ec tin  + 80 37 42 58 45.7 +_ 6 .34

C ontro l
(Methanol) 71 40 71 60.7 +_10.35

+ in c u b a tio n  c a r r ie d  o u t in  g la s s  tu b es  in s te a d  o f  p l a s t i c .
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TABLE 48

Number o f  c ira jn c i-n c ta  Irj th a t  m ig ra ted  a f t e r  48 h o u rs

in c u b a tio n  w ith  v a rio u s  a n th e lm in tic  d ru g s in  m ethano l. R e su lts

ex p ressed  a s  a  p e rc en ta g e  o f  th e  t o t a l  r a n te r  o f  p a r a s i te s

T est
su b stance

C o n cen tra tio n
(ug/m l)

M igra tion
(%)

Mean _+ SEM

A lbendazole
su lphoxide 2 0 1 0 0 71 80 83.7 8.58

A lbendazole
su lphoxide 80 1 0 0 93 1 0 0 97.7 +_ 2.34

A lbendazole
su lphox ide+ 80 95 98 93 95.3 _+ 1.46

O xfendazole 2 0 1 0 0 1 0 0 81 93.7 +_ 6.34

Thiabendazole 80 1 0 0 1 0 0 91 97.0 +_ 3.00

Iverm ec tin 2 0 65 1 0 0 40 68.3 17.42

Iv erm ec tin 80 76 93 24 64.3 +_ 20.78

Iv erm ec tin  + 80 44 35 98 59.0 _+ 19.70

C ontro l
(Methanol) 87 1 0 0 98 95 4.05

+ in cu b a ted  in  g la s s  tu b e s .
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TABLE 49

Number o f  0 ^  c ira m c iD c ta  L3 t h a t  m ig ra ted  a f t e r  72 h o u rs

in c u b a tio n  w ith  v a rio u s  a n th e lm in tic  d ru g s in  m ethano l. R e s u lts

ex p ressed  a s  a  p e rc en ta g e  o f  th e  t o t a l  r a n te r  o f  p a r a s i te s

T es t
substance

C o n cen tra tio n
(ug/m l)

M igra tion
(%)

Mean _+ SEM

A lbendazole
su lphox ide 2 0 56 13 76 48.3 18.61

A lbendazole
su lphox ide 80 60 78 76 71.3 Hh 5.70

A lbendazole 
su lphox ide  + 80 8 6 84 79 83 +_ 2 .08

O xfendazole 2 0 1 0 0 14 - 57 +_48.13

T hiabendazole 80 69 71 18 52 .7 17.36

Iv erm ectin 2 0 72 58 35 55 jf 10.80

Iv erm ectin 80 24 24 7 18.3 jf 5 .67

Iv erm ec tin  + 80 8 6 8 6 44 72 _+ 14.02

C ontro l
(Methanol) 73 76 80 76.3 _+ 2.03

+ in cu b ated  in  g la s s  tu b e s .
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TABLE 50

Nunber o f  c irc im c in c ta  L 3  t h a t  m ig ra ted  a f t e r  24 h o u rs  

in c u b a tio n  w ith  v a r io u s  a n th e lm in tic  d ru g s i n  

d im ethy lsu lphox ide  (EMSO). R e s u lts  ex p ressed  a s  a  p e rc en ta g e  

o f  th e  t o t a l  number o f  p a r a s i t e s

T e s t
substance

C o n cen tra tio n
(ug/m l)

M igra tion
(%) Mean jh SEM

A lbendazole
su lphox ide 80 78 1 0 0 84 87.3  + 6.57

Iv erm ec tin 80 6 8 73 85 75.3  + 5.05

Levam isole 80 62 55 45 54 + 4.94

C on tro l
(DMSO) 75 8 6 94 85 + 5.51

TABLE 51

Number o f  0 .  c i r c u n c in c ta  L3  t h a t  m ig ra ted  a f t e r  48 h o u r

in c u b a tio n  w ith  v a r io u s  a n th e lm in tic  d ru g s  i n

d im ethy lsu lphox ide  (EMSO) • R e s u lts  ex p ressed  a s  a  p e rc en ta g e

o f  th e  t o t a l  number o f  p a r a s i t e s

T e s t
su b stan ce

C o n cen tra tio n
(ug/m l)

M ig ra tion
% Mean _+ SEM

A lbendazole
su lphox ide 80 70 79 81 76.7  + 3.39

Iv erm ec tin 80 1 0 0 69 81 83.3  + 9.04

Levam isole 80 64 63 52 59 .7  + 3.85

C on tro l
(DMSO) 81 84 31 65.3 + 17.21
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TABLE 52

Number o f  c iix x iiic in c ta  I g  t h a t  m ig ra ted  a f t e r  72 h o u rs  

in c u b a tio n  w ith  v a r io u s  a n th e lm in tic  d ru g s  i n  

d im ethy lsu lphox ide  (EMSO). R e s u lts  ex p ressed  a s  a  p e rcen tag e  

o f  th e  t o t a l  number o f  p a r a s i t e s

T es t
substance

C o n cen tra tio n
(ug/m l)

M igra tion
(%) Mean +_ SEM

A lbendazole
su lphox ide 80 74 53 72 66.3  + 6.70

Iv erm ec tin 80 93 82 100 91.7  + 5 .25

Levam isole 80 54 56 84 60.7  + 5 .70

C on tro l
(DMSO) 67 74 74 71.7  + 2 .34
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TAHE£ 53

Gcnparisan o f  th e  e f f e c t  o f  variou s ooncentratixxis o f  iverm ectin  

cn  0 ^ ciraincijQ cta Lg a s  a sse ssed  by la r v a l m o tility  and la r v a l 

m igration  a f te r  th ree  hours in cu b ation . R esu lts expressed  a s  

a  percentage o f  th e  t o t a l  number o f  p a r a s ite s

C oncen tra tion  o f  
t e s t  su b stance  

(ug/m l)
M o ti l i ty

(%)
M igra tion  (%)

Mean _+ SEM 
o f

M igra tion

C ontro l (DMSO) 90 74 39 49 54 + 10.42

Iv erm ec tin  0.1 89 15 24 51 30 + 10.83

0.25 87 69 1 1 34 38 + 16.88

0 .5 55 44 9 36 29.7 + 10.60

0.75 26 16 38 2 0 24 .7 + 6.77

1 23 13 1 2 5 .3 + 3 .85

2 .5 5 3 53 3 19.7 + 1 6 .6 9

5 7 6 0 15 7 .0 + 4 .36

1 0 1 3 4 7 4 .7 + 1 . 2 0

80 1 6 0 3 3 .0 + 1 .73

The la rv a e  were in cu b ated  in  b r ig g sa e  medium.
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TABLE 54

Number o f  0 ^  d r a m n l n c t a  1 * 3  t h a t  w ere m o tile  a f t e r  th r e e  

ho u rs  in c u b a tio n  w ith  v a r io u s  c o n c e n tra tio n s  o f  th e  a n th e lm in tic  

d rug  iv e rm e c tin . R e s u lts  ex p ressed  a s  a  p e rc en ta g e  o f  th e  

t o t a l  number o f  p a r a s i t e s

C on cen tra tio n  o f
t e s t  su b stan ce  M o ti l i ty  Mean _+ SEM

(ug/m l) (%)

C on tro l (DMSO) 90 98 91 97 1 0 0 95.2 + 1 .98

Iv erm ec tin  0.1 91 90 97 1 0 0 97 95 + 1.92

0.25 93 93 96 1 0 0 98 96 + 1.38

0 .5 95 89 96 99 98 95.4 + 1.75

0.75 91 97 98 97 93 95.2 + 1 .35

1 8 6 92 87 94 94 90.6 + 1.72

2 .5 2 0 38 42 56 46 40.4 + 5 .90

5 5 8 2 2 32 14 16.2 + 4.89

1 0 3 4 16 1 0 6 7 .8 + 2 .37

80 0 2 4 3 4 2 . 6 + 0.75

The la rv a e  w ere in cu b ated  w ith  w a te r and w ere n o t  m ain ta in ed  in  
medium.
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TABLE 55

Mean m o tility  (expressed  a s  percentage o f  co n tro l m o tility )  o f  

O.GjjxrmcrLncta L3 a fter  in cu b ation  w ith  variou s  

con cen tration s o f  p rostag lan d in s and (PG&j and PG&g)

T est
su b stance 0 .5 2

Time
3

(hours)
4 6 24 30

PGE-j 50 ug/m l 107.2 80.3* 82.5 105.3 136.9 1 1 1 . 8 122.7

PGE-j 10 ug/ml 90.6 89.0 63.7* 94.9 100.4 110.7 92.7

PGE2  50 ug/m l 98.9 63.2** 85.9 120.5 92.2 105.9 103.6

PGE2  1 0  ug/m l 102.4 94.6 83.4 82.2 119.6 103.5 1 2 1 . 6

TABLE 56

Mean m o tility  (exp ressed  a s  percentage o f  co n tro l m o t ility )  o f  

O . circtm cdpcta Ig  a f te r  in cu b aticn  w ith  U u k o trten es B4 ,  

c 4 and D4 (LTB4 , C4 and D4 )

T es t
s u b s ta n c e

C on cen tra tio n
(u g /m l) 0.25 1

Time (hours) 
2  4 6 24

l t b 4 0 . 1 1 0 1 . 2 118.8 115.4 105.1 107.4 113.6

l t c 4 0 . 1 100.4 104.9 109.8 97.7 1 1 0 . 0 92 .4

l t o 4 0 . 1 100.7 108.4 1 1 1 . 8 83.1 93.8 1 0 2 . 0

In cu b a tio n  took  p la c e  in  th e  p resence  o f  NB medium. 

* p < 0.05

** P < 0 . 0 1
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TffiUZ 57

The mean M o ti l i ty  o f  sh ea th ed  and  exsheathed  0 .  cArcnmcrincta I 3  

a f t e r  in c u b a tio n  w ith  w a te r  and le u k o tr ie n e  C4  (0.1 u g /m l) . 

R e s u lts  ex p ressed  a s  a  p e rcen tag e  o f  th e  t o t a l  

number o f  p a r a s i t e s

0 .5
Time (hours) 

2 4 6 8

Sheathed la rv a e

C on tro l 98.5 72.0 61.3 52.6 38 .7

0 . 1  ug/m l
l t c 4 95.4 46.8 52.5 28.8 29.0

Exsheathed la rv a e

C ontro l 92.7 80.9 60.5 45.1 62.0

0 . 1  ug/m l 
l t c 4 93.0 52.6 45.4 26.6 40.7

TABUS 58

H ie mean m o t i l i ty  o f  sh ea th ed  and  ex shea thed  O. c iro x n c in c ta  I 3

ex p ressed  a s  a  p e rc en ta g e  o f  c o n tro l  m o t i l i ty  a f t e r  in c u b a tio n

w ith  le u k o tr ie n e  C4 ( 0 . 1  ug/m l)

0 .5
Time

2

(hours)
4 6 8

Sheathed la rv a e 96.8 65.0 85.6 54.8 74 .9

Exsheathed la rv a e 100.3 65.0 75.0 59.0 65 .7
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In  v i t r o  STUDIES INTO BENZIMIDAZGUS RESISTANT STRAINS

OF O s te r ta g ia  d rc iin c in c ta

INTRGOOCITCN 

R esista n ce o f  nematodes to  an th elm in tics

C u rre n tly  th e re  i s  a  g r e a t  d e a l o f  i n t e r e s t  i n  t h i s  s u b je c t  

w ith  work be in g  c a r r ie d  o u t in  many d i f f e r e n t  a re a s  o f  th e  w orld .

A number o f  rev iew s have been p u b lish ed  in  t h i s  a re a  (K elly  

and H a ll, 1979; P r ic h a rd  e t  a l ,  1980; W aller and P r ic h a rd , 1986).

R e s is ta n c e  i s  d e f in e d  a s  a  s i g n i f i c a n t  in c r e a s e  i n  t h e  

a b i l i t y  o f  i n d i v i d u a l s  w i th in  a  s t r a i n  t o  t o l e r a t e  d o s e s  o f  a  

compound which would prove l e th a l  to  th e  m a jo r ity  o f  in d iv id u a ls  

i n  a  n o rm a l p o p u la t io n  o f  th e  sam e s p e c ie s .  I t  i s  g e n e t i c a l l y  

exp ressed  and in h e r i te d  (K elly  and H a ll, 1979).

R e s i s ta n c e  h a s  b een  d e te c te d  i n  Haemonchus c o n t o r t u s , 

T rich o s tro n g y lu s  c o lu b r i f o r m is  and  O s t e r t a g i a  c i r c u m c in c ta  i n  

sh ee p  and  g o a ts  t o  b e n z im id a z o le ,  le v a m is o le  and  m o ra n te l  

a n th e lm in tic s . A s t r a i n  o f  N em atodirus s p a th ig e r  has a ls o  been  

fo u n d  t o  b e  r e s i s t a n t  t o  b e n z im id a z o le s  (M a r t in , A nderson  and  

J a r r e t t ,  1985). B enzim idazole r e s is ta n c e  has a ls o  been d e te c te d  

in  th e  sm all s tro n g y le s  (cyathostom es) o f  h o rse s .

P r a c t i c a l  p ro b le m s  w i th  r e s i s t a n c e  seem  t o  b e  c e n t r e d  on 

a r e a s  w here  H. c o n to r tu s  i s  en d em ic  and  w h ere  t h e  c l i m a t e  i s  

g e n e ra lly  ad verse  to  s u rv iv a l o f  f r e e - l iv in g  s ta g e s  o f  nem atodes, 

e .g .  c e r ta in  a re a s  o f  A u s tra l ia .

H istory  o f  r e s is ta n c e  in  nematodes

R e s is ta n c e  w as d is c o v e r e d  i n  n em ato d es  t o  t h e  d i f f e r e n t  

b road-spectrum  a n th e lm in tic s  in  th e  same o rd e r  a s  th e y  appeared
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on th e  m a rk e t. T h e r e f o r e ,  r e s i s t a n c e  t o  p h e n o th ia z in e  w as 

d e t e c t e d  f i r s t ,  t h e n  t o  t h i a b e n d a z o l e ,  t h e  f i r s t  o f  t h e  

benzim idazo le  group which was in tro d u ced  in  1961. I t s  a c t i v i t y  

w as s u p e r i o r  t o  t h a t  o f  p h e n o t h i a z i n e .  R e s i s t a n c e  t o  

th ia b e n d a z o le  d id  n o t  ta k e  lo n g  t o  be  r e p o r te d .  I n  1964 

r e s i s t a n c e  was d e s c r ib e d  i n  c o n to r tu s  i n  sh ee p  i n  th e  USA 

(review ed by Donald, 1983).

As d i f f e r e n t  m em bers o f  th e  b e n z im id a z o le  g ro u p  w ere  

in t r o d u c e d ,  i t  becam e a p p a r e n t  t h a t  p a r a s i t e s  r e s i s t a n t  t o  t h e  

e f f e c t s  o f  one b e n z im id a z o le ,  show ed s i d e - r e s i s t a n c e  t o  o t h e r  

m em bers o f  th e  g ro u p  ev en  i f  th e y  had  n e v e r  b e en  p r e v io u s ly  

e x p o s e d .  I n i t i a l l y ,  h o w e v e r ,  t h e  n e w e r ,  l o n g e r  a c t i n g  

b e n z im id a z o le s  e .g . f e n b e n d a z o le  and  o x fe n d a z o le  had  g r e a t e r  

a c t i v i t y  a g a i n s t  n em ato d es  r e s i s t a n t  t o  th ia b e n d a z o le  (H a ll  

e t  a l ,  1978; D onald , 1983) b u t  r e s i s t a n c e  a c r o s s  t h e  g ro u p  soon  

developed.

S id e - r e s is ta n c e  i s  d e fin e d  a s  r e s is ta n c e  to  a  compound a s  a  

r e s u l t  o f  s e l e c t i o n  by a n o th e r  compound w ith  a  s i m i l a r  mode o f  

a c t io n .

C ro s s - re s is ta n c e  i s  r e s is ta n c e  to  a  compound a s  a  r e s u l t  o f  

s e l e c t i o n  by a n o th e r  compound w i th  a  d i f f e r e n t  mode o f  a c t i o n  

(P rich a rd  e t  a l ,  1980).

S t r a i n s  o f  H^ c o n t o r t u s , T. c o l u b r i f o r m u s  a n d  

0 . c i r c u m c in c ta  r e s i s t a n t  t o  b e n z im id a z o le s  w e re  d e s c r ib e d  i n  

A u s tra l ia  showing s id e - r e s is ta n c e .  S im ila r  r e s is ta n c e  has been 

d e te c te d  i n  New Z ea lan d  (Kemp and  S m ith , 1982; K e t t l e  e t  a l ,  

1983), South A frica  (B erger, 1975) and th e  N etherlands (Boersema, 

Lew ing-V an d e r  W iel and  B o rg s te e d e , 1982; E y sk e r  e t  a l , 1983)
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to g e th e r  w ith  i s o la te d  r e p o r ts  from o th e r  a re a s  o f  th e  w orld .

In  G reat B r i ta in ,  a  s t r a i n  o f  0^ c ircu m cin c ta  was th e  f i r s t  

t o  be  d e s c r ib e d  a s  b e in g  r e s i s t a n t  t o  b e n z im id a z o le s  ( B r i t t ,  

1 9 8 2 ; B r i t t  a n d  O a k le y ,  1986) f o l l o w e d  by  o t h e r  r e p o r t s  

(Cawthome and W hitehead, 1983).

L a te r ,  i n  a  s u rv e y  o f  fa rm s  i n  t h e  s o u t h - e a s t  o f  E n g lan d , 

Cawthom e and Cheong (1984) d e te c te d  benzim idazo le  r e s is ta n c e  in  

H. c o n to r tu s .

R es is ta n ce  to  le v am iso le /m o ran te l a n th e lm in tic s  was th e  n e x t 

t o  b e  r e p o r te d  g e n e r a l l y .  I t  to o k  some t im e  t o  a p p e a r  i n  

H. c o n t o r t u s , i n  w h ich  a l l  t h e  i n i t i a l  r e p o r t s  w ere  c o n c e rn e d  

w ith  benzim idazo le  re s is ta n c e .  In  c o n tr a s t ,  th e  e a r ly  r e p o r ts  o f  

r e s is ta n c e  in  0 ^ c irc u m c in c ta  and T;_ c o lu b r ifo rm is  w ere a s  common 

to  lev am iso le /m o ran te l a s  to  th e  benzim idazo les.

G e n e ra l ly ,  i f  r e s i s t a n c e  i s  d e te c te d  t o  l e v a m is o le ,  s i d e  

r e s i s t a n c e  t o  m o ra n te l  i s  a l s o  p r e s e n t .  H ow ever, W a lle r  e t  a l  

(1986) i s o la te d  a  s t r a i n  o f  T. c o lu b r ifo rm is  from  g o a ts  r e s i s t a n t  

t o  m o ra n te l ,  b u t  h ig h ly  s u s c e p t i b l e  t o  le v a m is o le .  I n  m o st o f  

th e  above r e p o r ts ,  changing to  an a n th e lm in tic  w ith  a  d i f f e r e n t  

mode o f  a c t io n , r e s u l te d  in  e f f i c i e n t  rem oval o f  th e  p a r a s i te s .

M u l t i p l e - r e s i s t a n c e  how ever h a s  b een  r e p o r te d  i n  a  few  

in s ta n c e s . I t  i s  d e fin e d  a s  r e s is ta n c e  to  two o r  more d i f f e r e n t  

a n th e l m in t i c  g ro u p s , e i t h e r  a s  a  r e s u l t  o f  s e l e c t i o n  by e a c h  

group independen tly , o r  a s  a  r e s u l t  o f  c r o s s - r e s is ta n c e  (P ric h a rd  

e t  a l ,  1980). I t  has been re p o r te d  in  some sheep f lo c k s  and g o a t 

h e rd s  in  A u s tra l ia ,  w ith  r e s is ta n c e  to  ben z im id azo les, le v a m iso le  

and  m o ra n te l .  Doubt h a s  b een  c a s t  on th e  r e p o r t s  o f  m u l t i p l e
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r e s i s t a n c e  i n  g o a ts .  S tu d ie s  o f  t h e  p h a rm a c o k in e t ic s  o f  

a n th e l m in t i c s  i n  g o a ts  t r e a t e d  a t  th e  recommended, sheep dose, 

i n  A u s t r a l i a  h av e  shown much lo w e r  p la sm a  c o n c e n t r a t io n s  and  

f a s t e r  e x c r e t i o n  f o r  l e v a m i s o l e  w hen com pared  t o  sh e e p . 

T h e re fo re  r e p o r t s  o f  f a i l u r e  o f  le v a m is o le  may be  due  t o  

in a d e q u a te  d o s in g  (McKenna, 1984; W a lle r  e t  a l ,  1986). K e t t l e  

e t  a l  (1983) a l s o  s u g g e s ts  t h a t  in a d e q u a te  d o s in g  w ould  a l lo w  

p a r t i a l l y  r e s i s t a n t  p a r a s i t e s  t o  s u r v iv e  and s u b s e q u e n t ly  

in c re a s e  th e  r e s is ta n c e  o f  th e  p o p u la tio n .

There has r e c e n t ly  been a  r e p o r t  o f  iv e rm e c tin  r e s is ta n c e  in  

a  s t r a i n  o f  H. c o n to r tu s  i n  sh ee p  i n  S o u th  A f r i c a  (C a rm ic h a e l 

e t  a l , 1987).

T h e re  a r e  no c o n v in v in g  r e p o r t s  o f  r e s i s t a n c e  i n  any 

nem atodes o f  c a t t l e ,  a lth o u g h  th e re  have been a  few r e p o r ts  o f  a  

d e c r e a s e  i n  e f f i c a c y  o f  le v a m is o le  and  th ia b e n d a z o le  a g a i n s t  

c e r t a i n  s t r a i n s  o f  0 . o s t e r t a g i  (A nderson , 1977; A nd erso n  and  

Lord, 1979; Lyons e t  a l , 1981). The la c k  o f  d e f in i t e  r e p o r ts  o f  

r e s is ta n c e  may be due to  l e s s  in te n s iv e  a n th e lm in tic  t re a tm e n t in  

t h i s  s p e c ie s  (D onald , 1983). I t  h a s  b een  s p e c u la te d  t h a t  

i n h i b i t e d  d e v e lo p m en t o f  o s t e r t a g i  may b e  p a r t i a l l y  d ru g  

induced (K elly  and H a ll, 1979).

Im portant fa c to r s  in  th e  developm ent o f  r e s is ta n c e

The m ost im p o rtan t f a c to r  in  th e  developm ent o f  r e s i s ta n c e  

t o  an  a n th e l m in t i c  i s  t h e  c o n t r i b u t i o n  t h a t  s u r v iv o r s  o f  

a n th e lm in tic  tre a tm e n t make to  succeeding  g e n e ra tio n s . T his can  

depend on a  number o f  v a r ia b le s .

B efore any a n th e lm in tic  i s  in tro d u ced , genes f o r  r e s i s ta n c e  

to  i t s  a c t io n  a re  a lre a d y  p re s e n t in  th e  p a r a s i te  p o p u la tio n  b u t
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a t  a  v e ry  low  fre q u e n c y . They t h e r e f o r e  c a n n o t c o n f e r  any  

a d d i t i o n a l  s u r v iv a l  a d v a n ta g e  o th e r w is e  th e y  w ould  b e  m ore 

cornnon.

H ow ever, t h e r e  h av e  b een  r e p o r t s  o f  g r e a t e r  f e c u n d i ty  and  

p a th o g e n ic i ty  o f  r e s i s t a n t  s t r a i n s  (K e lly  and  H a l l ,  1979; 

B o rg s te e d e  and  C ouw enberg, 1987). In  i n s e c t s  r e s i s t a n t  t o  

p e s t i c i d e ,  i t  h a s  b een  r e p o r te d  t h a t  t h e r e  c an  b e  a  g e n e r a l  

m o d i f i c a t io n  o f  th e  b ack g ro u n d  genom e a ro u n d  th e  r e s i s t a n t  

a l l e l e ( s )  to  produce a  g r e a te r  deg ree  o f  f i t n e s s  i n  a  p e s t i c id e -  

f r e e  environm ent (M artin , 1987) which may e x p la in  th e s e  f in d in g s .

R e s i s t a n t  i n d i v i d u a l s  a r e  s e l e c t e d  by t r e a t m e n t  w i th  

a n th e l m in t i c  and th e  l e v e l  o f  r e s i s t a n c e  o f  t h e  p o p u la t io n  

in c r e a s e s  by in c r e a s in g  th e  num ber o f  r e s i s t a n t  i n d i v i d u a l s  

(P r ic h a r d  e t  a l ,  1980). I f  s e l e c t i o n  i s  w ith d ra w n  f o r  many 

g e n e ra tio n s , th e  p o p u la tio n  would be expected  to  become more l i k e  

th e  o r ig in a l  i .e .  s u sc e p tib le . This p ro cess  i s  term ed  re v e rs io n  

(K elly  and H a ll ,  1979).

The f re q u e n c y  o f  a n th e l m in t i c  a d m i n i s t r a t i o n  and  i t s  

r e l a t i o n s h i p  t o  th e  p r e p a t e n t  p e r io d  h a s  b een  shown t o  b e  v e ry  

im p o rtan t in  developm ent o f  r e s is ta n c e .  A d i r e c t  c o r r e la t io n  h as  

been found betw een tre a tm e n t f r e q u e n c y  and  l e v e l  o f  r e s i s t a n c e  

(M a r tin  e t  a l ,  1982; B a r to n , 1983; K e t t l e  e t  a l ,  1983; M a r t in  

e t  a l ,  1984).

L a b o ra to ry  p ro d u c t io n  o f  r e s i s t a n t  s t r a i n s  h a s  a l s o  b e e n  

ach ieved  by a  h ig h  frequency  o f  a n th e lm in tic  tre a tm e n t. T h is  h as 

b een  r e p o r te d  by a  num ber o f  w o rk e rs  ( f o r  ex am p le , K a te s ,  

C o lg la z ie r  and E nzie , 1973) b u t th e re  a r e  a  number o f  d if f e r e n c e s
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i n  l a b o r a to r y  s t u d i e s  t h a t  make e x t r a p o l a t i o n  t o  t h e  f i e l d  

s i tu a t io n  d i f f i c u l t .

These a r e : -

( i )  s m a l l  g en e  p o o l. I f  a  l a b o r a to r y  s t r a i n  becom es 

r e s i s t a n t ,  th e n  i t  i s  l i k e l y  t h a t  t h e  s t r a i n  i n  t h e  f i e l d  a l s o  

h a s  t h e  p o t e n t i a l  f o r  r e s i s t a n c e .  I f  r e s i s t a n c e  i s  n o t  

developed , i t  cou ld  be because o f  th e  sm all p o p u la tio n  s iz e .

( i i )  a n th e l m in t i c  d o se  r a t e s  a r e  c a r e f u l l y  c o n t r o l l e d  and  

a d m in is te r e d .  I n  th e  f i e l d ,  d o sag e  i s  t a i l o r e d  u s u a l l y  t o  t h e  

h e a v ie s t  anim al and e s tim a tio n  o f  w eigh ts may be in c o r r e c t .

( i i i )  la b o ra to ry  s tu d ie s  u se  d i s c r e t e  p a r a s i t e  g e n e r a t i o n s ,  

w h e rea s  i n  th e  f i e l d  t h e r e  i s  s u b s t a n t i a l  o v e r la p .  The 

env ironm enta l c o n d itio n s  in  th e  f i e l d  a ls o  have to  be su rv iv ed  by 

f r e e - l iv in g  s ta g e s  b e fo re  a  c o n tr ib u tio n  can be made to  th e  n e x t 

g e n e ra tio n  (W aller and P r ic h a rd , 1986).

As th e  f r e q u e n c y  o f  a n th e l m in t i c  t r e a tm e n t  i n c r e a s e s ,  t h e  

a b i l i t y  o f  s u s c e p tib le  p a r a s i t e s  t o  m u l t ip l y  and  c o n t r i b u t e  t o  

succeeding  g e n e ra tio n s  becomes le s s  and th e  number o f  r e s i s t a n t  

in d iv id u a ls  in  th e  p o p u la tio n  in c re a s e s .

In  W estern Europe, fre q u e n t a d m in is tra t io n  o f  a n th e lm in tic  

( g r e a t e r  th a n  t h r e e  t im e s  a n n u a l ly )  i s  l e s s  common and  o c c u r s  

o n ly  i n  some h o r s e s ,  sh ee p  and  g o a ts .  I n  t h i s  s i t u a t i o n  th e  

g ra z in g  management in  r e l a t i o n  to  a n th e lm in tic  tre a tm e n t p ro b ab ly  

h a s  a  g r e a t e r  in f lu e n c e  on th e  d e v e lo p m en t o f  r e s i s t a n c e .  The 

a s s o c ia t io n  o f  a n th e lm in tic  tre a tm e n t and re lo c a t io n  to  s o - c a l le d  

c le a n  o r  s a fe  p a s tu re s  cou ld  a llo w  p a r a s i te s  su rv iv in g  tr e a tm e n t  

t o  s e e d  th e  new p a s tu r e  and  make a  s u b s t a n t i a l  c o n t r i b u t i o n  t o  

su c c e e d in g  g e n e r a t io n s ,  d e p en d in g  on th e  num ber o f  p a r a s i t e s
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a lre a d y  p re s e n t on th e  p a s tu re  (M ichel e t  a l ,  1983), R es is ta n ce  

a r i s in g  from t h i s  s o r t  o f  g ra z in g  management has been re p o r te d  in

0 . c i r c u m c in c ta  (M a r t in , 1987) and o b v io u s ly  d ep en d s  on th e  

im p o r ta n c e  o f  d o sed  a n im a ls  a s  a  s o u rc e  o f  r e l e v a n t  p a s tu r e  

con tam ination .

S e le c t io n  o n ly  o c c u r s  i n  th e  p a r a s i t i c  s t a g e s  w i th in  t h e  

h o s t, th e  f r e e - l iv in g  s ta g e s  escape s e le c t io n . In d iv id u a ls  o f  a  

p o p u la tio n  t h a t  escape  s e le c t io n  a r e  d e f in e d  a s  be ing  in  re fu g ia . 

I f  t re a tm e n t o f  an im a ls  ha rb o u rin g  p a r a s i te s  i s  c a r r ie d  o u t when 

th e re  a re  la rg e  numbers o f  f r e e - l iv in g  p a r a s i te s  on th e  p a s tu re , 

th e n  th e  s e le c t io n  p re s su re  i s  l e s s  th a n  i f  o n ly  a  few p a r a s i t e s  

e s c a p e  t r e a tm e n t .  T h is  h a s  a l s o  b een  shown e x p e r im e n ta l ly  

(M artin , Le Jambre and C lax ton , 1981).

As s ta t e d  p re v io u s ly , i f  s e le c t io n  by a n th e lm in tic  tre a tm e n t 

i s  stopped , i t  would be expected  th a t  th e  p o p u la tio n  would r e v e r t  

t o  s u s c e p t i b i l i t y .  S tu d ie s  on t h i s  s u b je c t  h av e  p ro d u c e d  

d i f f e r e n t  r e s u l t s .

R e v e rs io n  i n  a  s t r a i n  o f  c o n to r tu s  o r ig in a l ly  r e s i s t a n t  

t o  th iab en d azo le  has been d e te c te d . However, when th ia b e n d az o le  

was re in tro d u c e d , r e s is ta n c e  q u ic k ly  e s ta b l is h e d  (K elly  and H a ll , 

1979). Some r e v e r s i o n  h a s  a l s o  b een  d e t e c t e d  i n  a  s t r a i n  o f  

T. c o lu b r ifo rm is  (Simpkin and C oles, 1978). R e -e s ta b lish m en t o f  

r e s is ta n c e  in  T. c o lu b r ifo rm is  a f t e r  some re v e rs io n  h as a l s o  been  

fo und  (W a lle r  e t  a l ,  1985). I t  h a s  b een  s u g g e s te d  t h a t  som e 

b e n z im id a z o le  r e s i s t a n t  p a r a s i t e  s t r a i n s  r e v e r t  t o w a r d s  

s u s c e p t ib i l i ty  more q u ic k ly  when t r e a te d  w ith  lev am iso le  (Donald 

e t  a l , 1980; P r ic h a rd  e t  a l ,  1980).
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However s t r a i n s  o f  H^ c o n to r tu s  and  T;_ c o lu b r i f o r m is  w ere  

s t u d i e d  a n d  no  r e v e r s i o n  w as d e t e c t e d  ( H e r l ic h ,  Rew and 

C o lg la z ie r , 1981; H a ll, R itc h ie  and K elly , 1982). They concluded 

t h a t  any  r e v e r s i o n  t h a t  may o c c u r  w as l i k e l y  t o  b e  v e ry  s lo w . 

S im i l a r  r e s u l t s  w ere  o b ta in e d  w i th  H. c o n to r tu s ,  w h ere  a  

p a r t i a l l y  r e s i s t a n t  s t r a i n  a c t u a l l y  in c r e a s e d  i t s  l e v e l  o f  

r e s i s t a n c e  w h ile  n o t  s u b je c te d  t o  a n th e l m in t i c  t r e a tm e n t  (Le 

Jam bre, M artin  and J a r r e t t ,  1982).

Mechanisms o f  r e s is ta n c e

The on ly  s tu d ie s  o f  th e  mechanism o f  lev am iso le  r e s i s ta n c e  

have been in  th e  f r e e - l i v i n g  n e m ato d e , C a e n o rh a b d i t i s  e l e g a n s , 

w h e re  r e s i s t a n t  i n d i v i d u a l s  w e re  fo u n d  t o  h a v e  f e w e r  

a c e ty lc h o lin e  re c e p to rs  th a n  s u s c e p t ib le s  (W a lle r  and  P r ic h a r d ,  

1986).

B enzim idazole r e s i s t a n t  p a r a s i t e s  have been shown to  be l e s s  

a f fe c te d ,  w ith  r e s p e c t  to  i n h i b i t i o n  o f  th e  fu m a ra te  r e d u c ta s e  

s y s te m  t h a t  i s  i n v o l v e d  i n  a n a e r o b i c  m e ta b o l i s m ,  t h a n  

s u s c e p t i b l e s  when i n  t h e  p re s e n c e  o f  b e n z im id a z o le s  ( P r ic h a r d  

e t  a l ,  1 9 8 0 ) . I t  h a s  a l s o  b e e n  r e p o r t e d  t h a t  t h e r e  i s  a  

d e c r e a s e d  u p ta k e  o f  b e n z im id a z o le s  by r e s i s t a n t  p a r a s i t e s  b u t  

t h i s  h a s  n o t  b e e n  r e p e a t e d  a n d  i s  t h o u g h t  u n l i k e l y .  I n  

a s s o c ia t io n  w ith  th e  su g g es tio n  th a t  th e  p rim ary  s i t e  o f  a c t io n  

o f  b e n z im id a z o le s  i s  on t u b u l i n  w i th in  p a r a s i t e  c e l l s  an d  t h e  

in h ib i t io n  o f  i t s  p o ly m e risa tio n  in to  m ic ro tu b u le s , i t  h as  been 

found th a t  p a r a s i te s  r e s i s t a n t  to  benzim idazo les a llo w  le s s  d rug  

t o  b in d  t o  t h e i r  t u b u l i n  th a n  s u s c e p t i b l e s  (L acey , 1985; L acey  

e t  a l ,  1987). T h is  c o u ld  be  t h e  p r im a ry  c a u s e  o f  b e n z im id a z o le  

r e s is ta n c e  in  p a r a s i te s .
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G enetics o f  r e s is ta n c e

In  g e n e ra l, l i t t l e  i s  known abou t th e  g e n e tic s  o f  p a r a s i t e  

r e s is ta n c e  to  a n th e lm in tic s . D i f f i c u l t i e s  a r i s e  from  n o t be ing  

a b le  to  sex  f r e e - l iv in g  s ta g e s  and b reed in g  experim en ts  hav ing  to  

ta k e  p la c e  w ith in  th e  h o s t .

I t  i s  t h o u g h t  t h a t  r e s i s t a n c e  o f  IL_ c o n t o r t u s  t o  

benzim idazo les i s  a  p o lygen ic  t r a i t  i .e .  i t  i s  in h e r i te d  th rough  

a l l e l e s  a t  s e v e r a l  l o c i  and  i s  n o t  s e x - l in k e d  (Le Ja m b re , R o y al 

and  M a r t in , 1979; H e r l ic h ,  Rew and  C o lg l a z i e r ,  1981; M a r t in ,  Le 

Jam b re  and  C la x to n , 1981). I t  w ould  a p p e a r  t h a t  t h e r e  c a n  b e  a  

g r e a t e r  m a te r n a l  in f l u e n c e  on r e s i s t a n c e  th a n  p a t e r n a l  w h ich  

c o u ld  b e  e x p la in e d  by e x tra -c h ro m o so m a l in h e r i ta n c e  p re s e n t  in  

t h e  e g g  c y t o p l a s m ,  o r  b y  p a r t i a l  m i t o s i s ,  e n d o m i t o s i s ,  

m u ltip ly in g  th e  number o f  m ate rn a l chromosomes (Le Jam bre, 1985).

T h e re  i s  a  r e p o r t  o f  o n e  s t r a i n  o f  T̂ _ c o l u b r i f o r m i s  

r e s i s t a n t  t o  le v a m is o le  t h a t  a p p e a rs  t o  be  c a u se d  by a  s i n g l e  

gene (W aller e t  a l ,  1986).

I t  has been argued t h a t ,  due to  th e  n o n -p e rs is ta n t  n a tu re  o f  

m ost b road-spectrum  a n th e lm in tic s ,  a  number o f  sm a ll changes in  

th e  p a r a s i t e s '  p h y s io lo g y  o r  b io c h e m is t r y  c o u ld  a l lo w  i t  t o  

su rv iv e  th e  s h o r t  tim e  o f  a n th e lm in tic  p resence . Longer a c t in g  

a n th e lm in tic s  o r  con tinuous a d m in is tr a t io n  would re q u ire  a  m ajo r 

gene change to  a llow  s u rv iv a l  (Le Jam bre, 1985).

Methods o f  d e te c tio n  o f  r e s is ta n c e

Egg hatch assay

T h is  i n  v i t r o  te c h n iq u e  was f i r s t  d e s c r ib e d  by Le Ja m b re  

(1976) and  C o les  and  S im p k in  (1977) a s  a  way o f  a s s e s s i n g
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r e s is ta n c e  to  th e  benzim idazo le  group o f  a n th e lm in tic s , u t i l i s i n g  

th e  o v i c i d a l  p r o p e r t i e s  o f  th e s e  d ru g s . The a s s a y  h a s  b een  

w id e ly  u se d  ( f o r  e x am p le , H a l l ,  C am pbell and  R ic h a rd s o n , 1978; 

W hitlock e t  a l ,  1980; Cawthom e and W hitehead, 1983) o f te n  w ith  

m o d i f i c a t io n s ,  m aking  c o m p a r iso n  o f  r e s u l t s  from  d i f f e r e n t  

w orkers d i f f i c u l t .

B a s ic a l ly , undeveloped nematode eggs a re  in cu b a ted  in  s e r i a l  

c o n c e n tra tio n s  o f  benz im id azo les, u s u a lly  th iab en d azo le , and th e  

p e r c e n t a g e  o f  e g g s  t h a t  h a t c h  a t  e a c h  c o n c e n t r a t i o n  i s  

d e te rm in e d . L o g -d o se  p r o b i t  l i n e s  f o r  egg  m o r t a l i t y  a r e  

c a l c u l a t e d  (Le Ja m b re , 1 976), o r  a r c - s i n e  t r a n s f o r m a t io n  u s e d  

(Cawthome and W hitehead, 1983), and th e  ED^q, th e  c o n c e n tra tio n  

o f  b e n z im id a z o le  r e q u i r e d  t o  p re v e n t  50% o f  t h e  eg g s  h a tc h in g  

o b ta in ed . The resp o n ses  a r e  th en  compared to  known s u s c e p tib le  

s t r a i n s .

The d if f e r e n c e s  in  tech n iq u e  in c lu d e :-

( i )  in c u b a tio n  tim e s , frcm  24 hours to  72 h o u rs .

( i i )  th e  in c lu s io n  o f  la rv a te d  eggs e i t h e r  in  th e  p e rcen tag e  

h a tc h e d  (o r  d e v e lo p e d )  o r  i n  t h e  p e rc e n ta g e  t h a t  f a i l  

to  h a tc h .

( i i i )  t h e  u s e  o f  c o m m e rc ia l a n t h e l m i n t i c s  o r  p u re  d ru g  and  

so lv e n ts  f o r  s to ck  s o lu t io n s .

P o ss ib ly  because o f  th e se  d i f f e r e n t  tech n iq u es  a  w ide range  

in  th e  ED^qS o b ta in ed  f o r  b e n z im id a z o le  s u s c e p t i b l e  s t r a i n s  i s  

o b se rv e d . B oersem a (1983) c i t e s  v a lu e s  f o r  th e  ED^q f o r  

b e n z im id a z o le  s u s c e p t i b l e  Haemonchus c o n to r tu s  from  1.1 ug  

th ia b e n d a z o le /m l  (Le Ja m b re , 1976), 0.47 ug th ia b e n d a z o le /m l  

(Donald e t  a l , 1980) to  0.023 ug th iab en d azo le /m l (H a ll, Cam pbell
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and  R ic h a rd s o n , 1978). O b v io u s ly ,  r e f e r e n c e  t o  s t a n d a r d  

s u s c e p t i b l e  s t r a i n s  w ould  b e  p r e f e r a b l e  (W a lle r  and  P r i c h a r d ,

1986).

I n i t i a l l y  i t  was though t n e ce ssa ry  to  a llo w  o n ly  a  cou p le  o f  

hours t o  e la p s e  from  th e  fa e c e s  be in g  passed  to  commencement o f  

th e  a ssa y  (Le Jam bre, 1976). However, S m ith -B u ijs  and B orgsteede 

(1986) showed th a t  m aintenance o f  p a r a s i t e  eggs f o r  72 hours d id  

n o t  a l t e r  th e  r e s u l t s  o b ta in e d  from  th e  egg  h a tc h  a s s a y .  T h is  

made th e  a s s a y  m ore p r a c t i c a l  f o r  f i e l d  w ork. H ow ever, i t  h a s  

b een  fo u n d  t h a t  o n ce  th e  eg g s  h av e  s t a r t e d  t o  e m b ry o n a te , t h e  

benzim idazo le  i s  le s s  a b le  to  p rev en t h a tch in g  (Le Jam bre, 1976; 

Weston, O 'Brien and P r ic h a rd , 1984).

Day t o  day  v a r i a t i o n  h a s  a l s o  b een  o b se rv e d  when a  s i n g l e  

s t r a i n  h a s  b een  a s s a y e d  (B oersem a, 1983). B o rg s te e d e  and  

Couwenberg (1987) s tu d ie d  r e s i s t a n t  and  s u s c e p t i b l e  s t r a i n s  o f  

H. c o n to r tu s  th roughou t th e  p a te n t  p e r io d  o f  th e  in fe c t io n .  They 

observed s im i la r  v a r ia t io n  in  bo th  s t r a in s ,  th e  ED5 0  s t a r t i n g  a t  

a  low  l e v e l ,  r i s i n g  and  th e n  f a l l i n g  to w a rd s  th e  end  o f  t h e  

in fe c t io n .

T his tech n iq u e  has been used  m ain ly  to  m on ito r r e s i s ta n c e  in  

e x p erim en ta l in fe c t io n s  where th e  p a r a s i t e s  w ere a d m in is te re d  a s  

a  s in g le  dose and on ly  one sp e c ie s  p re s e n t. However, i t  h as  been 

used to  a s s e s s  r e s is ta n c e  in  f i e l d  in fe c t io n s  where th e  egg h a tc h  

a ssay  i s  combined w ith  d i f f e r e n t i a t i o n  o f  th e  f i r s t - s t a g e  la rv a e  

(L-j) o r  a llow ed  to  develop  to  th i r d - s t a g e  to  a id  i d e n t i f i c a t i o n  

(W hitlock e t  a l ,  1980).
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M ethods h av e  a l s o  b e e n  d e v e lo p e d  by  a n a l y s i s  o f  lo g  d o s e -  

p ro b i t  m o t i l i ty  l in e s  which a llo w s  th e  id e n t i f i c a t io n  o f  sub­

p o p u la tio n s  o f  r e s i s t a n t  and  s u s c e p t i b l e  i n d i v id u a l s  w i th in  a  

s i n g l e  s t r a i n  and t h e i r  p r o p o r t io n s  w ith in  th a t  s t r a i n  (M artin  

e t  a l ,  1984).

The r e s u l t s  o f  egg  h a tc h  a s s a y s  h av e  b een  com pared  w i th  

a n o th e r  m ethod o f  r e s i s t a n c e  d e t e c t i o n ,  th e  f a e c a l  egg  c o u n t 

r e d u c t io n  t e s t  (FECR) i n  sh ee p  and  g o a t  f l o c k s  i n  A u s t r a l i a  and  

th e y  a re  found to  c o r r e la te  w e ll (P re s id e n te , 1985).

T h ere fo re , t h i s  in  v i t r o  t e s t  re p re se n ts  a  ra p id , s e n s i t iv e  

and economic method o f  assessm en t o f  benzim idazole r e s is ta n c e .

A s i m i l a r  a s s a y ,  b a se d  on t h e  p a r a l y s i s  o f  f i r s t - s t a g e  

la rv a e  w ith in  th e  egg which p rev en ts  h a tch in g  has been used f o r  

d e te c t io n  o f  lev am iso le  r e s is ta n c e .  In  t h i s  s i tu a t io n  th e  eggs 

a r e  a llow ed  to  develop  to  a  p o in t  j u s t  p r io r  to  h a tch in g  and th e n  

exposed to  s e r i a l  c o n c e n tra tio n s  o f  lev am iso le  f o r  a  s h o r t  t im e  

b e fo re  te rm in a tio n  o f  th e  a ssay . R e s is ta n t  nem atodes a r e  a b le  to  

h a tc h  a t  h ig h e r  c o n c e n t r a t io n s  o f  le v a m is o le  th a n  s u s c e p t i b l e  

s t r a i n s  (Dobson e t  a l ,  1986). P r e v io u s ly ,  th e  p a r a l y s i s  o f  

in f e c t iv e  (L3 ) la rv a e  by lev am iso le  and a ls o  m o ran te l was used  to  

d e te c t  p a r a s i t e  r e s is ta n c e  to  th e se  d rugs (M artin  and Le Jam bre, 

1979).

E aecal egg count red u ction  (EHCR)

T h is  t e s t  h a s  t h e  a d v a n ta g e  o v e r  th e  i n  v i t r o  egg  h a tc h  

a s s a y s  i n  t h a t  a l l  t h e  d i f f e r e n t  ty p e s  o f  a n t h e l m i n t i c s  may b e  

u se d . L i t t l e  s p e c i a l i s e d  eq u ip m e n t i s  n eed ed  and  m ig h t b e  

c o n s id e re d  th e  f i r s t  t e s t  t o  be  u se d  w h ere  r e s i s t a n c e  i s  

su sp ec ted .
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G enera lly , f a e c a l  egg co u n ts  a r e  o b ta in ed  p r io r  to  tre a tm e n t 

and  t h i s  i s  r e p e a te d  f i v e  t o  t e n  d a y s  p o s t  t r e a tm e n t  and  a g a in  

te n  to  14 days p o s t tre a tm e n t. Only one sp e c ie s  may be r e s i s t a n t  

and  th e r e f o r e  th e  d i f f e r e n t i a t i o n  o f  h a tc h e d  l a r v a e  h a s  t o  be  

undertaken .

The d isad v an tag es  o f  t h i s  t e s t  a r e : -

( i )  t h e  f a e c a l  egg  c o u n t i s  o f t e n  n o t  r e l a t e d  t o  p a r a s i t e  

numbers, t h i s  i s  p a r t i c u la r ly  th e  case  w ith  O s te r ta g ia  

spp.

( i i )  th e  t e s t  d o e s  n o t  d e t e c t  im m a tu re  worms w h ich  may 

su rv iv e  tre a tm e n t and develop .

( i i i )  th e  f a e c a l  egg  c o u n t may be  lo w e re d  b u t  t h i s  may n o t  

correspond  to  a  d rop  in  p a r a s i t e  numbers.

( iv )  lev am iso le  tre a tm e n t o f  an  O s te r ta g ia  spp in f e c t io n  h as 

b een  fo u n d  n o t  t o  re d u c e  th e  f a e c a l  egg  c o u n t  ev en  

a f t e r  re p e a te d  tre a tm e n t, b u t when i s o la te d  and t e s t e d  

in  v iv o  th e  s t r a i n  was fo u n d  t o  b e  f u l l y  s u s c e p t i b l e  

(W a lle r , Dobson and  D onald , 1983). I t  h a s  b e en  fo u n d  

t h a t  i n  p o p u la t io n s  o f  c o lu b r i f o r m is  r e s i s t a n t  t o  

le v a m is o le ,  a  h ig h e r  num ber o f  f e m a le s  re m a in  a f t e r  

lev am iso le  tre a tm e n t. T his may be because o f  m e ta b o lic  

d if f e r e n c e s  o r  mode o f  a ttach m en t in  sm a ll i n t e s t i n e ,

i . e .  t h e  f e m a le s  may occupy  a  m ore 'p r o t e c t e d  s i t e 1 

(D ash, 1985).
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(v) I f  fa e c a l  egg co u n ts  a r e  low p re - tre a tm e n t, r e s i s ta n c e  

may n o t be d e te c te d  by t h i s  method.

I f  t h e  f a e c a l  egg  c o u n t i s  n o t  re d u c e d  c o n s id e r a b ly  p o s t ­

tre a tm e n t th en  r e s is ta n c e  may be su sp ec ted  (P rich ard  e t  a l ,  1980; 

W aller and P r ic h a rd , 1986).

C bntrolled t e s t s

In  th e se , th e  a d u l t  worm p o p u la tio n s  a re  compared a t  p o s t­

m ortem  b e tw ee n  t r e a t e d  and  u n t r e a t e d  in d i v i d u a l s .  A gain  a l l  

a n th e l m i n t i c s  may b e  t e s t e d  and  i t  i s  p o s s ib l e  t o  u s e  s e r i a l  

d o s e s  t o  a s c e r t a i n  t h e  r e s p o n s e  t o  t h e  a n th e l m in t i c .  A t l e a s t  

f iv e  days should  e la p se  p o s t tre a tm e n t b e fo re  necropsy  a s  th e re  

i s  some ev idence th a t  p a r t ly  r e s i s t a n t  p a r a s i te s  may ta k e  lo n g e r  

to  be removed (P rich ard  e t  a l ,  1980). Evidence f o r  t h i s  has a l s o  

been shown in  Cooperia c u r t i c e i  in  sheep t r e a te d  w ith  iv e rm e c tin . 

C. c u r t i c e i ,  C o o p e r ia  !' oncophora and  N e m a to d iru s  sp p  h av e  b e en  

r e p o r t e d  a s  r e q u i r i n g  h ig h e r  d o se  r a t e s  o f  iv e r m e c t in  t o  be  

removed compared to  abom asal p a r a s i te s  e.g . O. c irc u m c in c ta . The 

a n th e lm in tic  e f f ic a c y  o f  iv e rm e c tin  a sse sse d  a t  seven and 14 days 

p o s t  t r e a tm e n t  r e s u l t e d  i n  61.1% and  90.4% o f  C. c u r t i c e i  b e in g  

rem oved . T h e re  w as e v id e n c e  t h a t  t h e  p a r a s i t e s  had  moved 

d i s t a l l y  i n  t h e  s m a l l  i n t e s t i n e  a f t e r  t r e a tm e n t  (Bogan e t  a l ,

1987).

I t  i s  p o s s ib l e  f o r  t h i s  t e s t  on c o lu b r i f o r m is  t o  b e  

p e rfo rm e d  i n  g u in e a - p ig s  r a t h e r  th a n  sh ee p  t o  re d u c e  e x p e n se . 

G en era lly , however, i t  i s  a  v e ry  expensive  and a  la b o rio u s  method 

o f  t e s t i n g  f o r  re s is ta n c e .
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Tubulin b inding a ssay

T h is  p ro v id e s  a  m easu rem en t o f  th e  e x t e n t  a  l a b e l l e d  

b e n z im id a z o le  b in d s  t o  a  c ru d e  t u b u l i n  e x t r a c t  o f  a  p a r a s i t e  

s t r a in .  S tr a in s  r e s i s t a n t  to  benzim idazo les have been found to  

b in d  l e s s  benzim idazole th a n  s u s c e p tib le  p a r a s i t e s .

B a s i c a l ly  th e  a s s a y  in v o lv e s  t h e  in c u b a t io n  o f  p a r a s i t e  

tu b u l in  w ith  t r i t i a t e d  benzim idazo le  u n t i l  e q u ilib r iu m  has been 

re a c h e d . The f r e e  d ru g  i s  rem oved by c h a r c o a l  a b s o r p t io n  and  

p r e c ip i ta t io n .  The tu b u l in  bound l a b e l  i s  th e n  c o u n te d  (L acey , 

1985; L acey  e t  a l , 1987). T h is  a s s a y  may b e  c a r r i e d  o u t  on 

p a r a s i t e  e g g s , i n f e c t i v e  l a r v a e  (L3 ) o r  a d u l t s .  I t  h a s  b e en  

found to  g iv e  s im i la r  r e s is ta n c e  f a c to r s  a s  th o se  o b ta in e d  w ith  

t h e  egg  h a tc h  a s s a y  and  i s  a  r e l a t i v e l y  q u ic k  a s s a y  t o  p e r fo rm  

b u t needs s p e c ia l is e d  equipm ent. I t  a ls o  re q u ire s  a  minimum o f

25,000 L3  which cou ld  l im i t  i t s  u se fu ln e s s .

MATERIALS AND METHODS

T his s tu d y  was p a r t  o f  a  much w ider p ro je c t  to  in v e s t ig a te  

r e s is ta n c e  in  O s te r ta g ia  c irc u m c in c ta .

Animals

A ll  t h e  a n im a ls  u se d  f o r  p a s s a g e  o f  b o th  b e n z im id a z o le  

r e s i s t a n t  s t r a i n s  and  th e  b e n z im id a z o le  s u s c e p t i b l e  s t r a i n  o f  

O. c irc u m c in c ta  were m ale D o rse t-c ro ss  lambs which were housed 

in d iv id u a lly . They were p re v io u s ly  p a ra s i te -n a iv e .
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E xperim en ta l d e s ig n

E xperim en ta l d e s ig n  o f  s tu d ie s  i n t o  HERO r e s i s t a n t  

s t r a i n  o f  0 .  c irc u m c in c ta

Sheep;DB74

i.Sheep DB16

I
Sheep DB62

Sheep DB25

Sheep DB5

Sheep DB2

Sheep DB3

Sheep DB63

T rea ted  
31 days P I

T rea ted  
31 days P I

T rea ted  
27 days P I

Not t r e a te d

T rea te d  
32 days P I

Not t r e a te d

T rea te d  
27 days P I

Not t r e a te d

PASSAGE 1 
T o ta l number o f  
tre a tm e n ts  1

PASSAGE 2 
T o ta l number o f  
t re a tm e n ts  2

PASSAGE 3 
T o ta l number o f  
tre a tm e n ts  3

PASSAGE 3 
T o ta l number o f  
tre a tm e n ts  2

PASSAGE 4 
T o ta l number o f  
tre a tm e n ts  3

PASSAGE 4 
T o ta l number o f  
tre a tm e n ts  2

PASSAGE 4 
T o ta l number o f  
tre a tm e n ts  4

PASSAGE 5 
T o ta l number o f  
t re a tm e n ts  4

P I -  p o s t  in f e c t io n  

S t r a in s  o f  0 ^  c irc u m c in c ta  u sed

The b e n z im id a z o le  s u s c e p t i b l e  s t r a i n  u se d  i n  t h e s e  a s s a y s  

had been m a in ta in ed  a t  Glasgow U n iv e rs ity  V e te r in a ry  School f o r  a  

number o f  y e a r s .  T his was term ed th e  B earsden s t r a i n .

Two b e n z im id a z o le  r e s i s t a n t  s t r a i n s  w e re  u s e d . The m a in  

s tu d y  c e n tre d  on th e  HERO s t r a i n ,  i s o la te d  from  a  farm  owned by 

t h e  H i l l  F a rm in g  R e s e a rc h  O r g a n is a t io n .  The o t h e r  r e s i s t a n t



s t r a i n  had  b een  i s o l a t e d  from  th e  M oredun I n s t i t u t e  (M oredun 

s t r a i n ) .  Both s i t e s  a re  in  E a s t S co tlan d .

C o llec tio n  o f  p a r a site  eggs and p r e p a r a tio n  o f  la r v a l in ocu lu m  
fa r  fu rth er  passage

F a e c e s  known t o  c o n ta in  p a r a s i t e  eg g s  w ere  c o l l e c t e d  and  

in c u b a te d  a s  d e s c r ib e d  p r e v io u s ly .  Lambs w ere  i n f e c t e d  w i th

10,000 t h i r d  s t a g e  l a r v a e  (L3 ) a s  a  s i n g l e  d o se . The eg g s  

c o l le c te d  from th e  r e s i s t a n t  HERO s t r a i n  were is o la te d  one week 

a f t e r  tre a tm e n t o f  th e  anim al w ith  fenbendazo le .

C o lle c tio n  o f  p a r a site  eggs fa r  th e  egg hatch  a ssay

Faeces were c o l le c te d  a s  p re v io u s ly  d e sc r ib e d .

P a r a s i te  eggs w ere se p a ra te d  from  f r e s h  fa e c e s  by a  method 

m odified  from th a t  o f  Le Jambre (1976) •

3 -  4 g  o f  fa e ce s  w ere p ro cessed  a t  one tim e . A pproxim ately  

1 0  m l o f  s a t u r a t e d  s a l t  s o l u t i o n  was added  t o  t h e  f a e c e s  and  

homogenised f o r  th re e  m in u te s . The f a e c a l  s u s p e n s io n  w as th e n  

p a s s e d  th ro u g h  a  250 urn s i e v e  and  th e  f i l t r a t e  c o l l e c t e d  i n  a  

p l a s t i c  t r a y .  The re s id u e  was washed w ith  s a tu r a te d  s a l t .  T h is  

was re p e a te d  u n t i l  th e  t r a y  was f i l l e d  to  an  approxim ate  d ep th  o f  

6 - 8  cm. A p l a s t i c  s h e e t  was f l o a t e d  on to p  o f  th e  f a e c a l  

su spension  and a s  th e  s p e c i f ic  g ra v i ty  o f  th e  p a r a s i t e  eggs was 

l e s s  th a n  m ost o f  th e  f a e c a l  m a tte r  th ey  f lo a te d  and adhered  to  

th e  sh ee t. The sh e e t was l i f t e d  a f t e r  app ro x im ate ly  f iv e  m inu tes  

and th e  eggs washed in to  a  b eaker w ith  w a ter. T his p ro c e ss  was 

re p e a te d  a  number o f  tim es . The eggs in  w a te r and s a l t  s o lu t io n  

w ere th en  passed  th rough  a  38 urn s ie v e , th e  eggs c o l le c te d  on th e  

s ie v e  and were washed in to  a  sed im en ta tio n  f la s k  w ith  w a te r . The 

eggs w ere a llow ed  to  s e t t l e  f o r  two hours. The su p e rn a ta n t was
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th e n  poured o f f .  O ften  a t  t h i s  s ta g e  th e re  was s t i l l  some fa e c a l  

c o n ta m in a t io n  o f  th e  e g g s  so  t h e  r e s id u e  was c e n t r i f u g e d  a t  

1500 x  g  f o r  f iv e  m inutes to  reduce th e  volume. The su p e rn a ta n t 

was d i s c a r d e d ,  s a t u r a t e d  s a l t  2  : 1  v /v  w i th  t h e  r e s id u e  was 

added  and  m ixed . C e n t r i f u g a t io n  w as r e p e a te d  and  th e  s a l t  

su p e rn a ta n t c o n ta in in g  th e  eggs ag a in  c o l le c te d  on to  38 um s ie v e  

an d  w ashed i n t o  a  b e a k e r .  The egg  c o n c e n t r a t io n  c o u ld  th e n  b e  

a d ju s te d  by d i lu t io n  o r  f u r th e r  c e n tr ifu g a tio n .

Fenbendazole treatm ent

The lam b s t h a t  w e re  t r e a t e d  w h i le  i n f e c t e d  w i th  t h e  HFRO 

s t r a i n  o f  0 . c irc u m cin c ta  re c e iv e d  th e  recommended dose r a t e  o f  

5 mg/kg fenbendazole p e r  os on one occasion . Some an im a ls  w ere 

in fe c te d  w ith  HFRO s t r a i n  o f  O. c irc u m c in c ta  and w ere n o t t r e a te d  

i n  o r d e r  t o  s tu d y  th e  f l u c t u a t i o n s  th ro u g h o u t  an  u n p r e s s u r i s e d  

in fe c t io n .

Egg hatch a ssay

This tech n iq u e  was used to  e s t im a te  th e  le v e l  o f  r e s is ta n c e  

th roughou t th e  s e r ie s  o f  p assages o f  th e  r e s i s t a n t  HFRO s t r a i n  o f  

0 . c i r c u m c in c ta .  A lso  th e  l e v e l  o f  r e s i s t a n c e  i n  t h e  M oredun 

s t r a i n  o f  0»_ c i r c u m c in c ta  w as a s s a y e d  and  com pared  t o  r e s u l t s  

o b ta in e d  w i th  th e  b e n z im id a z o le  s u s c e p tib le  B earsden s t r a i n  o f  

0 . c i r c u m c in c ta .  Eggs w e re  c o l l e c t e d  a s  d e s c r ib e d  and  u s e d  

im m edia te ly . The a ssay  took  p la c e  u s in g  p l a s t i c  m u lt iw e ll  p la te s  

( S t e r i l i n ) .  A p p ro x im a te ly  100 eg g s  w ere  added  i n  w a te r  w i th  

s e r i a l  s o lu t io n s  o f  th iab en d azo le  in to  each w e ll. The s o lu t io n s  

o f  th iab en d azo le  were made from pure  d rug  d is so lv e d  in  m ethanol 

and  d i l u t e d  w ith  w a te r  t o  p ro d u c e  th e  f i n a l  c o n c e n t r a t i o n .  

C o n tro ls  c o n ta in in g  m ethanol in  w a te r  w ere ru n  w ith  each a ssay .
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Each c o n c e n tra tio n  o f  th iab en d azo le  was a sse sse d  in  d u p lic a te .

The eggs w ere in cu b a ted  a t  28°c f o r  48 hours. At th e  end o f  

t h i s  p e r io d  a  s m a l l  am ount o f  io d in e  w as added  t o  k i l l  t h e  eg g s  

and  l a r v a e .  The num bers o f  u n h a tc h e d  e g g s , l a r v a t e d  eg g s  and  

l a r v a e  w ere  c o u n te d  and  th e  p e rc e n ta g e  o f  eg g s  t h a t  f a i l e d  t o  

d e v e lo p  c a l c u l a t e d  ( i . e  num ber o f  eg g s  a s  a  p e rc e n ta g e  o f  th e  

t o t a l )  and c o rre c te d  f o r  n a tu ra l  m o r ta l i ty  u s in g  th e  r e s u l t s  from  

th e  c o n t r o l  w e l l s .  The ED^q , i . e .  t h e  c o n c e n t r a t io n  o f  d ru g  

r e q u i r e d  t o  p r e v e n t  d e v e lo p m en t o f  50% o f  t h e  e g g s , w as 

c a lc u la te d  from a  p lo t  o f  p ro b i t s  a g a in s t  lo g  dose c o n c e n tra tio n . 

The r a t i o  o f  ED^q o f  t h e  r e s i s t a n t  s t r a i n s  t o  t h a t  o b ta in e d  f o r  

th e  s u s c e p tib le  Bearsden s t r a i n  was used a s  a  R e s is ta n c e  ra tio *  

(Le Jam bre, 1976).

RESULTS

HERO s tr a in  o f  O. circum cincta

The ED^qs o b ta in ed  u s in g  th e  egg h a tch  a ssay  th ro ughou t th e  

f iv e  passages a r e  shown in  T able 59.

F i r s t  passage

The egg  h a tc h  a s s a y  on d ay  23 p o s t  i n f e c t i o n  p ro d u c e d  an  

ED^q o f  1.527 ug th iab en d azo le /m l. When compared to  th e  r e s u l t  

o b ta in e d  w ith  th e  s u s c e p tib le  Bearsden s t r a i n  o f  O. c irc u m c in c ta  

o f  0.164 ug th ia b e n d az o le /m l, g iv e s  a  r e s is ta n c e  r a t i o  o f  9.31.

Second passage

The r e s u l t s  f o r  th e  seco n d  p a s s a g e  a r e  a l s o  shown i n  

F ig u re  40 . The ED5 q 25 d a y s  p o s t  i n f e c t i o n  w as 3 .3 6 0  u g  

th iab en d azo le /m l which was more th a n  tw ic e  th e  f ig u r e  o b ta in e d  in  

th e  f i r s t  passage. T h is an im al was t r e a te d  w ith  fenbendazo le  on
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day 31 p o s t  i n f e c t i o n .  The ED^q re m a in e d  h ig h  one day  p o s t  

t r e a tm e n t  b u t  th e n  f e l l  t o  1.924 ug th ia b e n d a z o le /m l  by t h r e e  

days p o s t tre a tm e n t and by e ig h t  days p o s t tre a tm e n t had reduced 

f u r th e r  to  0.980 ug th iab en d azo le /m l.

Third passage

The r e s u l t s  f o r  th e  t h i r d  passage, t r e a te d  w ith  fenbendazole  

(Animal DB62) a re  shown in  F ig u re  41. Another an im al (DB25) was 

i n f e c t e d  and  sam p led  i n  p a r a l l e l  b u t  was n o t  t r e a t e d .  The 

r e s u l t s  a r e  shown in  F ig u re  42.

Tw enty-seven days p o s t in fe c t io n ,  th e  ED5q was h ig h e r th a n  

a t  th e  end o f  th e  p rev io u s  passage a t  2.808 ug th iab en d azo le /m l. 

A fte r  tre a tm e n t i t  ro se , one day p o s t tre a tm e n t i t  was 2.833 ug 

th iab en d azo le /m l and i t  reached  a  maximum tw o days p o s t tre a tm e n t 

a t  3.062 ug th iab en d azo le /m l. The ED^q th e n  f e l l  to  1.396 ug /m l 

th re e  days p o s t t re a tm e n t, on ly  to  show a  r i s e  a g a in  44 days p o s t 

in f e c t io n ,  17 days p o s t t re a tm e n t,  to  3.457 ug th ia b e n d az o le /m l.

The r e s u l t s  from  th e  u n t r e a t e d  i n f e c t i o n  w e re  s i m i l a r  27 

d a y s  p o s t  i n f e c t i o n ,  ED^q 2.441 ug th iab en d azo le /m l. T his f e l l  

s l i g h t l y  d u r in g  th e  t im e  o f  t r e a tm e n t  o f  th e  sh ee p  ru n  i n  

p a r a l l e l ,  r i s i n g  s l i g h t l y  to  1.910 ug th iab en d azo le /m l on day 30. 

The h ig h  ED ^ qS se e n  i n  sh ee p  DB62 p o s t  t r e a tm e n t  w e re  n o t  

o b s e rv e d  i n  t h i s  a n im a l .  F o u r ty - f o u r  d a y s  p o s t  t r e a tm e n t  t h e  

ED^q had f a l l e n  f u r th e r  to  1.301 ug th iab en d azo le /m l much lo w er 

th a n  th a t  seen  in  th e  t r e a te d  in f e c t io n  a t  t h i s  s tag e . The ED^q 

c o n t in u e d  t o  f a l l  t o  0 .185 , 51 and  55 d a y s  p o s t  i n f e c t i o n ,  t h e  

l e v e l  o f  r e s i s t a n c e  was o n ly  s l i g h t l y  h ig h e r  th a n  t h e  ED^q 

o b ta in e d  f o r  th e  s u s c e p t i b l e  B ea rsd e n  s t r a i n .  By 73 d a y s  p o s t  

in fe c t io n  th e  ED^q had r i s e n  to  0.665 ug th iab en d azo le /m l.
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Fourth passage

Two a n im a ls  DB5 and  DB2 w ere  i n f e c t e d  from  DB25 th e  

u n tre a te d  in fec tio n *  Twenty days p o s t in f e c t io n  th e  ED^q f o r  DB5 

was o n ly  s l i g h t l y  above th e  l a s t  ED^q r e c o rd e d  i n  DB25 a t  

0.761 ug th ia b e n d a z o le /m l  (F ig u re  43). T h is  r o s e  t o  r e a c h  a  

maximum a t  27 d a y s  p o s t  i n f e c t i o n  o f  1.963 ug th ia b e n d az o le /m l 

and th e n  f e l l  b e fo re  tre a tm e n t w ith  fenbendazole. There was no 

r i s e  im m edia te ly  p o s t tre a tm e n t u n t i l  day 7 p o s t t re a tm e n t,  ED5 0  

1.132 ug th iab en d azo le /m l. The ED^q th e n  g e n e ra lly  ro s e  t o  re a ch  

1.699 23 days p o s t tre a tm e n t.

The i n f e c t i o n  i n  DB2 was n o t  t r e a t e d .  The ED^q a t  20 d a y s  

p o s t  i n f e c t i o n  w as s i m i l a r  t o  t h a t  o f  DB5 a t  0 .7 6 4  ug  

th ia b e n d a z o le /m l .  The ED^q show ed a  s i m i l a r  r i s e  a s  t h a t  

reco rded  in  DB5 to  reach  a  maximum o f  2.087 ug th ia b e n d az o le /m l 

27 d a y s  p o s t  i n f e c t i o n  t h a t  f e l l  s l i g h t l y  t o  1 .8 5 4  u g  

th iab en d azo le /m l 29 days p o s t in fe c tio n .

Animal number DB3 was in fe c te d  from th e  t r e a te d  in f e c t io n  o f  

anim al DB62 and was f u r th e r  p re s s u r is e d  by fenbendazole  tre a tm e n t 

in  t h i s  an im al. The few r e s u l t s  o b ta in e d  f o r  t h i s  in f e c t io n  show 

an  ED5 Q o f  2.468 ug th ia b e n d a z o le /m l  s i x  d ay s  p o s t  t r e a t m e n t ,  

f a l l i n g  d ra m a tic a l ly  to  0.811 ug th iab en d azo le /m l seven  days p o s t  

tre a tm e n t b u t r i s i n g  to  1.343 by day 11 p o s t tre a tm e n t.

F ifth  passage

The one egg h a tch  a ssay  c a r r ie d  o u t a f t e r  t re a tm e n t on fo u r  

o ccasio n s  w ith  fenbendazole  in  p rev io u s  passages produced an  ED^q 

o f  1.483 ug  th ia b e n d a z o le /m l ,  a  r e s i s t a n c e  r a t i o  o f  9.04 when 

compared to  th e  s u s c e p tib le  Bearsden s t r a in .
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Stored la rv a e

L a rv a e  t h a t  h ad  b e en  s t o r e d  i n  t h e  r e f r i g e r a t o r  (+4°C) f o r  

f o u r  m onths w ere  u se d  t o  i n f e c t  sh e e p  num ber DB4. The ED^qS 

o b ta in e d  a r e  shown i n  T a b le  60. T w en ty -tw o  and  30 d a y s  p o s t  

i n f e c t i o n ,  t h e  ED^qS w ere  1.416 and  1.546 ug th ia b e n d a z o le /m l  

r e s p e c t i v e l y .  The mean o f  th e s e  tw o  r e s u l t s  w ould  g iv e  a  

r e s is ta n c e  r a t i o  o f  9.03 compared to  th e  s u s c e p tib le  s t r a in .  

Moredun s t r a i n  o f  c i r a jn c ln c ta

Egg h a tch  a ssay s  w ere c a r r ie d  o u t d u rin g  a  t r e a te d  in f e c t io n  

i n  a n im a l B2 t o  com pare  th e  r e s i s t a n c e  w i th  t h a t  fo u n d  i n  t h e  

HFRO s t r a i n  (Table 61).

T w e n ty -s ix  d ay s  p o s t  i n f e c t i o n  th e  ED^q w as 1.289 ug 

th iab en d azo le /m l which ro s e  to  1.480 ug th iab en d azo le /m l 28 days 

p o s t in f e c t io n  and th en  s lo w ly  f e l l .  A fte r  tre a tm e n t, th e  ED^q 

ro se  v e ry  s l i g h t ly  one day p o s t tre a tm e n t to  1.039, f e l l  t o  0.675 

one day  l a t e r  th e n  r o s e  t o  r e a c h  2.041 ug th ia b e n d a z o le /m l  14 

days p o s t tre a tm e n t (F igure  44).

Bearsden su sc e p tib le  s tr a in  o f  O. c irc im cin cta

The ED^q o b ta in e d  f o r  t h i s  s t r a i n  o f  c i r c u m c in c ta  w as 

0.164 ug th iab en d azo le /m l.

T able 62 sh o w s t h e  ED^qs f o r  t h e  v a r i o u s  s t r a i n s  o f  

O. c i r c u m c in c ta  u sed  i n  t h e s e  e x p e r im e n ts .  The f i r s t  ED^q 

o b ta in e d  i n  a  p a t e n t  i n f e c t i o n  was u se d  f o r  c o m p a r iso n . The 

v a lu e s  o b ta in ed  f o r  th e  HFRO r e s i s t a n t  s t r a in s  w ere ve ry  s im i la r  

f o r  t h e  f i r s t  and f i f t h  p a s s a g e s  and  a l s o  f o r  th e  l a r v a e  s t o r e d  

f o r  fo u r  m onths, a  mean o f  1.475 ug th iab en d azo le /m l. The ED^q 

f o r  th e  Moredun r e s i s t a n t  s t r a i n  a t  th e  beg inn ing  o f  th e  p a te n t  

i n f e c t i o n  w as s l i g h t l y  lo w e r  th a n  th o s e  o b ta in e d  f o r  t h e  HFRO
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s t r a i n  a t  1.289 ug th iab en d azo le /m l. The s u s c e p tib le  s t r a i n  had 

an ED^q o f  0.164 ug th iab en d azo le /m l.

D iscu ssion

The r e s u l t s  o f  th e  egg h a tch  a ssa y  have confirm ed th a t  b o th  

th e  HFRO and Moredun s t r a in s  o f  0. c irc u m cin c ta  a r e  r e s i s t a n t  to  

b e n z im id a z o le s .  S tu d ie s  c a r r i e d  o u t  i n  c o n ju n c t io n  w i th  t h i s  

work by E. S c o tt  u s in g  a lb en d azo le  in  t h i s  a ssay  produced s im i la r  

r e s u l t s  f o r  t h e  l e v e l  o f  r e s i s t a n c e  t o  th e s e .  However t h e  

f l u c t u a t i o n s  i n  th e  ED5q w e re  g r e a t e r  u s in g  a lb e n d a z o le  th a n  

th iab en d azo le . This cou ld  p o s s ib ly  be because th e  r e s is ta n c e  was 

s e le c te d  f o r  u s in g  fenbendazo le  and a lth o u g h  s id e  r e s is ta n c e  t o  

a l l  b e n z im id a z o le s  w ould  o c c u r ,  a lb e n d a z o le  i s  much c l o s e r  t o  

fe n b e n d a z o le  i n  s t r u c t u r e  th a n  th iab en d azo le^  F e n b e n d a z o le  i s  

in s u f f ic ie n t ly  so lu b le  to  be used  in  th e  egg h a tch  a ssa y  a lth o u g h  

i t  i s  o v ic id a l  (K irsch , 1978).

The ED^q o b ta in e d  f o r  t h e  s u s c e p t i b l e  s t r a i n  was h ig h  a t  

0.164 ug th iab en d azo le /m l in  com parison to  o th e r  O. c irc u m c in c ta  

s t r a in s  assayed  by o th e r  w orkers. Cawthom e and W hitehead (1983) 

gave  ED^qS o f  0.036 and  0.038 ug th ia b e n d a z o le /m l .  C o le s  and  

S im p k in  (1977) a l s o  a s s a y e d  a  s t r a i n  o f  0 . c i r c u m c in c ta  a t  

0 .03 ug th ia b e n d a z o le /m l .  The d i f f e r e n c e s  C ould  be  d u e  t o  

d if fe re n c e s  in  techn ique. Boersema (1983) compared th e  ED^q f o r  

s u s c e p tib le  s t r a in s  o f  H. c o n to r tu s  and found a  range o f  v a lu e s  

from 1.1 to  0.023 ug th iab en d azo le /m l. The r e s u l t  o b ta in ed  w ith  

a lb e n d a z o le  was s i m i l a r  t o  t h a t  f o r  th ia b e n d a z o le  a t  0 . 2  ug  

a lb e n d a z o le /m l .  I t  may a l s o  b e  p o s s i b l e  t h a t  th e  s u s c e p t i b l e  

(Bearsden) s t r a i n  had developed a  low le v e l  o f  r e s is ta n c e  d u rin g
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t h e  15 y e a r s  i t  h a s  b een  m a in ta in e d  a t  G lasgow  U n iv e r s i ty  

V e te r in a ry  School.

A c r i t i c i s m  o f  t h i s  w ork w ould  be  t h a t  t h e  s u s c e p t i b l e  

s t r a i n  was n o t  a s s a y e d  on  e a c h  o c c a s io n  w i th  th e  r e s i s t a n t  

s t r a in s .  I t  was v e ry  d i f f i c u l t ,  however to  do t h i s ,  a s  th e  egg 

c o l l e c t i o n  o f t e n  to o k  a  c o u p le  o f  h o u r s ,  p a r t i c u l a r l y  when low  

f a e c a l  egg  c o u n ts  w ere  r e c o rd e d , and  d u r in g  th e  sum m er m onths 

c a re  had to  be tak en  to  p re v e n t em bryonation o f  th e  eggs.

D e s p i te  t h i s ,  a  r e s i s t a n c e  f a c t o r  o f  9.31 was r e c o rd e d  f o r  

th e  f i r s t  passage  o f  th e  HFRO r e s i s t a n t  s t r a i n  o f  0 . c irc u m c in ta . 

I t  i s  o f  i n t e r e s t  t h a t  th e  f i f t h  passage  produced a  v e ry  s im i la r  

r e s i s t a n c e  r a t i o  t o  t h a t  o b t a i n e d  i n  t h e  f i r s t  p a s s a g e .  

T h erefo re , th e  p r e s s u r is a t io n  o f  th e  s t r a i n  by fo u r  tre a tm e n ts  o f  

fenbendazo le  had n o t caused  th e  r e s is ta n c e  to  in c re a se .

T his has been found by o th e r  w orkers u s in g  0 . c irc u m c in c ta  

(M artin  e t  a l ,  1984) and T. c o lu b r ifo rm is  (K elly  and H a ll, 1979). 

I t  h a s  b een  assum ed  t h a t  once  a  l i m i t  i s  r e a c h e d , t h a t  t h e  

p o p u la tio n  i s  homozygous f o r  r e s i s t a n c e ,  b u t  o f t e n  i n d i c a t i o n s  

from  lo g  d o s e - p r o b i t  l i n e s  a r e  t h a t  t h e r e  a r e  tw o  s t a b l e  

su b p o p u la tio n s , one r e s i s t a n t ,  one s u s c e p tib le  (Le Jam bre, 1985).

The Moredun r e s i s t a n t  s t r a i n  showed a  s l i g h t l y  low er l e v e l  

o f  r e s i s t a n c e  th a n  th e  HFRO s t r a i n  and  i t  i s  i n t e r e s t i n g  t o  

s p e c u la te  i f  th e  l e v e l  o f  r e s i s t a n c e  o f  t h i s  s t r a i n  c o u ld  h a v e  

been in c re a se d  by a n th e lm in tic  tre a tm e n t.

The r e s u l t  o b ta in ed  from la rv a e  s to re d  in  th e  r e f r i g e r a t o r  

f o r  f o u r  m onths i n d i c a t e d  t h a t  no r e v e r s i o n  i n  r e s i s t a n c e  h ad  

occu rred  d u rin g  t h i s  p e rio d .
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W ith in  each passage  th e re  was a  g re a t  d e a l o f  v a r ia t io n  in  

t h e  ED^q from  day  t o  d ay . T h is  h a s  a l s o  b een  r e c o rd e d  i n  

H. c o n to rtu s  by B orgsteede and Couwenberg (1987) b u t th e  p a t te r n  

was s l i g h t ly  d i f f e r e n t .  In  our s tu d ie s ,  th e  le v e l  o f  r e s is ta n c e  

w as g e n e r a l l y  h ig h  a t  t h e  s t a r t  o f  p a te n c y  b u t  d e c l in e d  

t h e r e a f t e r .  B o r g e s t e e d e  a n d  C o u w en b e rg  (1 9 8 7 ) fo u n d  i n  

H. c o n t o r t u s , e ac h  s t r a i n ,  one b e n z im id a z o le  r e s i s t a n t ,  one  

s u s c e p tib le ,  t h a t  th e  ED5q s t a r t e d  a t  a  low  le v e l ;  and ro se  u n t i l  

days 40 to  60 p o s t in f e c t io n  and th en  f e l l .

The f lu c tu a t io n  cou ld  be caused  by th e  r e s i s t a n t  in d iv id u a ls  

m a tu r in g  and  p ro d u c in g  eg g s  i n  a  g r e a t e r  p r o p o r t io n  th a n  

s u sc e p tib le s  a t  th e  p o in t where th e  r e s is ta n c e  le v e l  o f  th e  eggs 

r i s e s ,  a s s u m in g  t h e  r e s i s t a n t  p o p u la t io n *  i s  n o t  f u l l y  

hom ozygous, o r  th e  r e s i s t a n c e  o f  t h e  i n d i v i d u a l s  c o u ld  a l t e r  

d u rin g  th e  in f e c t io n , d e c lin in g  tow ards th e  end o f  th e  in f e c t io n .  

I t  i s  a l s o  p o s s i b l e  t h a t  t h e  h o s t  e x e r t s  som e in f l u e n c e  on  t h e  

r e s i s t a n c e  l e v e l  o f  th e  p a r a s i t e  e g g s . I t  h a s  a l s o  b e en  

s u g g e s te d  t h a t  s e n i l i t y  o f  th e  worms to w a rd s  t h e  end  o f  t h e  

i n f e c t i o n  c o u ld  c a u s e  th e  r e s i s t a n c e  o f  th e  e g g s  t o  d ro p  

(B orgsteede and Couwenberg, 1987). F lu c tu a tio n s  o f  up to  2.4 ug 

th ia b e n d a z o le /m l  w e re  o b s e rv e d  i n  a  s i n g l e  p a s s a g e  o f  t h e  HFRO 

s t r a i n .

T h e re fo re ,  i f  th e  B ea rsd e n  s u s c e p t i b l e  s t r a i n  h ad  b e en  

s tu d ie d  th ro u g h o u t an  i n f e c t i o n ,  i t  w ould  a l s o  be  e x p e c te d  t o  

e x h i b i t  f l u c t u a t i o n s  i n  t h e  l e v e l  o f  r e s i s t a n c e .  T h is  g iv e s  

g r e a te r  im portance to  runn ing  th e  r e s i s t a n t  in f e c t io n  a lo n g s id e  a  

s u s c e p tib le  and su b je c tin g  bo th  to  egg h a tch  a ssay s  a t  th e  same 

tim e .
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The ED5 Q im m e d ia te ly  p o s t  fe n b e n d a z o le  t r e a tm e n t  d id  n o t  

y ie ld  c o n s is te n t  r e s u l t s  in  th e se  s tu d ie s ,  excep t t h a t  th e  number 

o f  eg g s  t h a t  f a i l e d  t o  h a tc h  i n  t h e  c o n t r o l  w e l l s  was h ig h ,  

reach in g  up to  75% two days p o s t tre a tm e n t compared to  th e  norm al 

v a lu e  o f  l e s s  th an  5%.

G en era lly , th e  le v e l  o f  r e s is ta n c e  d ecreased  p o s t t re a tm e n t 

t o  r i s e  a g a in  l a t e r ,  a l th o u g h  th e r e  w ere  s m a l l  r i s e s  i n  

r e s is ta n c e  seen  tw o days p o s t tre a tm e n t in  th e  t h i r d  passage  and 

one day p o s t t re a tm e n t in  th e  fo u r th . I t  would be expected  t h a t  

t h e  fe n b e n d a z o le  w ould  b in d  t o  t h e  t u b u l i n  w i th in  t h e  e g g s  and  

l e s s  th ia b e n d a z o le  w ould  b e  r e q u i r e d  t o  p r e v e n t  h a tc h in g .  The 

cause o f  th e  s l i g h t  r i s e s  in  r e s is ta n c e  i s  unknown b u t may be due 

to  dominance o f  th e  most r e s i s t a n t  fem ales a t  t h i s  tim e .

The r e s u l t s  o b ta in ed  w ith  a lb en d azo le  w ere more c o n s is te n t  

p o s t  t r e a tm e n t .  The l e v e l s  o f  r e s i s t a n c e  a s  c a l c u l a t e d  i n  t h e  

a ssay s  w ith  a lb en d azo le  w ere g e n e ra lly  h ig h e r p o s t tre a tm e n t th a n  

p re  tre a tm e n t and th en  d e c lin e d .
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TABLE 59

The ED^q (ug th iab en d azo le /m l) o b ta in e d  f rom egg h a tc h  a ssa y s  

w ith  a  benzim idazo le  r e s i s t a n t  s t r a i n  (HERD) o f  

O s te r ta g ia  c L ra m c in c ta

Time (days)

P o s t P o s t 
in f e c t io n  tre a tm e n t

m 50

(ug th iab en d azo le /m l)

F i r s t  passage

Animal DB74 23 - 1.527

Second passag e

Animal DB16 25 _ 3.360
32 1 3.264
33 2 2 . 0 1 1

34 3 1.924
39 8 0.980

T h ird  passage

Animal DB62 27 2.808
28 1 2.833
29 2 3.062
30 3 1.396
34 7 1.676

‘ 38 1 1 1.604
44 17 3.457

Animal DB25 27 _ 2.441
28 - 1.305
29 • - 1.308
30 - 1.910
44 - 1.301
50 - 0.310
51 - 0.185
55 — 0.185
62 - 0.718
73 - 0.665
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TABLE 59 (C b n t'd )

Time

P o st
in fe c t io n

(days)

P o st
tre a tm e n t

^ 5 0

(ug th iab en d azo le /m l)

F o u rth  p assage

Animal DB5 20 .. _ 0.761
2 2 - 1 . 0 0 2

25 - 0.964
27 1.963
29 - 1.594
32 ■ — 0.796
33 1 0.913
34 2 0.706
39 7 1.132
41 9 1-.496
46 14 1.590
48 16 1.463
55 23 1.699

Animal DB2 20 _ 0.764
25 - 0.813
27 - 2.087
29 - 1.854

Animal DB3 33 6 2.468
34 7 0.811
38 1 1 1.343

F i f t h  passage

Animal DB63 30 - 1.483
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FIGURE 40

The v a r ia tio n  in  r e s is ta n c e , a s  in d ica ted  by th e  ED^q,  during  

th e  second passage o f  th e  HFRO benzim idazole r e s is ta n t  s tr a in  o f  

Q, circuoncdjncta in  sheep UB16. The anim al was trea ted  

w ith  fenbendazole (FBZ) on day 31 p o st in fe c tio n
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FIGURE 41

The v a r ia tio n  in  r e s is ta n c e , a s  in d ica ted  by th e  ED^q,  during  

th e  th ird  passage o f  th e  HERO benzim idazole r e s is ta n t  s tr a in  

o f  circtBDCincta in  sheep DB62. The anim al was trea ted  

w ith  feribendazole (FEZ) on day 28 p o st in fe c tio n
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FIGURE 42

The v a r ia tio n  in  r e s is ta n c e , a s  in d ica ted  by th e  ED^q,  during  

th e  th ird  passage o f  th e  HERO benzim idazole r e s is ta n t  s tr a in  o f  

O. c irc im cin cta  in  sheep EB25. The anim al was 

n o t tr e a ted  w ith  fenbendazole.
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FIGURE 43

The v a r ia tio n  in  r e s is ta n c e , a s  in d ica ted  by th e  ED^q,  during  

th e  fou rth  passage o f  th e  HERO benzinri d a zo le  r e s is ta n t  s tr a in  o f  

O. cnrojpcnncta in  sheep DB5. The anim al was trea ted  

w ith  fenbendazole (FEZ) 32 days p o st in fe c tio n
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TABLE 60

The ED^q (ug th iab en d azole/m l) obtained  fr om egg hatch  

a ssa y s w ith  a  benzim idazole r e s is ta n t  s tr a in  (HERO) o f  

O stertaq ia  c±rciincinc±a a f t e r  sto ra g e  a t  4°C  fa r  fou r months

Animal Time (days) ED5 Q (ug th iab en d azo le /m l)
p o s t  in f e c t io n

DB4 22

30

TAHTJ! 61

The ED^q (ug th iabendazole/m l) obtained from egg hatch  a ssa y s  

w ith  a  benzim idazole r e s is ta n t  s tr a in  (Maredun) 

o f  O stertaq ia  circian cin cta

Time (days) ED5 Q
Animal P o s t in fe c t io n  P o st tre a tm e n t (ug th ia b e n a a z o le /m l)

B2 26 1.289
28 - 1.480
35 - 1.292
40 — 1.006
41 1 1.039
42 2 0.675
43 3 1 . 0 0 0

47 7 1.485
49 9 2.035
54 14 2.041

1.416

1.546
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FIGURE 44

The v a r ia tio n  in  r e s is ta n c e , a s  in d ica ted  by th e  ED^q,  during  

an in fe c tio n  o f  sheep B2 w ith  th e  Moredun benzim idazole r e s is ta n t  

s tr a in  o f  c iia m c in c ta . The anim al was trea ted  w ith  

fenbendazole (EBZ) 40 days p o st in fe c tio n
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TABLE 62

The le v e l o f  r e s is ta n c e  a s  determ ined by th e  obtained  

from egg hatch a ssa y s o f  a  benzim idazole r e s is ta n t  HFRO s tr a in , 

a  benzim idazole r e s is ta n t  Maredun s tr a in  and a  benzim idazole  

su sc e p tib le  Bearsden s tr a in  o f  O. cjjra-m eincta

m 50

(ug th iab en d azo le /m l) Mean ± SEM

HERO
r e s i s t a n t
s t r a i n

1 s t  passage  1.527 

5 th  passage  1.483 

S to red  la rv a e  1.416

1.475 + 0.03

Moredun
r e s i s t a n t
s t r a i n

1.289

Bearsden
su s c e p tib le
s t r a i n

0.164



GENERAL DISCUSSION
The in v e s t ig a t io n  o f  pharm aco log ica l m ed ia to rs  im p o rtan t in  

he lm in th  in fe c t io n s  o f  an im a ls  has become an in c re a s in g  a re a  o f  

re s e a rc h , p a r t i c u la r ly  a s  th e  a ssay  o f  such m ed ia to rs  has become 

p o s s ib le .

T h is  w ork h a s  c e n t r e d  on h i s t a m in e ,  5-h y d ro x y  t r y p ta m in e ,  

p ro s ta g la n d in s  and le u k o tr ie n e s , look ing  a t  t h e i r  e f f e c t s  on th e  

p a r a s i t e s  t h e m s e l v e s  i n  v i t r o , t h e  e f f e c t  on  i s o l a t e d  

g a s t r o in te s t in a l  smooth m uscle in  v i t r o  and in h ib i t io n  o f  c e r t a in  

m ed ia to rs  on th e  resp o n ses  o f  th e  h o s t to  p a r a s i t e s ,  in  v iv o .

P ro s ta g la n d in s  and l e u k o t r i e n e s  a p p e a r  t o  h av e  i n h i b i t o r y - 

a c t i o n s  on  0 .  c i r c u m c in c ta  l a r v a e  (L3 ) i n  v i t r o , w h ich  m akes 

t h e i r  p re s e n c e  i n  g a s t r o i n t e s t i n a l  mucus im p o r ta n t  i n  h o s t  

p ro te c t io n .

The p o s s ib i l i t y  o f  some su b stan ces  causing  changes i n  smooth 

m uscle re sp o n siv en ess  and in  t h a t  way, perhaps prom oting  p a r a s i t e  

lo s s ,  o r  work in  th e  p a r a s i te s  fav o u r to  a id  t h e i r  e s ta b lish m e n t 

w as a l s o  i n v e s t i g a t e d  i n  v i t r o .  G e n e ra l ly ,  ru m in a n t sm oo th  

m uscle was un responsive  compared to  o th e r  t i s s u e s  used in  th e se  

system s. P ro s ta g la n d in s  d id  cause  sm a ll d eg rees o f  c o n tra c tio n , 

th e  o th e r  m ed ia to rs  t e s t e d  g e n e ra l ly  d id  n o t cause  any re sp o n se .

The s tu d y  t o  i n h i b i t  p r o s ta g la n d in  p r o d u c t io n  and  m o n ito r  

h o s t  ch an g es  and  p a r a s i t e  e s t a b l i s h m e n t  an d  a d m i n i s t r a t i o n  o f  

m eclofenam ic a c id  was d i f f i c u l t  t o  i n t e r p r e t  due to  th e  p o s s ib le  

d i r e c t  e f f e c t  o f  m e c lo fe n a m ic  a c id  on th e  p a r a s i t e s .  P a r a s i t e  

e s t a b l i s h m e n t  w as re d u c e d  i n  th e  t r e a t e d  a n im a ls .  The p la sm a  

p e p s in o g e n  re s p o n s e ,  p a r t i c u l a r l y  th e  "h y p e rse n s itiv e "  re sp o n se  

se e n  in  immune sh ee p  d id  n o t  seem  t o  b e  a l t e r e d ,  m ak ing  i t
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u n lik e ly  t h a t  p ro s ta g la n d in s  a r e  in v o lved  in  t h i s .

The r o le  o f  o th e r  components in  th e  p a r a s i te s 1 environm ent 

were s tu d ie d  by u s in g  d rugs to  a l t e r  th e  g a s t r o in te s t in a l  mucus, 

th e  ab o m asa! pH and  g e n e r a l l y  a f f e c t  t h e  h o s t 's  immune sy s te m  

w ith  c o r t ic o s te ro id s .  The response  to  a  r a is e d  abom asal pH was 

v ery  in te r e s t in g  in  t h a t  th e  plasm a pepsinogen a c t i v i t y  d id  n o t 

show th e  sam e p a t t e r n  a s  w ou ld  b e  e x p e c te d  i n  a d u l t  a n im a ls  

a l lo w in g  o n ly  a  s m a l l  num ber o f  p a r a s i t e s  t o  e s t a b l i s h .  T h is  

work w a rra n ts  f u r th e r  s tudy . The u se  o f  brom hexine h y d ro ch lo rid e  

a s  a  m u c o ly t ic ,  i n  r e t r o s p e c t ,  was n o t  i d e a l  i n  t h a t  i t s  e f f e c t  

on th e  mucus o f  th e  g u t was n o t c le a r ly  e s ta b lis h e d . P o s s ib ly  a  

lo c a l ly  a p p lie d  m u co ly tic  in to  th e  ov in e  abomasum and subsequen t 

ch a llen g e  m ight a llo w  a  more e x a c t m easurem ent o f  th e  e f f e c t s  o f  

d is ru p t in g  th e  mucus la y e r .

The problem s encoun tered  w orking in  ru m in an ts , o n ly  se rv e s  

t o  u n d e r l in e  t h e  d i f f i c u l t y  o f  e x t r a p o l a t i n g  r e s u l t s  o b ta in e d  

w ith  la b o ra to ry  sp e c ie s . Much work w i l l  have to  be re p e a te d  in  

th e se  econom ically  im p o rtan t sp e c ie s  to  d e te rm in e  th e  re le v a n c e  

o f  work a lre a d y  c a r r ie d  o u t u s in g  r a t s  and m ice e tc .

The a re a  o f  p a r a s i t e  f a c to r s  a l t e r in g  i t s  environm ent i s  : 

an  a s p e c t  o f  p h a rm a c o lo g ic a l  m e d ia t io n  n o t  d e a l t  w i th  i n  t h i s  

t h e s i s .

The f i n a l  s e c t i o n  o f  t h i s  t h e s i s  d e a l t  w i th  a  s tu d y  i n t o  a  

r e s i s t a n t  s t r a i n  o f  0. c irc u m c in c ta  i s o la te d  in  B r i ta in .  A g r e a t  

m any q u e s t i o n s  n e e d  t o  b e  a n s w e r e d  a b o u t  i n h e r i t a n c e  o f  

r e s is ta n c e  and f a c to r s  im p o r ta n t  i n  t h i s  c o u n try  i n  r e s i s t a n c e  

d e v e lo p m en t. The s t r a i n  s tu d ie d  was h ig h ly  r e s i s t a n t  t o
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benzim idazo le  a n th e lm in tic s . The egg h a tch  a ssay  was shown to  be 

a  co n v en ien t method o f  e s t im a tio n  o f  le v e l  o f  r e s is ta n c e ,  however 

c a re  m ust be tak en  in  i t s  i n t e r p r e ta t io n  a s , a t  a  few  p o in ts ,  th e  

le v e l  o f  r e s is ta n c e  was found to  be  v e ry  low , re tu rn in g  to  h ig h e r  

l e v e l s  l a t e r .  T h is  u n d e r l in e s  th e  n eed  f o r  r e p e a te d  a s s a y s  

d u rin g  in fe c t io n .  This work was p a r t  o f  a  much la r g e r  s tu d y  t h a t  

i s  s t i l l  co n tin u in g .
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