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SUMMARY

3 -M e th y lin d o le  (s k a to le )  is  a m e ta b o lite  o f  L - try p to p h a n  

form ed in  th e  rumen o f  c a t t le .  There is  c o n s id e ra b le  evidence th a t  , 

3 -m e th y lin d o le  is  th e  cause o f  fo g  fe v e r  Cecute bov ine  pulmonary 

emphysema) in  c a t t le .  E x p e rim e n ta lly , a d m in is t ra t io n  o f  3 -m e th y l

in d o le  causes acu te  pulmonary oedema and emphysema in  c a t t le ,  goa t ,, 

and sheep. The aim o f  t h is  s tu d y  was to  in v e s t ig a te  th e  pharmaco

k in e t ic s  and mechanism o f  a c t io n  o f  3 -m e th y lin d o le  w ith  s p e c ia l 

re fe re n c e  to  fo g  fe v e r ,  th e  most im p o rta n t r e s p ir a to r y  d isease 

p rob lem  o f  g ra z in g  a d u lt  c a t t le  in  B r i t a in .

Samples o f ru m in a i f l u i d  taken from  d i f f e r e n t  an im a ls  and 

fro m  th e  same an im a l on d i f f e r e n t  days showed c o n s id e ra b le  v a r ia t io n s  

in  t h e i r  a b i l i t y  to  m e ta b o lize  L - try p tc p h a n  to  3 -n e th y l in d o le  [8-76% 

c o n ve rs io n  o f  L - try p to p h a n  to  3 -m e th y lin d o le , d u r in g  24 hours 

in c u b a t io n ) .  These v a r ia t io n s  p ro v id e d  an e x p la n a tio n  f o r  th e  

c o n s id e ra b le  in d iv id u a l  v a r ia t io n s  in  the  s e v e r ity  o f  r e s p ir a to r y  

d is t r e s s  seen in  c a t t le  a f t e r  o r a l a d m in is tra t io n  o f  L - try p to p h a n  and 

observed a f t e r  sudden change to  b e t te r  g ra z in g . . J t  was suggested

th a t  th e  in c rea sed  ra te  o f  conve rs ion  o f  L -try p to p h a n  to  3 -m e th y lin d o le , 

r a th e r  than th e  excess ive  in ta k e  o f  th e  amino a c id  may be re s p o n s ib le  

f o r  th e  p ro d u c tio n  o f  th e  d isease .

C e rta in  ca rbohyd ra tes  ( f ru c to s e ,  g lu co se , la c to s e , g a la c to s e , 

s u c ro s e , m a n n ito l,  s ta rc h  and in u l in ) ^  substances re la te d  to  

ca rb o h yd ra te s  ( c i t r a t e ,  la c ta te ,  a c e ta te  and g ly c e r in )  and a n t ib a c te r ia l  

agen ts  ( a m p ic i l l in ,  p e n ic i l l i n ,  s tre p to m y c in , t e t r a c y c l in e ,  c h lo ra r -
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p h e n ic o l,  s u lfa g u a n id in e  and s u lfa m e th o x y p y rid a z in e ) in h ib i t e d ,  to  

d i f f e r e n t  degrees, th e  conve rs ion  o f  L -try p to p h a n  to  3 -m e th y lin d o le .

An o r a l dose o f  L - try p to p h a n  (0 .5  g /k g  body v /e ig h t) d id  

n o t produce r e s p ir a to r y  d is tre s s  in  any o f  fo u r  t re a te d  a d u lt  c a t t le .  

F a i lu r e  o f  L -try p to p h a n  to  produce th e  d isease  was a t t r ib u te d  to  

f a i l u r e  o f  conve rs ion  o f  th e  amino a c id  to  3 -m e th y lin d o le  w hich was 

n o t d e te c te d  / in  plasma o f  th e  t re a te d  c a t t le .  The a b s o rp tio n  o f  

3 -m e th y lin d o le , a f t e r  o ra l a d m in is tra t io n  in  c a t t le ,  is  ra p id .  

3 -M e th y lo x in d o le  is  a m e ta b o lite  o f  3 -m e th y lin d o le  in  c a t t le .  Mean 

plasma h a l f  l iv e s  o f  3 -m e th y lo x in d o le , 3 -m e th y lin d o le  and 3 -m e th y lin d o le  

m e ta b o lite s  were e s tim a te d  to  be 11, 16 and 48 m inu tes re s p e c t iv e ly .

I t  vjas concluded th a t  measurement o f  th e  c o n c e n tra t io n  o f  3 -m e th y l

in d o le  o r  3 -m e th y lin d o le  m e ta b o lite s  in  s in g le  plasma samples would 

n o t  r e f l e c t  th e  m agnitude o f  p ro d u c tio n  o f  3 -m e th y lin d o le  in  th e  

rumen o f  c a t t le ,

3 -M e th y lin d o le  (40 pg /m l) and 3 -m e th y lo x in d o le  (50 y g /m l) 

d id  n o t cause th e  re le a s e  o f  m ed ia to rs  o f  a n a p h y la x is  from  chopped 

b o v in e  lung  p re p a ra t io n s  ( in  v i t r o ) .  3 -M e th y lin d o le  end 3 -m e th y l-  

in d o le  analogues (3 -m e th y lo x in d o le , 3 -p h e n y lin d o le , 5 -m e th y lin d o le  

and 7 -m e th y lin d o le )  (5-640 y g /m l) d id  n o t cause c o n tra c t io n  o f  th e  

is o la te d  pulm onary a r te r y ,  pulmonary v e in ,  tra c h e a  Q/* bronchus o f  

c a lv e s . I t  was concluded th a t  th e  i n i t i a l  s te p  in  th e  pa thogenes is  

o f  th e  3 -m e th y lin d o le - in d u c e d  pulmonary damage does n o t in v o lv e  

an a c t io n  on th e  pu lm onary v e in  o r  th e  re le a s e  o f  m e d ia to rs  o f  

a n a p h y la x is  in  c a t t le .

R a d io a c t iv ity  from  t r i t i a t e d  3 -m e th y lin d o le  became c o v a le n t ly
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bound to  t is s u e s  o f  s e v e ra l brgans when t r i t i a t e d  3 -m e th y lin d o le  was 

a d m in is te re d , in tra v e n o u s ly ,  to  c a lv e s . Lung t is s u e  shoived th e  h ig h e s t 

c o n c e n tra t io n  o f  c o v a le n t ly  bound m e ta b o lite s . In  v i t r o  s tu d ie s  

showed th a t  t h is  c o v a le n t b in d in g  is  c a ta ly z e d  by a m icrosom al enzyme 

system  w ith  th e  c la s s ic a l c h a r a c te r is t ic s  o f  a cy toch rone  P-450 

dependent m ixed fu n c t io n  ox idase . T h is  enzyme system  a c t iv a te s  

3 -m e th y lin d o le  to  a c h e m ic a lly  re a c t iv e  h ig h ly  e le c t r o p h i l ic  m e ta b o lite  

w h ich  becomes c o v a le n t ly  bound to  n u c le o p h il ic  s i te s  on c e l lu la r  

m acrom olecu les . The 3 -m e th y lin d o le - re a c t iv e  m e ta b o lite  can be 

d e to x i f ie d  by spontaneous and g lu ta th io n e -S - tra n s fe ra s e -c a ta ly z e d  

c o n ju g a tio n  w ith  g lu ta th io n e .  P re tre a tm e n t o f  sheep w ith  d ie th y l -  

m a lea te  (d e p le te s  g lu ta th io n e )  and L -c y s te in e  ( in c re a s e s  g lu ta th io n e )  

was shown to  in c re a s e  and decrease, re s p e c t iv e ly ,  th e  s e v e r ity  o f  

pneum otoxic e f fe c t  o f  3 -m e th y lin d o le .

3 -M e th y lo x in d o le  d id  no t become c o v a le n t ly  bound to  

m icrosom al p ro te in s ,  in  v i t r o , and d id  no t cause acu te  pulmonary 

t o x ic  e f fe c ts  s im i la r  to  th o s e  produced by 3 -m e th y lin d o le , in  v iv o , 

s u g g e s tin g  th a t  th e  3 -m e th y lin d o le - re a c t iv e  m e ta b o lite  i s  in te rm e d ia te  

between 3 -m e th y lin d o le  and 3 -m e th y lo x in d o le .

The l i v e r  possess an enzyme system  capab le  o f  c a ta ly z in g  

th e  c o v a le n t b in d in g  o f  3 -m e th y lin d o le fto  m icrosom al p ro te in s ,  in  

v i t r o . T h is  enzyme system  was q u a l i t a t i v e ly . id e n t ic a l  to  th a t  o f  

th e  lu n g . The M ic h a e lis  co n s ta n ts  o f  th e  lu n g  and l i v e r  systems 

w ere  0 .37  and 0 .4 4  mmol 3 -m e th y lin d o le  and maximal v e lo c i t ie s  o f  

m icrosom al a lk y la t io n  were 100 and 556 pmol c o v a le n t ly  bound 

3 -m e th y lin d o le /m g  m icrosom al p ro te in /m in u te ,  re s p e c t iv e ly .  These 

f in d in g s  suggest th a t  th e  s p e c i f i c i t y  o f  3 -m e th y lin d o le  tov/ards
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th e  lung is  n o t due to  h ig h e r  r a te  o f  re a c t iv e  m e ta b o lite  fo rm a tio n  

i n  th e  lu n g , b u t is  p ip b a b ly  due to  d e f ic ie n c y  o f  th e  lung  in  defence 

mechanisms a g a in s t t h is  re a c t iv e  m e ta b o lite .
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GENERAL INTRODUCTION

"Fog F eve r” o r  Acute Bovine Pulmonary Emphysema is  

p ro b a b ly  th e  most im p o rta n t r e s p ir a to r y  d isease  a f fe c t in g  g ra z in g  

a d u lt  c a t t le  in  th e  U n ite d  Kingdom, U n t i l  r e c e n t ly ,  th e  a e t io lo g y  

o f  th e  d isease  remained u n c le a r  and no s u ita b le  e x p e rim e n ta l model 

f o r  th e  d isease  v/as a v a i la b le .  However w i th in  th e  la s t  ten  years  

i t  has been e s ta b lis h e d  th a t  c e r ta in  in d o l ic  ccmpounds when a d m in is 

te re d  to  c a t t le  produce a d isease  syndrome s im i la r ,  i f  n o t id e n t ic a l ,  

t o  th a t  produced by ” Fog Fever” in  th e  f i e l d  (C a rlso n  and D ic k in s o n , 

1978; D ick in so n  and C a rlson , 1978). The aim  o f  t h is  w ork is  to  

v e r i f y  th e  v a l i d i t y  o f  t h is  e xp e rim e n ta l model and to  in v e s t ig a te  

th e  mechanisms by w h ich these  in d o l ic  compounds b r in g  about t h e i r  

p u lm o n a ry -to x ic  e f f e c t .

The " fo g  f e v e r - l ik e  syndrome" can be e x p e r im e n ta lly  

induced  by o r a l  a d m in is t ra t io n  o f  th e  amino a c id ,  L - try p to p h a n , w h ich 

becomes conve rted  in  th e  rumen to  3 -m e th y lin d o le  (s k a to le )  which 

r e s u l t s  in  t o x i c i t y  in  th e  lu n g . In  t h is  w ork , th e  e p id e m io lo g ic a l,  

c l i n i c a l  and p a th o lo g ic a l fe a tu re s  o f  th e  n a tu r a l ly - o c c u r r in g  d isease  

w ere compared v / ith  e x p e rim e n ta lly - in d u c e d  d ise a se .

The hyp o th e s is  th a t  excess ive  in g e s t io n  o f  L - try p to p h a n  in

g ra ss  is  th e  cause o f  fo g  fe v e r  has been ch a lle n g e d  because o f  th e

f a i l u r e  to  id e n t i f y  a d i f fe re n c e  in  c o n c e n tra tio n  o f  L - try p to p h a n

between p a s tu re  where th e  d isease  has occu rred  and norm al p a s tu re
6 4.,rvv\jcW\.

(M ackenzie , Ford and S c o tt ,  ,1975; Selman, Breeze, Bogan^and P i r ie ,
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1977). T h e re fo re  an o b je c t iv e  o f  t h is  s tu d y  was an in v e s t ig a t io n  

o f  th e  a l te r n a t iv e  hyp o th e s is  th a t  a lte re d  co n ve rs ion  o f  L - try p to p h a n , 

r a th e r  than  th e  excess ive  in ta k e  o f  th e  amino a c id ,  to  3 -m e th y lin d o le  w-cx.s
jn jg p  iTV\ 5  (

jiw a s  in v e s t ig a te d  by s tu d y in g  in d iv id u a l and d a i ly  v a r ia t io n s  in  th e  

a b i l i t y  o f  ru m in a i f l u i d  to  c o n ve rt L -try p to p h a n  to  3 -m e th y lin d o le  

( in  v i t r o ) . Such q u a n ta tiv e  s tu d ie s  on th e  p ro d u c tio n  o f  3 -m e th y l

in d o le  by ru m in a i f l u i d  sa irp les from  d i f f e r e n t  an im a ls  m igh t p ro v id e  

an e x p la n a tio n  f o r  th e  observed in d iv id u a l d if fe re n c e s  seen in  

response to  o r a l dos ing  w ith  L -try p to p h a n  o r ,  in  th e  f i e l d ,  th e  

in d iv id u a l  d if fe re n c e s  seen in  a group o f  an im a ls a f t e r  sudden change 

t o  b e t te r  g ra z in g .

The mechanism o f  p ro d u c tio n  o f  3 -m e th y lin d o le  from  L -try p to p h a n

. a ls o  re q u ire s  in v e s t ig a t io n  and a ls o  t h e ^ f f o f  a number o f  

compounds, in c lu d in g  ca rboh yd ra te  substances and a n t ib io t ic s ,  f o r  

p o s s ib le  USB as in h ib i t o r s  o f  3 -m e th y lin d o le  p ro d u c tio n .

There are  few  substances w hich re p ro d u c ib i ly  cause s p e c i f ic  

pulm onary t o x i c i t y  when a d m in is te re d  by ro u te s  o th e r  than  by 

in h a la t io n .  The mechanism f o r  th e  s p e c i f ic  organ t o x i c i t y  o f  these  

substances has been p o o r ly  unders tood . However d u r in g  th e  la s t  few 

y e a rs  th e  sc ie nce  o f  to x ic o lo g y  has seen m a jo r advances in  th e  

e lu c id a t io n  o f  th e  mechanisms by which fo re ig n  compounds induce 

o rg a n -d ire c te d  in ju r y .  I t  has become apparent th a t  when a fo re ig n  

compound induces s p e c i f ic  organ damage t h is  i s  o f te n  th e  r e s u l t  o f  

fo rm a tio n  o f  h ig h ly  r e a c t iv e  m e ta b o lite s . These re a c t iv e  m e ta b o lite s  

d is r u p t  in te g ra te d  b io ch e m ica l pathways a n d /o r a lk y la te  c e l lu la r  

m acrom olecules in  ta rg e t  organs ( G i l le t t e ,  1974a, b ) .  The reasons 

f o r  th e  improvement in  o u r  und e rs tand ing  o f  these  e f fe c ts  o f  h ig h ly
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r e a c t iv e  m e ta b o lite s  a re  a r e s u l t  o f  re c e n t techn iques  f o r  th e  is o la t io n  

o f  such t ra n s ie n t  m e ta b o lite s  a n d /o r  q u a n t i f ic a t io n  o f  m acrom o lecu la r- 

bound m e ta b o lite  us in g  ra d io la b e lle d  p re c u rs o rs . In  t h is  p re se n t 

s tu d y , th e  p o s s ib i l i t y  th a t  3 - re th y lin d o le - in d u c e d  t o x i c i t y  is  m edia ted 

th ro u g h  re a c t iv e  m e ta b o lite (s 3 is  in v e s t ig a te d  in  d e t a i l .  T h is  s tu d y  

on th e  mechanism o f  a c t io n  o f  3 -m e th y lin d o le  a t th e  m o le c u la r  le v e l 

w i l l  a s s is t  n o t o n ly  in  th e  e lu c id a t io n  o f  th e  a e t io lo g y  o f  " fo g  fe v e r "  

b u t  i t  w i l l  c o n tr ib u te  to  o u r und e rs tand ing  in  g e n e ra l, o f  o rgan - 

d ire c te d  t o x i c i t y  where th e  sc ie nce  c f  m o le c u la r  to x ic o lo g y  is  s t i l l

i n  i t s  in fa n c y ,  and th e  number o f  w e l l  documented d isease  models is

s t i l l  s m a ll.  I t  may a ls o  h e lp  to  id e n t i f y  th e  p o s s ib le  e f fe c ts  in  

man o f  3 -m e th y lin d o le  which is  kncAvTi to  o c cu r in  s u b s ta n t ia l amounts 

i n  th e  lo v /e r g u t and in  c ig a re t te  smoke tWynder and Hoffman, 1967].

The p o s s ib le  im p l ic a t io n  o f  3 -m e th y lin d o le  in  th e  a e t io lo g y  o f  

pu lm onary d isease  in  man has a lre a d y  been suggested (Huang, C a rlson ,

B ray and B ra d le y , 1977).

The e f fe c t  o f  3 -m e th y lin d o le  and 3 -m e th y lin d o le  analogues

on is o la te d  smooth muscles o f  th e  lung and on th e  re le a s e  o f

m e d ia to rs  o f  a n a p h y la x is  from  chopped bov ine  lung  p re p a ra t io n s  is  

a ls o  in v e s t ig a te d .  T h is  work was conducted in  v iew  o f  suggestions  

t h a t  th e  pneum otoxic e f fe c t  o f  3 -m e th y lin d o le  is  due to  pulm onary 

v e n o c o n s tr ic t io n  o r  th e  re le a s e  o f  m ed ia to rs  o f  a n a p h y la x is  (B reeze, 

1973; E yre , 1975].



CHAPTER 1 

THE ROLE OF 3-METHYLIf :D0LE AND 

RELATED INDOLIC COMPOUNDS IN THE 

AETIOLOGY OF FOG FEVER



1.1  -  FOG FEVER AS A SEPARATE DISEASE ENTITY

The d isease fo g  fe v e r  has been known f o r  a co n s id e ra b le  

t im e . The te rm  fo g  fe v e r  i s  m entioned in  an E n g lis h  v e te r in a ry  

te x tb o o k  w r i t t e n  by Topham in  th e  e ig h te e n th  c e n tu ry , and was 

re co g n ize d  by Knoivlson in  1819 who describ ed  th e  d isease  as a 

r e s p ir a to r y  d is t r e s s  d is o rd e r  a f fe c t in g  c a t t le  a t  p a s tu re  in  th e  

autumn. The word " fo g "  o r  "foggage” r e fe rs  to  th e  fo u r te e n th  c e n tu ry  

name o f  a fte rm a th  p a s tu re , a grass th a t  had been regrown a f t e r  an 

e a r l i e r  c u t f o r  hay, as th e  d isease  is  known to  a f f e c t  c a t t le  g ra z in g  

on such a p a s tu re  (B reeze, P i r ie ,  Selman and Wiseman, 1976),

The d isease  has been recogn ized  in  Europe f o r  more than  

100 yea rs  and in  N o rth  America o v e r th e  p as t 30 years  under such narres 

as Acute Bovine Pulmonary E irphysara, Pulmonary Adenom atosis, Bovine 

Asthma and P a n tin g  D isease (M aki, 1963), In  B r i t a in  th e  name Fog 

F e ve r has been w id e ly  used. Selman, Wiseman, P i r ie  and Breeze (1974) 

and P i r ie ,  Breeze, Selman and Wiseman (1974) emphasized th a t  fo g  

fe v e r  is  a s in g le  d isease  e n t i t y .  The d isease has been o e fin e d  as 

"a  sudden onse t r e s p ir a to r y  d is tre s s  syndrome w ith  m in im a l coughing 

w h ich  occurs t y p ic a l ly  in  hungry f a t ,  b e e f- ty p e  cov/s, in  th e  autumn, 

w i t h in  two weeks o f  t h e i r  be ing  moved on to  lu s h  p a s tu re "  ( P ir ie ,  

1979),

The e p id e m io lo g ic a l,  c l i n i c a l  and p a th o lo g ic a l fe a tu re s  o f  

th e  d isease  a re  d iscussed  b r ie f l y  belov;,

1 .1 .1  -  Type o f  an im a l a f fe c te d

I t  has been shown th a t  fo g  fe v e r ,  in  B r i t a in ,  is  a d isease  

p rob lem  o f  a d u lt ,  b e e f- ty p e  c a t t le  (Selman e t  a l ,  1974). In  a



•recent s tu d y , 138 g ra z in g  p a t t le  o f  a l l  ages w h ich  were c la im ed  to  

be a f fe c te d  by fo g  fe v e r  -  l i k e  c o n d it io n s  o f  sudden onse t -  were 

exam ined. Fog fe v e r  was con firm ed  in  43 a d u lt  cows, a l l  o f  w h ich 

w ere b e e f- ty p e *  13 d i f f e r e n t  pulmonary d is o rd e rs  accounted f o r  

tH e  c l i n i c a l  s ig n s  in  th e  o th e r  45 a d u lts  (a lm ost a l l  o f  wh ich were 

m ilk in g  cow s), none o f  which v/as a ffe c te d  by fo g  fe v e r .  The 50 

irrm a tu re  a n im a ls , th a t  i s ,  those  under two yea rs  o f  age a t  . g rass f o r  

th e  f i r s t  o r  second t im e , which were examined in  th e  same su rvey v/ere 

a l l  cases o f  p a r a s i t ic  b ro n c h it is  (Breeze, P i r ie ,  Selman and Wiseman, 

1975a). A no the r s tu d y  was c a r r ie d  o u t o v e r a f o u r  y e a r  p e r io d , 

d u r in g  which 30 in c id e n ts  o f  fo g  fe v e r  were in v e s t ig a te d .  Fog 

fe v e r  was n o t encountered in  an im a ls  le s s  than  two years  o f  age, 

and in  most cases, a f fe c te d  c a t t le  were more than  fo u r  yea rs  o ld .

I n  eve ry  in s ta n c e  a f fe c te d  c a t t le  were fem ales o f  th e  s in g le  

s u c k l in g  ty p e  and most were in  ex tre m e ly  good c o n d it io n .  Some 

cases were in  la te  g e s ta t io n  o r  had ca lves  a t f o o t .  I'Jh ile  most 

breeds a n d /o r  typ e s  encountered in  th e  area in  w h ich  th e  in v e s t ig a t io n  

was c a r r ie d  o u t were re p re se n te d , th e  m a jo r i ty  o f  a f fe c te d  a n ir a ls  

w ere H e re fo rds  o r  H e re fo rd  crosses (Selman e t  a l , 1974). These 

r e s u l t s  and o th e r  w ork (G ibbons, 1962; M ou lton , C o rn e liu s  and 

□ sb u m , 1963; B lake and Thonras, 1971) in d ic a te  th a t  th e  d isease  is  

much more p re v a le n t in  c a t t le  o v e r two to  th re e  yea rs  o f  age, A 

p o s s ib le  e x p la n a tio n  f o r  th e  in c rea sed  in c id e n c e  in  o ld e r  c a t t le  may 

be th a t  repea ted  in s u l t s  caused by t h is  and o th e r  r e s p ir a to r y  d iseases 

r e s u l t  in  a p ro g re s s iv e  decrease in  pulmonary re s e rv e . Consequently 

o ld e r  an im a ls  may lo se  t h e i r  c a p a c ity  to  r e s is t  th e  d isease  (D ick in so n



and C a rlso n , 1978). The f a c t  th a t  fo g  fe v e r  appears to  be more

bee f herds may be e x p la in e d  in  term s o f  g ra z in g  management 

s in c e  d a iry  c a t t le  a re  u s u a lly  m a in ta ined  on a f a i r l y  u n ifo rm  ty p e  o f  

g ra z in g  and in  g e n e ra l th e y  do n o t expe rience  th e  d ra m a tic  changes to  

w h ich  many bee f herds a re  s u b je c te d  d u r in g  th e  la t e r  p a r t  o f  th e

g ra z in g  season (Selman e t  a l , 1974). The in c id e n c e  o f  fo g  fe v e r

i s  p a r t ic u la r ly  h igh: in  H e re fo rd  o r  H e re fo rd  c ross breed c a t t le

(B a rk e r , 1948; C ates, 1948; Selman e t a l , 1974). R eports o f  fo g

fe v e r  in  d a iry  breeds (R obe rts , 1927; B a rke r, 1948; Begg and 

W h ite fo rd , 1948; R obe rts , Benson and Jones, 1973) and in  an im a ls  

le s s  than  one y e a r o ld  (B a rke r, 1948) cannot be c o n firm e d . The 

d e t a i ls  p ro v id e d  do n o t exc lude  o th e r  d isease p o s s ib i l i t i e s ,  Selman 

e t  a l  (1974) p o in te d  o u t th a t  c a re fu l exam ina tion  o f  cases c la im ed 

t o  be a f fe c te d  w ith  fo g  fe v e r  in  young o r  d a iry  breed c a t t le  vrauld 

re v e a l o th e r  pulm onary d is o rd e rs .

1 .1 .2  -  Seasonal occurrence  o f  th e  d isease and g ra z in g  h is to r y

o f  a f fe c te d  herds

The most in te r e s t in g  fe a tu re  o f  fo g  fe v e r  i s  i t s  seasonal 

o c c u rre n ce . Cases o c cu r o n ly  in  la te  summer and autumn (C ates, 1946; 

Begg and W h ite fo rd , 1948; Roberts e t  a l , 1973, Selman e t  a l , 1974; 

B reeze e t  a l , 1976).

C lim a t ic  changes c la im ed to  be a ss o c ia te d  w ith  in c id e n ts  

w ere th e  onse t o f  warm, m o is t w ea the r fo l lo v / in g  a d ry ,  c o o l p e r io d  

o r  th e  occu rrence  o f  c o o l n ig h ts  fo l lo w in g  warm days (R oberts  e t  a l , 

1 9 7 3 ).

Seasonal in c id e n c e  is  a p p a re n tly  due to  th e  p ra c t ic e  o f



t r a n s fe r r in g  c a t t le  from  d ry  summer range to  im proved p a s tu ie s

in  th e  la te  summer. T h is  r e la t io n s h ip  to  g ra z in g  management has been

re p o rte d  on many occasions by N orth  American w orkers (S c o f ie ld ,

1948; Goodman, 1956; B lood, 1962; O'Donoghue, 1960: M ou lton ,

H a rro ld  and H o m in g , 1961; G ibbons, 1962; T ucke r and M aki, 1952; 

M ou lton  e t a l , 1963; B lake and Thomas, 1971). In  B r i t a in  Selrr^n 

e t  a l  (1974) emphasized th e  s t r i k in g  a s s o c ia t io n  between fo g  fe v e r  

in c id e n ts  and a re c e n t a b rup t change from  poo r to  b e t te r  g ra z in g , th e  

c o n d it io n  a r is in g  w i th in  two weeks o f  such a move. The au tho rs  p o in t  

o u t  th a t  a change to  b e t te r  g ra z in g  cou ld  o ccu r on a s in g le  f i e l d  as 

a r e s u l t  o f  a sudden improvement in  c l im a t ic  c o n d it io n s .  E a r l ie r  

B r i t i s h  l i t e r a t u r e  d id  n o t emphasize t h is  r e la t io n s h ip  (R obe rts , 1927; 

B a rk e r, 1948; L e s l ie ,  1949; Mackenzie, 1955; R oberts e t  a l , 1973) 

There is  no c le a r  r e la t io n s h ip  between g ra z in g  on a 

p a r t i c u la r  p la n t  and th e  in c id e n ce  o f  th e  d isease . Most f re q u e n t ly  

th e  d isease  has been re p o rte d  in  c a t t le  g ra z in g  lu sh  a fte rm a th  p a s tu re  

(R o b e rts , 1927; B a rk e r, 1948; L e s l ie ,  1949; Lambie, 1969; Selman 

e t  a l , 1974). Cases o f  th e  d isease  have been re p o r te d  in  c a t t le  

g ra z in g  rape o r  s tu b b le - tu m ip s  (Selman e t a l , 1974), on poo r moor- 

edge g ra z in g s  ( . - t  ... _ L e s l ie ,  1949), o r  even

b a re  f ie ld s  (R oberts e t  a l , 1973).

1 .1 .3  -  P o s s ib le  r e la t io n s h ip  to  s o i l  management

D ick in so n  and C arlson (1976) c la im ed th a t  marked, d if fe re n c e s  

i n  in c id e n c e  o ccu r between v a r io u s  ranges and w a te r  d ra inages  and 

suggested  th a t  th e re  may be a s u b t le  d i f fe re n c e  in  s o i l  and w a te r 

fa c to r s  w h ich a f fe c t  p la n t  grow th and p h y s io lo g y . P re lim in a ry  work



in d ic a te d  th a t  s o i l  samples from  areas w ith  ou tb reaks  v/ere g e n e ra lly  

lo w e r  in  phosphorus, po tass ium  and z in c  c o n te n t than  those  taken  

fro m  "n o n - tro u b le "  areas (D ick in so n  and C a rlson , 1978). Selman e t  a l  

(1974) emphasized th a t  more than  60% o f  th e  f ie ld s  on v/h ich fo g  

fe v e r  a rose  had re c e iv e d  a t  le a s t  one a p p lic a t io n  o f  a r t i f i c i a l  

f e r t i l i z e r  d u r in g  th e  p re v io u s  y e a r, a ltho ugh  i t  v/as m entioned th a t  

th e  amounts o f  n itro g e n  a p p lie d  v/ere no t excess ive  by B r i t is h  n a t io n a l 

s ta n d a rd s . R oberts e t  a l  (1973) re p o rte d  th a t  more than  50% o f  fo g  

fe v e r  in c id e n ts  arose on n o n - f e r t i l i z e d  p a s tu re s . Hov/ever, t h is  

canno t be con firm ed  as t h is  r e p o r t  was based on da ta  o b ta in e d  la rg e ly  

b y  a re tro s p e c t iv e  q u e s tio n n a ire  su rvey .

Selman e t  a l  (1974) suggested th a t  th e  way in  which th e  

lu s h  p a s tu re  v/as produced, th a t  is  by i r r i g a t i o n ,  f e r t i l i z a t i o n ,  

re -s e e d in g , r e s t in g  o r  even sudden improvement in  c l im a t ic  c o n d it io n s  

v/as le s s  im p o rta n t than  the  change i t s e l f .

■1,1 .4- • • • M o rb id ity  -and - m o r ta l i ty

The in c id e n c e  o f  th e  d isease  in  a f fe c te d  herds i s  e x tre m e ly  

v a r ia b le .  M o rb id ity  ra te s  va ry  from  a s in g le  an im a l to  100%, w ith  

marked v a r ia t io n  in  th e  s e v e r ity  o f  th e  d isease  betv/een d i f f e r e n t  

a f fe c te d  an im a ls  (Tucker and M aki, 1962; R oberts e t  a l , 1973;

Selman e t  a l , 1974). M o r ta l i t y  has been re p o r te d  to  va ry  from  

z e ro  to  20%. Deaths u s u a lly  o ccu r w i th in  72 hours a f t e r  appearance 

o f  symptoms (Tucker and M aki, 1962j Breeze e t  a l , 1976); F u l l  

rumen, p r e - e x is t in g  pulm onary le s io n s  and p h y s ic a l e x e r t io n  v/ould 

be expected to  worsen th e  re s p ir a to r y  embarrassment le a d in g  to  

d e a th . O the rw ise  spontaneous recovery/ would o c c u r (T ucker and



M aki, 1362; D ic k in s o n , 1970; Selman e t a l , 1974; D ick in so n  and 

C a rls o n , 1978).

1 .1 .5  -  Antemortem s ig n s

Ante-m ortem  s ig n s  o f  fo g  fe v e r  a re  f a i r l y  c h a r a c te r is t ic .  

S igns  u s u a lly  become apparen t w ith in  a few days a f t e r  moving hungry, 

a d u lt  b e e f- ty p e  c a t t le  from  poo r to  b e t te r  q u a l i t y  p a s tu re s . Severe 

r e s p ir a to r y  d is t r e s s  serves to  d ra ’w a t te n t io n ,  a lth o u g h  th e  le v e l o f  

s u p e rv is io n  o f  g ra z in g  an im a ls would o fte n  be in s u f f i c ie n t  to  d e te c t 

e a r l i e r  o r  le s s  severe s ig n s . Two c l i n i c a l  form s o f  fo g  fe v e r  have 

been d is t in g u is h e d  in  B r i t a in .  The le ss  severe fo rm  o f  th e  d isease  

i s  c h a ra c te r iz e d  by s l ig h t  tachypnoea and hyperpnoea. In  th e  most 

seve re  fo rm , th e  c l i n i c a l  s ig n s  in c lu d e  severe dyspnoea w ith  a loud  

e x p ir a to r y  g ru n t ,  f r o th in g  from  th e  mouth, mouth b re a th in g  and 

tachypnoea. Subcutaneous oedema may be observed in  some a n im a ls .

Coughing is  n o t a dom inant fe a tu re  among a f fe c te d  in d iv id u a ls  n o r

among o th e r  a d u lts  w i th in  an a f fe c te d  group (Selman e t  a l , 1974).

1 .1 .6  -  P a tho logy  o f  fo g  fe v e r

P i r ie  e t  a l  (1974) examined th e  lungs o f  an im a ls  which 

were con firm ed  cases o f  fo g  fe v e r .  Lungs o f  f a t a l  cases o f  th e  

d ise a se  were m a c ro s c o p ic a lly  and m ic ro s c o p ic a lly  d i f f e r e n t  from  those  

o f  an im a ls  w h ich were s e v e re ly  i l l  b u t appeared t o  be re c o v e r in g  up 

t o  th e  tim e  when th e y  were s la u g h te re d  in  o rd e r  t o  s tu d y  th e  deve lop 

ment o f  pulm onary le s io n s .  In  f a t a l  cases o f  th e  d isease  predom inant 

fe a tu re s  were severe i n t e r s t i t i a l  emphysema and pulm onary oedema. 

A d d it io n a l f in d in g s  in c lu d e d  th e  presence o f  abundant f r o th y  f l u i d



w hich  f i l l e d  th e  tra c h e a , lo b a r  and segm ental b ro n c h i,  p e te c h ia l and 

ecchym o tic  haemorrhages on and below th e  e p i t h e l ia l  l i n in g  o f  la ry n x ,  

tra c h e a  and b ro n c h i.  C ongestion and oedema o f  th e  lam ina p ro p r ia  

o f  th e  co n d uc ting  a irw ays  w ith  accum u la tion  o f  plasma c e l ls  and 

lym phocytes in  t h is  s i t e .  H ya lin e  membranes and e a r ly  s ig n s  o f  

a lv e o la r  e p i t h e l ia l  h y p e rp la s ia  were a ls o  observed. N o n - fa ta l cases 

were f u r t h e r  d iv id e d  in to  two sub-g roups: n o n - fa ta l cases w ith

c o n t in u in g  marked c l i n i c a l  s ig n s  and m ild ly  a f fe c te d  an im a ls  in  w h ich 

a cu te  c l i n i c a l  s ig n s  had aba ted . The lungs o f  n o n - fa ta l cases o f  

th e  d isease  w ith  co n tin u e d  marked c l i n i c a l  s ig n s  were v e ry  d i f f e r e n t  

fro m  those  o f  f a t a l  cases. E x te n s ive  a lv e o la r  e p i t h e l i a l  hype r

p la s ia  and h y a lin e  m a te r ia l were observed in  these  a n im a ls , b u t 

pu lm onary oederra v/as la rg e ly  absen t. Foca l le s io n s  o f  m ild  pulmonary 

oedema and a lv e o la r  e p i t h e l ia l  h y p e rp la s ia  were seen in  th e  lungs o f  

m i ld ly  a f fe c te d  an im a ls . These le s io n s  were r e s t r ic t e d  in  e x te n t and 

degree o f  s e v e r i t y  and were found to  in v o lv e  some segments in  some lo b e s . 

I t  shou ld  be emphasized th a t  P i r ie  e t  a l  (1974) d id  n o t re g a rd  th e  

above-m entioned le s io n s  o f  fo g  fe v e r  as pathognom onic, b u t c e r ta in ly  

th e y  v/ere o b l ig a to ry  f o r  d ia g n o s is .

F u r th e r  resea rch  was d ire c te d  towards id e n t i f y in g  th e  

h is to g e n e s is  o f  th e  a lv e o la r  e p i t h e l ia l  h y p e rp la s ia . Based on th e  

u I t r e s t r u c tu r a i  s im i l a r i t y  between th e  h y p e rp la s t ic  c e l ls  and th e  

ty p e  2 pneumocyte (g ra n u la r  pneum ocyte), i t  has been proposed th a t  

th e  a lv e o la r  e p i t h e l ia l  h y p e rp la s ia , a sso c ia te d  v / ith  fo g  fe v e r ,  i s  

due to  p r o l i f e r a t io n  o f  ty p e  2 pneumocytes (B reeze, P i r i e ,  Selman 

and Wiseman, 1975b).



E a r l ie r  re p o r ts  o f  th e  d isease  e i th e r  f a i le d  to  re c o rd  th e  pulmonary' 

le s io n s  in  an im a ls  w h ich were c la im ed to  be cases o f  fo g  fe v e r  

(R o b e rts , 1927; B a rke r, 1948; L e s l ie ,  1949; R oberts  e t  a l , 1973] 

o r  used th e  te rm  " fo g  fe v e r "  in  a w id e r  sense to  in c lu d e  o th e r  form s 

o f  r e s p ir a to r y  d is t r e s s  (M ic h e l, 1954; B lood, 1962; M ackenzie,

1 96 6 ].

Thus " fo g  fe v e r "  is  a s in g le  d isease e n t i t y .  The te rm  is  

re s e rv e d  f o r  a sudden onse t r e s p ir a to r y  syndrome w ith  m in im a l coughing 

in  a d u lt  b e e f- ty p e  c a t t le  in  th e  autumn soon a f t e r  in t r o d u c t io n  to  

new p a s tu ro . The c h a r a c te r is t ic  pulmonary le s io n s  a re  any combina

t io n  o f  pulmonary c o n g e s tio n , oedema, h y a lin e  membranes, i n t e r s t i t i a l  

emphysema and a lv e o la r  e p i t h e l ia l  h y p e rp la s ia  (Selman, Wiserrsn,

P i r i e  and Breeze, 1973; P i r ie  e t  a l , 1974; Selman e t a l ,  1374 ].

Selman e t  a l  (1973 ], Breeze e t a l  C1975a] and Breeze e t a l  

(1976) p o in te d  ou t th a t  s e v e ra l au tho rs  used th e  te rm  " fo g  fe v e r ” 

i n  a w id e r  sense to  in c lu d e  a l l  form s o f  r e s p ir a to r y  d is t r e s s  a r is in g  

i n  a l l  ages o f  c a t t le  e i th e r  in d o o rs  o r  o u td o o rs . C onfusion about 

th e  d isease  came from  i t s  obscure a e t io lo g y  and a ls o  from  th e  fa c t  

t h a t  acu te  r e s p ir a to r y  d is tre s s  is  a fe a tu re  o f  fo g  fe v e r .  I t  has 

been shown th a t  a w id e ly  d i f f e r in g  v a r ie ty  o f  c o n d it io n s ,  o f  d iv e rs e  

a e t io lo g y ,  such as bov ine  fa rm e r ’ s lu n g , p a r a s i t ic  b r o n c h it is ,  

n e c r o t iz in g  pneumonia and carcinom a o f  th e  lung  w i l l  a l l  cause 

c l i n i c a l  s ig n s  o f  r e s p ir a to r y  d is t r e s s .  Breeze e t a l  (1975a] 

suggested th a t  a new te rm  Acute R e s p ira to ry  D is tre s s  Syndrome m ig h t 

be u s e fu l f o r  any sudden onse t re s p ir a to r y  c o n d it io n s  w ith  dyspnoea 

t h a t  i s  th e  r e s u l t  o f  any com b ina tion  o f  th e  fo l lo w in g  pulmonary



le s io n s :  cong es tion  and oedema, h y a lin e  membranes, a lv e o la r  e p i t h e l i a l

h y p e rp la s ia ,  and i n t e r s t i t i a l  emphysema. One s p e c i f ic  fo rm  o f  acu te  

r e s p ir a to r y  d is t re s s  syndrome would be fo g  fe v e r ,  and i t  is  th e  most 

im p o rta n t c o n d it io n  a f fe c t in g  a d u lt  c a t t le  g ra z in g  ( P i r ie ,  1977).

I S eve ra l re v ie w  a r t i c le s  on r e s p ir a to r y  c o n d it io n s  o f  c a t t le

a re  a v a ila b le  (B reeze, 1973; Breeze e t a l , 1976; P i r ie ,  1977; Breeze, 

Selman, P i r ie  and Wiseman, 1978). V a rious  th e o r ie s  on th e  a e t io lo g y  

o f  fo g  fe v e r  have re c e n t ly  been d iscussed  (Selman, Wiseman, Breeze 

and P i r ie ,  1976).
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1.2  -  EXPERIMENTAL INDUCTION OF A RESPIRATORY DISTRESS SYNDROME

SIMILAR TO FOG FEVER

1 .2 .1  -  E xp e rim e n ta l in d u c t io n  o f  a re s p ira to rs ' d is t r e s s  syndrorræ

s im i la r  to  fo g  fe v e r  by tryp to p h a n  and re la te d  in d o l ic  

compounds

W hile  th e  d isease  fo g  fe v e r  was c h a ra c te r iz e d  as a sepa ra te  

e p id e m io lo g ic a l,  c l i n i c a l  and p a th o lo g ic a l e n t i t y ,  i t s  a e t io lo g y  

rem ained unknown.

In  1965, an o b s e rv a tio n  was made w h ich  le d  to  p ro d u c tiv e  

e x p e rim e n ta tio n  in  th e  s tu d y  o f  th e  a e t io lo g y  o f  fo g  fe v e r .  T h is  

unexpected even t came about as a r e s u l t  o f  s tu d ie s  be ing  perform ed on 

th e  a c t i v i t i e s  o f  h e p a tic  try p to p h a n  p y r ro la s e  enzyme in  c a t t le  and 

sheep. F o llo w in g  o r a l  a d m in is tra t io n  o f  la rg e  doses o f  th e  amino a c id  

D ,L - try p to p h a n , some o f  th e  c a t t le  developed acu te  r e s p ir a to r y  

d is t r e s s  symptoms and post-m ortem  le s io n s  v.ere s t r i k in g l y  s im i la r  to  

th o s e  observed in  th e  n a tu r a l ly  o c c u rr in g  d isease  a ss o c ia te d  w ith  th e  

g ra z in g  o f  c a t t le  on c e r ta in  fo ra g e  co rps , sudden change o f  r a t io n ,  

o r  th e  fe e d in g  o f  mouldy feeds (Johnson and Dyer, 1966). These 

o b s e rv a tio n s  were con firm ed  by D ic k in s o n , Spencer and Gorham (1967) 

who made two t r i a l s  to  induce  the  d isease us ing  e ig h t  m ature cov/s o f  

v a r io u s  ages and b reeds . In  bo th  t r i a l s  t h e . c a t t le  v/ere m a in ta in e d  

on a low  p lane  o f  n u t r i t io n  f o r  a minimum o f  30 days and th e n  g ive n  

a s in g le  o r a l  dose o f  D ,L -try p to p h a n  (0 .5 -0 .6  g /k g  body w e ig h t) .

As e a r ly  as 24 hours a f t e r  tre a tm e n t some o f  th e  t re a te d  an im a ls  

deve loped symptoms o f  r e s p ir a to r y  d is t r e s s .  T h is  r e s p ir a to r y
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d is t r e s s  was p ro g re s s iv e  in  f i v e  an im a ls , b u t s l i g h t  in  th e  o th e r  

re m a in in g  th re e  a n im a ls , and reached peak s e v e r ity  fro m  fo u r  to  seven 

days fo l lo w in g  tre a tm e n t. Pulmonary le s io n s  were found to  be oedema, 

h y a lin e  membranes, errphysema, p r o l i f e r a t io n  o f  a lv e o la r  e p i t h e l ia l  

c e l l s  and i n f i l t r a t i o n  o f  th e  lungs by n e u tro p h ils  and e o s in o p h ils .  

P a th o lo g ic a l changes were g e n e ra lly  p ro p o r t io n a l t o  th e  c l i n i c a l  

s e v e r i t y  o f  th e  re s p ir a to r y  d is t r e s s  shown by th e  an im a l a t  th e  tim e  

o f  dea th . I t  was shov/n la t e r  th a t  p a re n te ra l a d m in is t ra t io n  o f  

try p to p h a n  does n o t cause th e  pulm onary d is e a s e “ in d ic a t in g  th a t  

ru m in a i fe rm e n ta t io n  o f  try p to p h a n  is  re q u ire d . O ra l a d m in is t ra t io n  

o f  D ,L -try p to p h a n  CO.7 g /k g ) to  coin's caused i n t e r s t i t i a l  emphysema 

36 to  96 hours a f t e r  tre a tm e n t. The c o n c e n tra t io n  o f  try p to p h a n  

in  plasma was in c re a se d  a f t e r  try p to p h a n  was a d m in is te re d  b u t v/as 

a p p a re n t ly  n o t d i r e c t ly  re s p o n s ib le  f o r  developm ent o f  th e  syndrome. 

S im i la r  le v e ls  o f  try p to p h a n  in  plasma were produced in  c a t t le  

by  in t r a p e r i to n e a l in je c t io n  and in tra v e n o u s  in fu s io n ,  b u t these  

c a t t l e  d id  no t deve lop  i n t e r s t i t i a l  pulm onary emphysema (C a rlso n ,

D ye r and Johnson, 1968). O ra l a d m in is t ra t io n  o f  D -try p to p h a n  (0 ,4  

g /k g )  d id  n o t cause th e  d isease ; o n ly  th e  L - is o m e r (0 ,3 5  g /k g ) was 

e f fe c t iv e  in  p rodu c ing  pulm onary d isease  (C a rlso n , Yokoyama and 

D ic k in s o n , 1972) and then  o n ly  by th e  o r a l ro u te  (C a rlso n  e t  a l ,

196 8 ). Thus i t  was proposed th a t  a m e ta b o lite  o f  L - try p to p h a n  

produced in  th e  rumen is  p ro b a b ly  th e  a c t iv e  p r in c ip le  caus ing  

p n e u m o to x ic ity  in  t ry p to p h a n - tre a te d  c a t t le  (C a rlso n  e t  a l , 1968), 

Thus subsequent resea rch  a tte m p ts  were d ire c te d  tow ards id e n t i f y in g  

a p ro d u c t o f  ru m in a i fe rm e n ta t io n  o f  L - try p to p h a n  th a t  is  capable
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o f  causing  pulm onary oedema and enphysema in  c a t t le .

A f t e r  in c u b a tio n  in  v iv o  and in  v i t r o  w ith  rumen f l u i d ,  

L -try p to p h a n  was conve rted  m a in ly  to  S -m e th y lin c o le  w ith  some in d o le  

and in d o le a c e t ic  a c id  and t h is  l a t t e r  substance a ls o  form ed 3 -m e th y l-  

in d o le  a f t e r  f u r t h e r  in c u b a tio n  [C a rlson  e t  a l , 1972; Yokoyama and 

C a rls o n , 1974; Yokoyama, C arlson and D ic k in s o n , 1975), S ubsequently  

i t  was d iscove red  th a t  o r a l a d m in is tra t io n  and in tra v e n o u s  in fu s io n  

o f  3 -m e th y lin d o le  le d  to  a pulmonary d isease s im i la r ,  b u t more acu te  

in  onse t and cou rse , to  th a t  produced by L - try p to p h a n  a d m in is tra t io n  

(C a rlso n  e t  a l , 1972), In tra ve n o u s  in fu s io n  o f  in d o le a c e t ic  a c id  

(0 ,0 7  g /k g ) ( P i r ie ,  Breeze, Selman and Wiseman, 1976) and in tra ru m in a l 

a d m in is t ra t io n  o f  in d o le  (0 .4  g /k g ) (Yokoyama e t  a l , 1975) try p ta m in e  

and 5 -h y d ro x y try p ta m in e  (J a rv ie ,  Breeze, Selman and Wiseman, 1977) 

d id  n o t cause th e  d isease .

Yokoyama e t  a l  (1975) measured plasma c o n c e n tra t io n s  o f  

3 -m e th y lin d o le  a sso c ia te d  w ith  tryp to p h a n  induced pulm onary 

d is e a s e . F iv e  H e re fo rd  cows were g iven  an in t ra ru m in a l dose o f  

L - try p to p h a n  (0 .35  g /k g ) .  Three o f  th e  cc^-.s developed c l i n i c a l  

s ig n s  o f  acu te  r e s p ir a to r y  d is tre s s  and shewed severe  pulmonary 

le s io n s  when post-m ortem  exam ina tion  was perform ed a f t e r  95 hou rs . 

A n o th e r cow developed moderate c l i n i c a l  s ig n s  and pulm onary le s io n s ,  

and th e  rem a in ing  cow had few c l i n i c a l  s ig n s  and pulm onary le s io n s .  

3 -M e th y lin d o le  was p re se n t in  ru m in a i f l u i d  and plasma w i th in  s ix  

hou rs  a f t e r  a d m in is t ra t io n  o f  try p to p h a n , and th e  c o n c e n tra tio n s  

in c re a s e d  to  3 and 9 yg /m l w ith in  12 to  24 h o u rs . S e v e r ity  o f  

pu lm onary le s io n s  was re la te d  to  th e  maximal c o n c e n tra t io n  and 

d u ra t io n  o f  3 -m e th y lin d o le  in  th e  plasma. Post-m ortem  exam ina tion
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sho\*;ed g ross p a th o lo g ic a l changes in  the  lungs c h a ra c te r iz e d  by 

d i f f u s e  pulm onary oedema and i n t e r s t i t i a l  errphysema; and th e  lungs 

were da rk  re d , f i r m  and h e a v ie r  than  norm al. The predom inant 

m ic ro s c o p ic  le s io n s  in c lu d e d  pulmonary oedenra, i n t e r s t i t i a l  pulmonary 

emphysema and a lv e o la r  e p i t h e l ia l  h y p e rp la s ia . T h is  experim ent 

c le a r ly  dem onstrated th a t  s u b s ta n t ia l amounts o f  3 -m e th y lin d o le  are  

produced in  th e  runen o f  coivs g iven  try p to p h a n , and c o n c e n tra tio n s  

com parable w ith  those  a f t e r  o r a l 3 -m e th y lin d o le  tre a tm e n t can be 

d e te c te d  in  plasma. I t  was s ta te d  th a t  th e  pulm onary le s io n s  in  

cows g ive n  try p to p h a n  o r  3 -m e th y lin d o le  are  q u a l i t a t iv e ly  s im i la r  

and th e  s e v e r i t y  is  r e la te d  to  th e  c o n c e n tra tio n  o f  3 -m e th y lin d o le  in  

th e  plasma.

C a rlson , D ic k in s o n , Yokoyama and B ra d le y  C1975) in v e s t ig a te d  

th e  e f fe c t  o f  3 -m e th y lin d o le  in  c a t t le .  In  th re e  h e ife rs  g iven  an 

in t r a ru m in a l dose o f  0 .2  g /k g  o f  3 -m e th y lin d o le , c l i n i c a l  s ig n s  o f  

r e s p ir a to r y  d isease appeared between 5 and 12 hours a f t e r  dos ing  

and death from  pulm onary oedema and e rphysera  o ccu rre d  a t 72 hou rs .

The mean plasma c o n c e n tra tio n  reached a maximum C18.5 yg/rn il) a t  th re e  

h o u rs . In  two c a t t le  g iven  an in tra ru m in a l dose o f  D . l  g /kg  o f  

3 -m e th y lin d o le  s ig n s  o f  acu te  re s p ir a to r y  d is t r e s s  deve loped, b u t 

th e  an im a ls  d id  n o t d ie .  The mean plasma c o n c e n tra t io n  o f  3 -m e th y l

in d o le  became maximal (16 .8  pg /m l) a t  th re e  h o u rs . In  th re e  c a t t le  

g iv e n  0 .06  g o f  3 -m e th y lin d o le /k g  by in fu s io n  in to  th e  ju g u la r  v e in  

c l i n i c a l  s ig n s  appeared in  a l l  cov/s and one cow d ie d . Post-m ortem  

e xam in a tion  o f  these  an im a ls showed pulmonary oedema, i n t e r s t i t i a l  

emphysema and p r o l i f e r a t io n  o f  th e  a lv e o la r  e p i t h e l i a l  c e l ls .
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P i r ie  e t  a l  (1976] in v e s t ig a te d  th e  a b i l i t y  o f  3 -m e th y lin d o le  

and in d o le a c e t ic  a c id  to  a c t as a d i r e c t  p r o l i f e r a t i v e  s t im u lu s  on 

ty p e  2 pneumocytes. Twelve o n e -y e a r-o ld  bee f ca lve s  were d iv id e d  

in t o  th re e  equa l g roups. Tv/o groups were g iven  a s in g le  in tra v e n o u s  

dose (0 .07  g /k g ] o f  in d o le a c e t ic  a c id  c-r 3 -m e th y lin d o le  o ve r a tw e lv e  

h o u r p e r io d  and one group acted  as a c o n t ro l g roup . A lv e o la r  

e p i t h e l i a l  h y p e rp la s ia  o f  typ e  2 pneumocytes was found  in  th e  lungs o f  

a l l  th e  ca lve s  in  th e  group t re a te d  w ith  3 -m e th y lin d o le . A d d it io n a l 

f in d in g s  were i n t e r s t i t i a l  emphysema, pulmonary cedema, fo c a l h y a lin e  

membrane fo rm a tio n , pulm onary co n g e s tio n , pulm onary e o s in o p h il ia ,  

p r o l i f e r a t io n  o f  te rm in a l b ro n c h ia l e p i t h e l ia l  c e l ls  and numerous 

g lo b u le  le u co cy te s  in  the  e p ith e liu m  o f  th e  tra c h e a  and b ro n c h i. 

A lv e o la r  e p i t h e l ia l  h y p e rp la s ia , i n t e r s t i t i a l  emphysema and pulmonary 

oedema were n o t observed in  th e  lungs o f  th e  ca lve s  o f  o th e r  g roups. 

Thus i t  was concluded th a t  3 -m e th y lin d o le , b u t n o t in d o le a c e t ic  a c id ,  

can produce a p r o l i f e r a t i v e  a l v e o l i t i s  w i th in  96 hours in  th e  bov ine  

lu n g . Eyre (1972] dosed te n  c a t t le  w ith  L - try p to p h a n  (0 ,5  o r  1 g /k g ] 

o r  a m ix tu re  o f  0 ,L -try p to p h a n  (0 ,5 -1  g /k g ] .  S ix  o u t o f  te n  an im a ls  

t re a te d  w ith  e i t h e r  regim e showed v a ry in g  degrees o f  r e s p ir a to r y  

d is t r e s s .  S u rp r is in g ly  th e  a u th o r found th a t  th e  most severe c l i n i c a l

re a c t io n s  were in  fo u r  o f  th e  youngest an im a ls in  th e  group (a p p ro x i

m a te ly  s ix  months o ld ] .  A l l  those  anim als o f  a y e a r  o r  o ld e r

deve loped v e ry  m ild  t r a n s ie n t  s ig n s  o r  none a t  a l l .  Anim als re c e iv in g

th e  h ig h e s t dose o f  0 ,L - try p to p h a n  (1 g /k g ) shov/ed no obse rvab le  

c l i n i c a l  s ig n s . An e le v a t io n  o f  5 -h y d ro x y try p ta m in e  c o n c e n tra t io n  was 

dem onstra ted  in  plasma o f  a f fe c te d  and some o f  th e  norm al a n im a ls .

Based on these  r e s u l t s ,  i t  v/as suggested th a t  e le v a t io n  in  plasma
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5 -h y d ro x y try p ta m in e  c o n c e n tra tio n  accompanying th e  excess d ie ta ry  

in ta k e  o f  try p to p h a n  may be an a e t io lo g ic a l  f a c to r  in  th e  development 

o f  acu te  bov ine  pulm onary emphysema o f  d ie ta ry  o r ig in .  R e su lts  o f

t h i s  s tu d y  cannot be in te rp re te d  w ith  co n fid e n ce . No h is to p a th o lo g ic a l
1

e xam in a tion  was c a n rie d  o u t. The p o s s ib i l i t y  th a t  th e  r e s p ir a to r y  

d is t r e s s ,  d is p la y e d  by these  an im a ls , was due to  o th e r  causes 

u n re la te d  to  try p to p h a n  cannot be exc luded . The te ch n iq u e  o f  

s p e c t r o f lu o r im e t r ic  assay o f  5 -h yd ro xy tryp ta m in e  o f  Anden and Magnusscn 

(1967 ] used by th e  a u th o r  is  ve ry  d e l ic a te  and i t s  s p e c i f i c i t y  in  th e  

case o f  L -tryp to p h a n -d o se d  an im a ls  is  q u e s tio n a b le . The method is  

based on column chrom atograph ic  p u r i f ic a t io n  o f  5 -h y d ro x y try p ta m in e  

fo llo w e d  by i t s  s p e c t r o f lu o r im e t r ic  d e te rm in a tio n . Many in d o l ic  

compounds in c lu d in g  try p to p h a n  and try p to p h a n  m e ta b o lite s  have th e  

same s p e c t r o f lu o r im e t r ic  c h a r a c te r is t ic s  o f  5 -h y d ro x y try p ta m in e  

(U d e n fr ie n d , 1962j Anden and Magnusson, 1967). The column ch rom a-'  

to g ra p h ic  procedure  does n o t e lim in a te  a l l  these  compounds (Anden and 

Magnusson, 1967], I t  is  no tew orthy  th a t  th e  a u th o r  re p o rte d  an 

in c re a s e  in  plasma 5 -h y d ro x y try p ta m in e  n o t o n ly  in  c a t t le  w ith  

c l i n i c a l  s ig n s  o f  r e s p ir a to r y  d is t re s s  b u t a ls o  in  a p p a re n tly  norm al 

a n im a ls  a f t e r  try p to p h a n  a d m in is t ra t io n ,

1 .2 .2  -  V a r ia t io n s  in  th e  response o f  c a t t le  to  o r a l a d m in is t ra t io n

o f  try p to p h a n

There is  a c o n s id e ra b le  in d iv id u a l and breed v a r ia t io n  in  th e  

response o f  c a t t le  to  o r a l  a d m in is tra t io n  o f  L - try p to p h a n  (D ick in so n  

e t  a l , 1967; D ic k in s o n , 1970; D ick in son  and P ip e r ,  1971; Yokoyama 

e t  a l ,  1975 ]. The c l i n i c a l  s e v e r ity  o f  th e  r e s p ir a to r y  response is
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v a r ia b le ;  some in d iv id u a ls  show a ve ry  severe response w h ich  o f te n  

le a d s  to  dea th . O thers have a m ild  to  moderate t r a n s i t o r y  response 

and then  a p p a re n tly  re c o v e r, whereas s t i l l  o th e rs  have l i t t l e  o r  no 

re a c t io n  fo llo v / in g  o r a l  a d m in is t ra t io n  o f  L - try p to p h a n  (D ic k in s o n  

and P ip e r ,  1971). R e p ro d u c ib i l i t y  o f  th e  e x p e rim e n ta l d isease  in  

c a t t l e  was a p p a re n tly  in f lu e n c e d  by breed s u s c e p t ib i l i t y ,  dosage 

le v e ls  o f  in d u c in g  agen ts , age and ge n e ra l c o n d it io n s  o f  th e  a n ir ra ls ,

e x te n t  o f  p r e - e x is t in g  le s io n s  in  th e  lungs and p o s s ib ly  o th e r

fa c to r s  (D ic k in s o n , 1970).

M onlux, C u t l ip  and Estes (1970) a ttem p ted  to  dem onstra te  

d if fe re n c e s  in  breed s u s c e p t ib i l i t y  to  th e  try p to p h a n - in d u c e d  lung  

damage. Twenty an im a ls  re p re s e n tin g  f i v e  breeds (H e re fo rd , J e rse y , 

H o ls te in ,  Angus and S h o rth o rn ) o f  c a t t le  were g ive n  o r a l doses o f

0 , L - try p to p h a n  (O.B g /k g ) . Only H e re fo rd  ( th re e  o u t o f  fo u r

H e re fo rd s ) and Je rsey  (two o u t o f  fo u r  Je rse ys ) deve loped th e  t y p ic a l  

le s io n s  o f  th e  d ise a se , in d ic a t in g  th a t  breed d if fe re n c e s  in  the  

p ro d u c tio n  o f  pulm onary d isease  in  c a t t le  do e x is t  fo l lo w in g  the  

o r a l  a d m in is t ra t io n  o f  try p to p h a n , w ith  th e  H e re fo rd  breed be ing  th e  

m ost s u s c e p t ib le .  However, i t  i s  no te /zorthy  th a t  th e  try p to p h a n -  

in duced  pulm onary d isease  has been re p o r te d  in  Guernsey, S hortho rn  

and Angus breeds (D ick in so n  e t  a l , 1967) a t  th e  same dosage le v e l 

used by Monlux e t  a l  (1970 ).

1 ,2 .3  -  P a s tu re  le v e ls  o f  try p to p h a n  a s s o c ia te d  w ith  ou tb reaks  o f

fo g  fe v e r

I t  has been a ttem p ted  to  id e n t i f y  a d if fe re n c e  in  try p to p h a n  

c o n c e n tra t io n  between p a s tu re  caus ing  fo g  fe v e r  and norm al p a s tu re s .
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and to  compare th e  try p to p h a n  co n te n t o f  t h is  p a s tu re  v / ith  the  

e x p e r im e n ta lly  t o x ic  dose o f  try p to p h a n  [M ackenzie , Ford and S c o tt ,  

1975; Selman, Breeze, Bogan, Wiseman and P i r ie ,  1977). The amount o f  

try p to p h a n  consumed in  th e  fo ra g e  d u r in g  n a tu r a l ly - o c c u r r in g  fo g  fe v e r  

i s  n o t known. The d isease u s u a lly  a r is e s  in  hungry c a t t le  a f t e r  

b e in g  in tro d u c e d  to  h ig h ly  d ig e s t ib le  lu sh  p a s tu re  w h ich  th e y  have n o t 

encounte red  f o r  some t im e . T h is  would r e s u l t  in  a h ig h e r  than norm al 

fe e d  in ta k e  d u r in g  th e  f i r s t  few  days a f t e r  such a p a s tu re  change. 

D u rin g  t h is  tim e  changes in  ru m in a i f lo r a  may be o c c u r r in g  to  

acconrrrodate th e  in c rea sed  amounts and th e  d i f f e r e n t  ty p e  o f  fo ra g e  

(C a rlso n  and D ic k in s o n , 19783.

In  a s tu d y  on p a s tu re  c o n te n t o f  L - try p to p h a n , a sso c ia te d  

w i th  ou tb reaks  o f  fo g  fe v e r ,  th e re  was no s ig n i f ic a n t  d if fe re n c e  

in  try p to p h a n  co n te n t between norm al herbage from  norm al pas tu res  

and from  p a s tu re s  in  w h ich ou tb reaks  o f  fo g  fe v e r  o cc u rre d . The 

c o n c e n tra t io n  found was about 4 mg try p to p h a n  p e r  gram d ry  m a tte r  

(M ackenzie e t  a l , 1975).

I t  was concluded on th e o r e t ic a l  g rounds, based on com parison 

o f  th e  try p to p h a n  co n te n t o f  g ra s s , w ith  th e  q u a n t i ty  o f  try p to p h a n  

re q u ire d  as a s in g le  dose to  produce th e  e x p e rim e n ta l " fo g  f e v e r - l ik e *  

c o n d it io n  th a t  in g e s t io n  o f  such grass would n o t p ro v id e  s u f f i c ie n t  

try p to p h a n  a t  a s in g le  feed  f o r  a d i r e c t  t o x ic  response. The 

m in im a l t o x ic  amount o f  L - try p to p h a n  v/ould re q u ire  to  be in g e s te d  

o v e r  a p e r io d  o f  s e v e ra l days (Mackenzie e t  a l , 1975; Selman ^  

a l ,  1977).
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1 ,2 ,4  -  E xp e rim e n ta l in d u c t io n  o f  fog  fe v e r  by a sudden change

o f  p a s tu re

Selman e t  a l  (1977) conducted a t r i a l  t o  induce  fo g  fe v e r  by 

a p a s tu re  change. E leven a d u lt  b e e f- ty p e  cows were in tro d u c e d  to  

p a s tu re  f re e  fro m  D ic to yo ca u lu s  v iv ip a ru s  in fe c t io n .  A l l  an im a ls

deve loped some ev idence o f  r e s p ir a to r y  d is tu rb a n c e . T h is  became

obv ious  between th re e  and e leven  days a f t e r  th e  p a s tu re  change and 

la s te d  between one and f i v e  days. 3 -M e th y lin d o le  v/as p re s e n t in  th p  

ru m in a i f l u i d  o f  each an im a l in  amounts ra n g in g  fro m  3 .5 -9 .5  yg /m l 

b u t i t  was n o t d e te c ta b le  in  plasma sam ples. Post-m ortem  exam ina tion  

showed pulm onary oedema, i n t e r s t i t i a l  emphysema, a lv e o la r  e p i t h e l ia l  

h y p e rp la s ia  and h y p e rp la s ia  o f  th e  te rm in a l b ro n c h io la r  e p ith e liu m  

(Selman e t  a l , 1977),

T e r ry ,  B ra d le y , Hammond, Cummins, C a rlson  and D ick in so n  (1976) 

dem onstra ted  th a t  3 -m e th y lin d o le  can be produced by ru m in a i b a c te r ia  

fro m  c a t t le  under f i e l d  c o n d it io n s  and th a t  3 -m e th y lin d o le  is  p re s e n t 

in  b lood  plasma and ru m in a i f l u i d  o f  c a t t le  w h ich  deve loped acu te  

b o v in e  pulm onary emphysema under f i e l d  c o n d it io n s .  N ine teen  m ature 

b e e f cov/s were moved from  d ry  autumn range to  lu s h  green p a s tu re  to  

in d u ce  th e  d ise a se . A f t e r  fo u r  days, one cow deve loped severe and 

s i x  cov/s developed moderate s ig n s  o f  fo g  fe v e r .  These s ig n s  reg ressed  

b y  th e  te n th  day in  th e  s ix  cov/s w ith  m oderate s ig n s . The cow w ith  

th e  severe s ig n s  was s la u g h te re d  on th e  f i f t h  day and had th e  g ross 

and m ic ro s c o p ic  le s io n s  c h a r a c te r is t ic  o f  th e  d ise a se . 3 -M e th y lin d o le  

was p re s e n t in  64% o f  plasma samples (0 .1  ^ g /m l-0 .3 7  p g /m l) t h a t  had 

been c o l le c te d  o v e r a one week p e r io d  a f t e r  p a s tu re  change. Rum inai
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f l u i d  3 -m e th y lin d o le  c o n c e n tra tio n s  (3 ,1  y g /m l)  in  th e  cov; w ith  

seve re  s ig n s  were te n  tim es h ig h e r  than plasma le v e ls .  C u ltu re s  

o f  ru m in a i f l u i d  from  these  cows conve rted  in d o le a c e t ic  a c id  and 

L - try p to p h a n  to  3 -m e th y lin d o le .

1 .2 .5  -  I n h ib i t io n  o f  p ro d u c tio n  o f  3 -m e th y lin d o le , and th e

r e s u lta n t  re s p ira to r ] /  d is t r e s s ,  by a n t ib io t ic s  a f t e r  o r a l
I

a d m in is t ra t io n  o f  L - try p to p h a n  o r  sudden change o f  p a s tu re  

R e ce n tly  i t  has been shown th a t  th e  a n t im ic r o b ia l agen ts , 

c h lo r te t r a c y c l in e  and monensin, reduce 3 -m e th y lin d o le  p ro d u c tio n  and 

p re v e n t th e  onse t o f  r e s p ir a to r y  d is tre s s  a f t e r  o r a l a d m in is t ra t io n  o f  

L - try p to p h a n  (Hammond, C arlson and Breeze, 1978; Hairrrond, B ray,

Cummins, C a rlson  and B ra d le y , 1978). Monensin reduces ru m in a i 

3 -m e th y lin d o le  p ro d u c tio n  in  coivs g iven  access to  lu sh  p a s tu re  

(C a r ls o n , Hammond, Breeze, P o tcho iba  and N o c e r in i,  1981).

1 .2 .6  -  S im i la r i t ie s  between fo g  fe v e r  and th e  L - try p to p h a n -

induced pulm onary d isease  

O ra l a d m in is t ra t io n  o f  L -try p to p h a n  and re la te d  in d o l ic  

compounds produces a d isease  s im i la r  to  " fo g  fe v e r "  in  c a t t le .  Thus 

an e x p e rim e n ta l m ode l, v/hich vÆJuld induce th e  d isease  w ith  a reasonab le  

r e p r o d u c ib i l i t y ,  has been made a v a i la b le .  I t  w ould  be a n t ic ip a te d  

t h a t  e x p lo i ta t io n  o f  t h is  model w ould a llo w  a more r a t io n a l  approach 

t o  th e  c o n t r o l,  p re v e n tio n  and tre a tm e n t o f  th e  n a tu ra l d isease .

However, a c r i t i c a l  q u e s tio n  is  v /he ther th e  e x p e rim e n ta l p rocedure  

produces a d isease  th e  same as th a t  produced under n a tu ra l c o n d it io n s .  

The fo l lo v / in g  s im i la r i t i e s  in d ic a te  th a t  th e  e x p e r im e n ta lly - in d u c e d  

and th e  n a tu ra l d isease  a re  id e n t ic a l  and a re  th e  same d ise a se .
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A -  R e la t io n s h ip  to  d ie ta r y  fa c to rs

The e x p e rim e n ta lly - in d u c e d  and the  n a tu ra l d isease  have 

a d e f in i t e  r e la t io n s h ip  to  d ie t .  In  most ou tb reaks  in v e s t ig a te d ,  

c a t t le  a t  r i s k  were s u d d e n tly  ab le  to  consume u n lim ite d  arm unts o f  

v e ry  lu s h  g rass o f  a q u a l i t y  w h ich th e y  had n o t encounte red  f o r  a t  

le a s t  s e v e ra l months a f t e r  a b ru p t change from  p o o r t o  b e t t e r  g ra z in g  

(S c o f ie ld ,  1948; B lood , 1962; ’ G'Donoghue, I960 ; M oulton e t  a l ,

1961; G ibbons, 1962; T ucke r and M aki, 1962; M ou lton  e t a l , 1963;- 

B lake  and Thomas, 1971; Selman e t  a l , 1974), The e x p e r iire n ta l 

d ise a se  is  produced by an o ve rlo a d  o f  n a tu ra l food  c o n s t itu e n ts .  

L -T ryp to phan  is  p re s e n t in  g rass in d u c in g  th e  d isease  in  s u b s ta n t ia l 

amounts (Mackenzie e t  a l , 1975; Selman e t a l , 1S77). In d o le a c e t ic  

a c id  has been regarded  as a p la n t  g rovrth -p rom otir.g  substance o r  

" p la n t  hormone” and i t  is  p re se n t in  r a p id ly  g row ing  p la n ts  

(M e is te r ,  1965).

I t  was c a lc u la te d  th a t  an im a ls  would in g e s t s u f f i c ie n t l y  

t o x ic  amounts o f  L - try p to p h a n  o v e r a p e r io d  o f  s e v e ra l days. These 

c a lc u la t io n s  a re  based on com parison o f  th e  g rass  c o n te n t o f  

L - try p to p h a n  w ith  th e  e x p e r im e n ta lly  t o x ic  dose (Mackenzie e t  a l ,

1975; Selman e t  a l ,  1977). I t  shou ld  be emphasized th a t  th e  m in im a l 

t o x ic  dose o f  L - try p to p h a n  is  as y e t  unknov/n. A f a i r  assessment 

o f  th e  r o le  o f  L - try p to p h a n  in  th e  a e t io lo g y  o f  fo g  fe v e r  would have 

t o  be based on com parison o f  th e  g rass c o n te n t o f  L - try p to p h a n  w ith  

th e  minimum to x ic  dose o f  L - try p to p h a n .

The im portance  o f  p re v io u s  d ie t  has been emphasized f o r  

b o th  th e  e x p e r im e n ta lly - in d u c e d  and th e  n a tu ra l d is e a s e . F o r
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s u c c e s s fu l in d u c t io n  o f  fo g  fe v e r  a n irra ls  have to  be m a in ta in e d  on 

a lov/ p lane  o f  n u t r i t io n  f o r  s e v e ra l weeks b e fo re  dos ing  w ith  

L - try p to p h a n  o r  in t r o d u c t io n  to  lu s h  p a s tu re .

i

B -  S im i la r i t y  in  e p id e m io lo g ic a l,  c l i n i c a l  and p a th o lo g ic a l fe a tu re s

1 . Onset ; A tim e  lapse  o f  between 1 and 4 days occu rs  between dos ing  

w i th  try p to p h a n  and th e  onse t -o f c l i n i c a l  s ig n s  (D ic k in s o n  e t  a l , 1967; 

C a rlso n  e t  a l , 1968). Fog fe v e r  in c id e n ts  a r is e  w i th in  two weeks 

a f t e r  moving c a t t le  fro m  d ry  summer range to  im proved p a s tu re s  in  th e  

la t e  summer, w ith  th e  f i r s t  in c id e n ts  o f  th e  d isease  o c c u r r in g  as 

e a r ly  as 24 hours a f t e r  such a move (Selman e t  a l , 1974).

2 . Ante-m ortem  s ig n s ; Ante-m ortem  s ig n s  o f  bo th  th e  L - try p to p h a n -  

induced  and th e  n a tu ra l d isease  a re  s im i la r .  These a re  m a n ife s ta t io n s  

o f  acu te  r e s p ir a to r y  d is t r e s s  w ith  m in im a l cough ing . In  bo th  th e  

n a tu r a l and th e  L -try p to p h a n - in d u c e d  d isease , th e  s ig n s  a re  e x tre m e ly  

v a r ia b le  and may range fro m  m in im a l d is t r e s s  to  dyspnoea and death  

w i t h in  24 hours (Tucker and M aki, 1962; D ick in so n  e t  a l , 1967; 

D ic k in s o n , 1970; D ick in so n  and P ip e r ,  1971; Yokoyama e t a l , 1975; 

Breeze e t a l , 1976).

3 . Type o f  a n im a l; The in c id e n c e  o f  fo g  fe v e r  and th e  s u s c e p t ib i l i t y  

t o  th e  pneum otoxic e f fe c t  o f  o r a l l y  a d m in is te re d  try p to p h a n  is  

p a r t i c u la r ly  h igh  in  H e re fo rd  and H e re fo rd -c ro s s  breed c a t t le  (B a rk e r, 

1948; C ates, 1948; Monlux e t  a l , 1970; D ick in so n  and P ip e r ,  1971; 

Selman e t  a l , 1974). The n a tu ra l d isease  is  much more p re v a le n t

in  c a t t le  o v e r two to  f o u r  yea rs  o f  age (G ibbons, 1962; M ou lton  e t 

a l , 1963; B lake and Thomas, 1971; Selman e t  a l , 1974), Immature 

c a t t l e  a re  le s s  s u s c e p tib le  to  th e  e f fe c ts  o f  o r a l l y  a d m in is te re d
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try p to p h a n  [D ic k in s o n  and P ip e r , 1971),

4 .  P a th o lo g ic a l changes; I n  bo th  th e  n a tu ra l and th e  L - try p to p h a n -  

induced  d isease  p a th o lo g ic a l changes a re  c o n fin e d  to  th e  lung  and 

a re  s t r i k in g l y  s im i la r .  Main b in d in g s  in c lu d e  i n t e r s t i t i a l  emphysema, 

pulm onary oedema, c o n g e s tio n , h y a lin e  membranes and a lv e o la r  e p i t h e l ia l  

h y p e rp la s ia  d u e .to  p r o l i f e r a t io n  o f  ty p e  2 pneumocytes [Johnson and 

D yer, 1966; D ick in so n  e t  a l , 1967; P i r ie  e t  a l , 1974; Breeze e t  a l , 

1975b).

C -  R e la t io n s h ip  to  3 -m e th y lin d o le

I t  has been e s ta b lis h e d  th a t  L - try p to p h a n  has no d i r e c t  

pu lm onary t o x ic  e f f e c t ;  i t s  ru m in a i m e ta b o lite ,  3 -m e th y lin d o le , is  

re s p o n s ib le  f o r  th e  pneum otoxic e f fe c t  o f  o r a l l y  a d m in is te re d  

L - try p to p h a n . P ro d u c tio n  o f  abnormal amounts o f  3 -m e th y lin d o le  is  

a s s o c ia te d  w ith  r e s p ir a to r y  d is tre s s  a f t e r  a b ru p t change from  po o r 

t o  b e t te r  g ra z in g  o r  o r a l a d m in is tra t io n  o f  L - try p to p h a n . In  bo th  

cases th e  s e v e r ity  o f  symptoms and post-m ortem  le s io n s  a re  r e la te d  

t o  plasma 3 -m e th y lin d o le  c o n c e n tra t io n  CYokcyama e t  e l , 1975;

T e r ry  e t  a l ,  1976).



CHAPTER 2 

STUDIES ON THE METABOLISM OF 

L-TRYPTOPHAN TO 3-METHYLINDOLE IN CATTLE
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2 .1  -  INTRODUCTION

2 .1 .1  -  The m etabo lism  o f  L -try p to p h a n  by ru m in a i m icroorgan ism s

A -  In c o rp o ra t io n  in to  m ic ro b ia l p ro te in s

Tryptophan becomes in c o rp o ra te d  in to  ru m in a i m ic ro o rg a n is m  

p ro b a b ly  in  th e  fo rm  o f  m ic ro b ia l p ro te in s .  T h is  in c o rp o ra t io n  does 

n o t o c cu r to  a g re a t e x te n t.  Less than 4% o f  r a d io a c t iv i t y  was 

in c o rp o ra te d  in to  ru m in a i m icroorganism s a f t e r  in c u b a t io n  o f  ru m in a i 

f l u i d  f o r  24 hours w ith  la b e lle d  L - try p to p h a n  CC andlish , D e v lin  

and La C ro ix , 1970; Yokoyarra and C a rlson , 1974).

B -  Conversion to  o th e r  in d o l ic  compounds

Lewis and Emery C1962a) d iv id e d  amino a c id s  in to  th re e  

groups w ith  rega rd  to  t h e i r  r e la t iv e  ra te s  o f  deam ina tion  by rumen 

m ic roo rgan ism s. T ryp tophan was in  th e  group in  w h ich deam ination  

was le s s  pronounced.

The m a jo r end p rodu c ts  o f  0 , L -try p to p h a n  m etabo lism  in  

rumen f l u i d  found in  an e a r ly  s tu d y  [Lew is and Emery, 1962b, c) 

were in d o le  and 3 -m e th y lin d o le . Using ra d io la b e lle d  try p to p h a n , 

i t  has re c e n t ly  been shov/n th a t  3 -m e th y lin d o le  and to  a le s s e r  e x te n t 

in d o le  and in d o le a c e t ic  a c id  are  th e  m a jo r in d o l ic  m e ta b o lite s  

o f  L -try p to p h a n  fe rm e n ta t io n  by ru m in a i m icroorgan ism s in  v i t r o . 

In d o le a c e t ic  a c id  is  m e ta bo lized  f u r t h e r  to  3 -m e th y lin d o le , b u t no t 

t o  in d o le .  Based on these  f in d in g s  Yokoyama and C arlson  [1974) 

proposed th a t  th e  m a jo r ro u te  by which 3 -m e th y lin d o le  is  form ed 

fro m  L -try p to p h a n  is  by a two s te p  process in v o lv in g  th e  i n i t i a l  

fo rm a tio n  o f  in d o le a c e t ic  a c id ,fo llc v '. 'e d  bv subseouent d e c a rf-o x v la tio n
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o f  in d o le a c e t ic  a c id  to  3 -m e th y lin d o le . D -tryp to p h a n  was no t 

c o n v e rte d  to  any o f  these  m e ta b o lite s  (Yokoyama and C a rlso n , 1974). 

S c o t t ,  Ward and Ward (1963) showed th a t  in c u b a tio n  o f  D ,L -try p to p h a n  

in  th e  a r t i f i c i a l  rumen f o r  one hou r re s u lte d  in  about 3% conve rs io n  

t o  in d o le a c e t ic  a c id .  Schatzmann and G erber (1972) re p o r te d  on th e  , 

fo rm a tio n  o f  try p ta m in e  fro m  L -try p to p h a n  by v ia b le  ru m in a i f l u i d .

The y ie ld  was about 0,001% co n ve rs ion  a f t e r  f o u r  hours in c u b a t io n .

C -  M icroorgan ism s in v o lv e d  in  th e  p ro d u c tio n  o f  3 -m e th y lin d o le

I n h ib i t io n  o f  conve rs ion  o f  L - try p to p h a n  to  3 -m e th y lin d o le  

by  a n t ib io t ic s  s t ro n g ly  suggests th a t  t h is  co n ve rs io n  is  due to  

b a c te r ia l  a c t i v i t y .  The r o le  o f  ru m in a i p ro to zo a  appears to  be 

f a r  le s s  s ig n i f ic a n t  (Yokoyama and C a rlson , 1974). A b a c te riu m  was 

is o la te d  from  bov ine  ru m in a i f l u i d  w hich is  capab le  o f  decarboxy- 

la t i n g  in d o le a c e t ic  a c id  to  3 -m e th y lin d o le , b u t i t  does n o t m e ta b o liz e  

try p to p h a n  to  3 -m e th y lin d o le . T h is  organ ism  is  a gram p o s i t iv e ,  

n o n -m o t ile ,  non-spore  fo rm in g  b a c i l lu s .  I t  i s  a s t r i c t  anaerobe.

The organ ism  has been ass igned to  th e  genus la c to b a c i l lu s  (Yokoyama, 

C a rlso n  and Holdeman, 1977).

D -  S yn th e s is  o f  try p to p h a n  by ru m in a i m icroorgan ism s

I t  has been shown th a t  rumen m icroorgan ism s can s y n th e s iz e  

try p to p h a n  fro m  n o n -p ro te in  n itro g e n  (ammonium ph o sp h a te ). N ic o t in ic  

a c id  is  an e s s e n t ia l re qu ire m en t f o r  t h is  s y n th e s is  (P iana and P iv a , 

1969),

T ryp tophan s y n th e s is  from  in d o le a c e t ic  a c id  by a n a e rob ic  

b a c te r ia  fro m  th e  rumen was dem onstrated by A l l is o n  and Robinson 

(1967) who re p o rte d  th a t  r a d io a c t iv i t y  from  r a d io la b e lle d  in d o le a c e t ic  

a c id  became in c o rp o ra te d  in to  m ic ro b ia l p ro te in  in  th e  fo rm  o f
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t ry p to p h a n .

2 .1 .2  -  A b s o rp tio n  o f  try p to p h a n  a f t e r  o r a l a d m in is t ra t io n  in  c a t t le

Ruminai f l u i d  c o n c e n tra t io n  o f  D ,L -try p to p h a n  was no t 

m arf;ed ly  reduced u n t i l  B-1Ü hours a f t e r  o r a l a d m in is t ra t io n  o f  

0 , L -try p to p h a n  in  c a t t le  [Lew is and Emery, 1962c). These f in d in g s

in d ic a te  th a t  try p to p h a n  is  no t r a p id ly  absorbed fo l lo w in g  o r a l

a d m in is t ra t io n  in  c a t t le .

Plasma try p to p h a n  c o n c e n tra tio n  reached a maximum a t 4 -8  

h o u rs , w ith  some v a r ia t io n  in  th e  c o n c e n tra tio n  o f  try p to p h a n  in

plasma and in  th e  tim e  o f  maximum c o n c e n tra tio n  a f t e r  o r a l a d m in i

s t r a t io n  o f  try p to p h a n  [C a rlson  e t a l , 1968). S tu d ie s  us in g  ra d io -  

la b e l le d  try p to p h a n  have shown th a t  th e  f i r s t  d e te c ta b le  r a d io a c t iv i t y

appeared in  th e  u r in e  o f  cows about 2 -3  hours a f t e r  dos ing  w ith

la b e l le d  try p to p h a n . More than  50% o f  th e  t o t a l  r a d io a c t iv i t y  was 

e x c re te d  by tw e lv e  hours a f t e r  d o s in g . Most o f  th e  r a d io a c t iv i t y  

had been e xc re te d  by 24 hours a f t e r  d o s in g . R a d io a c t iv ity  was 

e x c re te d  in  th e  u r in e  u n t i l  42-60 hours a f t e r  dos ing  [Yang and 

C a rls o n , 1972).

In  sheep, when try p to p h a n  was in je c te d  in to  th e  rumen,

25-70% o f  th e  f re e  try p to p h a n  in  th e  rumen was absorbed in to  p o r ta l  

b lo o d  w i th in  th re e  hou rs . Tryptophan appears to  be absorbed fro m  th e  

rumen and re t ic u lu m  a t s ig n i f ic a n t  ra te s  and th e  o n ly  apparen t l i m i t 

a t io n  to  th e  a b s o rp tio n  is  th e  c o n c e n tra tio n  o f  try p to p h a n  in  th e  rumen

f l u i d  [C a n d lis h , S tra n g e r, D e v lin  and La C ro ix , 1970).

2 .1 .3  -  P o s t-a b s o rp t io n  m etabo lism  o f  try p to p h a n  in  c a t t le

In  a l l  marrmalian sp ec ies  in v e s t ig a te d  a m a jo r pathway o f  

try p to p h a n  m etabo lism  is  th ro u g h  kynu ren ine . There a re  two enzymes
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known to  be in v o lv e d  in  th e  conve rs ion  o f  try p to p h a n  to  kynu ren ine . 

T ryp tophan p y rro la s e . m edia tes th e  c leavage o f  th e  p y r ro le  m o ie ty  

o f  try p to p h a n . The p rodu c t o f  t h is  re a c t io n ,  N -fo im y lk y n u re n in e , 

i s  conve rted  to  kynuren ine  under th e  in f lu e n c e  o f  kynuren ine  

form om idase C fo rm ylase ). Knox“and M eh le r (1951) found  th e  l a t t e r  

enzyme to  be in  6 0 0 - fo ld  excess in  l i v e r  p re p a ra tio n s  and in d ic a te d  

t h a t  any change in  kynuren ine  fo rm a tio n  was th e re fo re  due to  a c t i v i t y  

o f  th e  p y r ro la s e .  I t  has been shown re p e a te d ly  th a t  th e re  is  an 

in c re a s e d  co n ve rs ion  o f  try p to p h a n  to  kynuren ine  upon a d m in is t ra t io n  o f  

try p to p h a n  in d ic a t in g  an a d a p tiv e  in c rea se  in  try p to p h a n  p y r ro la s e . 

The kynu ren ine  pathway o f  try p to p h a n  m etabolism  and try p to p h a n  

p y r ro la s e  a d a p ta tio n  has been e x te n s iv e ly  s tu d ie d  in  man and mono- 

g a s t r ic  an im a ls  (P r ic e ,  Brown and Yess, 1965j M e is te r ,  1965; brov/n 

and P r ic e ,  1956; Leklem , Woodford and Brov/n, 1969; Leklem, 1971; 

Leklem , Brown, Hankes and Schmaeler, 1971), O th e r supposedly m in o r 

pathways o f  try p to p h a n  m etabo lism  in c lu d e  h y d ro x y la t io n  o f  t r y p 

tophan to  5 -h y d ro x y try p to p h a n , then  d e c a rb o x y la tio n  o f  5 -h yd ro xy - 

try p to p h a n  to  5 -h y d ro x y try p ta m in e  (U den frie nd , T i tu s ,  Weissbach and 

P e te rso n , 1956); and d e c a rb o x y la tio n  o f  try p to p h a n  to  try p ta m in e  

(W eissbach, K ing , Sjoerdsma and U d en friend , 1959); try p ta m in e  

becomes conve rted  to  in d o le a ce ta lce h yd e  and then  to  in d o le a c e t ic  

a c id  (Johnson and Dyer, 1968),

Lack ing  evidence to  th e  c o n tra ry ,  i t  has been assumed th a t  

th e  in te rm e d ia te  m etabolism  o f  try p to p h a n  in  th e  rum inan t i s  s im i la r  

t o  th a t  in  o th e r  o rgan ism s. Newer evidence fro m  re c e n t s tu d ie s  

in d ic a te s  th a t  d if fe re n c e s  e x is t  between rum inan ts  (bov ines  and
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o v in e s ) and o th e r  an im a l spec ies  w ith  rega rd  to  th e  m etabo lism  o f  

try p to p h a n . I t  has been shown th a t  l i v e r  try p to p h a n  p y r ro la s e  

a c t i v i t y  i s  lo w e r in  rum inan ts  [bov in es  and o v in e s ) than  in  r a ts ,  

and th a t  la rg e  doses o f  p re d n is o lo n e  and try p to p h a n  do n o t cause 

a p p re c ia b le  enzyme in d u c t io n  in  these  spec ies  w i th in  th e  same tim e  

p e r io d  th a t  is  e f fe c t iv e  in  r a ts  [C a rlson  and D yer, 1970), C a tt le  

a f fe c te d  w ith  pulm onary t o x i c i t y  a f t e r  o r a l doses o f  try p to p h a n  were 

fo u n d  to  have a reduced l i v e r  try p to p h a n  p y r ro la s e  a c t i v i t y  in  th e  ,, 

l i v e r .  T h is  unexpected e f fe c t  was a t t r ib u te d  to  th e  e a r ly  t o x ic  

e f f e c t  o f  o r a l l y  a d m in is te re d  try p to p h a n  in  c a t t le  [Johnson and 

D ye r, 1965).

The r e s u lt s  o f  Johnson and Dyer (1968) and Yang and C arlson  

(1972) c a s t doubts on th e  r e la t iv e  im portance o f  th e  kynu ren ine  

pathway o f  try p to p h a n  m etabo lism  in  th e  b o v in e . S e ve ra l o f  th e  

m e ta b o lite s  from  th e  pathways presumed to  be m in o r were e xc re te d  in  

as g re a t o r  g re a te r  q u a n t i ty  than  was kynu ren ine  fo l lo w in g  in t r a 

m u scu la r [Johnson and D yer, 1968) and in tra ru m in a l (Yang and C a rlso n , 

1972) a d m in is t ra t io n  o f  ra d io la b e lle d  try p to p h a n .

T ryp tophan , 5 -h y d ro x y try p to p h a n , 5 -h y d ro x y try p ta m in e ,

5 -h y d ro x y in d o le a c e t ic  a c id ,  t ry p ta m in e , in d o le a c e t ic  a c id  and 

kyn u re n in e  were e xc re te d  in  u r in e  fo l lo w in g  in tra m u s c u la r  a d n in is -  

t r a t i o n  o f  try p to p h a n . The p a t te rn  o f  e x c re t io n  o f  try p to p h a n  

m e ta b o lite s  in  ty m p a n it ic  c a t t le  was d i f f e r e n t  from  th a t  in  norm al 

c a t t l e  (Johnson and D yer, 1968). Yang and C arlson  (1972) in v e s t ig a te d  

th e  e f fe c t  o f  h ig h  doses o f  L - try p to p h a n  and d i f f e r e n t  n u t r i t io n a l  

p la n e s  on th e  u r in a ry  e x c re t io n  o f  try p to p h a n  m e ta b o lite s  in  o rd e r  to
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de te rm ine  w he the r s p e c i f ic  try p to p h a n  m e ta b o lite s  a re  a s s o c ia te d  w ith  

th e  pneum otoxic e f fe c t  o f  o r a l l y  a d m in is te re d  L - try p to p h a n . U r in a ry  

try p to p h a n  m e ta b o lite s  were examined by io n  exchange chrom atography.

I n  t h is  expe rim ent K ynuren ine , try p to p h a n , h y d ro x y in d o le  d e r iv a t iv e s ,  

p i c o l i n ic  a c id ,  a c e ty lt ry p to p h a n , in d o le -3 -a c e t ic  a c id ,  5 -hyd roxy - 

in d o le -3 -a c e t ic  a c id ,  o x in d o le  d e r iv a t iv e s  and in d ic a n  were id e n t i f ie d  

i n  u r in e  a f t e r  in tra ru m in a l a d m in is tra t io n  o f  r a d io la b e lle d  try p to p h a n . 

Thus, p ro d u c ts  o f  try p to p h a n  d eg ra da tion  as in d o le  and o x in d o le  

d e r iv a t iv e s  were e xc re te d  in  amounts g re a te r  than  m e ta b o lite s  r e s u lt in g  

fro m  th e  kynuren ine  pathway o f  try p to p h a n  m etabo lism  fo l lo w in g  o r a l 

a d m in is t ra t io n  o f  try p to p h a n  in  c a t t le .  A h igh  dose o f  try p to p h a n  

r e s u lte d  in  an in c rea sed  p ro p o r t io n  o f  th e  t o t a l  u r in a ry  m e ta b o lite s  

b e in g  e xc re te d  as tiyp to p h a n , kynu ren ine , a c e ty lt ry p to p h a n , 5 -h y c rc x y - 

in d o le -3 -a c e t ic  a c id  and in d ic a n  in  th e  u r in e  compared w ith  c a t t le  

re c e iv in g  a low dose. A lso  in d o le a c e t ic  a c id  and 5 -h y d ro x y in d o le -  

3 - a c e t ic  a c id  v/ere more r a p id ly  e xc re ted  in  th e  cow g ive n  th e  h igh  

dose o f  try p to p h a n  than  in  th e  cov/ g iven  th e  s m a ll dose.

5 -H y d ro x y in d o le -3 -a c e tic  a c id  was absent in  th e  u r in e  o f  

c a t t l e  w h ich had been m a in ta ined  on c o n c e n tra te  r a t io n  p r io r  to  

try p to p h a n  d o s in g . These c a t t le  exc re te d  more kynu ren ine  and a c e ty l

t ry p to p h a n  than  c a t t le  w h ich had been m a in ta in e d  on hay p r io r  to  

try p to p h a n  d o s in g . These l a t t e r  c a t t le  e x c re te d  h ig h e r  amounts o f  

5 -h y d ro x y in d o le -3 -a c e t ic  a c id ,  h y d ro x y in d o le  d e r iv a t iv e s  and tv/o 

u n id e n t i f ie d  m e ta b o lite s . Thus i t  was concluded th a t  th e  p lane  o f  

n u t r i t i o n  and h igh  doses o f  try p to p h a n  a l t e r  th e  u r in a ry  e x c re t io n  

p a t te rn  o f  try p to p h a n  m e ta b o lite s  in  c a t t le  CYang and C a rlso n , 1972).

Pamukcu, Brown and P r ic e  C1959) id e n t i f ie d  and q u a n t i ta t iv e ly
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measured th e  u r in a ry  e x c re t io n  o f  « -a m in o h ip p u r ic  a c id ,  a n th r a n i l ic  

a c id ,  kyn u re n in e , hyd roxykyn u re n ine , k yn u re n ic  a c id  and x a n th u re n ic  

a c id  in  h e a lth y  c a t t le  and in  c a t t le  w ith  u r in a ry  b la d d e r tum ours. 

E xcep t f o r  h ig h e r  amounts o f  N -a c e ty lk y n u re n in e  in  th e  u r in e  o f  

c a t t l e  w ith  tum ours, th e  le v e ls  o f  most try p to p h a n  m e ta b o lite s  in  th e  

u r in e  were n o t d i f f e r e n t  between norm al and tu m o u r-b e a rin g  c a t t le .

In  c o n c lu s io n , try p to p h a n  m etabo lism  in  c a t t le  is  d i f f e r e n t  

fro m  m onog as tric  a n im a ls . A p a rt from  d if fe re n c e s  a r is in g  from  

a n a to m ic a l p e c u l ia r i t ie s  o f  c a t t le ,  i t  has been shov/n th a t  l i v e r  

try p to p h a n  p y r ro la s e  a c t i v i t y  is  lo w e r in  rum inan ts  than  in  mono- 

g a s t r ic  an im a ls  (C a rlso n  and Dyer, 1970), T h is  enzyme is  a key p o in t  

r e g u la t in g  th e  t r a f f i c  o f  try p to p h a n  th ro ugh  v a r io u s  pathways (Knox, 

1966). U n lik e  in  m onog as tric  a n im a ls , t h is  key enzyme in  rum inan ts  

does n o t undergo j^adaptive in c re a s e  by a d m in is t ra t io n  o f  th e  a p p ro p r ia te  

s u b s tra te  (C a rlson  and Dyer, 1970). T h e re fo re  th e  r e la t iv e  

im po rtance  o f  th e  kynu ren ine  pathway o f  try p to p h a n  m etabo lism  in  

c a t t l e  is  le s s  than  th a t  in  m onog as tric  an im a ls  (Johnson and Dyer,

1968; Yang and C a rlso n , 1972). Tympany, b la d d e r t ir ro u rs  and r a t io n  

a f f e c t  th e  p a t te rn  o f  u r in a ry  e x c re t io n  o f  try p to p h a n  m e ta b o lite s  in  

c a t t l e  (Pamukcu e t  a l , 1959; Johnson and D yer, 1968; Yang and 

C a rls o n , 1972).

2 .1 .4  -  The t o x ic  e f fe c t  o f  in d o le  and 3 -m e th y lin d o le  on r t jn in a l

m icroorgan ism s and on c e r ta in  e n te r ic  b a c te r ia l  spec ies  

Wood, Gunsalus and U m bre it (1 9 4 7 ).shov/ed th a t  th e  m etabo lism  

o f  try p to p h a n  to  in d o le ,  by c e r ta in  e n te r ic  b a c te r ia  i s  in h ib i t e d  

by  in d o le .  T i t t s l e r  and S andho lzer (1935) and T i t t s l e r ,  S andho lzer
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and C a llahan  (1935) found th a t  s r ra l l c o n c e n tra tio n s  o f  in d o le  o r  

3 -m e th y lin d o le  possesses a d e f in i t e  a n t ib a c te r ia l  a c t io n  on many o f  

th e  e n te r ic  b a c i l l i .  V a rious  spec ies  and even in d iv id u a l  s t r a in s  o f  

th e  same spec ies  e x h ib ite d  w e l l  d e fin e d  d if fe re n c e s  in  t h e i r  to le ra n c e  

f o r  in d o le .  No s ig n i f ic a n t  c o r re la t io n  between s e n s i t i v i t y  to  in d o le  

and th e  p ro d u c tio n  o f  in d o le  by b a c te r ia l  grow th was d is c o v e re d . The 

po tency  o f  3 -m e th y lin d o le  was a p p ro x im a te ly  tw ic e  th a t  o f  in d o le ,

S pecies d if fe re n c e s  in  s u s c e p t ib i l i t y  to  3 -m e th y lin d o le  were le ss  

marked than  those  observed w ith  in d o le .  I t  was suggested th a t  a 

combined a c t io n  o f  bo th  in d o le  and 3 -m e th y lin d o le  would c o n t ro l th e  

c h a ra c te r  o f  e n te r ic  b a c te r ia l  f lo r a .

Both in d o le  and 3 -m e th y lin d o le  cause d is ru p t io n  and 

d is in te g r a t io n  o f  rumen p ro tozoa  and, because o f  i t s  h ig h e r  l i p i d  

s o l u b i l i t y ,  3 -m e th y lin d o le  is  more p o te n t than  in d o le  (Eadie and 

O x fo rd , 1954; B a ile y  and Howard, 1362; B a ile y  and R usse l, 1965).

I t  has been suggested th a t  th e  presence o f  in d o le  and 

3 -m e th y lin d o le  in  ru m in a i f l u i d  may p ro v id e  an e x p la n a tio n  f o r  th e  

v a r ia t io n  in  d e n s ity  and com pos ition  o f  c i l i a t e  p ro to zo a  in  th e  norm al 

rumen w h ich o c c u r from  tim e  to  t im e  (Eadie and O x fo rd , 1954),

2 .1 .5 .  -  I n d u c ib i l i t y  o f  th e  tryp tophanase  enzyme o f  c e r ta in

e n te r ic  b a c te r ia

Happold and Hoyle (1935) d e scrib ed  th e  p re p a ra t io n  o f  a 

non—v ia b le  suspension o f  E s c h e ric h ia  c o l i  wh ich would c o n v e r t ' try p to p h a n

in to  in d o le  %n th e  presence “o f  Oxygen, The enzyme in v o lv e d  was named 

try p to p h a n a s e . The development o f  tryp toph anase  by th e  organ ism  is  

c o n t r o l le d  in  p a r t  by th e  c o n c e n tra tio n  o f  f r e e  try p to p h a n  in  th e
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medium. The tryp toph anase  enzyme in  t h is  p re p a ra t io n  appears to  be 

d i f f e r e n t  from  th a t  o f  ru m in a i m icroorganism s s in c e  th e  tryp toph anase  

(E s c h e r ic h ia  c o l i )  cannot produce in d o le  from  in d o le  p y ru v ic  a c id  (happolo

and H oy le , 1935) w h ile  th a t  from  ru m in a i m icroorgan ism s can (Yokoy^ra 

and C a rlson , 1974).

2 .1 .6  -  The in h ib i t o r y  e f fe c t  o f  a n t ib io t ic s  and c e r ta in  o th e r

compounds on th e  p ro d u c tio n  o f  3 -m e th y lin d o le  by ru m in a i f l u i d  

Yokoyama and C arlson (1974) in v e s t ig a te d  th e  e f fe c t  o f  a 

number o f  a n t ib io t ic s  on 3 -m e th y lin d o le  p ro d u c tio n  in  v i t r o . In c o rp o r

a t io n  o f  po lym yx in  B, c h lo ro te t r a c y c l in e  and o x y te t ra c y c l in e  s t ro n g ly  

in h ib i t e d  3 -m e th y lin d o le  p ro d u c tio n  from  L - try p to p h a n  in  ru m in a i f l u i d .  

O leandom ycin, p e n ic i l l i n  G, kanamycin and neomycin were le ss  e f fe c t iv e ,  

w h ile  s tre p to m y c in  was n o t e f fe c t iv e .  Hanrmond, C a rlson  and Breeze 

(1976) e va lua ted  th e  p o s s ib le  in h ib i t o r y  e f fe c t  o f  th e  p o ly e th e r  

a n t ib io t ic s  monensin and la s a lo c id ,  and a v a r ie ty  o f  compounds kno/n  

t o  have a n t i-m e ta b o l ite  p ro p e r t ie s  on th e  p ro d u c tio n  o f  3 -m e th y lin c c le  

in  v i t r o . A c o n c e n tra t io n  o f  25 pg /m l o f  m onensin, la s a lo c id ,

4 ,4  d im e th y Id ip h e n y l idon ium  c h lo r id e ,  o ip h e n y lid o n iu m  c h lo r id e ,

1 , 1 , l- t r ic h lo ro -2 -h y d ro x y -4 -p e n ta n o n e , d ic h lo ro 1u rea , a m ic h lo ra l,  

d ith io o x a m id e  reduced 3 -m e th y lin d o le  fo rm a tio n  in  v i t r o .

I n  a d d it io n  monensin was shown to  reduce 3 -m e th y lin d c le  fo rm a tio n  in  v iv o  

and th e re b y  to  p ro te c t  c a t t le  a g a in s t th e  L - try p to p h a n - in d u c e d  acu te  

r e s p ir a to r y  d is t r e s s .  In  t h e i r  s tu d y  Hammond, C a rlson  and Breeze 

(1978) d iv id e d  e ig h t  H e re fo rd  cows in to  two groups ( fo u r  cov/s each) 

and gave 0 .35  g o f  L - try p to p h a n /k g  o f  body w e ig h t to  induce 

acu te  bov ine  pulm onary erphysema. One group was t re a te d  w ith
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U -tryp to p h a n  a lone  C c o n tro lj w h ile  each o f  f o u r  cows in  th e  o th e r  

g roup  was g ive n  100 mg o f  monensin in  g e la t in  capsu les  tw ic e  d a i ly  

s t a r t in g  one day b e fo re  and end ing fo u r  days a f t e r  th e  try p to p h a n  dose. 

Mean ru m in a i c o n c e n tra tio n s  o f  3 -m e th y lin d o le  in  c o n t r o l  cows reached 

maximum c o n c e n tra t io n s  [mean = 36 .4  V g /m l) a t  12 hours and p e rs is te d  

a t  c o n c e n tra tio n s  above 15 |ig /m l from  3 to  36 hours a f t e r  th e  cows 

re c e iv e d  try p to p h a n . Mean c o n c e n tra tio n s  in  m o n e n s in -tre a te d  cows 

n e v e r exceeded 5 .0  U g/m l, Three o f  th e  fo u r  c o n t ro l cows were 

s e v e re ly  a f fe c te d  and had pulm onary le s io n s  o f  try p to p h a n - in d u c e d  

pulm onary d ise a se . The fo u r th  c o n t ro l cow had m ild  c l i n i c a l  s ig n s  

and o n ly  fo c a l le s io n s .  None o f  th e  m o n e n s in -tre a te d  an im a ls  had 

c l i n i c a l  s ig n s  o r  pulm onary le s io n s  o f  try p to p h a n - in d u c e d  pulm onary 

d is e a s e . Hanrmond, B ray, Cummins, C arlson and B rad ley  (1978) 

e x p lo re d  th e  p o s s ib le  use o f  c h lo r te t r a c y c l in e  and molasses to  

p re v e n t th e  L -try p to p h a n - in d u c e d  bov ine  pulm onary emphysema. Three 

groups o f  cows ( s ix  an im a ls  each) were used. One group was g ive n  

try p to p h a n  (0 .35  g /k g ) a lo n e , a n o th e r group was g ive n  try p to p h a n  

(0 *35  g /k g ) and c h lo r te t r a c y c l in e  (4 g 24 hours and 12 hours p r io r  to  

try p to p h a n  a d m in is t ra t io n  fo llo w e d  by 2 .5  g every  12 hours f o r  

th re e  days a f t e r  try p to p h a n  a d m in is t ra t io n ) ,  and a t h i r d  group was 

g iv e n  try p to p h a n  (0 .3 5  g /k g ) and molasses (0 .7  kg eve ry  12 hours f o r  

f o u r  d a y s ). Ruminai 3 -m e th y lin d o le  c o n c e n tra t io n  reached a maximum 

above 15 y g /m l between 16 and 24 hours f o r  th e  L - try p to p h a n  a lone  and 

th e  L - try p to p h a n -m o la s s e s - tre a te d  cows, b u t rem ained le s s  than  1 

]ig /m l th ro u g h o u t th e  experim ent f o r  th e  L - t r y p to p h a n -c h lo r te tra c y c l in e -  

t r e a te d  cows. Three cows from  th e  try p to p h a n  a lone  t re a te d  group
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developed acu te  r e s p ir a to r y  d is t r e s s  and one o f  th e se  d ie d  a t  f i v e  

days a f t e r  try p to p h a n  a d m in is t ra t io n .  Two cows fro m  th e  L - try p to p h a n -  

m o la s s e s -tre a te d  group developed c l i n i c a l  s ig n s  o f  acu te  r e s p ir a to r y

d is t r e s s  and bo th  d ie d  a t f i v e  days. None o f  th e  cows in  th e  L -
I

t r y p to p h a n - c h lo r te t ra c y c l in e - t r e a te d  group deve loped any s ig n s  o f  

a c u te  r e s p ir a to r y  d is t r e s s .

I t  was la t e r  shown th a t  monensin can reduce 3 -m e th y lin d o le  

p ro d u c tio n  in  th e  ru m in a i f l u i d  o f  cows g ive n  access to  lu sh  p a s tu re  

w h ich  suggested th a t  i t  may be e f fe c t iv e  in  p re v e n tin g  n a tu r a l ly  

o c c u r r in g  fo g  fe v e r  (C a rlso n , Hanrmond, Breeze, P o tcho iba  and N o c e r in i,

1961). To in v e s t ig a te  t h is  p o s s ib i l i t y  C a rlso n , Hanrmond, Breeze, P o tcho iba  

and N o c e r in i (1 9 6 l)  d iv id e d  t h i r t y  H e re fo rd  cows in to  two equa l groups 

and in tro d u c e d  them to  lu sh  p a s tu re  a f t e r  th e y  had been m a in ta in e d  on 

p o o r q u a l i t y  hay f o r  th re e  weeks. The t e s t  group were g ive n  a d a i ly  

dose o f  200 mg monensin in  a g e la t in  capsu le  and th e  c o n t ro l group 

were each g ive n  a p lacebo s ta r t in g  one day b e fo re  in t r o d u c t io n  to  th e  

lu s h  p a s tu re  and co n tin u e d  f o r  e ig h t  days. Rum inai 3 -m e th y lin d o le  

c o n c e n tra t io n s  were s ig n i f i c a n t l y  lo w e r in  th e  monensin group a t  a l l  

t im e s  excep t a t  day 10 w h ich was th re e  days a f t e r  th e  la s t  monensin dose.

One c o n t ro l cow deve loped severe c l i n i c a l  s ig n s  o f  fo g  fe v e r  (C a rlso n , 

Hammond, Breeze, P o tcho iba  and N o c e r in i,  1961). The e f fe c ts  o f  

monensin p re - tre a tm e n t on ru m in a i 3 -m e th y lin d o le  p ro d u c tio n  and 

in d u c t io n  o f  th e  L - try p to p h a n - in d u c e d  pulm onary d isease  has re c e n t ly  

been in v e s t ig a te d .  R e su lts  o f  re c e n t e x p e rim e n ta l w ork (Hammond,

C a rlso n  and Breeze, 1981) in d ic a te  th a t  f o r  e f fe c t iv e  p re v e n tio n  o f  

a c u te  pulm onary emphysema, monensin a d m in is t ra t io n  must be co n tin u e d  

a f t e r  i n i t i a l  exposure to  L - try p to p h a n . O ra l a d m in is t ra t io n  o f
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monensin (200 mg p e r  an im a l) f o r  two weeks and end ing  two days b e fo re  

try p to p h a n  tre a tm e n t d id  n o t p re ve n t th e  onse t o f  acu te  r e s p ir a to r y  

d is t r e s s  a f t e r  o r a l  a d m in is t ra t io n  o f  L -try p to p h a n  in  c a t t le .  I t  

sh o u ld  be emphasized th a t  a n t ib io t ic s  and idon ium  compounds a re  no t 

r e s t r ic t e d  in  t h e i r  in f lu e n c e  to  th e  p a r t ic u la r  m e ta b o lic  pathway 

le a d in g  to  th e  fo rm a t io n  o f  3 -m e th y lin d o le  from  L - try p to p h a n , b u t are 

r a th e r  g e n e ra l. I n h ib i t io n  o f  d e g ra d a tio n  o f  amino a c id s  by ru m in a i 

m icroo rgan ism s has been re p o r te d  f o r  Potassium  p e n i c i l l i n  G (Levais 

and Emery, 1962a) and idon ium  compounds (d ip h e n y lid o n iu m  c h lo r id e  and 

4 |4 -d im e th y l-p h e n y lid a n iu m  c h lo r id e )  (Chalupa, P a tte rs o n , Chow and 

P a r is h ,  1976). A lso  monensin has been re p o rte d  to  have some b a c te r io 

s t a t i c  e f fe c ts  and to  reduce feed  consum ption when g ive n  to  

c a t t le  (C halupa, 1979; Raun, C o lle y , Rathmacher, R ichardson and 

P o t te r ,  1974). The im proved perform ance o f  m onens in -fed  bee f c a t t le  

i s  p ro b a b ly  due to  th e  e f fe c t  o f  monensin on th e  m etabo lism  o f  

v o l a t i l e  f a t t y  a c id s  by ru m in a i m ic roo rgan ism s. Monensin in c re a se s

th e  r e la t iv e  p ro p o r t io n  o f  p ro p io n ic  a c id  compared to  a c e t ic  a c id  and 

b u t y r ic  a c id  p ro d u c tio n  in  th e  rumen o f  c a t t le  (F e r ry ,  Beeson and 

M o h le r, 1976).

2 .1 .7  -  P o s s ib le  m o d if ic a t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  by

ca rboh yd ra tes

A re c e n t s tu d y  (Yokoyama and C a rlso n , 1974) has shown th a t  

a d d it io n  o f  g lucose  to  ru m in a i f l u i d  caused a marked re d u c tio n  in  

th e  fo rm a tio n  o f  bo th  3 -m e th y lin d o le  and in d o le  from  L - try p to p h a n . 

E a r l ie r  l i t e r a t u r e  re p o rte d  th a t  s e v e ra l b a c te r ia l  enzymes o f  d iv e rs e  

p ro p e r t ie s  a re  a f fe c te d  when b a c te r ia l  c e l ls  a re  grown in  a g lucose
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c o n ta in in g  medium, and th a t  t h is  e f fe c t  i s  no t s p e c i f ic  t o  g lu c o s e , 

b u t  shared by o th e r  fe rm e n ta b le  ca rb o h yd ra te s .

Presence o f  g lucose  in  th e  in c u b a tio n  medium caused in h ib i t io n  

o f  th e  tryp to p h a n a se  a c t i v i t y  o f  E s c h e ric h ia  c o l i  CHappold and H oy le ,

1 ^3 6 ). Evans, Handley and Happold (1942) c la im ed  th a t  th e  t r y p t o 

phanase system  is  a d a p tiv e , and th a t  th e  p re v io u s  n u t r i t io n a l  h is to r y  

o f  th e  c e l l  d u r in g  grow th de term ines i t s  a c t i v i t y .  The a u th o rs  found 

t h a t  in c o rp o ra t io n  o f  a ra b in o s e , la c to s e , g lu c o s e , f ru c to s e ,  m a n n ito l 

and po tass ium  d -g lu c o n a te  in  th e  in c u b a t io n  medium o f  E s c h e ric h ia  c o l i  

caused in h ib i t io n  o f  in d o le  p ro d u c tio n  w ith  a re d u c t io n  in  th e  pH. I t  

was concluded th a t  in h ib i t io n  o f  th e  tryp toph anase  a c t i v i t y  was n o t 

due to  pH changes because a c id  p ro d u c tio n  w ith o u t  marked in h ib i t io n  

o f  in d o le  p ro d u c tio n  was o b ta in e d  w ith  rharm ose, g lucosam ine h y d ro c h lo r id e , 

x y lo s e , s o r b i t o l ,  g a la c to s e , d - r ib o s e  and rrennose. B a c te r ia  grown on 

ca rb o h yd ra te s  (g lu c o s e , la c to s e ,  xy lo s e  o r  m a lto se ) d is p la y e d  a 

m a rke d ly  reduced tryp to p h a n a se  a c t i v i t y ,  T ryptophanase a c t i v i t y  

o f  such c e l ls  co u ld  be re s to re d  by th e  a d d it io n  o f  c e r ta in  amino 

a c id  m ix tu re s , b u t n o t by v ita m in  B, w h ich  would in d ic a te  th a t  

c a rb o h y d ra te  u t i l i z a t i o n  re s u lte d  in  p re v e n tio n  o f  tryp to p h a n a se  

fo rm a t io n  d i r e c t ly  o r  in d i r e c t ly  by caus ing  a d e f ic ie n c y  in  an e s s e n t ia l 

n it ro g e n  source  concerned in  enzyme s y n th e s is  (Boyd and L ic h s te in ,  1955). 

F i ld e s  (1936) re p o r te d  th a t  th e  tryp toph anase  o f  E s c h e r ic h ia  c o l i  can 

be d iv id e d  in to  a s m a ll c o n s t i t u t iv e  p o r t io n  and a la rg e  a d a p tiv e  

p o r t io n ,  and th a t  th e  presence o f  g lucose  d u r in g  g row th  in h ib i t s  th e  

fo rm a t io n  o f  th e  a d a p tiv e  p o r t io n  o f  th e  enzyme.

Kendal and Farm er (1912, 1913) showed t h a t  on g row ing  c u ltu re s



36

o f  a number o f  d i f f e r e n t  b a c te r ia l  spec ies  th e  ammonia l ib e r a te d  from  

p r o te in  d ig e s ts  decreases o r  even d isappears  when ca rb o h yd ra te  is  

p re s e n t.  K e n d a ll C1922) suggested th a t  t h is  e f fe c t  was due to  th e  

p r o te in  s p a r in g  a c t io n  o f  ca rb o h yd ra te . Berman and R e ttg e r  (1915) 

showed th a t  th e  e x c re t io n  o f  p ro tease  by P ro teus  v u lg a r is  is  a ls o  

in h ib i t e d  by th e  presence o f  ca rboh yd ra te  in  th e  medium, b u t s in c e  

th e  e f fe c t  is  le s s  marked w ith  an organ ism  such as B a c il lu s  s u b t i l  is  

w h ich  produces l i t t l e  a c id  from  g lu co se , th e y  suggested th a t  th e  e f fe c t  

was due to  p ro d u c tio n  o f  a c id  from  fe rm e n ta tio n  o f  th e  ca rb o h yd ra te .

The a d d it io n  o f  b u f f e r  to  th e  medium decreased th e  in h ib i t o r y  e f fe c t  o f  

g lu co se  and t h is  su p p o rts  th e  th e o ry  th a t  th e  e f fe c t  i s  one o f  pH, 

R a is t r ic k  and C la rk  (1921) p o in te d  o u t th a t  th e  grow th o f  many 

b a c te r ia l  sp e c ie s  is  much g re a te r  in  th e  presence o f  g lucose  in  th e  

medium and suggested th a t  th e  g re a te r  y ie ld  o f  c e l l  n it ro g e n  accounts 

f o r  some o f  th e  m is s in g  ammonia n itro g e n , b u t t h is  f a c to r  was 

in s u f f i c i e n t  to  e x p la in  th e  d isc rep ancy  in  most cases,

Stephenson and Gals (1937) found th a t  th e  a d d it io n  o f  g lucose  

t o  a washed suspension  o f  E s c h e ric h ia  c o l i  grown in  th e  absence o f  

g lu co se  has no s ig n i f ic a n t  e f fe c t  on a c t i v i t y  o f  th e  g ly c in e ,  a la n in e  

and g lu ta m ic  a c id  deaminases, b u t i f  th e  suspension is  groivn in  th e  

presence  o f  2% g lu c o s e , th e  r e s u lt in g  suspension w i l l  have o n ly  10-20% 

o f  th e  deaminase a c t i v i t i e s  o f  those  grown in  i t s  absence. The 

e f f e c t  o f  g lucose  is  th e re fo re  no t on th e  course o f  th e  enzyme a c t io n  

a f t e r  g row th  is  com plete b u t in h ib i t s  th e  fo rm a tio n  o f  th e  deaminases 

d u r in g  g ro w th . These r e s u lts  v/ere a ls o  o b ta in e d  w ith  d l - s e r in e  

deaminase (G ale and Stephenson, 1938) and a sp a rta se  (G a le , 1936).
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Epps and Gale (1942) re p o r te d  th a t  in  th e  presence o f  g lucose  in  th e  

grŒ vth medium o f  B a c il lu s  c o l i ,  th e  enzyme glucozym ase undergoes 

a d a p tiv e  in c re a s e . The enzymes hydrogenase, c a ta la s e ,  a rg in in e ,  ly s in e  

and h is t id in e  decarboxy lases are  n o t a f fe c te d ,  w h ile  th e  fo rm a tio n  

o f  th e  enzymes o m i t h in  deca rb oxy lase , a la n in e ,  g lu ta m ic  a c id  and 

s e r in e  deaminases, a s p a rta s e , fo rm ic ,  s u c c in ic  and a lc o h o l dehydro

genases and tryp to p h a n a se  a re  suppressed. The re d u c t io n  o f  a c t i v i t y  

o f  these  enzymes as a r e s u l t  o f  grow th in  g lucose  is  n o t a permanent 

change in  th e  enzyme c o n s t i tu t io n  o f  th e  c e l l  as th e  e f fe c t  is  

removed im m e d ia te ly  when g rc .\th  ta ke s  p la ce  in  th e  absence o f  fe rm e n t

a b le  ca rb o h yd ra te s . N e u tra l iz a t io n  o f  th e  fe rm e n ta t io n  a c id s  d u r in g  

g row th  in  g lucose  does n o t a l t e r  th e  "degree o f  in h ib i t io n  o f  

deaminase fo rm a tio n  produced by th e  g lucose . M oreover th e  re d u c t io n  

in  a s p a r t ic  a c id  deaminase a c t i v i t y  in  c e l ls  h a rves ted  from  a rædium 

c o n ta in in g  g lucose  has been shown n o t t o  be s p e c i f ic  t o  t h is  suga r, 

b u t r a th e r  is  shared w ith  o th e r  fe rm e n ta b le  ca rb o h y d ra te s ; th e  

r e s u l t s  o b ta in e d  w ith  c i t r a t e  were p a r t ic u la r ly  re v e a lin g  f o r  i t  

e x e r te d  a d e f in i t e  in h ib i t o r y  a c t io n  on th e  a s p a rta te  deaminase 

a c t i v i t y  in  s p i te  o f  th e  f a c t  th a t  th e re  was an in c re a s e  in  pH d u r in g  

g row th  r a th e r  than  a decrease as is  noted w ith  th e  o th e r  ca rboh yd ra tes  

u t i l i z e d  by th e  organ ism . The n a tu re  o f  th e  medium (pH) had l i t t l e  

e f f e c t  on th e  deaminase a c t i v i t y  o f  th e  c e l ls  o r  on th e  in h ib i t o r y  

a c t io n  o f  th e  added ca rboh yd ra tes  (Boyd and L ic h s te in ,  1953). Boyd 

and L ic h s te in  (1951) showed th a t  g lucose  in h ib i t io n  o f  a s p a r t ic  a c id ,  

th re o n in e  and s e r in e  deaminases is  n o t p r im a ry  on apcnenzyme p ro d u c tio n  

s in c e  a la rg e  excess o f  pre form ed co-enzyme o r  co-enzyme p re c u rs o rs  

when added to  th e  g lu c o s e -c o n ta in in g  medium caused a t  le a s t  p a r t ia l
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r e s to ra t io n  o f  th e  lo s t  deaminase a c t i v i t y .  These r e s u lts  a re  

c o n s is te n t  w ith  an in te r p r e ta t io n  th a t  th e  presence o f  g lucose  d u r in g  

grov/th  e i t h e r  p re ve n ts  th e  fo rm a tio n  o f  th e  co-enzyme o f  these  deaminases 

o r  causes i t s  d e s tru c t io n .
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2 .2  -  EXPËRIMErmL ,

2 .2 .1  -  In t r o d u c t io n

I t  has p re v io u s ly  been shown th a t  th e  L -try p to p h a n - in d u c e d  

pu lm onary d isease  is  s im i la r  to  fo g  fe v e r  (see C hap te r 1 ) . However 

th e  th e o ry  th a t  p a s tu re  L - try p to p h a n  is  th e  cause o f  n a tu r a l ly  

o c c u r r in g  fo g  fe v e r  has been f r u s t r a te d  by f a i l u r e  to  id e n t i f y  

s u f f i c i e n t l y  h igh  amounts o f  s o lu b le  try p to p h a n , in  g ra s s , th a t  would 

a llo w  th e  an im a l to  in g e s t a t  a s in g le  fe e d  q u a n t i t ie s  o f  try p to p h a n  

com parable to  th e  e xp e rim e n ta l t o x ic  dose o f  th e  amino a c id  in d u c in g  

th e  d isease  (Mackenzie e t a l , 1975; Selman e t a l , 1977). An 

a c c u ra te  assessment f o r  th e  a e t io lo g ic a l  r o le  o f  L - try p to p h a n , in  

n a tu r a l ly  o c c u r r in g  fo g  fe v e r ,  w ould have to  c o n s id e r  th e  fo l lo w in g :

1) The g rass c o n te n t o f  L -try p to p h a n  compared w ith  th e  m in im a l 

e f f e c t iv e  dose. The m in im a l e f fe c t iv e  dose w h ich is  n o t e s ta b lis h e d  

i s  d i f f i c u l t  to  de te rm ine  s in c e  th e  response o f  c a t t le  to  o r a l l y  

a d m in is te re d  L -try p to p h a n  is  ex tre m e ly  v a r ia b le  (D ick in so n  e t a l ,

1967; D ic k in s o n , 1970; D ick in son  and P ip e r , 1971; Yokoyama e t a l , 

1375).

2 ) L - try p to p h a n  has no d i r e c t  pulmonary t o x ic  e f f e c t  (C a rlso n , 

D ye r and Johnson, 1968). 3 -M e th y lin d o le , a ru m in a i m e ta b o lite  o f  

L - try p to p h a n , is  re s p o n s ib le  f o r  th e  pulmonary t o x ic  e f fe c t  o f  o r a l l y  

a d m in is te re d  L - try p to p h a n  (C arlson  e t  a l , 1972; Yokoyama and C a rlso n , 

1974; Yokoyama e t  a l , 1975). S tudy ing  th e  k in e t ic s  o f  conve rs ion  

o f  th e  n o n - to x ic  p a re n t compound L -try p to p h a n  to  th e  t o x ic  m e ta b o lite  

3 -m e th y lin d o le  would p ro v id e  a b e t te r  assessment o f  th e  r o le  o f
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o f  L - try p to p h a n  in  th e  a e t io lo g y  o f  fo g  fe v e r  and w ould  h e lp  to  e x p la in  

th e  v a r ia b le  response o f  c a t t le  to  o r a l l y  a d m in is te re d  try p to p h a n  o r  

sudden change to  b e t te r  g ra z in g .

In  t h is  in v e s t ig a t io n  th e  conve rs ion  o f  L - try p to p h a n  to  

3 -m e th y lin d o le  by ru m in a i f l u i d  samples from  d i f f e r e n t  an im a ls  was 

measured.

3) I t  has been shown th a t  3 -m e th y lin d o le  is  t o x ic  to  ru m in a i 

p ro to z o a  and e n te r ic  b a c i l l i  ( T i t t s l e r ,  S andho lzer and C a llahan , 1935; 

E ad ie  and O xfo rd , 1954; B a ile y  and Howard, 1962; B a ile y  and R usse l, 

1965). Using ^ ^ C - la b e lle d  try p to p h a n  as a s u b s tra te ,  th e  e f fe c t  o f  

3 -m e th y lin d o le  on th e  conve rs ion  o f  L - try p to p h a n  to  3 -m e th y lin d o le  

was measured,

4) One o f  th e  p o s s ib le  methods o f  p re v e n tio n  o f  fo g  fe v e r  w ould 

be to  i n h ib i t  th e  co n ve rs ion  o f  L -try p to p h a n  to  3 - r re th y lin d o le .  In  

t h i s  s tu d y  th e  o b s e rv a tio n s  o f  Yokoyama and C arlson  (1974) th a t  seme 

a n t ib io t ic s  and g lucose  in h ib i t  ru m in a i p ro d u c tio n  o f  3 -m e th y lin d o le  

fro m  L -try p to p h a n  v/ere extended to  examine th e  percen tage in h ib i t io n  

o f  conve rs ion  a t  d i f f e r e n t  a n t ib io t ic  c o n c e n tra tio n s  and w ith  o th e r  

ca rb o h yd ra te s  and ca rbohyd ra te  re la te d  compounds.

5) A lthough  L -try p to p h a n  is  w e l l  documented as p rodu c ing  a

" fo g  f e v e r - l ik e "  syndrome when a à n in is te re d  o r a l l y  to  c a t t le  by o th e r  

w o rk e rs , t h is  had no t been s u c c e s s fu lly  ach ieved in  th e  Glasgow 

V e te r in a ry  School o r  in  any o th e r  B r i t is h  e s ta b lis h m e n t. A t r i a l  was 

th e re fo re  mounted to  examine w he the r L - try p to p h a n  would induce  such 

a syndrome under th e  c o n d it io n s  p re v a i l in g  in  th e  U n ite d  Kingdom. T h is  

expe rim en t was conducted in  c o lla b o ra t io n  w ith  th e  Department o f



41

V e te r in a ry  M ed ic ine .

2 .2 .2  -  M a te r ia ls

In d o le ,  3 -m e th y lin d o le , L - try p to p h a n , in d o le a c e t ic  a c id ,  

p e n i c i l l i n  G sodium , s tre p to m y c in  s u lp h a te , a m p ic i l l in ,  te t r a c y c l in e  

h y d ro c h lo r id e ,  c h lo ra m p h e n ico l, s u lfa g u a n id in e  and s u l f aræ thoxy- 

p y r id a z in e  were o b ta in e d  from  Sigma Chemical Co. L td . ,  London.

N-hexane, m a n n ito l,  in u l i n ,  s ta rc h ,  g a la c to s e , g lu co se , f ru c to s e ,  

la c to s e ,  suc rose , g ly c e r in ,  t r is o d iu m  c i t r a t e ,  scdium  a c e ta te , sodium 

la c ta te ,  s i l i c a  g e l G type  60, cyc lohexane, c h lo ro fo rm , d ie th y la m ine , 

P -d im e thy lam inobenza ldehyde , form aldyhyde and t r i c h lo r o a c e t ic  a c id  were 

o b ta in e d  from  BDH Chemicals L td . ,  P oo le , D o rse t, Eng land. "Cremophor-EL" 

was a g i f t  from  V ic to r  Blagden S C o., Croydon, S u rre y , England. The 

l i q u id  s c i n t i l l a t i o n  c o c k ta i l  LSE93 was o b ta in e d  fro m  K o ch -L ig h t L td . ,  

C o lnb roo k , B uckingham shire , England. R a d io la b e lle d  try p to p h a n  was 

o b ta in e d  from  th e  R adiochem ica l C en tre , Amersham, B uck ingham shire ,

Eng land .

2 .2 .3  -  Ruminai f l u i d

Ruminai f l u i d  was o b ta in e d  from  th re e  cov./s (4 -6  yea rs  o ld ,  

H e re fo rd -c ro s s  b reed , des igna ted  A, B and C) w ith  permanent ru m in a i 

f i s t u la e ,  and m a in ta in e d  on hay and com m ercial c o n c e n tra te  m ix tu re . The

cows were housed in d o o rs  and had been m a in ta in e d  on t h is  d ie t  f o r  a 

p e r io d  o f  s ix  months p r io r  t o  th e  e xp e rim e n ta l p e r io d .  Samples o f  

ru m in a i f l u i d  were o b ta in e d  a t  10 a.m. R im in a l f l u i d  was s t ra in e d  

th ro u g h  fo u r  la y e rs  o f  cheese c lo th  and used im m e d ia te ly  f o r  th e  

e x p e rim e n ta l w o rk .

B o ile d  ru m in a i f l u i d  was prepared by b o i l in g  ru m in a i f l u i d
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f o r  f i f t e e n  m inu tes ( b o i l in g  w a te r  b a th ) ,

2 .2 .4  -  In c u b a tio n  c o n d it io n s

In c u b a tio n  o f  ru m in a i f l u i d  was c a r r ie d  o u t in  25 m l c a p a c ity  

c o n ic a l f la s k s , .  Each f la s k  was f i t t e d  w ith  a ru b b e r s to p p e r th ro u g h  

w h ich  two needles (gauge No. 16) være in s e r te d .  F la sks  were a tta ch e d  

i n  groups o f  fo u r  (F ig .  2 .1 ) ,  A l l  in c u b a tio n s  were done under 

a n a e ro b ic  c o n d it io n s  (carbon d io x id e  gass ing  f o r  30 m in u te s ) in  a 

sh a k in g  w a te r  ba th  a t  37°C. Samples v/ere taken  by b re a k in g  th e  s e a l.  

Carbon d io x id e  re g a ss in g  f o r  30 m inutes was c a r r ie d  o u t a f t e r  ta k in g  

sam ples. 65% p ho spho ric  a c id  was added to  samples (one d ro p /m l) ,  

m ixed and s to re d  (-20°C ) u n t i l  d e te rm in a tio n  o f  3 -m e th y lin d o le  w h ich 

was made w i th in  th re e  days.

2 .2 .5  -  Gas l iq u id  c h ro ra to g ra p h ic  d e te rm in a tio n  o f  3 -m e th y lin d o le  in

ru m in a i f l u i d  and plasma

A sample (1 m l) o f  ro m in a l f l u i d  o r  plasma was t ra n s fe r re d  

t o  a 12 m l g la s s  s toppered  t e s t  tu b e , 10 m l o f  r e d is t i l l e d  n-hexane 

were added and th e  e x t ra c t io n  tube  was ro ta te d  f o r  f i v e  m inutes 

(m echan ica l s h a k e r) . 5 ml from  th e  upper hexane la y e r  v/ere t ra n s fe r re d  

t o  a g radua ted  c e n t r ifu g e  tube  and evapora ted  to  0 .5  m l under an 

atm osphere o f  n itro g e n  a t  40°C, 5 p i  v/ere used f o r  in je c t io n  in to

th e  gas chrom atograph. 3 -M e th y lin d o le  c o n c e n tra t io n s  were q u a n t i f ie d  

fro m  known s ta n d a rd s .

G a s - l iq u id  chrom atograph ic  d e te rm in a tio n  o f  3 -m e th y lin d o le  

was made a cco rd in g  to  th e  p rocedure  o f  B rad ley  and C a rlson  (1974) 

as d e s c r ib e d  by A tk in s o n , Bogan, Breeze and Selman (1977) as fo l lo w s :
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a Pye 104 g a s - l iq u id  chidraatograph equipped w ith  a hydrogen flam e 

io n iz a t io n  d e te c to r  and a g la s s  column (1 m x 5 mm) packed w ith  10% 

DC2Ü0 on Gas-Chrom Q (100-200 mesh) was used a t  a column tem p e ra tu re  

o f  130°C and d e te c to r  tem p e ra tu re  o f  250°C. The c a r r ie r  gas was 

n itro g e n  a t a f lo w  ra te  o f  60 m l/m in u te . A s e r ie s  o f  s tanda rd  

s o lu t io n s  o f  in d o le  and 3 -m e th y lin d o le  were p repa red  in  r e d is t i l l e d  

n-hexane. A 5 p i  a l iq u o t  v/as in je c te d  in to  th e  chrom atograph. The 

s ta n d a rd  curve  v/as p repared  us ing  th e  h e ig h t o f  th e  peaks.

R ecoveries

Fou r d i f f e r e n t  c o n c e n tra tio n s  o f  3 -m e th y lin d o le  in  ru m in a i 

f l u i d  o r  plasma (5 , 10, 20 and 40 p g /m l) were p repa red  by d i lu t io n  

fro m  a s to c k  s o lu t io n  o f  3 -m e th y lin d o le  c o n ta in in g  100 pg /m l in  1% 

Cremophor-EL in  d i s t i l l e d  w a te r. D u p lic a te  1 ml samples o f  these  

s o lu t io n s  were t re a te d  and 3 -m e th y lin d o le  d e te rm in a tio n s  were conducted 

as d e sc rib e d  above and re co ve ry  o f  3 -m e th y lin d o le  was c a lc u la te d .

R e s u lts

A t y p ic a l  gas chromatogram f o r  a s ta n d a rd  s o lu t io n  

c o n ta in in g  3 -m e th y lin d o le  and in d o le  in  hexane is  shov/n in  F ig .  2 .2 .

The re s o lu t io n  o f  in d o le  and 3 -m e th y lin d o le  v/as e x c e l le n t .  The 

re c o rd e r  response (peak h e ig h ts )  v/as l in e a r  f o r  v a r io u s  c o n c e n tra tio n s  

o f  3 -m e th y lin d o le  (F ig ,  2 .2 ) .  As shown in  F ig .  2 .3 ,  none o f  th e  

c o n s t itu e n ts  o f  ru m in a i f l u i d  o r  plasma in te r fe r e d  w ith  th e  assay.

Recovery o f  3 -m e th y lin d o le  from  ru m in a i f l u i d  v/as 94 ± 1% 

(mean ± S .E .M .) . R ecoveries o f  3 -m e th y lin d o le  fro m  ru m in a i f l u i d  and 

plasma are  shown in  Tab les 2 .1  and 2 .2  re s p e c t iv e ly .
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F ig , 2 .1  An assembly f o r  ana e rob ic  in c u b a tio n  

o f  ru m in a i f l u i d
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F ig . 2 ,2  A gas-chrornatogram  o f  a s tanda rd  s o lu t io n

o f  a m ix tu re  o f  3 -m e th y lin d o le  [3M I) and in d o le  

Cl) in  n-hexane and a s e r ie s  o f  s tanda rd  

s o lu t io n s  o f  3 -m e th y lin d o le  in  n-hexane
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F ig . 2 .3  A gas-chrom atogram  o f  3 -m e th y lin d o le  (3MI) 

recovered  from  ruræn f l u i d  and p lasrrs
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TABLE 2 .1  RECOVERY OF 3-METHYLINDOLE ADDED TO RUMEN FLUID

3 -m e th y lin d o le  3 -m e th y lin d o le  R a tio  o f
added measured S.E.M . assayed

yg yg Mean ± S .E. % to  added

5 4 .6

4 .7

4 .6  ± 0 .1 1 0 .95

10 9 .0

9 .5

9 .3  ± 0 .3 3 0 .9 3

20 18.0

19.0

18.5 ± 0 .5 3 . 0 .93

40 37 .0

39 .0

38 .0  ± 1 .0 3 0 .95
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TABLE 2 .2  RECOVERY OF 3-METHYLINDOLE ADDED TO BOVINE PLASMA

3 -m e th y lin d o le  3 -m e th y lin d o le  R a tio  o f
added measured ' S.E.M . assayed

yg yg Mean ± S .E , % to  added

5 4 .7  4 .7  ± 0 .1  1 0 .94

4 .6

10 8 .9  , 9 .1  ± 0 .2  2 0 .91

9 .2

20 17.1 17.6 ± 0 .7  4 0 .89

. 18.5

40 .35 .0  37 .0  ± 2 .0  5 0 .9 3

39 .0
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2 ,2 .6  -  In d iv id u a l and d a i ly  v a r ia t io n s  in  th e  ra te  o f  co n ve rs ion  o f

L - try p to p h a n  to  3 -m e th y lin d o le  by ru m in a i f l u i d  

The ra te  o f  conve rs ion  o f  L - try p to p h a n  to  3 -m e th y lin d o le  by

sam ples o f  f re s h  ru m in a i f lu iq i  from  th re e  cows [d e s ig n a te d  coivs A, B

and C) were compared in  th re e  expe rim en ts . Samples were c o l le c te d  a t  

10 a.m . on th re e  d i f f e r e n t  days (d es ig na ted  day 1, day 2 and day 3) a t  

te n  day in te r v a ls .  In  each experim ent d u p lic a te  samples (19 mil 

s t ra in e d  ru m in a i f l u i d )  from  each cow were in cu b a te d  w ith  L - try p to p h a n  

(1  ym a l/m l, added in  1 m l 0 . IN NaOH) under a n a e ro b ic  c o n d it io n s  a t 

37°C in  a shak ing  w a te r  ba th  f o r  24 hou rs . C o n tro l in c u b a tio n s  o f  

f re s h  ru m in a i f l u i d  c o n ta in in g  no L -try p to p h a n  and b o ile d  rum .inal 

f l u i d  c o n ta in in g  L -try p to p h a n  were in c lu d e d , 1 m l samples were 

ta ke n  eve ry  s ix  hours f o r  3 -m e th y lin d o le  d e te rm in a t io n .

R e s u lts

As shown in  F ig .  2 ,4 ,  th e  ra te  o f  p ro d u c tio n  o f  3 -m e th y lin d o le  

fro m  L -try p to p h a n  v a r ie d  in  rumen f l u i d  samples from  d i f f e r e n t  cows 

and in  rumen f l u i d  samples from  the  same cow o b ta in e d  on d i f f e r e n t

days. The e x te n t o f  conve rs ion  o f  L - try p to p h a n  to  3 -m e th y lin d o le

v a r ie d  fro m  8 to  78% in  24 hours in c u b a t io n .

3 -M e th y lin d o le  p ro d u c tio n  was observed in  a l l  c o n t ro l ru m in a i 

f l u i d  samples c o n ta in in g  no L -try p to p h a n  and ne ve r exceeded a 

c o n c e n tra t io n  o f  2 yg /m l a f t e r  24 hours in c u b a t io n .

In d o le  was d e te c te d  in  in c u b a tio n s  o f  a l iv e  ru m in a i f l u i d  

w i th  L - try p to p h a n  in  a l l  cases. However i t  was n o t d e te c ta b le  in  

c o n t r o l  in c u b a t io n s .

O nly tra c e s  o f  3 -m e th y lin d o le  were d e te c ta b le  p r io r  to
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F ig . 2 .4  Mean 3 -m e th y lin d o le  C3MI) c o n c e n tra t io n  in

ru m in a i f l u i d  samples d u r in g  24 hours in c u b a tio n  

w ith  L - try p to p h a n  [1 y m o l/n l) .  Samples o f  

ru m in a i f l u i d  v/ere o b ta in e d  from  th re e  f is t u la t e d  

cows (A, B and C) on th re e  d i f f e r e n t  days.

Samples were taken a t  10 a.m . each day. Each 

v a lu e  re p re s e n ts  th e  mean o f  d u p lic a te  sanp les , 

th e  s tanda rd  e r r o r  o f  th e  mean was s m a ll and 

was le s s  than  5% o f  th e  mean in  a l l  cases.
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in c u b a tio n  (<0 .2  ) ig /m l) .; ■'

2 .2 .7  -  The e f fe c t  o f  c e r ta in  ca rbohydra tes  on th e  con ve rs io n  o f

L - try p to p h a n  to  3 -m e th y lin d o le  

1 The e f fe c t  o f  d i f f e r e n t  c o n c e n tra tio n s  o f  g lu c o s e , f ru c to s e ,

g a la c to s e , m a n n ito l,  sucrose , la c to s e , s ta rc h  and in u l i n  on th e  

co n v e rs io n  o f  L -try p to p h a n  to  3 -m e th y lin d o le  by ru m in a i f l u i d  was 

e v a lu a te d  in  th re e  e xp e rim e n ts . These substances a re  n a tu ra l 

c o n s t itu e n ts  o f  p la n ts  and an im a l food  and th e re  a re  s p e c u la tio n s  th a t  

d e f ic ie n c y  o f  these  ca rboh yd ra tes  in  grass can be a f a c to r  in  th e  

a e t io lo g y  o f  fo g  fe v e r  (Selman e t  a l , 1976). There a re  s e v e ra l 

re fe re n c e s  in d ic a t in g  th a t  these  substances would a f fe c t  th e  m etabo lism  

o f  try p to p h a n  and o th e r  amino a c id s  by b a c te r ia l  spe c ie s  (see 2 .1 .7 ) .

D u p lic a te  samples o f  s t ra in e d  ru m in a i f l u i d  (19 m l) were 

in c u b a te d  w ith  L - try p to p h a n  (1 ym o l/m l, added in  1 ml O .IN NaOH), and 

th e  a p p ro p r ia te  ca rboh yd ra te  (added as a pow der). In c u b a tio n s  were 

done in  a shak ing  w a te r ba th  a t  37°C under an atmosphere o f  carbon 

d io x id e ,  as d e sc rib e d  p re v io u s ly ,  1 ml samples o f  ru m in a i f l u i d  

w ere taken  eve ry  s ix  hours f o r  3 -m e th y lin d o le  d e te rm in a t io n . The 

pH o f  ru m in a i f l u i d  was measured b e fo re  and a f t e r  th e  24 hours 

in c u b a t io n  p e r io d , and pH changes were measured.

R e s u lts

M a n n ito l (10, 50 and 70 pm o l/m l) and s ta rc h  (2 .5 , 5 and 10% 

w /v )  caused a decrease in  th e  pH o f  ru m in a i f l u i d  w ith  o n ly  s l i g h t  ■ 

i n h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n . O the r ca rboh yd ra tes  caused 

d i f f e r e n t  degrees o f  in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  a t
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F ig .  2 .5  The p ro d u c tio n  o f  3 -m e th y lin d o le  C3MI] in  m ix tu re s  

o f  ru m in a i f l u i d  in cu b a te d  w ith  L - try p to p h a n  

Cl pm o l/m l) and v a r io u s  ca rbohyd ra tes  o r  w ith  

L - try p to p h a n  a lone  w ith  no ca rboh yd ra te  added ( c o n t ro l)  

The c o n c e n tra t io n  o f  in u l i n  (1) and in u l in  (2) was 

0 .5  and 1% (w /v ) re s p e c t iv e ly ,  th e  c o n c e n tra t io n  o f  

o th e r  ca rbohyd ra tes  was 70 pm o l/m l. Each v a lu e  

rep resen ted  th e  mean o f  d u p lic a te  sam ples, th e  

s tanda rd  e r r o r  o f  th e  mean was s m a ll and was le s s  

than  8% o f  th e  mean in  a l l  cases.
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F ig , 2 ,6 , The p ro d u c tio n  o f  3 -m e th y lin d o le  C3MI) in  m ix tu re s  

o f  ru m in a i f l u i d  in cuba ted  w ith  L - try p to p h a n  

Cl ym o l/m l) and v a r io u s  ca rbohyd ra tes  o r  w ith  

L -try p to p h a n  a lone  w ith  no ca rboh yd ra te  added 

( c o n t r o l ) .  The c o n c e n tra tio n  o f  s ta rc h  and in u l in  

was 10% and 2,5% (w /v ) re s p e c t iv e ly ,  c o n c e n tra t io n  

o f  o th e r  ca rbohyd ra tes  was 50 vim ol/m l. Each v a lu e  

re p re s e n ts  th e  mean o f  d u p lic a te  sam ples, th e  

s tanda rd  e r r o r  was s m a ll and was le s s  than  8% o f  

th e  mean in  a l l  cases.
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F ig . 2 ,7  The p ro a u c tio n  o f  3 -m e th y lln d o le  (3MI) in  m ix tu re s  

o f  ru m in a i f l u i d  in cuba ted  w ith  L -try p to p h a n  

Cl ym o l/m l] and v a r io u s  ca rbohydra tes  o r  w ith  

L - try p to p h a n  a lone  w ith  no ca rboh yd ra te  added 

( c o n t r o l ) .  C o n ce n tra tio n  o f  s ta rc h  and in u l in  was 

5% Cw/v], c o n c e n tra tio n  o f  o th e r  ca rbohyd ra tes  was 

10 pm o l/m l. Each v a lu e  re p re se n ts  th e  mean o f  

d u p lic a te  sam ples. The s tanda rd  e r r o r  o f  th e  mean 

was s m a ll and was le s s  than  6% o f  th e  mean in  a l l  

cases.
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TABLE 2 ,3  INHIBITION OF 3-HETKYLINDGLE PRODUCTION AND DECREASE 
IN pH IN MIXTURES OF RUMINAI FLUID INCUBATED WITH 
L-TRYPTOPHAN AiNO VARIOUS CARBOHYDRATES

C arbohydra te
Name

C o n ce n tra tio n
Cpmol/mT)

Decrease in  pH 
(pH u n i ts )

%
I n h ib i t io n

F ru c to se 10 0 .6 25

50 0 .8 100

70 2 .1 100

Glucose 10 0 .6 30

. 50 0 .9 100

70 2 .1 100

Laotose 10 0 .6 25

50 1.4 84

70 2 .4 75

G alactose 10 0 .7 30

50 0 .9 83

70 1.9 68

Sucrose 10 0 .6 38

50 1.6 100

70 2 ,6 100

M a n n ito l 10 0 .6 7

50 0 .8 9

70

%

1.5 5

S ta rch 5 . 1.1 7

10 1 .3 6

In u l in 0 .5 1 .5 80

1 1 .6 64

2 ,5 1 ,6 100

5 1 ,9 100
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d i f f e r e n t  ca rb o h yd ra te  c o n c e n tra tio n s  and a decrease in  th e  pH o f  

ru m in a i f l u i d .  The e f fe c t  o f  d i f f e r e n t  ca rboh yd ra tes  on 3 -m e th y l-  

in d o le  p ro d u c tio n  is  shown in  F ig s . 2 .5 , 2 ,6  and 2 .7 .  The percen tage  

in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  and decrease in  pH is  shov/n 

i n  'fa b le  2 ,3 .

2 .2 .6  -  The e f fe c t  o f  c e r ta in  substances re la te d  to  ca rboh yd ra tes

on th e  m etabo lism  o f  L - try p to p h a n  to  3 -m e th y lin d o le  

, The e f fe c t  o f  d i f f e r e n t  c o n c e n tra tio n s  o f  t r is o d iu m  c i t r a t e ,  

sodium  a c e ta te  and sodium la c ta te  and g ly c e r in  on th e  co n ve rs io n  o f  

L - try p to p h a n  to  3 -m e th y lin d o le  by ru m in a i f l u i d  was in v e s t ig a te d .

These substances a re  in te rm e d ia te s  in  ca rboh yd ra te  m etabo lism  and th e re  

a re  s e v e ra l re fe re n c e s  in d ic a t in g  th a t  these  substances would a f fe c t  

am ino a c id  m etabo lism  by b a c te r ia l  spec ies  (see 2 .1 .7 ) .

D u p lic a te  samples o f  s t ra in e d  ru m in a i f l u i d  (19 m l) were 

in c u b a te d  w ith  L -try p to p h a n  (1 ym o l/m l, added in  1 m l o f  O .IN  NaGH), 

and th e  a p p ro p r ia te  ca rboh yd ra te  (added as powder) as d e sc rib e d  

p re v io u s ly .  3 -M e th y lin d o le  c o n c e n tra tio n  was de te rm ined  a t  th e  end 

o f- th e  24 hours in c u b a tio n  p e r io d , pH was measured b e fo re  and a t  

th e  end o f  th e  in c u b a t io n .

R e s u lts

As shown in  Tab le  2 ,4  o n ly  t r is o d iu m  c i t r a t e  (lOD ym o l/m l) 

caused marked in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  (10D%). A 

lo w e r  c o n c e n tra t io n  o f  t r is o d iu m  c i t r a t e  (25 ym o l/m l) caused 15% 

in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n . O the r substances (sodium 

la c ta te ,  sodium  a c e ta te  and g ly c e r in )  a t  c o n c e n tra t io n s  o f  25 and
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100 pm ol/m l caused o n ly  a s l i g h t  in h ib i t io n  o f  3 -m e th y lin d o le  

p ro d u c tio n  [0-3% in h ib i t io n ) .  T r is o d iu m  c i t r a t e ,  sodium  la c ta te  and 

sodium  a c e ta te  [25 and 100 pm o l/m l) caused a s l i g h t  r is e  in  pH o f  

ru m in a i f l u i d  (+ 0 .2 -1 .1  pH u n i t s ) .  G ly c e r in  caused a decrease in  

th e  pH ( -  0 .3 -0 .4  pH u n i ts )  o f  ru m in a i f l u i d  d u r in g  24 hours in c u b a t io n .

2 .2 .9  -  E f fe c t  o f  g lucose  on th e  p ro d u c tio n  o f  3 -m e th y lin d o le  from

in d o le a c e t ic  a c id  by ru m in a i f l u i d

T r ip l ic a te  samples o f  s t ra in e d  ru m in a i f l u i d  (19 m l) were 

in c u b a te d  w ith  in d o le a c e t ic  a c id  (1 pm o l/m l, added in  1 ml O .IN NaOH) 

and th e  a p p ro p r ia te  amount o f  g lucose  (70 ym o l/m l, added as pov/der). 

F la s k s  c o n ta in in g  a l iv e  ru m in a i f l u i d  w ith o u t  in d o le a c e t ic  a c id  o r  

b o i le d  ru m in a i f l u i d  w ith  in d o le a c e t ic  a c id  were in c lu d e d  as c o n t ro ls .  

Samples o f  ru m in a i f l u i d  (1 m l) were taken  f o r  3 -m e th y lin d o le  

d e te rm in a t io n .  In c u b a tio n  c o n d it io n s  and 3 -m e th y lin d o le  d e te rm in 

a t io n  were as d e sc rib e d  p re v io u s ly .

R e s u lts

In d o le a c e t ic  a c id  was a lm ost q u a n t i t a t iv e ly  conve rted  to  

3 -m e th y lin d o le  in  f la s k s  c o n ta in in g  a m ix tu re  o f  a l iv e  ru m in a i f l u i d  

and in d o le a c e t ic  a c id  (98% c o n v e rs io n ) . The presence o f  g lucose  

(70 ym o l/m l) in h ib i t e d  t h is  c o n v e rs io n .

3 -M e th y lin d o le  was d e te c te d  o n ly  in  t r a c e  amounts in  

in c u b a t io n  o f  a l iv e  ru m in a i f l u i d  c o n ta in in g  no in d o le a c e t ic  a c id ,  

3 -M e th y lin d o le  was n o t d e te c te d  in  in c u b a tio n s  o f  b o i le d  ru m in a i 

f l u i d  w ith  in d o le a c e t ic  a c id .  R e su lts  o f  th e  expe rim e n t a re  

summarized in  Tab le  2 .5 ,
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TABLE 2 .4  INHIBITION OF 3-HETHYLINOCLE PRODUCTION ANO pH CHANGES 
IN INCUBATION MIXTURES CONTAINING L-TRYPTOFHAN AND 
VARIOUS SUBSTANCES, VALUES REPRESENT THE MEAN OF 
TRIPLICATE EXPERIMENTS,. S,E,M. WAS LESS THAN 5% OF THE 
MEAN

Substance
Name

C o n ce n tra tio n
Cyrroî/m l)

pH change 
[pH u n i ts )

%
I n h ib i t io n

T ris o d iu m  c i t r a t e 25 + 1 .0 15

130 . + 1 ,1 100

Sodium la c ta te 25 + 0 ,6 2

100 + 0 .7 1

Sodium a c e ta te 25 + 0 .2 3

100 + 0 .3 2

G ly c e r in 25 -  0 .3 0

100 -  0 .4 1
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TABLE 2 .5  PRODUCTION OF 3-METHYLINDOLE IN INCUBATION MIXTURES 
CONTAINING INDOLEACETIC ACID ALONE OR INDOLEACETIC 
ACID AND GLUCOSE

3 -M e th y lin d o le  c o n c e n tra t io n  Cus'/rrl)

In c u b a tio n  m ix tu re pH 6 hours 18 hours 24 hours

B o ile d  ru m in a i f l u i d  + 

• in d o le a c e t ic  a c id 0 0 0

Ruminai f l u i d  + 

d i s t i l l e d  w a te r 6 .2 2 .0  

± 0 .1

2 .0  

± 0 .2

2 ,0  

± 0 ,2

Ruminai f l u i d  + 

in d o le a c e t ic  a c id 6 ,3 60 

± 0 .4

124 

± 3 .2

129 

± 0 ,0

As above + 

g lucose 5 .3 1.0  

± 0 .1

1 .0  

± 0 .1

1 .0  

± 0 .1

* I n i t i a l  pH = 6 ,7 ,  va lu e s  a re  f i n a l  pH a t  th e  end o f  in c u b a t io n .
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2 .2 ,1 0  -  The e f fe c t  o f  a n t ib io t ic s  and suTphonamides cn th e  

conve rs io n  o f  L - try p to p h a n  to  3 -m e th y lin d o le

Three expe rim en ts  were done to  e v a lu a te  th e  in h ib i t o r y  e f f e c t  

o f  a number o f  a n t ib io t ic s  ( p e n ic i l l i n ,  s tre p to m y c in , t e t r a c y c l in e ,  

a m p ic i l l in  and c h lo ra m p h e n ic o l)  and su lfonam ides  C su lfa g u a n id in e  and 

s u lfa m e th o x y p y r id a z in e )  on th e  p ro d u c tio n  o f  3 -m e th y lin d o le  from  

L - try p to p h a n  by ru m in a i f l u i d .  In  th e  f i r s t  two expe rim en ts  th e  

a p p ro p r ia te  amount o f  a n t ib io t ic  o r  su lfonam ide  was in cu b a te d  w ith  

ru m in a i f l u i d  (19 m l) and L - try p tc p h a n  (1 pm o l/m l, added in  1 m l C .L f 

NaOH). In  th e  t h i r d  experim ent th e  e f fe c t  o f  p re - tre a tm e n t o f  

ru m in a i f l u i d  w ith  a n t ib io t ic s  v;as in v e s t ig a te d .  Rum inai f l u i d  was 

in c u b a te d  w ith  a n t ib io t ic s  f o r  12 hours, L - try p to p h a n  was added 

(1 lim o l/m l, added in  1 ml. O .IN  NaOH] and in c u b a tio n  co n tin u e d  f o r  a 

f u r t h e r  12 hours a f t e r  w h ich a l iq u o ts  v/ere taken  f o r  3 -m e th y lin d o le  

d e te rm in a t io n . The a p p ro p r ia te  amount o f  a n t ib io t ic  o r  su lfon am ide  

was added as a d ry  powder. D u p lic a te  samples were used. C o n tro l 

f la s k s  w ith  L - try p to p h a n  w ith o u t a n t ib io t ic  were in c lu d e d . A l l  

in c u b a t io n s  were c a r r ie d  o u t a t  37°C in  a shak ing  w a te r  ba th  under a 

carbon  d io x id e  atm osphere.

R e s u lts

R e su lts  o f  th e  f i r s t  experim ent (F ig . 2 .8 )  shov/ed th a t  

c h lo ra m p h e n ic o l and te t r a c y c l in e  h y d ro c h lo r id e  a t a c o n c e n tra t io n  o f  

500 y g /m l caused a lm os t com ple te  in h ib i t io n  (99%) o f  3 -m e th y lin d o le  

p ro d u c tio n .  A m p ic i l l in  and p e n ic i l l i n  G sodium (500 p g /m l) caused 

s tro n g  in h ib i t io n ,  whereas s u lfa g u a n id in e , s u lfa m e th o x y p y r id a z in e  

and s tre p to m y c in  s u lp h a te  (500 p g /m l) caused o n ly  s l i g h t  in h ib i t io n .
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T h e re fo re  in  th e  second e xpe rim e n t, lo w e r c o n c e n tra t io n s  o f  

ch lo ra m p h e n ico l and te t r a c y c l in e  h y d ro c h lo r id e  were used (250 p g /m l] 

and h ig h e r  c o n c e n tra tio n s  Cl m g/m l] o f  o th e r  a n t im ic r o b ia l agents were 

used. In  t h is  second experim ent s u lfa g u a n id in e  and s tre p to m y c in  

s u lp h a te  Cl m g/m l) caused v e ry  l i t t l e  in h ib i t io n  o f  3 -m e th y lin d o le  

p ro d u c tio n .  S u lfa m e th o xyp y rid a z in e  Cl mg/m l) caused m oderate 

in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n . C h lo ram phen ico l, a m p ic i l l in ,  

p e n i c i l l i n  G sodium and te t r a c y c l in e  h y d ro c h lo r id e  C250 y g /m l)  caused 

s tro n g  in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n . R e su lts  o f  t h is  

expe rim en t a re  summarized in  F ig .  2 ,9 .  R e su lts  o f  th e  f i r s t  and

second expe rim ents  a re  summarized in  Tab le  2 .6 ,

The f i r s t  and second experim ents (F ig s , 2 ,8  and 2 .9 )  

in d ic a te  th a t  in  th e  presence o f  c e r ta in  a n t im ic r o b ia l agen ts , in  

in c u b a t io n  m ix tu re s  o f  a l iv e  ru m in a i f l u i d  w ith  L - try p to p h a n , most 

3 -m e th y lin d o le  p ro d u c tio n  occu rs  d u r in g  th e  f i r s t  tw e lv e  hours o f  

in c u b a t io n ,  a f t e r  w h ich  3 -m e th y lin d o le  p ro d u c tio n  does n o t o c c u r to  a 

s ig n i f i c a n t  e x te n t ,  su g g e s tin g  th a t  a n t im ic r o b ia l agents  need to  a c t 

on ru m in a i m ic roo rgan ism s, f o r  a p e r io d  o f  t im e , b e fo re  these  a n t i 

m ic r o b ia l agents can in h ib i t  conve rs ion  o f  L - try p to p h a n  to  3 -m e th y l

in d o le  by ru m in a i m ic roo rgan ism s. The e f fe c t  o f  p re - tre a tm e n t o f  

ru m in a i f l u i d  w ith  a n t im ic r o b ia l agents on 3 -m e th y lin d o le  p ro d u c tio n  

was, th e re fo re ,  in v e s t ig a te d  in  th e  t h i r d  e xp e rim e n t. C o n ce n tra tio n s  

o f  50, 100 and 200 y g /m l o f  those  a n t im ic ro b ia l agen ts  w h ich had 

caused in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  in  th e  f i r s t  two 

e xpe rim e n ts  were used in  t h is  t h i r d  e xpe rim e n t. T e tra c y c lin e  hyd ro 

c h lo r id e  p re - tre a tm e n t was th e  most e f fe c t iv e  fo llo w e d  by c h lo ra m p h e n ic o l.
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F ig .  2 .6  The p ro d u c tio n  o f  3 -m e th y lin d o le  (3MI) in  m ix tu re s  

o f  ru m in a i f l u i d  in cuba ted  w ith  L -try p to p h a n  a lone  

( c o n t ro l)  o r  w ith  L -try p to p h a n  and v a r io u s  a n t i 

m ic ro b ia l agen ts . A n t im ic ro b ia l agents were in  th e  

fo rm  o f  s u lfa g u a n id in e , s u lfa m e th o x y p y r id a z in e , 

a m p ic i l l in ,  p e n ic i l l i n  G sodium, ch lo ra m p h e n ico l and 

te t r a c y c l in e  h y d ro c h lo r id e , a t  a c o n c e n tra tio n  o f  

500 y g /m l. Each v a lu e  re p re se n ts  th e  msan o f  

d u p lic a te  sam ples. The s tanda rd  e r r o r  o f  th e  rean  

was le s s  than  6% o f  th e  mean in  a l l  cases.
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F ig . 2 .9  The p ro d u c tio n  o f  B -m s th y lin d o le  (3MI) in  m ix tu re s  

o f  ru m in a i f l u i d  in cuba ted  w ith  L - try p to p h a n  a lone  

( c o n t ro l)  o r  w ith  L - try p to p h a n  and v a r io u s  

a n t ib io t ic s  and su lfo n a m id e s . C o n ce n tra tio n  o f  

p e n ic i l l i n  G sodium, a m p ic i l l in ,  s tre p to m y c in  

s u lp h a te , s u lfa g u a n id in e  and s u lfa m e th o x y p y rid a z in e  

was 1 mg/ml and th a t  o f  te t r a c y c l in e  h y d ro c h lo r id e  

and ch lo ra m p hen ico l was 250 y g /m l. The s tanda rd  

e r r o r  o f  th e  mean was s m a ll and was le s s  than  8% 

o f  th e  mean in  a l l  cases.
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TABLE 2 .6  EFFECT OF ANTIBIOTICS (% INHIBITION) ON THE PRODUCTION 
OF 3-METHYLINDOLE FROM L-TRYPTOPHAN BY RUMINAL FLUID

- I-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C o n c e n tra tio n  Cvig/ml)

A n t ib io t ic 1000 500 250

P e n ic i l l in  G sodium 90 61

A m p ic i l l in 90 61

T e tra c y c lin e  h y d ro c h lo r id e 99 94

C h lo ram phen ico l 99 65

S u lfa g u a n id in e □ 2

S u lfa m e th o x y p y r id a z in e 72 11

S tre p to m yc in  s u lp h a te 16 11
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TABLE 2 .7  3-METHYLINDOLE PRODUCTION IN ANTIBIOTIC-PRETREATED
RUMINAL FLUID COMPARED WITH NON-ANTIBIOTIC-PRETREATED 
(CONTROL) RUMINAL FLUID. VALUES REPRESENT THE i'lEAN 
OF DUPLICATE EXPERIMENTS ± S.E.M.

' 1 ....  ........
A n t i b i o t i c 3MI Con % I n h ib i t io n
Name C o n ce n tra tio n c e n t ra t io n o f  5MI

(yg /m l) (y g /m l) p ro d u c tio n

C o n tro l 39 + 0 .5

C h lo ram phen ico l 50 26 ± 1.6 33

100 16 i 0 .8 57

200 7 i 0 ,0 82

T e tra c y c lin e  h y d ro c h lo r id e 50 6 ± 0 .0 84

100 0 ICO

200 0 100

P e n ic i l l in  G sodium 50 38 + 0 .5 3

100 30 + 0 .5 24

200 18 ± 0 .6 45

A m p ic i l l in 50 38 + 1.6 3

100 22 ± 1.6 43

200 18 ± 0 .0 55

S u lfa m e th o x y p y r id a z in e 500 38 ± 2 .0 3

750 22 ± 1 .8 43

1000 18 ± 0 .0 55
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P e n ic i l l in  G sodium, a m p ic i l l in  and s u lfa m e th o x y p y r id a z in e  were le s s  

e f f e c t iv e  in  in h ib i t in g  3 -m e th y lin d o le  p ro d u c tio n . The e f fe c t  o f  

p re - tre a tm e n t o f  ru m in a i f l u i d  w ith  a n t ib a c te r ia l  agents on 3 -m e th y l

in d o le  p ro d u c tio n  is  shown in  Tab le  2 ,7 .

2 .2 .1 1  -  S tu d ie s  on th e  m etabo lism  o f  L - ( m e t h y le n e - t r y p t o p h a n

by ru m in a i f l u i d  in '  v i t r o  

14L -(m e th y le n e - C) try p to p h a n  ( s p e c i f ic  a c t i v i t y  52 y C i/  

mmol] was o b ta in e d  from  th e  R adiochem ica l C en tre , Amersham, Buckingham

s h ire ,  England. The compound had a ra d io c h e m ic a l p u r i t y  o f  96% as

shoi'Vn by th in  la y e r  chrom atography in  th re e  s o lv e n t  system s.

14D -(m e th y le n e - C] try p to p h a n  co n te n t by d i lu t io n  a n a ly s is  w ith

140 -try p to p h a n  was <3%. L -(m e th y le n e - C) try p to p h a n  was d i lu te o  w ith  

u n la b e lle d  L - try p to p h a n  to  a s p e c i f ic  a c t i v i t y  o f  62 ,5  yC i/m m ol and 

s to re d  as a s o lu t io n  (20 ym ol/rrm ol in  O.IN NaOH]at -2C°C, and was used 

w i th in  seven days of. d i lu t io n .  The ra d io c h e m ic a l p u r i t y  o f  th e  

compound was dete rm ined  a t th e  end o f  th e  seven day e x p e rim e n ta l p e r io d  

us ing  t h in  la y e r  chrom atography on s i l i c a  g e l p la te s  in  a s o lv e n t 

system  o f  c y c lo h e x a n e -c h lo ro fo rm -d ie th y la m in e  (4 :5 :1 ,  v / v / v ) ,  as 

d e s c r ib e d  below . There was no change in  th e  ra d io c h e m ic a l p u r i t y  o f  

th e  corrpound d u r in g  th e  e xp e rim e n ta l p e r io d .

E x t ra c t io n  o f  m e ta b o lite s  and co u n tin g  techn iques  

n-hexane e x t ra c t io n ;

A 2 m l sample o f  ru m in a i f l u i d  was taken  in to  a c e n tr ifu g e  

tu b e , two drops o f  85% p h o spho ric  a c id  were added to  s to p  f u r t h e r  

m e ta bo lism  o f  ra d io la b e lle d  try p to p h a n , and th e  sample was c e n tr ifu g e d  

a t  2000 rpm f o r  30 m in u te s . The s u p e rn a ta n t was f i l t e r e d  (S a r to r iu s -
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M e rr fa ra n -f lite r  GMBH, pore s iz e  0 .4 5 y ] , 1 ml o f  th e  c le a r

f i l t r a t e  was taken in to  an e x t ra c t io n  tube  and 10 m l n-hexane were added, 

r o ta te d  f o r  10 m inutes and l e f t  u n d is tu rb e d  f o r  5 m inu tes to  sepa ra te  

in t o  lo w e r aqueous and upper o rg a n ic  s o lv e n t la y e rs .  1 ml from  th e  

hexane and 0 .5  ml from  the  rumen f l u i d  la y e rs  were t ra n s fe r re d  to  

l i q u id  s c in t i l l a t i o n  v ia ls .  .10 m l o f  th e  l i q u id  s c in t i l l a t i o n  c o c k ta i l  

ELS93 were added and the. r a d io a c t iv i t y  in  th e  samples counted us ing  

a Packard T r i- c a r b  l iq u id ,  s c in t i l l a t i o n  sp e c tro m e te r model 3255. Under 

th e s e  c o n d it io n s  c o u n tin g  e f f ic ie n c y  was about 7C%. A l l  va lues  

were c o rre c te d  f o r  background r a d io a c t iv i t y  and quenching ( in te r n a l  

s ta n d a rd  o f  ^ ^ C - to lu e n e ) .

E x tra c t io n  o f  r a d io a c t iv i t y  from  L-Cm ethylene-^^C ) try p to p h a n  by 

n-hexane

An amount o f  ra d io la b e lle d  try p to p h a n  c o n ta in in g  about 100,000 

d is in te g r a t io n s  p e r  m inu te  Cdpm] was made up to  1 ml w ith  ru m in a i 

f l u i d ,  and s u b je c te d  im m ed ia te ly  to  n-hexane e x t ra c t io n .  The ra d io 

a c t i v i t y  in  th e  hexane and ru m in a i f l u i d  la y e rs  were de te rm ined . The 

d is t r ib u t io n  o f  r a d io a c t iv i t y  between aqueous and o rg a n ic  phases was 

c a lc u la te d .  Less than  0.2% o f  th e  r a d io a c t iv i t y  p a r t i t io n e d  in to  

th e  hexane la y e r .

M ethy lene c h lo r id e  e x t ra c t io n

In d o l ic  m e ta b o lite s  were e x tra c te d  u s in g  m ethylene c h lo r id e  

(P e r le y  and Stowe, 1966), The ph o f  ru m in a i f l u i d  was a d ju s te d  to  

pH2 w ith  65% pho spho ric  a c id  and e x tra c te d  w ith  th re e  volumes o f  

m e thy lene  c h lo r id e  to  remove th e  n e u tra l and a c id ic  in d o l ic  m e ta b o lite s . 

The m ethylene c h lo r id e  phase was drawn o f f .  The pH o f  th e  ru m in a i
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f l u i d  la y e r  was re a d ju s te d  to  pHÔ (s a tu ra te d  po tass ium  c a rb o n a te ). 

B a s ic  m e ta b o lite s  were e x tra c te d  w ith  th re e  volumes o f  m ethylene 

c h lo r id e .  The m ethylene c h lo r id e  f r a c t io n s  were combined and 

evapo ra ted  to  0 .2  m l (under n it ro g e n , 40°C ), The co n ce n tra te d  

m ethy lene c h lo r id e  e x t ra c t  was s u b je c te d  to  t h in  la y e r  chrom atography. 

T h in  la y e r  chrom atography o f  in d o l ic  m e ta b o lite s

Th in  la y e r  chrom atography o f  in d o l ic  compounds was perform ed 

a c c o rd in g  to  th e  p rocedure  o f  Haecock and Mahon (1962b) as fo l lo w s :  

P la te s  : GOasg p la te s  (20 cm x 5 cm) were coated w ith  s i l i c a  g e l G.

A s lu r r y  o f  s i l i c a  g e l was prepared by m ix in g  30 g o f: s i l i c a  g e l and 

60 m l d i s t i l l e d  w a te r . The s lu r r y  was spread (2G0y th ic k n e s s )  and 

l e f t  to  d ry  f o r  10 m inutes a t  room te m p e ra tu re , then  a t  120°C f o r  

one hou r and s to re d  in  a d e s ic c a to r .

S o lv e n t systems

C yc lo h e x a n e -c h lo ro fo rm -d ie th y la m in e  (4 :5 :1 ,  v / v /v )  and

1-b u ta n o l-a c e t ic  a c id -w a te r  (1 2 :3 :5 , v / v /v )  were used.

E h r l ic h 's  reagen t was used to  v is u a l iz e  in d o l ic  s p o ts .

T h is  reagen t was prepared  by d is s o lv in g  p-d im ethy lam inobenza ldehyde  

( Ig )  in  a m ix tu re  o f  co n ce n tra te d  h y d ro c h lo r ic  a c id  (25 m l) and 

m ethano l (75 m l) .

The m etabo lism  o f  L -(rre th y le n e -^^C ) try p to p h a n  by ru m in a i f l u i d  

Ruminai f l u i d  (19 m l) in cuba ted  w ith  L -(m e th y le n e -^^C ) 

try p to p h a n  (20 im o l o f  s p e c i f ic  a c t i v i t y  62 .5  p C i/n m o l) added 

in  s o lu t io n  in  1 m l o f  O .IN  NaOH. In c u b a tio n  was conducted f o r  24 

hou rs  as d e sc rib e d  p re v io u s ly .  D u p lic a te  samples were taken  every  

s i x  hou rs . A l l  samples were su b je c te d  to  th e  hexane e x t ra c t io n  

p roced u re  and a l iq u o ts  o f  hexane end ru m in a i f l u i d  were taken  f o r
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r a d io a c t iv i t y  measurement, 10 m l o f  th e  combined hexane e x t ra c t  was 

evapo ra ted  to  0 .2  ml (unde r n it ro g e n ]  and 10 y l  was s p o tte d  on s i l i c a  

g e l t h in  la y e r  p la te s .  The p la te s  were developed f o r  one hou r in  a 

s o lv e n t  system  o f  c y c lo h e x a n e -c h lo ro fo rm -d ie th y lam ine (4 :5 :1 ,  v / v / v ] .  

M e ta b o lite s  were v is u a liz e d  by E h r l ic h ’ s sp ra y . The d is ta n c e  between 

th e  p o in t  o f  a p p lic a t io n  and th e  s o lv e n t f r o n t  was d iv id e d  in to  tw e n ty  

e q u a l p o r t io n s .  Each p o r t io n  was scraped in to  a sepa ra te  s c i n t i l l a t i o n  

v i a l ,  10 m l o f  th e  l i q u id  s c i n t i l l a t o r  ELS93 were added and th e  

r a d io a c t iv i t y  in  each v ia l  coun ted . A u th e n tic  samples (10 y l ]  o f  

in d o le  and 3 -m e th y lin d o le  (1 m g/m l, in  n-hexane] were run  on th e  

same p la te .

Samples taken  a f t e r  12 hours in c u b a tio n  were f u r t h e r  examinee 

u s in g  th e  m ethylene c h lo r id e  e x t ra c t io n  p rocedu re . In d o l ic  m e ta b o lite s  

were e x tra c te d  u s in g  m ethylene c h lo r id e .  The combined m ethylene 

c h lo r id e  f r a c t io n s  were evapora ted  to  0 .2  m l. T h in  la y e r  chrom ato

g raphy on s i l i c a  g e l t h in  la y e r  p la te s  in  a s o lv e n t system  o f  1 -b u ta n o l-  

a c e t ic  a c id -w a te r  (1 2 :3 :5 , v / v / v ]  was perform ed on th e  co n ce n tra te d  

m ethy lene  c h lo r id e  e x t ra c t  as de sc rib e d  f o r  th e  n-hexane e x t ra c t .  

A u th e n t ic  samples o f  in d o le a c e t ic  a c id  and L -try p to p h a n  were d is s o lv e d  

i n  e th a n o l (1 m g /m l).

R e s u lts  :

n-Hexane e x t ra c t io n

As shown in  F ig .  2 ,1 0  h e x a n e -e x tra c ta b le  in c re a se d  to  

62% o f  th e  t o t a l  r a d io a c t iv i t y  o v e r 24 hours in c u b a t io n .  T o ta l 

r a d io a c t iv i t y  decreased and th e re  v;as a lo s s  o f  31% o f  th e  r a d io a c t iv i t y  

d u r in g  th e  24 hours in c u b a t io n .  These changes v/ere observed o n ly  in
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F ig , 2 .10  Conversion o f  L Cræ thylene-^^C) try p to p h a n  to  hexane 

e x tra c ta b le  m e ta b o lite s  and decrease in  t o t a l  r a d io 

a c t i v i t y  d u r in g  in c u b a tio n  w ith  ru m in a i f l u i d .  Sample 

o f  in c u b a tio n  m ix tu re  Cl m l] was e x tra c te d  w ith  hexane. 

R a d io a c t iv ity  in  hexane (hexane e x tra c ta b le  and

in  ru m in a i f l u i d  (hexane n o n -e x tra c ta b le  was

m easured). Values re p re s e n t th e  mean o f  d u p lic a te  

samples. S tandard e r r o r  o f  the  mean was le s s  than  

7% in  a l l  cases.
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F ig , 2 .11  Hexane e x tra c ta b le  L -(m e thy le ne -^^C ) try p to p h a n  

m e ta b o lite s . Ruminai f l u i d  was in cuba ted  w ith  

L -(m e thy le ne -^^C ) try p to p h a n . M e ta b o lite s  were 

e x tra c te d  w ith  hexane and sepa ra ted  by t h in  la y e r  

chrom atography. The th in  la y e r  p la te  'was 

d iv id e d  in to  20 equa l f r a c t io n s .  F ra c t io n s  were 

scraped and r a d io a c t iv i t y  in  each f r a c t io n  measured 

by l iq u id  s c in t i l l a t i o n  c o u n tin g .

(3MI = 3 -m e th y lin d o le } .
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F ig . 2 .12  M ethylene c h lo r id e  e x tra c ta b le  L - Cræthylene-^^C3

try p to p h a n  m e ta b o lite s . Ruminai f l u i d  was in cuba ted  

w ith  L -(m e th y le n e -^^C ] try p to p h a n . M e ta b o lite s  v/ere 

e x tra c te d  w ith  m ethylene c h lo r id e  and sepa ra ted  by 

t h in  la y e r  chrom otography. The t h in  la y e r  p la te  was 

d iv id e d  in to  20 equal f r a c t io n s .  F ra c t io n s  were 

scraped and r a d io a c t iv i t y  in  each f r a c t io n  measured by 

l iq u id  s c in t i l l a t i o n  c o u n tin g .

CTRYP -  Tryptophan 

lA A  = In d o le a c e t ic  a c id  

3MI = 3 -m e th y lin d o le )
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in c u b a tio n  f la s k s  c o n ta in in g  a l iv e  ru m in a i f l u i d .  On t h in  la y e r  

p la te s  th e re  were two spo ts  co rre spond ing  to  in d o le  and 3 -m e th y lin d o le  

w i th  E h r l ic h ’ s re a g e n t 3 -m e th y lin d o le  gave a v io le t  c o lo u re d  spo t 

(Rlj  ̂ v a lu e  0 .7 )  and in d o le  gave a red  spo t (RF v a lu e  O .B ). As shown 

i n  F ig ,  2 ,11  more th a n  90% o f  th e  r a d io a c t iv i t y  e x tra c te d  by n-hexane 

appeared in  th e  3 -m e th y lin d o le  s p o t.

M ethy lene  c h lo r id e  e x t ra c t io n

The m ethylene c h lo r id e  e x t ra c t  o f  b o i le d  rumen f l u i d  gave 

o n ly  one sp o t w ith  RF v a lu e  (RF = 0 ,4 5 ) and c o lo u r  re a c t io n  (p u rp le )  

s im i la r  t o  an a u th e n t ic  try p to p h a n  sample.

M ethylene c h lo r id e  e x t ra c t  o f  ru m in a i f l u i d  gave th re e  

s p o ts ,  one p u rp le  sp o t id e n t ic a l  to  try p to p h a n  (RF = 0 ,4 5 ) and two 

o v e r la p p in g  s p o ts , one p u rp le  (RF = 0 .7 )  id e n t ic a l  to  in d o le a c e t ic  

a c id  and one v io le t  sp o t (RF = 0 ,7 8 ) id e n t ic a l  to  3 -m e th y lin d o le . 

T y p ic a l r a d io a c t iv i t y  in  d i f f e r e n t  t h in  la y e r  ch ro m a to p la te  f r a c t io n s  

i s  shown in  F ig .  2 .1 2 .

2 , 2 i l 2  -  E f fe c t  o f  3 -m e th y lin d o le  on th e  ra te  o f  co n ve rs io n  o f

L -(m e th y le n e -^^C ) try p to p h a n  to  (m e th y l-^^C ) 3 -m e th y lin d o le  

by ru m in a i f l u i d  

T h is  expe rim ent was conducted to  in v e s t ig a te  th e  e f fe c t  o f  

th e  presence o f  3 -m e th y lin d o le  (10 and 100 y g /m l)  on th e  e x te n t o f  

m e tabo lism  o f  L - try p to p h a n  to  3 -m e th y lin d o le , 20 l^mol. o f  L -(m e thy lene - 

^^C) try p to p h a n  ( s p e c i f ic  a c t i v i t y  62 .5  yC i/rrm o l) d is s o lv e d  in  1 ml 

O .IN  NaOH and th e  a p p ro p r ia te  amount o f  3 -m e th y lin d o le  d is s o lv e d  in  

0 ,5  m l o f  10% ” Cremophor-EL" were added to  19 m l s t ra in e d  ru m in a i 

f l u i d  and in cu b a te d  as d e sc rib e d  p re v io u s ly .  In  c o n t r o l  f la s k s ,  o n ly
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th e  v e h ic le  o f  3 -m e th y lin d o le  o r  c i s t i l l e d  w a te r  was acded, E o ile d  

ru m in a i f l u i d  c o n tro ls  were a ls o  in c lu d e d , 1 m l samples were taken 

e v e ry  s ix  hours.

As th e  d if fe re n c e  in  c o n c e n tra tio n  o f  3 -m e th y lin d o le  added 

to  d i f f e r e n t  in c u b a tio n  f la s k s  would a f fe c t  th e  e f f ic ie n c y  o f  

3 -m e th y lin d o le  e x t ra c t io n ,  0 .2  ml o f  5% 'Cremophor-EL in  d i s t i l l e d  

w a te r, c o n ta in in g  the  a p p ro p r ia te  amount o f  3 -m e th y lin d o le  was added 

to  each sample so th a t  th e  f i n a l  c o n c e n tra tio n  o f  3 -m e th y lin d o le  in  

each sample was 100 yg /m l + 3 -m e th y lin c o le  produced d u r in g  in c u b a t io n .

A l l  samples were s u b je c te d  to  th e  hexane e x t ra c t io n  p roced u re . Hexane 

e x t ra c ta b le  was c a lc u la te d  as a percen tage o f  t o t a l  r a d io a c t iv i t y  

in  bo th  th e  aqueous and hexane la y e rs .  P rev ious  r e s u lts  [F ig .  2 .11 ) 

in d ic a te  th a t  th e  hexane e x t ra c t io n  procedure is  s p e c i f ic  f o r  3 -m e th y l

in d o le .  More than  90% o f  r a d io a c t iv i t y  e x tra c te d  in  n-hexane 

appeared in  th e  3 -m e th y lin d o le  s p o t.

R e s u lts  I

As shown in  F ig .  2 .13  hexane e x tra c ta b le  in c rea sed  to  a

maximum o f  38.2% o f  t o t a l  r a d io a c t iv i t y  o v e r 24 hours in c u b a tio n  in

m ix tu re s  c o n ta in in g  a l iv e  ru m in a i f l u i d ,  r a c io le b e l le c  try p to p h a n  and 

d i s t i l l e d  w a te r. In  in c u b a tio n  m ix tu re s  c o n ta in in g  Cremophor-EL“ 

o r  3 -m e th y lin d o le  a t  c o n c e n tra tio n s  o f  10 o r  100 y g /m l in s te a d  o f  

d i s t i l l e d  w a te r  th e  hexane e x tra c ta b le  reached a maximum o f  3 5 .5 ,

3 3 .3  and 29.8% o f  th e  t o t a l  r a d io a c t iv i t y  re s p e c t iv e ly .  These r e s u lts  

in d ic a te  th a t  c o n c e n tra tio n s  o f  10 and 100 yg /m l o f  3 -m e th y lin d o le  caused 

13 and 22% in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  re s p e c t iv e ly .  The

v e h ic le  o f  3 -m e th y lin d o le , Cremophor-EL, caused 7% in h ib i t io n  o f
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F ig . 2 .13  The e f fe c t  o f  Cremophor-EL and 3 -r re th y lin d o le  (3MI) on th e

14conve rs ion  o f  L -(m e th y le n e - C) try p to p h a n  to  hexane 

e x tra c ta b le  m e ta b o lite s  by ru m in a i f l u i d .  In c u b a tio n  

m ix tu re s  co n ta ined  a l iv e  ru m in a i f l u i d ,  ra d io la b e lle d  

try p to p h a n  and d i s t i l l e d  w a te r  ( c o n t ro l)  o r  Cremophor-EL 

o r  a s o lu t io n  o f  3 -m e th y lin d o le  in  Cremophor-EL,

In c u b a tio n  o f  b o ile d  ru m in a i f l u i d  (b o ile d )  co n ta in e d  

b o ile d  ru m in a i f l u i d ,  ra d io la b e lle d  try p to p h a n  and 

d i s t i l l e d  w a te r. In c u b a tio n  m ix tu re  was e x tra c te d  

w ith  hexane. R a d io a c t iv ity  was measured in  hexane end 

ru m in a i f l u i d  la y e rs .  R a d io a c t iv ity  in  hexane was 

expressed as percen tage o f  th e  t o t a l  r a d io a c t iv i t y  

(% hexane e x tra c ta b le  ^^C ),
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3 -m e th y lin d o le  p ro d u c t io n . '

2 .2 .1 3  -  The e f fe c t  o f  o r a l dos ing  w ith  L - try p to p h a n  in  c a t t le

In  t h is  expe rim en t a d u lt  (more than  th re e  yea rs  o ld ]  H e re fo rd  

arid H e re fo rd  c ross  cows were used. Anim als were c l i n i c a l l y  norm al 

p r i o r  to  th e  s t a r t  o f  th e  expe rim e n t. Hay and w a te r  were f r e e ly  

o f fe re d  to  a l l  c a t t le  d u r in g  th e  e xp e rim e n ta l p e r io d . C a t t le  were fe d  

p o o r  q u a l i t y  hay ad l ib i tu m  b u t no co n ce n tra te s  f o r  s ix  weeks p r io r  to  

d o s in g  w ith  L - try p to p h a n . Four t e s t  (500-600 kg body w e ig h t] c a t t le  

w ere housed f o r  f i v e  days b e fo re  dos ing  u n t i l  th e  end o f  th e  e x p e rim e n t. 

L - try p to p h a n  (0 .5  g /k g ] was a d m in is te re d  th ro u g h  a stomach tube  as a 

suspens ion  in  f i v e  l i t r e s  o f  v /a te r; c o n t ro l c a t t le  each re c e iv e d  

f i v e  l i t r e s  o f  w a te r  by th e  same ro u te .

R e s p ira to ry  ra te s  reco rded  here were o b ta in e d  d u r in g  th e  

d a i ly  c l i n i c a l  exam in a tion  w h ich was made a t  10.00 hours fro m  th e  

day p r io r  to  dos ing  f o r  e ig h t  days. O bse rva tions  were c a r r ie d  o u t 

s e v e ra l tim e s  d a i ly  o v e r t h is  p e r io d .

H e p a rin ize d  b lood  samples were c o l le c te d  a t  two hou r 

in te r v a ls  f o r  36 hours and then  a t  44, 48, 54 and 72 hours a f t e r  

t ry p to p h a n  d o s in g . Plasma was sepa ra ted  and s to re d  a t  -20°C u n t i l  

a n a ly s is  f o r  3 -m e th y lin d o le  and try p to p h a n ,' A n a ly s is  f o r  3 -m e th y l-  - 

in d o le  w as.conducted as d e sc rib e d  p re v io u s ly .

A n a ly s is  f o r  try p to p h a n  was made w i th in  24 hours a f t e r  

c o l le c t in g  th e  sam ple, as d e sc rib e d  below .

Assay o f  try p to p h a n  in  bov ine  plasma

Tryptophan was de term ined in  bov ine  plasma u s in g  a p rocedure  

based on a method f o r  s p e c tro f lu o ro m e tr ic  d e te rm in a tio n  o f  try p to p h a n
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in  human serum, by G u ilh a u lt  and F ro e h lic h  C1973). T h is  assay is  

based on th e  f a c i l e  re a c t io n  o f  try p to p h a n  w ith  aqueous fo rm a ldehyde .

The condensa tion  p ro d u c ts  have a lo w e r f lu o re s c e n c e  quantum y ie ld  and

so  th e  c o n c e n tra t io n  o f  th e  amino a c id  can be measured by th e  re d u c t io n
1

i n  f lu o re s c e n c e  as th e  re a c t io n  proceeds.

Reagents

The fo l lo w in g  reagen ts  were used;

1) T r ic h lo r o a c e t ic  a c id  s o lu t io n :  10% t r ic h lo r o a c e t ic  a c id  Cw/v)

in  d i s t i l l e d  w a te r.

2) Formaldehyde re a g e n t; two volumes o f  com m ercia l fo rm aldehyde 

s o lu t io n  (37-40%) d i lu te d  w ith  one volume o f  w a te r. The pH

was a d ju s te d  to  7 .3  us ing  O.IN NaOH and th e  reagen t f i l t e r e d .

3) 5% sodium b ic a rb o n a te  s o lu t io n  in  w a te r (w /v ) .

4 ) D i s t i l l e d  w a te r  a d ju s te d  to  pH 7 .3  us ing  O .IN  NaOH.

P rocedures

1 m l o f  plasma was m ixed w ith  1 ml o f  w a te r  and 5 ml o f  

t r i c h lo r o a c e t ic  a c id  s o lu t io n  (10%), The m ix tu re  was shaken f o r  

f i v e  m inu tes to  ensure t o t a l  d e p ro te in iz a t io n .  The p r e c ip i t a te  was 

removed by c e n t r i fu g a t io n  (2000 rpm f o r  30 m in u te s ) , 2 ml o f  th e  

s u p e rn a ta n t l i q u id  were p ip e t te d  and t ra n s fe r re d  t o  a g raduated t e s t  

tu b e  (10 m l c a p a c ity )  and 3 ml o f  5% sodium b ic a rb o n a te  s o lu t io n  v/ere 

added d ropw ise  ( to  p re v e n t lo s s  o f  the  sample due to  th e  v io le n t  

e ffe rv e s c e n c e ) w ith  fre q u e n t s h a k in g . The pH o f  th e  sample was 

m easured. I f  th e  pH was le s s  than  7 .3 , a d d it io n a l sodium b ic a rb o n a te  

was added to  a d ju s t  th e  pH to  7 .3 -7 .4 .  W ater (pH 7 ,3 )  ŵ as added 

t o  make up th e  sample volume to  10 m l.
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■ 1 ,5  ml were p ip e t te d  in to  th e  s p e c t ro f lu o r im e te r

c u v e tte  C4 ml c a p a c ity ) .  The fo l lo w in g  s teps were a c c u ra te ly  tim ed

u s in g  a la b o ra to ry  s top  w a tch , in  th e  fo l lo w in g  sequence;

Time (seconds)
” 1-----------------------

0 ; 1 ,5  m l form aldehyde reagen t were added to  th e  sample in

th e  c u v a tte ,

11 to  15: The c u v e tte  was p laced  in  th e  s p e c tro f lu o r im e te r .

16 to  30; The s p e c t ro f lu o r im e te r  re a d in g  s ta b i l iz e d  o v e r t h is  

p e r io d  and was read a t  30 seconds.

30 to  90; The decrease in  th e  s p e c t ro f lu o r im e te r  re a d in g  was 

reco rded  o v e r t h is  p e r io d .

The s p e c t ro f lu o r im e te r  (Farrand  s p e c tro f lu o r im e te r  MK-1, Ferrand 

(O p tica l Co, I n c . ,  New York) was s e t  a t  280 pm e x c i ta t io n  and 360 pm 

em iss ion  w ave leng th .

S tandards

A s e r ie s  o f  12 try p to p h a n  s o lu t io n s ,  ra n g in g  in  c o n c e n tra t io n  

fro m  1-200 pg /m l were prepared in  d i s t i l l e d  v /a te r and t re a te d  as 

d e s c r ib e d  in  th e  assay p rocedure . The change in  f lu o re s c e n c e  was 

p lo t t e d  a g a in s t th e  c o n c e n tra t io n .

B lank

A b la n k  o f  w a te r was run w ith  no change in  th e  s ig n a l from  

th e  s p e c t ro f lu o r im e te r  o ve r a p e r io d  o f  th re e  m in u te s .

R e s u lts  ;

C l in ic a l  f in d in g s

No obvious dep ress ion  was noted in  th e  an im a ls  a f t e r  d o s in g . 

D a y -to -d a y  changes in  r e s p ir a to r y  ra te  were m in im a l and no s ig n i f ic a n t
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TABLE 2 .8  RESPIRATORY RATES OF CATTLE AFTER ORAL ADMINISTRATION 
OF L-TRYPTOPHAN IN CATTLE

Day

L -try p to p h a n  dosed ccvs C o n tro l cows

A B C D E F

0 24 24 24 30 30 30

1 24 24 24 30 30 30

2 30 24 . 24 30 30 30

3 24 30 24 36 24 24

4 24 24 24 30 24 24

5 30 24 24 30 30 30

6 30 24 24 30 30 30

7 24 24 24 30 30 30

8 24 24 24 30 30 30
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F ig , 2 .14  C o n ce n tra tio n  o f  try p to p h a n  in  plasma o f  f o u r  cows 

g iven  an o r a l dose o f  0 .5  g /kg  body w e ig h t o f  

L - try p to p h a n
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in c re a s e  was d e te c te d  in  any o f  th e  te s t  c a t t le .  R e s p ira to ry  ra te s  

o f  t e s t  and c o n t r o l c a t t le  a re  shovm in  Tab le  2 .6 . '

C o n c e n tra tio n  o f  3 -m e th y lin d o le  in  plasma

3 -M e th y lin d o le  was n o t d e te c ta b le  in  any o f  th e  plasma 

sam ples. The l i m i t  o f  d e te c t io n  o f  th e  3 -m e th y lin d o le  assay was 

0 .01  y g /m l.

C o n c e n tra tio n  o f  try p to p h a n  in  plasma

Plasma try p to p h a n  c o n c e n tra t io n  rose  g ra d u a lly .  Maximal 

c o n c e n tra t io n s  in  p lasna  were reached a t  14 hours a f t e r  try p to p h a n  

a d m in is t ra t io n .  Plasma c o n c e n tra tio n s  o f  try p to p h a n  re tu rn e d  to  

p re -a d m in is t r a t io n  le v e ls  34 hours a f t e r  o r a l a d m in is t ra t io n  o f  

L - try p to p h a n . Plasma try p to p h a n  c o n c e n tra tio n s  a re  shown in  F ig .  2 .1 4 ,

2 .3  -  DISCUSSION

I t  has p re v io u s ly  been e s ta b lis h e d  th a t  o r a l  a d m in is t ra t io n  

o f  try p to p h a n  produces a d isease  s im i la r  to  fo g  fe v e r  in  c a t t le  [D ic k in s o n  

e t  a l , 1967; D ic k in s o n , 1970; D ick in so n  and P ip e r ,  1971; Yokoyama 

e t  a l , 19753. The p a re n t compound L -try p to p h a n  has no pulm onary t o x ic  

e f f e c t  [C a rlso n  e t  a l , 1966); i t s  ru m in a i m e ta b o lite  3 -m e th y lin d o le  

i s  p ro b a b ly  re s p o n s ib le  f o r  th e  pulmonary t o x ic  e f fe c ts  o f  o r a l l y  

a d m in is te re d  L - try p to p h a n  [C a rlso n  e t a l ,  1972; Yokoyama and C a rlso n , 

1974; Yokoyama e t  a l , 1975). P ro d u c tio n  o f  abnorm al amounts o f  

3 -m e th y lin d o le  have been a s so c ia te d  w ith  bo th  th e  n a tu r a l ly  o c c u r r in g  

and th e  L - try p to p h a n  induced pulm onary d isease  [Yokoyama e t  a l , 1975; 

T e r ry  e t  a l , 1976). The response o f  c a t t le  to  sudden change o f  

p a s tu re  and to  o r a l l y  a d m in is te re d  L -try p to p h a n  is  e x tre m e ly  v a r ia b le  

[D ic k in s o n  e t  a l ,  1967; D ic k in s o n , 1970; D ick in so n  end P ip e r ,  1971;
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Selman e t a l , 1974j Yokoyama e t a l , 1975). R e su lts  o f  th e  p re s e n t 

w o rk  s t ro n g ly  suggest th a t  these  v a r ia t io n s  a r is e  from  v a r ia t io n s  in  th e  

r a te  o f  conve rs ion  o f  L - try p to p h a n  to  i t s  m e ta b o lite  3 -m e th y lin d o le  by 

ru m in a i m ic roo rgan ism s. Samples o f  ru m in a i f l u i d  fro m  d i f f e r e n t  an im a ls  

o r  from  th e  same an im a l on d i f f e r e n t  days d is p la y e d  marked d if fe re n c e s  

in  t h e i r  a b i l i t y  to  co n ve rt L - try p to p h a n  to  3 -m e th y lin d o le . The e x te n t 

o f  conve rs ion  o f  try p to p h a n  v a r ie d  from  B to  87% conve rs io n  to  

3 -m e th y lin d o le  in  d i f f e r e n t  samples o f  ru m in a i f l u i d  a f t e r  a p e r io d  o f  

24 hours o f  in c u b a tio n  (F ig .  2 , 4 . ) .

A dose o f  0 .35 g /k g  o f  L -try p to p h a n  g ive n  o r a l ly  has been 

used p re v io u s ly  to  induce  pulmonary d isease . T h is  dose u s u a lly  r e s u lts  

in  the  development o f  severe r e s p ir a to r y  d is tre s s  anc |/o r death in  

a p p ro x im a te ly  50% o f  cows w ith in  fo u r  days a f t e r  dos ing  (C arlson  e t  a l , 

1972; Yokoyama e t a l , 1975; Hammond, C arlson and Breeze, 1978;

Hammond, B ray, Cummins, C arlson and B ra d le y , 1978). In  t h is  p resen t 

s tu d y  a dose o f  0 .5  g /kg  o f  L -try p to p h a n  d id  no t cause re s p ir a to r y  

d is t r e s s  in  any o f  fo u r  cove. T h is  in d ic a te s  th a t  w i th in  c e r ta in  

dose l im i t s  th e  in c id e n c e  and s e v e r ity  o f  pulm onary d isease  is  n o t 

n e c e s s a r ily  dependent on th e  s iz e  o f  th e  dose.

A f te r  o r a l a d m in is tra t io n  o f  L -try p to p h a n  (0 .5  g /k g  body 

w e ig h t)  3 -m e th y lin d o le  was n o t de te c te d  in  plasma o f  any o f  th e  fo u r  

cows. An in c re a se  in  L - try p to p h a n  c o n c e n tra tio n  was d e te c te d  in  the  

plasma o f  these  cows. Maximum c o n c e n tra tio n s  o f  L - try p to p h a n  in  plasma 

were reached 6-14 hours a f t e r  a d m in is tra t io n  o f  L - try p to p h a n  g iven  

o r a l l y  and re tu rn e d  to  p re -a d m in is tra t io n  c o n c e n tra tio n s  32-36 hours 

a f t e r  o r a l a d m in is tra t io n  o f  L -try p to p h a n  (F ig .  2 .1 4 ) .  Thus f a i l u r e
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o f  L -try p to p h a n  to  induce pulmonary d is tre s s  was due to  f a i l u r e  o f  

ru m in a i m icroorgan ism s to  c o n v e rt L -try p to p h a n  to  3 -m e th y lin d o le .

The s i t e  o f  a b s o rp tio n  o f  try p to p h a n , in  c a t t le ,  is  n o t 

kntjDwn. S tu d ie s  in  sheep in d ic a te  th a t  a b s o rp tio n  o f  try p to p h a n  occurs 

fro m  th e  rumen and re t ic u lu m  a t s ig n i f ic a n t  ra te s  (C and lish , S tra n g e r, 

D e v lin  and La C ro ix , 1970).

R e su lts  o f  t h is  p re se n t s tudy and o f  o th e r  s tu d ie s  (Levais 

and Emery, 1962a, b , c j S c o tt e t  a l , 1963; C arlson  e t  a l , 1966; 

Schatzman and G erber, 1972; Yang and C a rlson , 1972; Yokoyama and 

C a rls o n , 1974) in d ic a te  th a t  th e  fa te  o f  L - try p to p h a n  in  c a t t le  f o l lo w 

in g  o r a l a d m in is t ra t io n  in v o lv e s  s e v e ra l com peting pathways. T ryptophan 

can be a v a ila b le  f o r ;  a b s o rp tio n  and u t i l i z a t i o n  by th e  an im a l bcdv; 

u t i l i z a t i o n  and in c o rp o ra t io n  in to  ru m in a i m ic roo rgan ism s, p ro b a o ly  

f o r  s y n th e s is  o f  m ic ro b ia l p ro te in ;  o r  i t s  m etabo lism  in to  o th e r  

compounds in c lu d in g  3 -m e th y lin d o le . The amounts o f  3 -m e th y lin d o le  

form ed would depend on th e  r e la t iv e  ra te s  o f  d i f f e r e n t  m e ta b o lic  ro u te s  

f o r  L -try p to p h a n  and on fa c to rs  d i r e c t ly  a f fe c t in g  th e  m e ta b o lic  

pathway le a d in g  to  3 -m e th y lin d o le  fo rm a tio n . P o s s ib le  sources end 

m e ta b o lic  fa te s  o f  L - try p to p h a n  in  the  rumen o f  c a t t le  a re  summarized 

in  F ig . 2 .1 5 .

Mackenzie e t  a l  (1975) have f a i le d  to  id e n t i f y  a d i f fe re n c e  

between th e  try p to p h a n  co n te n t o f  norm al p a s tu re  and p a s tu re  in d u c in g  

fo g  fe v e r  in  B r i t a in .  These o b s e rv a tio n s  do no t exc lude  th e  p o s s ib i l i t y  

t h a t  try p to p h a n  is  th e  fo g  fe v e r  in d u c in g  agent in  t h is  p a s tu re , s in c e  

enhanced conve rs ion  o f  L -try p to p h a n  to  3 -m e th y lin d o le , r a th e r  than  th e  

in ta k e  o f  abnormal amounts o f  th e  amino a c id ,  may be re s p o n s ib le  f o r  th e



84

F ig , 2 .15  Fate o f  try p to p h a n  a f t e r  o r a l a d m in is tra t io n  

in  c a t t le
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d isease .

P rev ious  s tu d ie s  have been ce n tre d  on th e  try p to p h a n  

c o n te n t o f  g rass as a p o s s ib le  p re c u rs o r  o f  3 -m e th y lin d o le  (Mackenzie 

e t  a l , 1975; Selman e t  a l , 1977), These s tu d ie s  ig n o re d  o th e r  

p o s s ib le  in d o l ic  s u b s tra te s  c o n v e r t ib le  t o  3 -m e th y lin d o lB , In  t h is  

p re s e n t s tu d y  in d o le a c e t ic ,a c id ,  which is  a n a tu ra l p la n t  c o n s t itu e n t  

(M e is te r ,  1965) was a lm ost q u a n ta t iv e ly  (96,5%) conve rted  to  

3 -m e th y lin d o le  by ru m in a i f l u i d  (Tab le  2 .5 ) ,  Rum inai f l u i d  can 

a ls o  c o n v e r t in d o le  p y ru v a te , in d o le a ce ta ld e h yd e  and in d o le a ld e h yd s  to  

3 -m e th y lin d o le  (Yokoyama and C arlson , 1974), I t  W ould appear 

however th a t  th e  amounts o f  these  th re e  o th e r  p o s s ib le  p re c u rs o rs  

a re  a ls c  in s u f f i c ie n t  in  g rass to  account f o r  th e  c o n c e n tra tio n s  o f  

3 -m e th y lin d o le  re q u ire d .

A p a rt from  d ie ta ry  sources o f  s o lu b le  try p to p h a n , 

try p to p h a n  can a ls o  be s y n th e s ize d  by ru m in a i m icroorgan ism s from  

n o n -p rc te in  n itro g e n o u s  substances in  th e  presence o f  n ic o t in ic  

a c id  (P iana and P iv a , 1963), I t  would a ls o  be p o s s ib le  to  

produce s o lu b le  try p to p h a n  from  d ie ta ry  p ro te in  by enz^/rratic h y d ro ly s is ,  

s in c e  ru m in a i m icroorgan ism s possess p r o te o ly t ic  a c t i v i t y  (W arner,

1956),

S tu d ie s  w ith  r a d io la b e lle d  try p to p h a n  in d ic a te  th a t  th e re

was a con tin uous  lo s s  o f  r a d io a c t iv i t y  d u r in g  in c u b a t io n  o f  

L -(m e th y le n e  -^^C ) try p to p h a n  w ith  ru m in a i f l u i d .  31% o f  th e  

t o t a l  r a d io a c t iv i t y  v;as lo s t  d u r in g  24 hours in c u b a t io n  (F ig .  2 ,1 0 ) ,
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T h is  co n firm s  a p re v io u s ly  p u b lis h e d  o b s e rv a tio n  by Yokoyama and 

C a rlson  (1974) who proposed th a t  lo s s  o f  r a d io a c t iv i t y  was 

p o s s ib ly ' due to  com plete d e g ra d a tio n  o f  th e  la b e l le d  try p to p h a n  

t o  ca ition  d io x id e .  R a d io - th in  la y e r  ch rom atograph ic  s tu d ie s  

in d ic a te  th a t  in d o le a c e t ic  a c id  and 3 -m e th y lin d o le  were form ed 

fro m  L -try p to p h a n  by ru m in a i m icroorganism s (F ig s . 2 .11  and 2 .1 2 ) .  

In d o le  p ro d u c tio n  was d e te c te d  by g a s - l iq u id  chrom atography in  

in c u b a tio n s  o f  L - try p to p h a n  w ith  ru m in a i f l u i d .  In d o le a c e t ic  

a c id  was conve rted  to  3 -m e th y lin d o le  (Table 2 .5 ) .  These 

r e s u l t s  a re  in  a good agreement w ith  th e  f in d in g s  o f  YokoyarrB 

and C arlson (1374) who proposed th a t  in d o le a c e t ic  a c id  is  

form ed from  L -try p to p h a n  as an in te rm e d ia te  between L - try p to p h a n  

and 3 -m e th y lin d o le . The p u ta t iv e  m e ta b o lic  ro u te  le a d in g  to  

th e  fo rm a tio n  o f  3 -m e th y lin d o le  from  L -try p to p h a n  is  shown in  

F ig .  2 .1 6 . 3 -M e th y lin d o le  a t  a c o n c e n tra t io n  o f  10 yg /m l and 

100 yg /m l caused 13 and 22% in h ib i t io n ,  r e s p e c t iv e ly  o f  

3 -m e th y lin d o le  p ro d u c tio n  from  la b e lle d  L -try /p to p h a n . Cremochor-EL, 

th e  v e h ic le  used f o r  s o lu b i l iz in g  3 -m e th y lin d o le , caused 7% 

in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  (F ig .  2 .1 3 ) .  The 

hexane e x t ra c t io n  procedure  used to  q u a n t i fy  3 -m e th y lin d o le  

p ro d u c tio n  in  expe rim en ts  us ing  r a d io la b e lle d  try p to p h a n  (F ig s .

2 .1 0  and 2 .1 3 ) was s p e c i f ic  f o r  3 -m e th y lin d o le . More than
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F ig . 2 .16  P u ta t iv e  m e ta b o lic  ro u te  o f  try p to p h a n  to  

3 -m e th y lin d o le  in  th e  rurren o f  c a t t le
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CHo CH-COOH
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In d o le a c e ta ld e h y d e  H
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90% o f  r a d io a c t iv i t y  e x t ra c ta b le  by hexane appeared in  th e  3 -m e th y lin d o le  

s p o t us ing  t h in  la y e r  chrom atography (Fig.. 2 ,1 1 ) .  In d o le  d id  no t 

in t e r f e r e  w ith  th e  p rocedure  as th e  m ethylene o f  try p to p h a n  is  lo s t .  

T h e re fo re  hpxane e x tra c ta b le  (F ig s . 2 .10  and 2 .1 3 ) re p resen ted  

3 -m e th y lin d o le .

A p re v io u s  s tu d y  (Yokoyama and C a rlso n , 1974) showed th a t  

g lu co se  can i n h ib i t  th e  conve rs ion  o f  L -try p to p h a n  to  3 -m e th y lin d o le
M

( in  v i t r o ) .  In  t h is  p re se n t s tu d y  th e  in h ib i t io n  o f  3 -m e th y lin d o le  

p ro d u c tio n  by g lucose  has been shown n o t to  be s p e c i f ic  to  t h is  suga r 

b u t  shared by many ca rbohyd ra tes  (F ig s . 2 ,5 ,  2 .6  and 2 .7 )  and substances 

r e la te d  to  ca rbohyd ra tes  (Tab le  2 .4 ) .  T h is  in h ib i t o r y  e f fe c t  does no t 

appear to  be due to  osm otic  o r  pH changes. The m o la r c o n c e n tra t io n  

o f  m a n n ito l w h ich showed no in h ib i t io n  was equa l to  th a t  o f  o th e r  

ca rb o h yd ra te s  show ing s u b s ta n t ia l in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n , 

R e s u lts  o b ta in e d  w ith  c i t r a t e  (Tab le  2 .4 )  were p a r t ic u la r ly  re v e a lin g  

f o r  i t  e x e rte d  a d e f in i t e  in h ib i t o r y  a c t io n  on th e  conve rs ion  o f  

L - try p to p h a n  to  3 -m e th y lin d o le  in  s p i te  o f  th e  f a c t  th a t  th e re  was an 

in c re a s e  in  th e  pH d u r in g  in c u b a tio n  ra th e r  than  a decrease as is  noted 

w i th  o th e r  c a rb o h yd ra te s . S ta rch  lowered th e  pH o f  ru m in a i f l u i d ,  

b u t  d id  n o t cause in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  (Tab le  2 .3 ) .

I t  has been proposed th a t  th e  co n ve rs io n  o f  L - try p to p h a n  to  

3 -m e th y lin d o le  occurs in  two s te p s  in v o lv in g  co n ve rs io n  o f  L -try p to p h a n  

t o  in d o le a c e t ic  a c id  fo llo w e d  by th e  subsequent d e c a rb o x y la t io n  o f  

in d o le a c e t ic  a c id  to  3 -m e th y lin d o le  and th a t  g lucose  a c ts  by p re v e n tin g  

th e  co n ve rs io n  o f  in d o le a c e t ic  a c id  to  3 -m e th y lin d o le  (Yokoyama and 

C a rls o n , 1974). In  th e  p resen t s tu d y  g lucose  in h ib i t e d  th e  conve rs ion
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o f  bo th  L - try p to p h a n  and in d o le a c e t ic  a c id  to  3 -m e th y lin d o le  (Tab les

2 ,3  and 2 ,5 ) ,  R e su lts  o f  s tu d ie s  w ith  ca rboh yd ra tes  in  v i t r o  shou ld  

be in te rp re te d  w ith  c a u tio n . In  a t r i a l  in  v iv o  o r a l a d m in is t ra t io n  

o f  molasses , (0 .7  kg/cov/) eve ry  12 hours) d id  n o t p re v e n t th e  onse t 

o f  r e s p ir a to r y  d is tre s s  in  c a t t le  a f t e r  o r a l a d m in is t ra t io n  o f  

L - try p to p h a n  (Hammond, B ray, Cummins, C arlson and B ra d le y , 1978).

I t  has been suggested th a iq  ca rb o h yd ra te  c o n te n t o f  g rass is  

p o s s ib ly  an in p o r ta n t  f a c to r  in  m odu la ting  3 -m e th y lin d o le  p ro d u c tio n  from  

L - try p to p h a n  in  th e  rumen o f  c a t t le  under f i e l d  c o n d it io n s .  T h is  

h y p o th e s is  is  based on s p e c u la t io n  th a t  f e r t i l i z a t i o n  regim es o f  g rass 

in d u c in g  fo g  fe v e r  a re  expected to  d e p le te  ca rb o h yd ra te  rese rves  o f  

t h i s  grass (Selman e t a l , 1376), In  v i t r o  s tu d ie s  in d ic a te  th a t  th e  

co n v e rs io n  o f  L -try p to p h a n  to  S -rm ethy lindo le  is  due to  b a c te r ia l  a c t i v i t y .  

The r o le  o f  ru m in a i p ro to zo a  is  le s s  s ig n i f ic a n t  s in c e  many a n t ib a c 

t e r i a l  agents s t ro n g ly  in h ib i te d  3 -m e th y lin d o le  p ro d u c tio n  (F ig s . 2 ,8  

and 2 .9  and Tab les 2 ,6 . and 2 .7 ) .  R e su lts  o b ta in e d  w ith  te t r a c y c l in e  

w ere p a r t ic u la r ly  p re m is in g ; i t  e x h ib ite d  s tro n g  in h ib i t io n  o f  

3 -m e th y lin d o le  p ro d u c tio n  in  low c o n c e n tra tio n s  (50 pg te t r a c y c l in e  

h y d ro c h lo r id e /m l) .  Assuming th a t  th e  rumen com prises 20% o f  th e  w e igh t 

o f  a m ature cow, then  a dose o f  1 g /100 kg body w e ig h t would ach ieve  

t h i s  c o n c e n tra t io n  in  th e  rumen. R e su lts  o f  in  v iv o  t r i a l s  by o th e r  

in v e s t ig a to r s  (Hammond, B ray, Cummins, C arlson  and B ra d le y , 1978) have 

shovm th a t  o r a l a d m in is t ra t io n  o f  c h lo r te t r a c y c l ln e  (4 g every 12 hours 

f o r  one day,then  2 .5 g f o r  th re e  days) f o r  f o u r  days s t a r t in g  one day 

b e fo re  L - try p to p h a n  a d m in is t ra t io n  reduced ru m in a i 3 -m e th y lin d o le  

p ro d u c tio n  and p reven ted  th e  onset o f  r e s p ir a to r y  d is t r e s s
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a f t e r  a d m in is t ra t io n  o f  L - try p to p h a n . F o r e f fe c t iv e  in h ib i t io n  o f  

3 -m e th y lin d o le  p ro d u c tio n , in  v iv o , o r a l a n t ib io t ic  a d m in is t ra t io n  

w ou ld  have to  commence b e fo re  L - try p to p h a n  a d m in is t ra t io n  and be

c o n tin u e d  f o r  s e v e ra l days a f t e r  a d m in is tra t io n  o f  an o r a l dose o f
I

L - try p to p h a n . In  v i t r o  s tu d ie s  in d ic a te  th a t  a n t ib a c te r ia l  agents 

r e q u ire  to  a c t on ru m in a i m icroorganism s f o r  6-12 hours b e fo re  

a c h ie v in g  s u b s ta n t ia l in h ib i t io n  o f  3 -m e th y lin d o le  p ro d u c tio n  CFigs.

2 .6  and 2 .9 ) ,  In  v iv o  s tu d ie s  conducted by Hammond, C a rlson  and Breeze 

(1978) in d ic a te  th a t  o r a l a d m in is tra t io n  o f  monensin (100 mg/cow, tw ic e  

d a i ly  f o r  f i v e  days, s t a r t in g  24 hours b e fo re  L - try p to p h a n  a d m in is 

t r a t io n )  reduced ru m in a i 3 -m e th y lin d o le  p ro d u c tio n  and p reven ted  th e  

o n s e t o f  r e s p ir a to r y  d is t r e s s  a f t e r  o ra l a d m in is t ra t io n  o f  L -try p to p h a n  

in  c a t t le .  Fu rthe rm ore , monensin reduced 3 -m e th y lin d o le  p ro d u c tio n  

i n  th e  rumen o f  c a t t le  a f t e r  a b ru p t change to  lu s h  p a s tu re  (C a rlso n , 

Hammond, Breeze, P o tchp iba  and N o c e r in i,  1981),. F o r e f fe c t iv e  

p re v e n tio n  o f  th e  L -try p to p h a n  induced r e s p ir a to r y  d is t r e s s ,  monensin 

a d m in is t ra t io n  has to  be co n tin u e d  a f t e r  L - try p to p h a n  a d m in is t ra t io n .  

O ra l a d m in is t ra t io n  o f  monensin (200 m g/cow/day) f o r  tv/o weeks end ing  

48 hours b e fo re  try p to p h a n  a d m in is tra t io n  d id  n o t p ro te c t  c a t t le  

a g a in s t th e  L - try p to p h a n  induced pulm onary d isease  (Hammond, C arlson 

and Breeze, 1381).

The USB o f  o r a l a d m in is tra t io n  o f  a n t ib a c te r ia l  agents 

t o  p re ve n t fo g  fe v e r  under f i e l d  c o n d it io n s  v/ould be p ro h ib ite d  by 

th e  im p r a c t ic a b i l i t y  o f  repea ted  o r a l dos ing  o f  g ra z in g  c a t t le .

Hov/ever w ith  p o o r ly  s o lu b le  compounds a s in g le  o r a l  dose cou ld  m a in ta in  

s u f f i c ie n t l y  h ig h  c o n c e n tra tio n s  o f  th e  compound f o r  s e v e ra l days.
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In  t h is  s tu d y  th e  p o o r ly  s o lu b le  su lfon am ides , s u lfa g u a n id in e  and 

s u lfa m e th o x y p y r id a z in e , were e v a lu a te d . I t  was d is a p p o in t in g  th a t  

none o f  these  compounds caused s u b s ta n t ia l in h ib i t io n  o f  3 -rn e th y lin d o le  

p ro d u c tio n  a t  reasonab le  c o n c e n tra t io n s . F a i lu re  to  induce  r e s p ir a to r y  

d is t r e s s  by o r a l a d m in is t ra t io n  o f  try p to p h a n  p reven ted  th e  in  v iv o  

B v a u la tio n  o f  compounds showing s tro n g  in h ib i t io n  o f  3 -m e th y lin d o le  

p ro d u c tio n , in  v i t r o , in  t h is  s tu d y ,

Yokoyama, C arlson and Holdemen (1977) have is o la te d  a 

gram p o s i t iv e  la c to b a c i l lu s  in v o lv e d  in  th e  con ve rs io n  o f  in d o le a c e t ic  a c id  

t o  3 -m e th y lin d o le . However i t  i s  n o t knoivn w he the r t h is  is  an 

im p o r ta n t organ ism  in v o lv e d  in  th e  fo rm a tio n  o f  3 -m e th y lin d o le  and w hether 

i t  i s  th e  o n ly  organ ism  in v o lv e d  in  th e  co n ve rs io n . I t  is  in te r e s t in g  

t h a t  s tre p to rn y c in  was w ith o u t e f fe c t  in  in h ib i t in g  th e  conve rs ion  

s u g g e s tin g  th a t  gram n e g a tiv e  organism s are  n o t be ing  in v o lv e d  in  th e  

c o n v e rs io n . I t  m igh t be hypo thes ized  th a t  th e  con ve rs io n  is  c a r r ie d  

o u t  by a number o f  organism s because th e  most e f fe c t iv e  a n t ib io t ic s  

w ere th e  broad spectrum  a n t ib io t ic s  te t r a c y c l in e  and ch lo ram phem ico l, 

w h ile  p e n ic i l l i n  w h ich is  h ig h ly  a c t iv e  a g a in s t gram p o s i t iv e  spec ies  

was o f  le s s e r  e f f e c t .



CHAPTER 3

KINETICS OF 3-NETHYLINDÜLE AND 3-METHYLDXINDGLE

IN CATTLE
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3 .1  “  THE METABOLISM OF 3-METHYLINDOLE AND RELATED INDOLIC COMPOUND;

3 .1 .1  -  The m etabo lism  o f  c e r ta in  in d o l ic  compounds, r e la te d  to

3 -m e th y lin d o le  in  la b o ra to ry  an im a ls  

E x c re t io n  o f  r a d io a c t iv i t y  from  (2 -^^C ) in d o le  when fe d  to  

r a ts  was f a i r l y  ra p id  and in  two days an average o f  81% appeared in  

th e  u r in e ,  11% in  th e  faeces and 2.4% as carbon d io x id e  in  th e  e x p ire d  

a i r .  R a d io a c t iv ity  was exc re te d  in  th e  u r in e  as in d c x y l s u lp h a te  

(50% o f  th e  dose ), in d o x y l g lu c u ro n id e  (11%), o x in d o le  (1.4%, is a t in  

(5 ,8 % ), 5 -h y d ro x y in d o le  con juga ted  (3 .1% ), N - fo r r r y la n th r a n i l ic  a c id  

(0.5% ) and unchanged in d o le  (0.07%) (K in g , Farke and W illia m s , 1966), 

Rats m e ta b o lize d  in d o x y l in to  N - fo rm y la n th ra n il ic  a c id  

and a n th r a n i l ic  a c id ,  and o x in d o le  in to  5 -h y d ro x y o x in d o le  (K ing  e t a l , 

1966; B e cke tt and M orton , 1966). Thus i t  has been proposed th a t  th e  

r a t  m e ta b o lize s  in d o le  th ro ugh  twci ro u te s . A m a jo r ro u te  is  v ia  

in d o x y l to  is a t in ,  N - fo rm y la n th ra n il ic  a c id  and a n th r a n i l ic  a c id ,  

and th e  o th e r  v ia  o x in d o le  to  5 -h y d ro x yo xy in d o le  and p o s s ib ly  to  

D -a m in o p h e n y la ce tic  a c id  and a n th r a n i l ic  a c id  (K ing  e t  a l , 1966).

In  v i t r o  s tu d ie s  in d ic a te  th a t  r a t  l i v e r  m ic ro s o re s , under 

a e ro b ic  c o n d it io n s ,  m e ta b o lize  in d o le  to  in d o x y l,  o x in d o le , p o s s ib ly  

i s a t i n ,  N - fo rm y la n th ra n il ic  a c id  and a n th r a n i l ic  a c id ,  b u t under 

a n a e ro b ic  c o n d it io n s  o n ly  o x in d o le  is  produced (K ing  e t  a l , 1966).

O th e r w o rke rs  (B e c k e tt and M orton, 1966) re p o r te d  th a t  in c u b a t io n  o f  

in d o le  w ith  r a t  l i v e r  microsomes y ie ld e d  o n ly  o x in d o le .  R a bb it l i v e r  

m icrosom es, on th e  o th e r  hand, d id  n o t y ie ld  o x in d o le , b u t y ie ld e d  

in d o x y l (B e c k e tt and M orton , 1966; Posner, Mitcma and U d e n frie n d ,
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1961), O x indo le  was m e ta bo lized  to  5 -h y d ro x y o x in d o le , N -m ethy l- 

o x in d o le  to  5 -h y d ro xy -N -m e th y lo x in d o le  and 3 -m e th y lo x in d o le  to  

5 -h y d ro x y -3 -m e th y lo x in d o le  by r a t ,  gu inea p ig  and r a b b i t  l i v e r  

m icrosomes (B e cke tt and M orton, 1966), These s tu d ie s  in d ic a te  th a t  

th e  h y d ro x y la t io n  o f  in d o le  occurs a t p o s it io n  3 and o f  o x in d o le , 

N -m e th y lo x in d o le  and 3 -m e th y lo x in c o le  occurs a t  p o s it io n  5 o f  th e  

in d o le  o r  o x in d o le  r in g  (B e cke tt end M orton, 1966; K ing e t a l , 1966) 

b u t  n o t a t  p o s it io n  6 as v/as p re v io u s ly  re p o rte d  by K ing , Parke and 

W illia m s  (1963),

Ic h ih a ra ,  Sakamoto, Inam ori and Sakamoto (1957) re p o rte d  

th e  5 -h y d ro x y la t io n  o f  in d o le s  by l i v e r  m icrosom es, b u t no evidence 

f o r  t h is  conve rs ion  was found in  la t e r  work by Jepson, U d e n frie n d  and 

Zaltzm ann (1959 ), U d e n frie n d , C le v e lin g , Posner, R e d fie ld ,  Daly 

and W itkop (1959) and Posner e t  a l  (1961),

C o n tra d ic to ry  f in d in g s  on th e  m etabolism  o f  in d o le s  can be 

e x p la in e d  because work on these  compounds is  ccm p lic e te d  by t h e i r  

r e la t iv e  chem ica l i n s t a b i l i t y  le a d in g  to  chem ica l a r te fa c ts ,

3 , 1 , 2 . -  Oxidases c a ta ly z in g  th e  o x id a t io n  o f  in d o l ic  compounds 

An enzyme pyrro looxygenase  w ith  th e  c h a r a c te r is t ic s  o f  

m ixed fu n c t io n  ox idases has been is o la te d  from  r a t  l i v e r  m icrosom es. 

P yrro looxygenase  o x id iz e s  th e  p y r ro le  m o ie ty  o f  in d o l ic  compounds 

c o n v e r t in g  them m a in ly  to  2-fo rm am idophenacyl d e r iv a t iv e s  and 

o x id iz e s  a lk y lp y r r o le s  w ith  th e  fo rm a tio n  o f  s u b s t itu te d  p y r r o l in -

2 -ones . The d if fe re n c e  in  s p e c i f i c i t y  f o r  d i f f e r e n t  s u b s tra te s  

a llow ed  c la s s i f ic a t io n  o f  th e  pyrro looxygenases in to  s k a to le  

p y rro loo xygenase  and try p to p h a n  py rro loo xygenase . S k a to le  p y r ro le -
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oxygenase c a ta ly z e s  th e  o x id a t io n  o f  3 -m e th y lin d o le  (s k a to le )  to  

m a in ly  2-form am idoacetophenone, and 3 -m e th y lo x in d o le , The 2 ,3 - in d o le -  

epox ide  has been proposed as the  f i r s t  in te rm e d ia te  in  t h is  co n ve rs ion  

o f  3 -m e th y lin d o le  to  3 -m e th y lo X in d o le . Hotvever su g g e s tio n s  about th e  

fo rm a tio n  o f  t h is  epoxide a re  s p e c u la t iv e . A u tho rs  o f  t h is  work 

(Frydman, Tomaro and Frydman, 1972; Frydman, Frydman and Tomaro,

1973) d id  n o t a tte m p t to  is o la te  th e  epoxide because i t  is  h ig h ly  

u n s ta b le . They s ta te  th a t  t h is  type  o f  epoxide has ne ve r been 

is o la te d  in  in d o le  c h e m is try .

3 .1 ,3  -  The pneum otoxic e f fe c t  and m etabolism  o f  3 -m e th y lin d o le  in

goa ts

Flammond, C arlson  and W i l le t t  (1979) in v e s t ig a te d  th e  m etabo lism  

o f  3 -m e th y lin d o le  in  g o a ts . Goats were g iven  an in fu s io n  in to  th e  

ju g u la r  v e in  o f  (^^C) 3 -m e th y lin d o le . Most o f  th e  r a d io a c t iv i t y  

was e xc re te d  in  th e  u r in e  w h ich co n ta in e d  67 to  92% o f  th e  a d m in is te re d  

r a d io a c t iv i t y  in  th re e  days. N e g lig ib le  amounts o f  r a d io a c t iv i t y  

were e xc re ted  in  e x p ire d  a i r  (0 .4  to  0.9%) and fa e c e s . Composite 

u r in e  samples were f ra c t io n a te d  in to  te n  peaks by io n  exchange chroma

to g ra p h y  w h ich re p resen ted  60% o f  th e  t o t a l  u r in a ry  r a d io a c t iv i t y .

T h is  s tu d y  has shown th a t  a m a jo r ro u te  o f  m etabo lism  in v o lv e d  

fo rm a tio n  o f  3 -m e th y lo x in d o le  and i t  was proposed th a t  a m ixed fu n c t io n  

o x id a s e , py rro loo xygenase , may be th e  m a jo r m e ta b o lic  system in v o lv e d  

and th a t  a m in o r ro u te  o f  m etabo lism  in v o lv e d  o x id a t io n  o f  th e  m e th y l 

c a rbon . A lso  t h is  s tu d y  o f  Hammond, C arlson and W i l le t t  (1979) re ve a le d  

many d if fe re n c e s  between th e  m etabo lism  o f  3 -m e th y lin d o le  by goa ts  and
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in d o le ,  a c lo s e ly  re la te d  compound, by r a t s . W hile  th e  m a jo r 

m e ta b o lic  pathway o f  in d o le  m etabolism  in  th e  r a t  i s  th ro ugh  a ro m a tic  

h y d ro x y la t io n  (K ing  e t a l , 19563, in  th e  case o f  3 -m e th y lin d o le , 

however, th e  occu rrence  o f  th e  analogous a ro m a tic  h y d ro x y la te d  

compounds o r  t h e i r  s u lp h a te  e s te rs  in  th e  u r in e  o f  goa ts  was no t 

dem onstra ted  a f t e r  in fu s io n  o f  3 -m e th y lin d o le , The m a jo r m e ta b o lic  

pathway o f  3 -m e th y lin d o le  was th e  o x in d o le  ro u te  Charrmond, C arlson 

afid W i l le t t ,  1979). A no the r d i f fe re n c e  was th e  e x te n t o f  e x c re t io n  

o f  con juga ted  m e ta b o lite s  from  3 -m e th y lin d o le  and in d o le .  Less 

th a n  20% o f  th e  recovered  r a d io a c t iv i t y  in  th e  u r in e  o f  goa ts  in fu s e d  

w i th  3 -m e th y lin d o le  was in  th e  fo rm  o f  con juga ted  3 -m e th y lin d o le  

m e ta b o lite s  (Hanrmond, C arlson and W i l le t t ,  1979), In  th e  r a t  in d o le  

was e x c re te d  m a in ly  as s u lp h a te  and g lu c u ro n id e  con juga tes  (K ing ^  

1966).

Recent s tu d ie s  suggest th a t  th e  pneum otoxic e f fe c t  o f  

3 -m e th y lin d o le  r e s u lts  from  th e  m etabolism  o f  3 -m e th y lin d o le  by mixed 

fu n c t io n  ox idases . Bray and C arlson (1979a) have shown th a t  

p re tre a tm e n t w ith  p ip e ro n y l b u to x id e  (a mixed fu n c t io n  ox idase  

in h ib i t o r )  p reven ted  th e  onset o f  acute  pulm onary oedema and 

p ro lo n g e d  th e  plasma h a l f - l i f e  o f  r a d io a c t iv i t y ,  whereas p h é n o b a rb ita l 

(a  m ixed fu n c t io n  ox idase  in d u c e r) p re tre a tm e n t caused more severe 

le s io n s  and a sho rtened  plasma h a l f - l i f e  o f  r a d io a c t iv i t y  in  goats 

a f t e r  in fu s io n  o f  ra d io la b e lle d  3 -m e th y lin d o le  compared to  goats 

re c e iv in g  3 -m e th y lin d o le  a lone . In  v i t r o  s tu d ie s  in d ic a te  th a t  

th e  m etabo lism  o f  3 -m e th y lin d o le  by goat m icrosom al p re p a ra t io n s  may 

in v o lv e  th e  fo rm a tio n  o f  re a c t iv e  m e ta b o lite s  w h ich become c o v a le n t ly  

bound to  m icrosom al p ro te in s  (B ray and C a rlson , 1979b).
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The r e s u lts  o f  Hanmond, C arlson and W i l le t t  (1979) shew th a t  

a m a jo r pathway o f  3 -m e th y lin d o le  m etabolism  beg ins  w ith  th e  fo rm a tio n  

o f  _ .and a m in o r pathway beg ins w ith  th e  fo rm a tio n  o f

in d o le -3 -c a rb o x y l ic  a c id  as e a r ly  m e ta b o lite s . I t  has been a t te rp te d  

t o  de te rm ine  w he the r these  pathways are  in v o lv e d  in  th e  3 -m e th y lin b o le -  

induced  p n e u m o to x ic ity  (P o tch o ib a , C arlson and Eroeze, 1981), 

A d m in is tra t io n  o f ' 3 -m e th y lo x in d o le  o r  in d o le -3 -c a rb in o l d ie  n o t cause 

c l i n i c a l  s ig n s  o r  p a th o lo g ic a l le s io n s  s im i la r  to  3 -m e th y lin c o le -  

induced  pulmonary damage. U r in a ry  m e ta b o lite s  o f  3 -m e th y lo x in c o le  

cochrom atographed w ith  3 -m e th y lin d o le  m e ta b o lite s  w h ile  u r in a ry  

m e ta b o lite s  o f  in d o le -3 -c a rb in o l d id  no t cochrom atograph w ith  any m a jo r 

3 -m e th y lin d o le  m e ta b o lite s . These re s u lts  con firm ed  th e  hyp o th e s is  

t h a t  th e  o x in d o le  pathway re p re s e n ts  a m a jo r ro u te  o f  3 -m e th y lin c o le  

m e tabo lism  whereas th e  c a rb o x y l ic  a c id  pathway re p re s e n ts  a m in o r 

ro u te  o f  m etabo lism  o f  3 -m e th y lin d o le  in  goats and s t ro n g ly  suggests 

t h a t  th e  3 -m .e th y lin d o le -p n e u m o to x ic ity  p ro b a b ly  r e s u lts  from  an 

e a r ly  s te p  in  th e  m etabo lism  o f  3 -m e th y lin d o le  p r io r  to  3 -m e th y l

o x in d o le  o r  in d o le -3 -c a rb o x y lic  a c id  fo rm a tio n  (P o tch o ib a , C a rlscn  

and Breeze, 1981).

3 .2  -  EXPERIMENTAL

3 .2 .1  -  In tro d u c t io n

Much o f  th e  a v a ila b le  evidence from  o th e r  spec ies  suggests 

t h a t  th e  pulm onary t o x i c i t y  o f  3 -m e th y lin d o le  in  c a t t le  may be cue 

t o  i t s  m e ta b o lic  a c t iv a t io n  to  a h ig h ly  re a c t iv e  m e ta b o lite  w h ich 

a lk y la te s  c e l lu la r  m acrom olecules causing  c e l lu l a r  damage (C hap te r 

6 ) .  Hov/ever th e  m etabo lism  o f  3 -m e th y lin d o le  has n o t been in v e s t i 

ga te d  in  c a t t le  a lth o u g h  i t  m igh t be a n t ic ip a te d  th a t  th e  m etacolisrr.
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o f  3 -m e th y lin d o le  in  c a t t le  w ould be s im i la r  to  th a t  in  goa ts re p o r te d  

by  Hammond, C arlson  and W i l le t t  (1979), v iz  th a t  3 -m s th y lin d o le  is  

m e ta b o lis e d  v ia  3 -m e th y lo x in d o le  to  a g re a t e x te n t ,

,In  t h is  s e r ie s  o f  experim ents :

1) 3 -M e th y lo x in d o le  was in v e s t ig a te d  as a p o s s ib le  m e ta b o lite

o f  3 -m e th y lin d o le  in  c a t t l e , _ I t s  h a l f - l i f e  in  plasma o f  ca lve s  was 

measured,

2) The h a l f - l i f e  o f  3 -m e th y lin d o le  and r a d io a c t iv i t y  in  plasma 

o f  ca lve s  a f t e r  a d m in is tra t io n  o f  ra d io la b e lle d  3 -m e th y lin d o le  were 

a ls o  in v e s t ig a te d .

3.2U2 -  M a te r ia ls

t - B u t y l  a lc o h o l and N -brom osuccin im ide were o b ta in e d  from  

BDH Chemicals L t d . , P oo le , England. The l iq u id  s c i n t i l l a t o r  

U n is o lv e  1 was o b ta in e d  frc m  K o ch -L ig h t L td . ,  C o lnb rcok , B ucks., 

Eng land.

T r i t ia t e d  3 -m e th y lin d o le  was prepared  as d e sc rib e d  in  

C hap te r 6 . O th e r chem ica ls  were com m e rc ia lly  a v a i la b le  and were o f  

a n a ly t ic a l  g rade ,

3 .2 .3  -  P re p a ra tio n  o f  3 -m e th y lo x in d o le

3 -M e th y lo x in d o le  ŵ as prepared a cco rd in g  to  th e  method o f  

Hinman and Bauman (1964), v iz :

To a s o lu t io n  o f  16.4 g o f  3 -m e th y lin d o le  in  615 m l o f  

95% t - b u t y l  a lc o h o l was added 22.25 g o f  N -brom osuccin im ide w ith  

s t i r r i n g  o v e r a p e r io d  o f  19 m inu tes . The re a c t io n  m ix tu re  was 

k e p t under n itro g e n  and a t .a  tem pera tu re  o f  20°C. A f t e r  2 .5  hours



98

th e  s o lu t io n  was co n ce n tra te d  under reduced p ressu re  a t room 

te m p e ra tu re  to  a volume o f  a few m l, 30 ml o f  w a te r was added, and 

th e  m ix tu re  was e x tra c te d  w ith  th re e  125 ml p o r t io n s  o f  e th y l a c e ta te . 

The e x t ra c t  was.washed w ith  s a tu ra te d  sodium c h lo r id e  s o lu t io n ,  

d r ie d  o v e r sodium s u lp h a te  and evapora ted . The re s id u e  was 

r e c r y s ta l l i z e d  from  w a te r  and then  tw ic e  r e c r y s ta l l iz e d  from  an 

acetone-hexane m ix tu re  [2 :1 ) .  S evera l crops o f  3 -m e th y lo x in d o le  

c r y s ta ls  were c o l le c te d  from  th e  acetone-hexane s o lv e n t ,  g iv in g  a 

t o t a l  o f  3 .7  g [23% re c o v e ry ) .

The id e n t i t y  o f  3 -m e th y lo x in d o le  v/as con firm ed  us ing  t h in  

la y e r  chrom atography, gas l iq u id  chrom atography and by gas l iq u id  

chrom atography-m ass s p e c tro m e try .

3 .2 .4  -  T h in  la y e r  chrorra tography o f  3 -m e th y lo x in d o le

P la te s

S i l i c a  g e l G [ty p e  60) v/ere prepared as d e sc rib e d  p re v io u s ly  

C C hapter 2 ) .

S o lv e n t systems

S o lve n t 1: D i- is o p ro p y l e th e r

S o lve n t 2 : C h lo ro fo rm -e th y l a lc o h o l C 19 :l)

S o lven t 3: C h lo ro fo rm -ace tone  (5 :4 ) .

These th re e  s o lv e n t systems have been used f o r  t h in  la y e r  chrom atography 

o f  in d o le s  (Haecock and Mahon, 1963aj B e cke tt and M orton , 1965). 

D e te c tio n

E h r l ic h 's  reage n t was used f o r  d e te c t io n  o f  in d o l ic  sp o ts  

and was prepared as d e sc rib e d  in  Chapter 2.
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Procedure

5-10 y l  a l iq u o ts  o f  a s o lu t io n  o f  3 -m e th y lo x in d o le  in  

e th y la c e ta te  (1 m g/m l) were s p o tte d  on t h in  la y e r  p la te s .  The p la te s  

WBjTe deve loped f o r  30 m in u te s .

R e s u lts

3 -M e th y lo x in d o le  re a c te d  ve ry  s lo w ly  w ith  E r h l ic h 's  reage n t 

g iv in g  an orange y e llo w  spo t a f t e r  24 hours. The R f va lues  o f  

3 -m e th y lo x in d o le  were 0 ,2 5 , 0 .71  and 0 ,82  in  th e  s o lv e n t systems 1,

2 and 3 re s p e c t iv e ly .

3 .2 .5  -  G a s - l iq u id  chrom atographic d e te rm in a tio n  o f  3T m e thy lo x ind o le

in  bov ine  p iastre

There is  no method a v a ila b le  in  th e  l i t e r a t u r e  f o r  d e te rm in 

a t io n  o f  3 -m e th y lo x in d o le . In  t h is  p re se n t work g a s - l iq u id  chroma

to g ra p h y  was adopted f o r  d e te rm in a tio n  o f  3 -m e th y lo x in d o le  in  p la s ra  

o f  c a t t le .

1 m l o f  plasma was e x tra c te d  w ith  10 ml o f  e th y la c e ta te  in  

15 ml t e s t  tubes (g la s s  s to p p e re d ). The t e s t  tubes were shaken 

(5  m inu tes ) on a r o ta r y  m echan ica l shake r and th e  phases v/ere a llow ed  

t o  se p a ra te  f o r  5 m in u te s ..  The plasma was p ip e t te d  o f f  and th e  

e th y la c e ta te :  la y e r  was d r ie d  (s o lv e n t washed anhydrous sodium 

s u lp h a te ) ,  5 ml was co n ce n tra te d  under n itro g e n  a t  50°C to  0 .5  m l 

and a 5 y l  a l iq u o t  was in je c te d  in to  th e  gas chrom atograph. 

3 -M e th y lo x in d o le  c o n c e n tra tio n s  were q u a n t i f ie d  from  knov/n s tandards 

in  e th y la c e ta te ,

In s tru m e n t

As d e sc rib e d  p re v io u s ly  (C hap te r 2) f o r  d e te rm in a tio n  o f
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3 -m e th y lin d o le , Column tem pera tu re  was 15G°C o r  IBO^C.

S tandards

A s e r ie s  o f  s tandard  s o lu t io n s  were p repa red  us in g  3 -m e th y l

o x in d o le  d is s o lv e d  in  e th y la c e ta te ,  5 y l  a l iq u o ts  were in je c te d  in to  

th e  chrom atograph. The s tanda rd  cu rve  was p repa red  us in g  th e  h e ig h t 

o f  th e  peaks o b ta in e d .

R e su lts

On g a s - l iq u id  chrom atography 3 -m e th y lo x in d o le  gave a s in g le  

peak. A t y p ic a l  gas chromatogram f o r  a s tanda rd  s o lu t io n  o f  3 -m e th y l

o x in d o le  and 3 -m e th y lin d o le  is  shewn in  F ig .  3 ,1 .  The re s o lu t io n  o f  

3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  was good. The re c o rd e r  response 

(h e ig h t  o f  th e  peaks) v;as l in e a r ly  re la te d  to  th e  c o n c e n tra t io n  o f  

3 -m e th y lo x in d o le .

F ig .  3 .1  shov/s a gas chromatogram f o r  3 -m e th y lo x in d o le  

re co ve re d  from  bovine  plasma and o f  two s tanda rd  s o lu t io n s  o f  3 -m e th y l

o x in d o le .  None o f  th e  c o n s t itu e n ts  o f  bov ine  plasma in te r fe r e d  v.'ith  

th e  assay.

R ecoveries

V a rio u s  c o n c e n tra tio n s  o f  3 - r re th y lc x in d o le  v/ere prepared  

i n  bov ine  plasma. Plasma samples were s to re d  f o r  one week a t  -20°C . 

3 -M e th y lo x in d o le  c o n c e n tra t io n  was determ ined in  d i f f e r e n t  plasma 

samples and th e  re co v e ry  was c a lc u la te d .

R e s u lts

R ecoveries o f  d i f f e r e n t  c o n c e n tra tio n s  o f  3 -m e th y lo x in d o le  

fro m  bov ine  plasma a re  shown in  Tab le  3 .1 .

The e th y la c e ta te  e x t ra c t io n  procedure  used in  th e  p re se n t 

method gave h igh  re co ve ry  o f  3 -m e th y lo x in d o le  (mean ± SEN = 95 ± 3%)
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F ig . 3 ,1  R ig h t p a n e l: A gas chromatogram o f  a s tanda rd  s o lu t io n

o f  a m ix tu re  o f  3 -m e th y lin d o le  (3 M I) and 3 -m e th y lo x in d o le  

(3MGI) in  e th y la c e ta te  Cgas-chromatograph ope ra ted  a t 

15Q°C column oven te m p e ra tu re ).

L e f t  p a n e l; A gas-chrom atogram  o f  3 -m e th y lo x in d o le  

recovered  from  plasma (Plasma) and o f  two s tanda rd  s o lu t io n s  

o f  3 -m e th y lo x in d o le  in  e th y la c e ta te  (gas-chrom atograph 

opera ted  a t 180^0 colurro oven te m p e ra tu re ).
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TABLE 3 ,1 RECOVERY OF 3-METHYLOXINDOLE ADDED TO BOVINE' PLASMA

3 -m e th y l
o x in d o le

added
pg

3 -m e th y l
o x in d o le
measured

yg
Mean ± SE

SEM as 
% o f  
mean

R a tio  o f  
assayed 
to  added

5 4.B 4 .7  ± 0 .1 2 0 .94

5 4 .6

10 10.2 9 .6  ± 0 .4 4 0.99

10 9 .5

20 18.5 18.1 ± 0 .5 3 0 .91

20 ' 17.6

40 38.1 37 .8  ± 0 .3 1 0.95

40 37.5

80 77.2 76.2  ± 1.1 1 0 .95

60 75.1
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3 .2 .6  “  G a s - l iq u id  chromatography-mass sp e c tro m e try  o f  3 -m e th y lo x in d o le

G a s - l iq u id  chromatography-mass sp e c tro m e try  was perform ed on 

a s tanda rd  s o lu t io n  o f  3 -m e th y lo x in d o le  in  d ie th y l  e th e r  [1 m g /m l). 

R esults. . '

R e su lts  o f  g a s - l iq u id  chromatography-mass s p e c tro m e tr ic  

exa m in a tio n  con firm ed  th e  id e n t i t y  o f  3 -m e th y lo x in d o le . The base peak 

corresponded to  m o le c u la r  io n  peak [p a re n t peak) and had an m/e r a t io  

o f  147 (3 -m e th y lo x in d o le  = CghgDN = 147). A mass spectrogram  o f  

3 -m e th y lo x in d o le  is  shown in  F ig .  3 .2 .

3 .2 .7  -  C o n ce n tra tio n s  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  in

plasma a f t e r  a d m in is t ra t io n  o f  3 -m e th y lin d o le  in  c a t t le

T h is  experim ent was conducted in  c o l la b o ra t io n  w ith  th e  

Departm ent o f  V e te r in a ry  M ed ic ine .

C a t t le  used in  t h is  experim ent were a d u lt  H e re fo rd  and 

H e re fo rd  cross  breed fe m a le s , 500-600 kg body w e ig h t, des igna ted  A, B,

C, D and E. C a tt le  A, B, C and 0 each had a permanent t ra c h e a l f i s t u l a .

C a t t le  were housed in  an open c o u r t f i v e  days b e fo re  dos ing  

and d u r in g  th e  e xp e rim e n ta l p e r io d . Hay and w a te r  were f r e e ly  o f fe re d  

t o  a l l  c a t t le  d u r in g  th e  e xp e rim e n ta l p e r io d .

3 -M e th y lin d o le  (0 .2  g /kg  body w e ig h t)  was a d m in is te re d  th ro ugh  

a stomach tube  as a s lu r r y  in  a p p ro x im a te ly  5 l i t r e s  o f  w a te r , to  

an im a ls  A, B, C and 0; th e  c o n t ro l an im a l E re c e iv e d  5 l i t r e s  o f  w a te r  

by  th e  same ro u te .

C l in ic a l  exam ina tions were c a r r ie d  o u t s e v e ra l tim e s  d a i ly  

o v e r  t h is  p e r io d . R e s p ira to ry  ra te s  were o b ta in e d  d u r in g  th e  d a i ly  

c l i n i c a l  exam in a tion  w h ich was made a t 10 a.m. from  th e  day p r io r  to



104

F ig . 3 ,2  A mass spectrogram  o f  3 -m e th y lo x in d o le
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do s in g . H e pa rin ized  b lood  sarrp les were c o l le c te d  a t h o u r ly  in te r v a ls  

f o r  th e  f i r s t  seven hou rs , then  a t 24 and 48 hours a f t e r  3 -m e th y lin d o le  

d o s in g . Plasma was sepa ra ted  and s to re d  a t -20°C u n t i l  a n a ly s is  w ith in  

seven days.

3 -M e th y lin d o le  and 3 -m e th y lo x in d o le  were de te rm ined  in  plasma, 

as d e sc rib e d  p re v io u s ly ,  us ing  g a s - l iq u id  chrom atography.

The a l iq u o ts  o f  th e  e th y la c e ta te  e x t ra c t  o f  plasma rem a in ing  

a f t e r  d e te rm in a tio n  o f  3 -m e th y lo x in d o le  were poo led . 10 m l were 

evapo ra ted  to  0 .5  m l under n it ro g e n , then d r ie d  (anhydrous sodium 

s u lp h a te )  and f i l t e r e d .  A liq u o ts  o f  15 p i  were s p o tte d  on s i l i c a  g e l 

G t h in  la y e r  p la te s  and cochromatographed w ith  3 -m e th y lin d o le  end 

3 -m e th y lo x in d o le  s tandards as describ ed  b e fo re . The e th y la c e ta te  

e x t r a c t  was a ls o  s u b je c te d  to  gas-chrom atography-m ass s p e c tro m e tr ic  

e x a m in a tio n .

R e s u lts

3 -n e th y l in d o le  and 3 -m e th y lo x in d o le  were id e n t i f ie d  in  plasma 

o f  3 -m e th y lin d o le  dosed cows. Th in  la y e r  chrom âto p la te s  o f  th e  

combined e th y la c e ta te  o f  plasma samples o f  these  cows showed two spo ts  

w i th  R f va lues  and c o lo u r  re a c t io n s  id e n t ic a l  w ith  those  o f  a u th e n tic  

samples o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le .

G a s - l iq u id  chrom atography o f  e th y la c e ta te  e x t ra c t  o f  plasma 

sam ples showed two peaks w ith  re te n t io n  tim es  id e n t ic a l  to  a u th e n tic  

samples o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le .

The id e n t i t y  o f  3 -m e th y lo x in d o le  recovered  from  bovine  

plasma was con firm ed  by g a s - l iq u id  chromatography-mass s p e c tro m e try , 

and gave a mass spectrum  id e n t ic a l  w ith  th a t  o f  a u th e n t ic  samples o f
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3 -m e th y lo x in d o le .

C o n ce n tra tio n s  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  in  

p lasm a, a f t e r  a d m in is t ra t io n  o f  3 -m e th y lin d o le  in  f o u r  cows are  shown 

in ^ F ig .  3 . 3 . compound,  r ,  'f, d e te c t^ '4 ^ % in  plasma o f  th e

c o n t r o l cow dosed w ith  w a te r  a lo n e . Maximal c o n c e n tra tio n s  o f

3 -m e th y lin d o le  in  plasma were reached e ig h t  hours a f t e r  a d m in is t ra t io n  

o f  S fm e th y lin d o le  to  th e  fo u r  cows, whereas th e  tim e  f o r  maximal 

c o n c e n tra t io n  o f  3 -m e th y lo x in d o le  in  plasma v a r ie d  in  d i f f e r e n t  cows.

The main c l i n i c a l  f in d in g s  in  cov.'s dosed w ith  3 -m e th y lin d o le  

a re  s e t o u t in  Tab le  3 .2 . In  th e  f i r s t  12 hours a f t e r  dos ing  each 

cow g iven  3 -m e th y lin d o le  dem onstrated to  v a ry in g  degrees s ig n s  o f  

d u l ln e s s ,  reduced a p p e t ite ,  t re m b lin g , excess ive  s a l iv a t io n  and 

tachypnoea. Cows A and B developed tachypnoea and hyperpnoea in  th e  

12-96 hours p e r io d  p os t dos ing , b u t always remained a le r t  and re ta in e d  

a m ild  in te r e s t  in  fo o d . R e s p ira to ry  a b n o rm a lit ie s  in  these  an im a ls  

became le s s  marked o v e r th e  next few days [96-168 h o u rs ) and by 

th e  e ig h th  day a f t e r  dos ing  tachypnoea was no lo n g e r  d e te c te d  in  any 

o f/th e m . The c a t t le  were cons ide red  to  be c l i n i c a l l y  norm al a t t h is  

t im e . The o th e r  two c a t t le  C and D, however, deve loped tachypnoea 

and hyperpnoea in  th e  f i r s t  24 hours a f t e r  dos ing  and proceeded to  

d e te r io ra te  w ith  r e s p ir a to r y  d is tre s s  becoming more marked 48-60 hours 

a f t e r  in je c t io n .  Cow C d ie d  84 hours a f t e r  dos ing  and D d ied  72 hours 

a f t e r  d os ing .

R e s p ira to ry  ra te s  o f  3 -m e th y lin d o le  dosed and c o n t ro l c a t t le  

a re  shown in  Tab le  3 .3 .
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F ig . 3 .3  Plasma 3 -m e th y lin d o le  [ 3M I) and 3 -m e th y lo x in d o le  C3M0I)

c o n c e n tra tio n s  a f t e r  o r a l a d m in is t ra t io n  o f  3 -m e th y lin d o le  

(0 .2  g /k g ) to  fo u r  cows
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TABLE 3 .3  RESPIRATORY RATES OF FOUR COl'JS (A, B, C, 0) AFTER ORAL 
ADMINISTRATION OF 3-METHYLINDOLE (0 .2  g /k g ) AjND OF A
CONTROL COW (E) GIVEiW WATER ,ALONE

Time
(hours)

R e s

3-nnethvl

p i  r  a t  o 

in d o le  dosed

r  y  R a t e

C o n tro l

A B C D E

0 20 20 20 20 20

12 40 40 50 60 20

24 40 40 70 80 20

36 50 50 70 80 20

48 60 60 70 100 20

GO GO 50 90 100 20

72 60 50 100 Death 20

64 50 40 Death 20

96 50 40 20

108 40 30 20

120 40 æ 20

144 30 20 20

168 30 20 20
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3 ,2 ,6  -  K in e t ic s  o f  3 -m e th y lo x in d o le  in  ca lves

Three A y rs h ire  breed ca lves  (42, 50 and 56 kg body w e ig h t, 

d e s ig n a te d  1, 2 and 3 re s p e c t iv e ly )  were used.

Anim als were a n a e s th e tize d  w ith  p e n to b a rb ito n e  (20 mg/kg
I

body w e ig h t, g ive n  in tra v e n o u s ly ) ,  3 -M e th y lo x in d o le  was d is s o lv e d  in  

10% Crenraphor-EL in  d i s t i l l e d  w a te r a t  a c o n c e n tra t io n  o f  20 m g/m l. 

In fu s io n s  o f  3 -m e th y lo x in d o le  were made in to  th e  fe m o ra l v e in  v ia  an 

in d w e ll in g  cannula  and b lood  sam pling f o r  3 -m e th y lo x in d o le  d e te rm in a tio n  

was made from  th e  o th e r  fe m o ra l v e in .  Each c a l f  was g ive n  a dose o f  

10 n ^ /k g  body w e ig h t o f  3 -m e th y lo x in d o le , H e p a rin ize d  b lood  s a rp le s  

w ere c o l le c te d  a t in te r v a ls  a f t e r  3 -m e th y lo x in d o le  in je c t io n .  Plasma 

v;as sepa ra ted  and s to re d  a t  -20^0 u n t i l  ana lysed w i th in  seven days. 

3 -M e th y lo x in d o le  d e te rm in a tio n  was made us in g  g a s - l iq u id  chrom atography 

as de sc rib e d  b e fo re .

R e s u lts

The plasma c o n c e n tra tio n s  o f  3 -m e th y lo x in d o le  are  shown in  

F ig .  3 .4 .  The plasma h a l f - l i v e s  o f  3 -m e th y lo x in d o le  were 10 ,2 , 11.6 

and 11,6 in  ca lve s  1, 2 and 3 re s p e c t iv e ly  (mean ± SEM = 11,1 ± 0 ,7  

m in u te s ,

3 ,2 ,9  -  K in e t ic s  o f  t r i t i a t e d  3 -m e th y lin d o le  in  ca lve s

Two A y rs h ire  breed ca lve s  (des ig na ted  1 and 2 , 36 and 50 kg

body w e ig h t r e s p e c t iv e ly )  were a n a e s th e tize d  w ith  p e n to b a rb ito n e  (20 mg/

kg , in tra v e n o u s ly )  w i th  a d d it io n a l 2 mg/kg doses g ive n  as re q u ire d

th ro u g h o u t th e  course o f  th e  experim ent to  m a in ta in  a n a es th es ia .

In fu s io n s  were made in to  th e  fe m o ra l v e in  v ia  an in d w e llin g

3cannu la  and b lood  sam pling was from  th e  o th e r  fe m o ra l v e in ,  (G- H)
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3 -m e th y lin d o le  o f  s p e c i f ic  a c t i v i t y  0 .15  yC i/m g was d is s o lv e d  in  10% 

Cremophor-EL in  d i s t i l l e d  w a te r  (30 m g /m l). Each dose was in fu s e d  o v e r 

one m in u te , w ith  th e  subsequent dose g iven  a f t e r  30 m in u te s . Blood 

samples were taken  us in g  h e p a r in iz e d  s y r in g e s  a t  2, 5, 10, 20 and 30 

m inu tes  a f t e r  each in fu s io n .  Plasma was sepa ra ted  and a l iq u o ts  were 

ta ke n  f o r  d e te rm in a tio n  o f  t o t a l  r a d io a c t iv i t y  and 3 -m e th y lin d o le  

c o n c e n tra t io n s .

T o ta l r a d io a c t iv i t y  in  plasma was rreasured by m ix in g  0 .5  m l 

plasm a w ith  10 ml o f  th e  l iq u id  s c in t i l l a t i o n  c o c k ta i l  U n is o lv e  1 in  a 

l i q u id  s c in t i l l a t i o n  v ia l  and r a d io a c t iv i t y  was de te rm ined  us in g  a 

P a c k a rd -T r ic a rb  l i q u id  s c in t i l l a t i o n  s p e c tro m e te r Model 3255. A l l  

v a lu e s  were c o rre c te d  f o r  background r a d io a c t iv i t y  ( le s s  than  10 counts 

p e r  m inu te ) and quenching ( in te r n a l  s ta n d a rd iz a t io n  m ethod).

D e te rm in a tio n  o f  3 -m e th y lin d o le  in  plasma was done us in g  gas- 

l i q u id  chrom atography as d e sc rib e d  b e fo re , and 3 -m e th y lin d o le  

c o n c e n tra t io n s  were conve rted  in to  e q u iv a le n t r a d io a c t iv i t y .

R e s u lts

R a d io a c t iv ity  accounted f o r  as 3 -m e th y lin d o le  and t o t a l  

r a d io a c t iv i t y  c o n c e n tra tio n s  in  plasma a f t e r  succe ss ive  in c re a s in g  

doses o f  t r i t i a t e d  3 -m e th y lin d o le  a re  shown in  F ig s . 3 .5  and 3 .6 ,

Plasma h a l f - l i v e s  o f  3 -m e th y lin d o le  in  c a lv e s  1 and 2 were 

15 ± 3 m inutes and 17 ± 5 m inutes re s p e c t iv e ly  (mean = 16 m in u te s ).

Plasma h a l f - l i v e s  o f  t o t a l  r a d io a c t iv i t y  were 43 ± 15 m inu tes 

and 52 ± 15 m inu tes in  ca lve s  1 and 2 r e s p e c t iv e ly  (mean = 48 m in u te s ) .
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F ig . 3 .4  Plasma c o n c e n tra tio n s  o f  3 -m e th y lo x in d o le  C3FtOI) a f t e r  

in tra v e n o u s  in je c t io n  o f  a dose o f  10 mg . 

3 -n re th y lo x in d o le /k g  in  th re e  ca lve s
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F ig ,  3 .5  R a d io a c t iv ity  accounted as 3 -m e th y lin d o le  C3MI) 

and t o t a l  r a d io a c t iv i t y  (T o ta l)  in  plasma o f  

C a lf  1 a f t e r  repea ted  in tra v e n o u s  in fu s io n s  o f  

in i t i a t e d  3 -m e th y lin c o le , Arrows r a r k  th e  tim e  o f  

in je c t io n .  A, B, C, D and E were 1, 1, 2 , 4 and 

12 n-g/kg in tra ve n o u s  doses o f  3 -m e th y lin d o le , 

re s p e c t iv e ly .
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F ig . 3 ,6  R a d io a c t iv ity  accounted as 3 -m e th y lin d o le  C3MI] 

and t o t a l  r a d io a c t iv i t y  [T o ta l)  in  plasma o f  

C a lf  2 a f t e r  repea ted  in tra v e n o u s  in fu s io n s  o f  

t r i t i a t e d  3 -m e th y lin d o le . Arrows mark th e  tim e  o f  

in je c t io n .  A, E, C, D, E and F were 1, I ,  2 , 4 , 8 

and 4 mg/kg in tra v e n o u s  doses o f  3 -m e th y lin d o le , 

re s p e c t iv e ly .
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3 ,3  -  DISCUSSION

R e su lts  o f  th e  p re se n t work show th a t  th e  a b s o rp tio n  o f  

3 -m e th y lin d o le  is  ra p id  a f t e r  o r a l a d m in is tra t io n  in  c a t t le .  Maximal - 

c o n c e n tra t io n s  o f  3 -m e th y lin d o le  in  plasma were ach ieved  2 -3  hours a f t e r  

o r a l  a d m in is t ra t io n  o f  a dose o f  0 .2  g /kg  o f  3 -m e th y lin d o le  in  f o u r  

c a t t l e  [F ig .  3 ,3 ) .  Rapid a b s o rp tio n  o f  3 -m e th y lin d o le  is  p ro b a b ly  

due to  i t s  h igh  l i p i d  s o l u b i l i t y .  An e a r l i e r  in v e s t ig a t io n  [C a rls o n , 

D ic k in s o n , Yokoyama and B ra d le y , 1975) o f  3 -m e th y lin d o le  a b s o rp tio n  was 

n o t  s a t is fa c to r y  in  th a t  th e  f i r s t  b lood sample was n o t taken  u n t i l  

th re e  hours a f t e r  3 -m e th y lin d o le  a d m in is tra t io n  was com pleted w h ich , 

fro m  these  r e s u l t s ,  is  a f t e r  th e  tim e  a t  which 3 -m e th y lin d o le  

c o n c e n tra t io n s  in  plasma are  m axim al.

The plasma h a l f - l i v e s  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  

w ere rem arkab ly  s h o r t  [16 and 11 m inutes re s p e c t iv e ly )  in  c a t t le .  

E l im in a t io n  o f  m e ta b o lite s  o f  3 -m e th y lin d o le  in  c a t t le  i s  ra p id  as 

shown by th e  ra p id  d e c lin e  o f  r a d io a c t iv i t y  in  plasma a f t e r  in tra v e n o u s  

a d m in is t ra t io n  o f  t r i t i a t e d  3 -m e th y lin d o le  [plasma h a l f - l i f e  = 48 

m in u te s ) .

Because a b s o rp tio n  and e l im in a t io n  o f  3 -m e th y lin d o le  is  

ra p id  r e la t iv e  to  th e  ra te  o f  p ro d u c tio n  by ru m in a i m icroo rgan ism s, 

i t  i s  c le a r  th a t  measurement o f  e i th e r  ru m in a i f l u i d  o r  plasma 

c o n c e n tra t io n s  o f  3 -m e th y lin d o le  in  s in g le  samples taken  under f i e l d  

c o n d it io n s  would n o t p ro v id e  any in d ic a t io n  o f  e i t h e r  th e  ra te  o r  

e x te n t  o f  3 -m e th y lin d o le  p ro d u c tio n . Changes in  th e  c o n c e n tra t io n  o f  

3 -m e th y lo x in d o le  in  plasma g e n e ra lly  p a ra l le le d  changes in  3 -m e th y lin d o le  

c o n c e n tra t io n s . M aintenance o f  th e  c o n c e n tra tio n  o f  3 -m e th y lo x in d o le
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d e te c te d  in  t h is  s tu d y  [F ig .  3 .3 )  in  p lasrra , o f  3 -m e th y lin d o le  dosed 

c a t t l e ,  w ould re q u ire  th e  conve rs ion  o f  s u b s ta n t ia l amounts o f  

3 -m e th y lin d o le  to  3 -m e th y lo x in d o le , s in ce  th e  plasma h a l f - l i f e  o f  

3 -m e th y lo x in d o le  is  s h o r t  (11 m in u te s ). T h e re fo re  t h is  da ta  suggests 

t h a t  3 -m e th y lo x in d o le  is  a m a jo r m e ta b o lite  o f  3 -m e th y lin d o le  in  

c a t t l e  as i t  i s  in  goa ts  [Hammond, C arlson and W i l le t t ,  1979).

S tu d ie s  [K ing  e t a l , 1966) on th e  m etabo lism  o f  in d o le  

in d ic a te  th a t  th e  r a t  m e ta b o lize s  in d o le  v ia  two ro u te s , a m a jo r ro u te  

b e g in n in g  w ith  in d o x y l and a m in o r ro u te  b e g in n in g  w ith  th e  fo rm a tio n  

o f  o x in d o le . W ith  3 -m e th y lin d o le , however, Hammond, C a rlson  and 

W i l l e t t  (1979) suggested th a t  th e  in d o x y l ro u te  w ould be b locked  by 

th e  m e th y l group and th e  o x in d o le  ro u te  o f  d e g ra d a tio n  p r e v a i ls .

P yrro looxygenase , an enzyme system w ith  th e  c h a r a c te r is t ic s  

o f  m ixed fu n c t io n  o x idases , has been is o la te d  from  r a t  l i v e r  m icrcsomes, 

3 -M e th y lin d o le  (s k a to le )  pyrro looxygenase  c o n v e rts  3 -m e th y lin d o le  to  

3 -m e th y lo x in d o le , 2-forrnam idoacetophenone and 2-am inoacetophenone.

The 2 , 3 - in d o le e p o x id e  has been proposed as th e  f i r s t  in te rm e d ia te  in  

th e  enzym atic  o x id a t io n  o f  in d o l ic  s u b s tra te s  by pyrro loxyg enase  

[Frydman, Tomaro and Frydman, 1972). T h is  epoxide  is  h ig h ly  u n s ta b le  

and cannot be is o la te d .  I s o la t io n  and id e n t i f ic a t io n  o f  3 -m e th y l

o x in d o le  in  plasma o f  3 -m e th y lin d o le  dosed c a t t le  w ould suggest th e  

fo rm a tio n  o f  3 -m e th y l-2 ,3 - in d o le e p o x id e  as an in te rm e d ia te  between 

3 -m e th y lin d o le  and 3 -m e th y lo x in d o le . The to x o lo g ic a l im p lic a t io n s  

o f  epoxide fo rm a tio n  are  d iscussed  in  C hapter 6.

C l in ic a l  o b s e rv a tio n s  on 3 -m e th y lin d o le  dosed c a t t le  re p o rte d  

in  t h is  s tu d y  and in  o th e r  s tu d ie s  [C a rlso n , D ic k in s o n , Yokoyama and
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B ra d le y , 1975) in d ic a te  th a t  3 -m e th y lin d o le  dosed c a t t le  c o n tin u e  

t o  d e te r io ra te  w h ile  th e  plasma c o n c e n tra tio n  o f  3 -m e th y lin d o le  

was d e c l in in g ,  su g g e s tin g  th a t  3 -m e th y lin d o le  is  n o t a c t in g  th ro ugh  

a r e v e rs ib le  mechanism.



CHAPTER 4

EFFECTS OF 3-f1ETHYLINDGLE AAD 3-METHYLINDOLE 

ANALOGUES ON ISOLATED BOVINE PULMONARY SMOOTH 

MUSCLES AND AN INVESTIGATION OF 3-METHYLINDOLE 

AND 3-METHYLOXINDOLE AS POSSIBLE RELEASERS OF 

MEDIATORS OF ANAPHYLAXIS
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4 .1  INTRODUCTION

The fo l lo w in g  approaches can be e x p lo ite d  in  th e  in v e s t ig a t io n  

o f  th e  mechanism o f  a c t io n  o f  substances which a re  suspected o f  

re le a s in g  substances m e d ia tin g  ana phy lax is  in  c a t t le ,

4 .1 .1  -  To dem onstra te  th a t  th e  substance m im ics th e  e f fe c ts  o f

a n a p h y la x is  o r  known re le a s e rs  o f  m e d ia to r  substances in

in ta c t  c a t t le

T h is  approach may be com p lica ted  by o th e r  a c t io n s  o f  th e  

a d m in is te re d  substances u n re la te d  to  th e  re le a s e  o f  m e d ia to r substances. 

F o r  example, compound 46/80 which re le a se s  h is ta m in e  and 5 -h yd ro xy - 

t ry p ta m in e  produces an i n i t i a l  r is e  in  b lood  p ressu re  in  ca lves  

(Lew is  and E yre , 1972b) which was in te rp re te d  as be ing  due to  

ca techo lam ine  re le a s e  (Lew is and E yre , 1972b) as re p o r te d  by Rocha 

E . S i lv a  (1959 ). C o n s is te n t changes a s s o c ia te d  w ith  e x p e r im e n ta lly  

induced  a n a p h y la c tic  shock induced by ch a lle n g e  w ith  s p e c i f ic  

a n t ig e n  in  s e n s it iz e d  ca lves  were dyspnoea, cough ing , pulmonary 

h y p e rte n s io n , sys tem ic  hypo tens ion  and in c rea sed  s a l iv a t io n ,  la c r im a t ic n  

and nasa l d isch a rg e s . The p a th o lo g ic a l changes produced by a n a p h y la x is  

a f t e r  a d m in is t ra t io n  o f  s p e c i f ic  a n tig e n s  to  s e n s it iz e d  ca lves  are  

la r g e ly  c o n fin e d  to  th e  re s p ir a to r y  system  and in c lu d e d  in t r a -  

a lv e o la r  and i n t e r s t i t i a l  oedema and emphysema and in t r a - a lv e o la r  

haemorrhage. P e tech iae  were observed on th e  e p i t h e l ia l  l i n in g  o f  

th e  tra ch e a  and on th e  v is c e ra l and p a r ie ta l  p le u ra . The tra ch e a  and 

m a jo r  b ro n c h i ' co n ta in e d  a cream -co lou red , f r o th y  f l u i d  w h ich v/as
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o fte n  b lo o d -s ta in e d  (A itk e n  and S an fo rd , 1969b; E yre , Lew is and 

W e lls , 1973).

S e n s it iz e d  ca lve s  developed ra p id  to le ra n c e  to  repea ted  c h a lle n g e  

w i th  s p e c i f ic  a n tig e n  and ca lves  d id  n o t respond to  a t h i r d  dose o f  

a n t ig e n  (E yre , Lewis and W e lls , 1973). H a e rra to lo g ic a l changes in  ca lve s  

undergo ing  e x p e r im e n ta lly  incuced a n a phy lax is  were c h a ra c te r iz e d  by 

in c re a s e d  packed c e l l  volume (h a e rro c o n c e n tra tio n ), in c re a se d  po tass ium  

c o n c e n tra t io n  (hyperka laem ia) and a severe decrease in  n e u tro p h ils  

(n e u tro p e n ia )  (W e lls , Eyre and Lumsden, 1973).

In fu s io n  o f  compound 48/50 to  ca lves  caused an i n i t i a l  r is e  

in  sys tem ic  b lood  p ressu re  fo llo w e d  by a hypo tens ion  le a d in g  to  dea th . 

Pulm onary a r t e r i a l  h yp e rte n s io n  and r e s p ir a to r y  embarrassment were a ls o  

re co rd e d . A com b ina tion  o f  mepyramine and m ethyserg ide  p ro te c te d  

c a lv e s  a g a in s t th e  e f fe c ts  o f  compound 48/60 s u g g e s tin g  th a t  th e  m a jo r 

p a r t  o f  i t s  t o x ic  e f fe c t  is  caused by th e  re le a s e  o f  h is ta m in e  and 

5 -h y d ro x y try p ta m in e . P a th o lo g ic a l ly ,  cong es tion  and engorgement o f  

th e  l i v e r  were th e  o n ly  le s io n s  observed in  ca lve s  a f t e r  f a t a l  doses o f  

compound 48/80 (Lew is and E yre , 1972b). The e f fe c ts  o f  m e d ia to rs  o f  

a n a p h y la x is  on c ir c u la to r y  and re s p ir a to r y  param eters a re  summarized 

in  Tab le  4 .1 .

Symptoms observed a f t e r  a d m in is t ra t io n  o f  h is ta m in e  and 

5 -h y d ro x y try p ta m in e  to  consc ious ca lve s  in c lu d e : r e s p ir a to r y  changes 

(tachypnoea, dyspnoea and coughing) congestion  o f  th e  c o n ju n c t iv a l 

mucosa and m uzzle and la c r im a t io n .  Depression and in c re a se d  

s a l iv a r y  and na sa l s e c re t io n  were marked a f t e r  h is ta m in e , whereas o n ly  

5 -h y d ro x y try p ta m in e  caused s ta g g e r in g  and snee z ing . Recovery was
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observed w i th in  le s s  than  one hou r fo l lo w in g  a d m in is t ra t io n  o f  non- 

f a t a l  doses o f  h is ta m in e  and 5 -h y d ro xy tryp ta m in e  (A itk e n  and S an fo rd ,

1972). Post-m ortem  exam ina tion  o f  ca lves  a f t e r  a d m in is t ra t io n  o f  

h is ta m in e  re ve a le d  severe pulmonary oedema. Less severe  oedema was 

observed in  ca lve s  w h ich had re c e iv e d  b ra d y k in in ,  whereas 5 -h yd ro xy - 

t ry p ta m in e  caused o n ly  m in im a l oedema (A itk e n  and S an fo rd , 1972).

In tra d e rm a l in je c t io n  o f  "bov ine  s lov j re a c t in g  substance 

o f  a n a p h y la x is " caused dose dependent v a s c u la r  p e rm e a b ili ty  changes 

i n  th e  s k in  o f  c a lv e s . These p e rm e a b ility  changes caused w e ll  

d e f in e d  in d u ra t io n s  s im i la r  to  weals induced by h is ta m in e  b u t 

d i f f e r e n t  from  those  induced by p ro s ta g la n d in  E2 (Burka and Eyre,

1977a).

4 .1 .2  -  To dem onstrate th a t  th e  suspected m e d ia to r  re le a s e r  causes

changes in  b lood  and t is s u e  c o n c e n tra tio n s  o f  m e d ia to r 

substances s im i la r  to  those  produced by a n a p h y la x is  o r  

fo l lo w in g  a d m in is t ra t io n  o f  knovm chem ica l re le a s e rs  o f  

m e d ia to r substances

Irrm u no lo g ica l and chem ica l re le a s e  o f  m ed ia to rs  o f  a n a p h y la x is  

w ou ld  be expected to  in c re a s e  th e  c o n c e n tra tio n s  o f  these  m ed ia to rs  

i n  b lood  and to  d e p le te  t is s u e  s to re s  o f  p re -fo rm ed  r a d ia to r s .

However t h is  approach is  o f te n  com p lica ted  by c o n s id e ra b le  in d iv id u a l  

v a r ia t io n  in  th e  c o n c e n tra tio n s  o f  t is s u e  m e d ia to r (e .g .  h is ta m in e ) 

w h ich  tends to  mask any changes due to  ana p h y la x is  (A itk e n , 1970).

In  ca lve s  undergo ing  a n a p h y la x is , plasma c o n c e n tra t io n  

in c re a s e d  d u r in g  a n a phy lax is  whereas whole b lood  h is ta m in e  c o n c e n tra tio n  

f e l l  s h a rp ly .  T h is  decrease in  t o t a l  b lood  h is ta m in e  was a t t r ib u te d
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t o  severe leucopen îa  accompanying a n a p h y la c tic  shock (Eyre e t  a l ,

1973). Most o f  th e  b lood  h is ta m in e  is  p resen t in  form ed elem ents 

p r in c ip a l ly  th e  le u co cy te s  o f  bov ines (H o lroyde  and E yre , 1975) as 

in  o th e r  an im al spec ies  (Greaves and Mongar, 1966).

S tu d ie s  on t is s u e  h is ta m in e  c o n c e n tra tio n  in d ic a te  th a t  th e re  

i s  a marked in d iv id u a l  v a r ia t io n  in  t is s u e  h is ta m in e  in  c a t t le .  These 

in d iv id u a l  v a r ia t io n s  made i t  im p o ss ib le  to  draw any c o n c lu s io n s  as 

t o  changes in  t is s u e  h is ta m in e  c o n c e n tra tio n  o r  mast c e l l  m orphology in  

c a lv e s  undergo ing ana p h y la x is  (A itk e n , 1970; Eyre e t a l , 1973) and 

fo l lo w in g  th e  a d m in is tra t io n  o f  compound 48/60 (Lew is and E yre ,

1972b). 5 -H yd ro xy tryp ta m in e  d id  n o t  show s ig n i f ic a n t  changes d u r in g  

a n a p h y la x is  (Eyre e t  a l , 1973).

In fu s io n  o f  compound 48/60 in  ca lve s  caused a s ig n i f ic a n t  

in c re a s e  in  th e  c o n c e n tra tio n s  o f  h is ta m in e  in  w hole b lood  and 

5 -h y d ro x y try p ta m in e  in  plasma (Lew is and E yre , 1972b).

P ro d u c tio n  o f  k in in s  fo llo w in g  bov ine  a n a p h y la c tic  shock 

has been dem onstra ted. C hallenge o f  s e n s it iz e d  ca lve s  w ith  s p e c i f ic  

a n t ig e n  re s u lte d  in  an in c re a se  in  b lood  k in in  a c t i v i t y .  The k in in  

a c t i v i t y  in  b lood  was c o r re la te d  w e ll  w ith  th e  f a l l  in  sys tem ic  b lood  

p re s s u re  seen in  these  ca lv e s  a f t e r  in tra ve n o u s  in je c t io n  o f  th e  

s p e c i f ic  a n tig e n  (Eyre and Levais, 1972).

4 .1 .3  -  To dem onstra te  th a t  a n ta g o n is ts  o f  m e d ia to rs  o f  a n a p h y la x is

a l le v ia te  e f fe c ts  o f  th e  suspected m e d ia to r re le a s e r  

Tab le  4 ,2  l i s t s  a n ta g o n is ts  o f  knov-m m ed ia to rs  o f  a n a phy lax is  

in  c a t t le .  The e f fe c ts  o f  these  a n ta g o n is ts  is  o f te n  d i f f i c u l t  to  

in t e r p r e t  as many o f  these  a n ta g o n is ts , e .g . sodium m eclofenam ate, have



LU

S

en

3

<

O

g
1—

a
LU

LI_
o

oU3
c

CN

LU

CO
< c

s
o
ce
CDQC

I—t
CD

*D
O

(D4-1
C

Ë
•H

CD

§

4->
CD

•H
C
ObC
CD4J
C<

U□
4-J
(D
■H
"O
CD

(ü
N -

CD

S
l ï
T3
C
(D

Cl
C3

o  N  4-1 *rH 
fD -M  
Cl CÛ

•H  S Z  
G .- P  
CD CD
CD CD
Cl CD

C
■O CD
C  .
CD 4 -  

O

^  e
-L4 CD
CD 4 4  
r-4 05 CD
3  C  CÛ

■H CD CD
C_J G , O

CÛ
4->

i
C
CD

<4-□
r-H
CD

E
Ë

•HT3
O

CO

CD
C14-4
CD
•H
X

JO
ci~.
en

S

TJ
C
CD

jgCl
3oa

3
4-4
CD

1-4
3
U
CDeu>
CO
3
O
GD
C
CD

4 >
3
CD

CD
C

•iH>
O

CD
N -
t \
en
1—1

2
> 1

LU O
r-H

TD
C  ■ en 3
CD . p > >

O G
CD TD

UC p CD CC, P
3 >1 üD C

CO LU < <

C
•H
CD
>

O  N  
4-4 'H
P P CDCl CD C

•H  _C □
C L P £
CD CD 1—1
CD 3 3Cl CD CD.

C
T J  CD CD
C C
CD 4 — ■H

O >
pn O

O £
p  ü TD O 3
CD P 3 > >

p  CD CD P O O
3  E  0 CD ZD
p CD > P CDP Cl 1—1 D

■H 3  CD CD CD CD
LD CL CD P < <

CD
P
CDCl

P
•x4 3
ü P

CD
QD U
C >1

-H PN LDg O G
C

CD p P

-S Cl
U

cr
CD

CD C
U E C

r-4 3 3
> i •H t—1

sz 3
p o CL
CD CD T -l

•H t 4 PQ CO H-

CD
>
O

- a

R
CD

"E
O

4 -
C
CD

en
T 3
c
CD

c
Q

_x:
4-4
t4
C

3

&■§
P

O  N P
P  «H CD
CD p 1—f
p 3 3

•H  4Z P
C L P 3
3 3 3
3 3 >
P  CD

C 3
TD 3 3
C O
3 P 3

O C

2* 3
3

P
O  P 3

P  3 P o
3  P >

P  3 3 3 ■|4
3 E 3 C >
P  3 > ■H
P P '—1 >

•H 3 3 O •H
p ;  CL P CO

m
c
‘e
S
£
o

J 3
m .
rs .
C3

S
L î

TD
C
(0

I
3

CO

LU (N  
I I—I

CN r-N. 
en  Ln  
J LD

d: o_ 
o _  Ü _

CD
N -

CD

e
LU

TD
C
CD

CD
-UCl
3DO

TD
3

O N
p •i4
3 P
P 3

•rH
CLP
3 3
3 CD
P 3

C
TD 3
C
3 P

□

& 3
O P

P 3
3 P

P O 3
3 EP 3 >
P P 1—i
■H 3 3eu CL P

3
-P

£
4-4•i4
a
CD
C

•r4
N

fO-e
CD
ü

r-4
> ,

_ c
p
CD
£3

t
P
CL

P

S'
S g;TD t4 

I
LD

P
r \
C31—î
—'
CD
P
>
LU P1—i
TD m.
SZ en
3 p

C
3
-P P 3
P G
3 >1 C
CO <

C
•r-i

>

f
3
C
CE

p
3
CL

G
C
•H
>
O

JZt

TD a
G > >

P c G
31—1 c
O
3 3 Vj
P < C

G
P
3
P
>

r-4

G P
TD P
•r-î ü
p E
G 3
3 •cH
>ï TD

43 O
P 3
G -f—i

CD



TDP
C

<3

(N

•sj"

CD<

TD
C
3

CN 3
P  *q-

3 CDD P
G P  CDD 3 3 40
Ü '—' 1—1 N- r \ r>.
C r \ p
QD V en en en
P P p r-H rH
G o

P p
G c  G G G G

03 3 P P P P
CD > , >1 >1 >1

LU LU LU LU
TD
C TD TD TD TD
3 (3 C G C

3 3 3 3
C
G 3 3 3 3

43 P 43 43 43
P  P P P P
P  3 3 3 3
<  m CD CD CO

&-■§
S
3

o N P
p  p 3
3 P 1—[

P P G CD 3
G P  43 3 O

TD CLP 43 G
G 3 3 U 3El G G C >

P 3 G
r-H C P G
3 TD 3 40 3

P C O
C 3 C P G
G rH C
E 3 3

'H p 3 O P
P G P 3
G P  G G TD G O
Cl 3 P > G >
X P  G 3 O P G P

LU G £ G TD 3 C >
p 3 > 3 rH P
P P P O >  C

P  3 3 3 œ o p
CJ CL G <C p DD

P
3

P G G G
C P P P
O 3 3 3
ta E E £
3 3 3 3
p C C C
c G G G
<c P P P

G O G
P P P
G G ü C
G G G LU
E E E 1

CN
E E E en
3 3 3 1

•r-t P "H co
TD TD TD i
O G O 03

en en 00 CL

G
p C P
o •H 3 O G
p c P G
3 •H O P G X

P C 43 G tÜ G 3
TD P ü C C P
G 43 P G P  3 > ,X >1 >1 C P  P  43

TD P P  G G £0.
P G > 3 40 3
P G O ÇID 3  C
CD < CD f-1 G 3

m>
oTD
3

3<

>O
-a

3

CN
P
PLn
un

CLLL

125

ts
p .
o

e
u-
TU
C3

.3p3
CD

IT'S
□ N 

p  -H
m p  
P Gp  43
o _ p  
3  3  m G 
P 3C

TD 3  
C
3  P  

D

c?
O P

P  G 
3  P

I—1 G  3
3  £  G

P P P  
P  3  3  
CJ Cl U

G
P
3
P

P
•H

G G G
P P
3 G 3
E G £
3 •rH 3
C N C
G G 3 G

P C C P
O c G 3 O

P •H N
■6

P
G G 3 G
G 3 P 3 G
d 43 3 G E

P 40 P
E G P >! E
3 tr >.43 3
•rH O C P •H
TD TD G G TD
o C 43 •rH O

en P CL CO CO

a
CL

3
N-
tv .
en
r—ï

e

TD
C
3

I
3

CD

o N
p  -H 
3  P  
P G 

P  43 
CLP  
3  3

K g
C

TD 3  
C ,
3  P  

O

2^ 3
O P 

P  G
3  P

3  £  G

P S P
P  3  3  
PD d  O

G 3
N-
fv. O
CDD CDD
P P

G G
P P

>1
LU LU

TD TD
C C
3 3

3 3
44 44
P P
3 3

en

c
•H
G
>

& E
> , O N
p -P "rH
3 3  P
C P G
P •H 43
E C LP

rH G G
3 G G
CL P 3

C
G TD 3
C C

•rH 3  P
> O
G

40 2* G
O P

TD P  G
G 3  P

P P  G G
3 G E G

r-H p  3  >
G P P 1—1
G •rH 3  3

P CJ CL G

G
C
O

5
p  
3  

TD 
1̂ —I

g '
G

f

PU*
TD
C
3

3

■p
3

C
•iH

§

&
3
C

E
I—I
3
d ,

G
C

■H>
O
3D
TD
G

P
3

r—I
G
3

3
•m
P .
en

P
LU
TD
C
3

I
3

CD

G
>)TD 
P G

>

G
P

N
•rH È?

3 p 3
P G C

•H 43 p
CLP E
G G p
G G 3
P 3

C
P

TD 3 G
C C
3 P

O
t H
>

& G
G

O P
P G TD
3 P O

iH G G P
3 E G 3
U 3 > P
P P 1—f G

•H 3 3 G
CJ CL G 1—1

P

TD
C
3

I
3

G
P

P
P
•H
G

G
C

•H
N

I
ü

P
>1

43
P
G

•r-i
CD

uT
PD
CL



G
S
c
2
Q]P
G
tr

G
XJ
o

3
P
C

E
"p
G
CL
X
UJ

p
G

•H

□
S’

p

T)
P
CO

LJ

(N

S<

PO
P
3
•rH
XI
G

3N-
en

g
iS-
XJc
3

I3
CO

&>■§
O N 

P  *H 
3  P  
P G

* P P  
G G 
G G 
P 3  

C
X I 3  C
3  P  

G

^  S
P  G 
3  P  

rH G G

s U
■rH 3  3  
P) CL G

C
•H
O
3

P

E
G
XI
Cl-H

Ü 3 ü
'q- N-

■
en en en
p p 1—1

v—r

G G G
P P P
>. >. >
UJ LU UJ

X X X
c C C
3 3 3

3 3 3
44 44

P P P
3 3 3
CJ Q CD

■iH
G>
CT
3
C

I
3
CL

G
C

■H>
OJG

X
G

P
3

P
O
G
P

S
1aJZ
CL
G
O

4=
CL

C
t H
P

2
O

P
JC
CL

CNJ
Û_

E" G
O N

P -P  
p  G P  x: 
C LP  
G G 
G G 
P 3

X  3

3  <-t- 
O

D £
P  G 
3  P  

P  G G

2 2 0
•H 3  3  
CJ CL ü

G
P

i
c
G

P
G

P

i
i

■fH
X
o

co

«
(N

G>
g
3
C

I
3
C.

G
C

•H>
G

X

X
G

P
3

P
G
G

3

-Ss
I—l

44
P
G

•H
CO

126

G
>
G

X
3

G
C

G>
C

3

G
C

S
3

P
3

JZ

C
G

JZ
CL

CD
CL



127

a d iv e rs e  e f fe c t  and are- capable  o f  a n ta g o n iz in g  s e v e ra l m ed ia to rs  

(T ab le  4 .2 ) .

I t  has been shown th a t  meclofenamate p re - tre a tm e n t r e g u la r ly  

p re ve n te d  c o lla p s e  and r e s p ir a to r y  d is tre s s  in  s e n s it iz e d  conscious 

c a lv e s  a f t e r  c h a lle n g e  w ith  s p e c i f ic  a n tig e n . C yproheptad ine  and 

m e thyse rg ide  d id  n o t m od ify  th e  a n a p h y la c tic  response, w h ile  a tro p in e  

and mepyramine reduced la c r im a l and o th e r  s e c re t io n s  b u t d id  no t 

a f f e c t  c o lla p s e  and dyspnoea (A itk e n  and S an fo rd , 1959a).

M eclofenam ate, phenylbu tazone , a c e t y ls a l ic y c l ic  a c id  and 

indom ethac in  p ro te c te d  ca lve s  from  a n a p h y la c tic  c a rd io v a s c u la r  shock, 

whereas SC-19220, p o ly p h lo re t in  phosphate and d ie th y lc a rb a m a z in e  

c i t r a t e  a ffo rd e d  o n ly  weak p ro te c t io n  a g a in s t sys tem ic  a n a phy lax is  

(B urka  and E yre , 1974a). Eased on these  f in d in g s  i t  has been 

suggested th a t  p ro s ta g la n d in s  are  r e la t iv e ly  im p o rta n t r re d ia to rs  in  

c a t t l e  (Burka and E yre , 1974a) s in c e  a s p ir in ,  indom ethac in , p h e n y l

bu tazone and m eclofenam ate are  a l l  knov/n to  be in h ib i t o r s  o f  

p ro s ta g la n d in  s y n th e s is  (Vane, 1971; F low er, G ry g le w sk i, Herbacynska- 

Cedro and Vane, 1972).

Mepyramine d id  no t i n h ib i t  the  a n a p h y la c tic  re a c t io n  o f  

s e n s it iz e d  ca lves  to  in tra v e n o u s  in je c t io n  o f  s p e c i f ic  a n tig e n . 

M e thyse rg ide  and d ie th y lc a rb a m a z in e  each suppressed th e  re a c t io n  by 

abou t 50%. D isodium  crom og lyca te  a lone  d id  n o t i n h ib i t  the  a n a p h y la c ti 

response b u t was s y n e r g is t ic  w ith  d ie th y lca rb a m a z in e  (Eyre e t  a l ,

1973).

H aem oconcentration and hyperka laem ia  accompanying 

a n a p h y la x is  in  ca lve s  were s t ro n g ly  in h ib i te d  by sodium m eclofenamate
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and by d isod ium  crom og lyca te  g iven  s im u lta n e o u s ly  w ith  d ie th y lca rb a m a z in e  

Sodium m eclofenamate s t ro n g ly  in h ib i te d  th e  p a th o lo g ic a l changes 

a s s o c ia te d  w ith  a n a p h y la x is  b u t d isod ium  crom og lyca te  and d ie th y l 

carbam azine reduced these  changes o n ly  s l i g h t l y .  A n tih is ta m in e  and 

a n t i-5 -h y d ro x y try p ta m in e  drugs were no t e f fe c t iv e  in  p re v e n tin g  

h a e m a to lo g ic a l o r  p a th o lo g ic a l changes a ss o c ia te d  w ith  a n a p h y la x is  in  

c a lv e s  (W e lls  e t  a l , 1973].

4 .1 .4  -  To dem onstra te  th a t  th e  t e s t  substances re le a s e  m e d ia tc r

substances from  lung  t is s u e  o r  le u c o c y te s  in  v i t r o

Chopped lung t is s u e  and suspensions o f  le u co cy te s  have been 

s u c c e s s fu lly  used to  dem onstra te  th e  re le a s e  o f  rm d ia to rs  o f  a n a p h y la x is  

i n  v i t r o  by im m uno log ica l and chem ica l s t im u l i .  S p e c if ic  a n tig e n  

and compound 46 /60  re le a se d  dopamine (E yre , 1971b], h is ta m in e  (E yre , 

1971a) and 5 -h y d ro x y try p ta m in e  (Eyre , 1972) from, chopped lung  t is s u e  

o f  s e n s it iz e d  c a lv e s . In  a d d it io n  s p e c i f ic  a n t ig e n  caused th e  

re le a s e  o f  "s lo w  re a c t in g  substance o f  a n a p h y la x is "  from  s e n s it iz e d  

lu n g  (Burka and E yre , 1974b).

These r e s u lts  c o n t ra d ic t  th e  f in d in g s  o f  A itk e n  (1570) v.bo 

re p o r te d  th a t  o n ly  t is s u e s  from  th e  s k in  o f  th e  m uzzle and e a r o f  

s e n s it iz e d  ca lve s  re le a s e d  h is ta m in e  in to  th e  su p e rn a ta n t f l u i d  when 

c h a lle n g e d  w ith  s p e c i f ic  a n t ig e n . T issues from  th e  lu n g , p le u ra  and 

l i v e r  capsu le  d id  n o t show ev idence o f  re le a s e  o f  h is ta m in e .

5 -H yd ro x y try p ta m in e  was n o t d e te c ta b le  in  s u p e rn a ta n t f l u i d  a f t e r  

in c u b a t io n  o f  chopped lung  t is s u e  from  s e n s it iz e d  ca lve s  v / ith  s p e c i f ic  

a n t ig e n  f o r  60 m in u te s . F u rthe rm cre  A itk e n  (1970) re p o rte d  th a t  

in c u b a t io n  o f  chopped lung  t is s u e  v / ith  5 -h y d ro x y try p ta m in e  re s u lte d
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in  a p ro g re s s iv e  decrease in  th e  c o n c e n tra tio n  o f  5 -h y d ro x y try p ta rr in e  

in d ic a t in g  th a t  i t  was removed by lung t is s u e  from  th e  in c u b a tio n  

f l u i d .

In c u b a tio n  o f  fragm ents  o f  t is s u e  from  th e  l i v e r  capsu le , 

p le u ra  and s k in  o f  muzzle and e a r w ith  th e  compound 46/80 caused th e  

re le a s e  o f  h is ta m in e  in to  th e  su p e m a te n t f l u i d  (A itk e n , 1970).

The chopped lung  p re p a ra t io n  has been shown to  be a u s e fu l 

model f o r  e v a lu a t io n  o f  a n t i-a n a p h y la c t ic  d rugs . The a n t i-a n a p h y la c t ic  

d rugs PR-D“ 92-EA and M S B  22,948 e f f e c t iv e ly  in h ib i t e d  th e  im m unologic 

re le a s e  o f  th e "s lo w  re a c t in g  substances o f  a n a p h y la x is " from  chopped 

lu n g  p re p a ra t io n s . C h lorophenesin  and d ie th y lc a rb a m a z in e  c i t r a t e  were 

e f fe c t iv e  a ls o  b u t o n ly  a t  h igh  c o n c e n tra t io n s , whereas re c lc fe n a ra te  

and a s p ir in  p o te n t ia te d  th e  re le a s e  o f  th e  "s lo w  re a c t in g  substance 

o f  a n a p h y la x is " .

The im m uno log ica l re le a s e  o f  h is ta m in e  from  suspensions o f  

po lym o rp honuc lea r le u co cy te s  o f  s e n s it iz e d  ca lve s  has been d s ro n s tra te d  

(H o lro yde  and E yre , 1975).

A ttem pts to  use th e  is o la te d  pe rfused  bov ine  lung  as an 

e x p e rim e n ta l model to  in v e s t ig a te  th e  re le a s e  o f  m e d ia to r substances 

by irrm u n o lo g ica l s t im u l i  have met w ith  l i t t l e  success. No in c re a s e  in  

th e  c o n c e n tra t io n  o f  h is ta m in e  and 5 -h y d ro x y try p ta m in e  in  th e  p e r fu s io n  

f l u i d  was observed when is o la te d  pe rfused  lungs from  s e n s it iz e d  ca lve s  

were exposed to  s p e c i f ic  a n tig e n  (Eyre e t a l , 1973). I t  has been 

c la im e d  th a t  c h a lle n g e  o f  p e rfused  is o la te d  lu ng  p re p a ra t io n s  w ith  

s p e c i f i c  a n tig e n  re s u lte d  in  th e  re le a s e  o f  h is ta m in e , k in in  and o th e r  

u n id e n t i f ie d  m e d ia to r substances (A itk e n , 1970).
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4 .2  -  EXPERIMENTAL

4 .2 .1  -  In tro d u c t io n

In tra ve n o u s  in je c t io n  o f  3 -m e th y lin d o le  is  fo llo w e d  by 

c ir c u la to r y  and r e s p ir a to r y  changes s im i la r  to  those  observed d u r in g  

e xp e rim e n ta l a n a p h y la x is  in  c a t t le .  These changes a re  c h a ra c te r iz e d  

by sys tem ic  hyp o te n s io n , pulmonary a r t e r i a l  h y p e rte n s io n  and r e s p ir a to r y  

embarrassment, ra p id  development o f  to le ra n c e  on re p e a tin g  th e  i n i t i a l  

dose o f  3 -m e th y lin d o le  and re d u c tio n  o r  a b o l i t io n  o f  th e  e f fe c ts  o f  

3 -m e th y lin d o le  by a n ta g o n is ts  to  known m eo ia to rs  o f  a n a p h y la x is .

Based on these  o b s e rv a tio n s  i t  has been suggested th a t  3 -m e th y lin d o le  

i s  a c t in g  th ro ugh  re le a s e  o f  m e d ia to rs  o f  a n a p h y la x is  (A tk in s o n , Bogan, 

Breeze and Selman, 1977).

A n o the r hyp o th e s is  (E yre , 1975) on th e  mechanism o f  th e  

pa thogenesis  o f  th e  L - try p to p h a n  induced pulm onary d isease  suggests 

t h a t  3 -m e th y lin d o le  and o th e r  try p ta m in e  analogues absorbed from  th e  

rumen a re  a c t in g  d i r e c t ly  on th e  bov ine  pulm onary v e in  caus ing  a 

p r im a ry  hydrodynam ic im balance fa v o u r in g  tra n s u d a t io n  o v e r re a b s o rp tio n  

r e s u lt in g  in  pulm onary oedema. T h is  hyp o th e s is  is  based on o b s e rv a tio n s  

t h a t  try p ta m in e  analogues c o n tra c t th e  pulmonary v e in .  The concen

t r a t io n s  o f  3 -m e th y lin d o le  used in  t h is  s tudy  (E yre , 1975) were c o n s id e ra b ly  

h ig h e r  than those  re p o rte d  as be ing  p resen t in  th e  plasma o f  c a t t le  

re c e iv in g  t o x ic  o r a l doses o f  3 -m e th y lin d o le .

In  th e  fo l lo w in g  experim ents th e  e f fe c ts  o f  3 -m e th y lin d o le  

and 3 -m e th y lin d o le  analogues in c lu d in g  3 -m e th y lo x in d o le  on is o la te d  

smooth m uscle p re p a ra tio n s  from  th e  v a s c u la tu re  and a irw ays  o f  th e  

b o v in e  lung were in v e s t ig a te d .  A lso  th e  p o s s ib i l i t y  th a t  3 -m e th y lin c o le
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o r  3 -m e th y lo x in d o le  a re  caus ing  re le a s e  o f  m e d ia to r substances was 

in v e s t ig a te d  us ing  chopped lung  p re p a ra t io n s .

4 .2 .2  -  M a te r ia ls

5 -M e th y lin d o le  and 7 -m e th y lin d o le  were o b ta in e d  from  A ld r ic h  

Chem ical Company In c . ,  G ill in g h a m , D o rse t, England.

3 -P h e n y lin d o le  was o b ta in e d  from  O rganised Chem. In s t .  T .N .O ., 

U tre c h t ,  H o lla n d .

S -H y d ro x y try p ta m in e -c re a tin in e  s u lp h a te , h is ta m in e  c ih y d ro -  

c h lo r id e ,  is o a m y la lc o h o l, compound 48/GO and 0 -p h th a ld ia lt ie h y d e  were 

o b ta in e d  from  Sigma Chemical Co. L td . ,  London.

P ro s ta g la n d in  trom etham ine was o b ta in e d  from  Upjohn L im ité e . 

A g r ic u l t u r a l  V e te r in a ry  D iv is io n ,  F lem ing Way, C raw ley, Sussex, England. 

3 -M e th y io x in d o le . was prepared as de sc rib e d  in  C hapter 3.

O the r chem ica ls  were ob ta in e d  from  com m ercial sources as 

d e s c r ib e d  p re v io u s ly  and were o f  a n a ly t ic a l  g race .

The chem ica l s t ru c tu re s  o f  3 - r e th y l in c c le  and 2 -m e th y lin c c le  

ana logues a re  i l lu s t r a t e d  in  F ig . 4 ,1 .

4 .2 .3  -  E f fe c ts  o f  3 -m e th y lin d o le  analogues on is o la te d  bov ine

pulmonary smooth muscle p re p a ra tio n s  

Is o la te d  smooth muscle p re p a ra tio n s  were o b ta in e d  from  s ix  

c a lv e s  (A y rs h ire  , 3-12 months o ld ) .  Goth lungs a tta ch e d  to  th e  base ■ 

o f  th e  h e a rt were o b ta in e d  irm e c ia te ly  a f t e r  s la u g h te r ,  p laced  in  

c o ld  Krebs -  H e n s e le it  s o lu t io n  and tra n s p o r te d  to  th e  la b o ra to ry .

The is o la te d  bov ine  pulmonary v e in  was prepared as de sc rib e d  by A itk e n  

(1 9 7 0 ). The p r in c ip a l  pulmonary ve in s  o f  bo th  lungs were c a r e fu l ly
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F ig . 4 .1  Chemical s t ru c tu re s  o f  3 -m e th y lin d o le  and 

3 -m e th y lin d o le  analor^ues



3-methyl indole
I 1

CH

3-methyI oxIndole LAN < ^ 0

3-phenyl indole

5-methyl indole

7-methyl indole

CH
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d is s e c te d , removed and p laced  in  K re b s -H e n s e le it s o lu t io n .  The v e in  

was c u t in to  a s in g le  s t r i p ,  a p p ro x im a te ly  3 -5  mm w id th  and 3-5  cm 

le n g th ,  and s e t up in  a 75 m l is o la te d  organ ba th  a t  37°C in  K rebs- 

H e n s e le it  s o lu t io n  aerea ted w ith  5% carbon d io x id e  in  oxygen, a t  a 

r e s t in g  te n s io n  o f  about 2 g . The p r in c ip a l  pulm onary a r te r y  was 

s im i la r ly  p repared and s e t up.

The t ra c h e a l muscle was s e t up as d e sc rib e d  by G ffe rm e ie r  

arid A rie n s  (1966 ), A t ra c h e a l r in g  was d is s e c te d  from  th e  tra c h e a .

The t ra c h e a l muscle was c a r e fu l ly  d is s e c te d  from  th e  in s id e  o f  th e  

r in g ,  and s e t up in  an is o la te d  organ ba th  as d e sc rib e d  f o r  th e  

pulm onary v e in ,  A bronchus (approx. 5 mm d ia m e te r) was c a r e fu l ly  d is s e c 

te d ,  c u t s p i r a l l y  in to  a s in g le  s t r i p  (4 cm lo n g ) (A itk e n , 1970;

Burka and E yre , 1977a) and s e t up as d e scrib ed  f o r  th e  pulm onary v e in . ' 

C o n tra c t io n s  o f  is o la te d  smooth muscle p re p a ra tio n s  v/ere recorded 

is o to n ic a l ly  us ing  a l in e a r  m otion  tra n s d u c e r and pen re c o rd e r .

T issues  were a llow ed  to  e q u i l ib r a te  f o r  45 m inu tes b e fo re  

a p p l ic a t io n  o f  d rugs. Doses o f  3 -m e th y lin d o le  analogues (5 , ID ,

20 , 40, 80, 160, 320 and 640 pg /m l) were a llow ed  to  a c t f o r  15 m inu tes . 

Doses o f  5 -h y d ro x y try p ta m in e  were a llow ed  to  a c t f o r  5 m inutes o r  

f o r  15 m inutes f o r  th e  bronchus which needed a lo n g e r  tim e  to  c o n tra c t ,  

o r  u n t i l  maximal c o n tra c t io n s  were reached, 5 -H y d ro x y try p ta m in e -

c r e a t in in e  s u lp h a te  was d is s o lv e d  in  K re b s -H e n s e le it s o lu t io n .

3 -M e th y lin d o le , 3 -m e th y lo x in d o le , 3 -p h e n y lin d o le , 5 -m e th y l-  

in d o le  and 7 -m e th y lin d o le  were d is s o lv e d  in  10% "Cremophor EL” in  

K re b s -H e n s e le it s o lu t io n .

The e f fe c ts  o f  each compound were in v e s t ig a te d  on is o la te d
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pulmonary v e in ,  pulmonary a r te r y ,  t ra c h e a l m uscle and b ro n c h ia l s t r i p  

fro m  each o f  th e  s ix  c a lv e s . '

R e s u lts

Doses o f  3 -m e th y lin d o le , 3-m efehyloxindole, 3 -p h e n y lin d o le , 

5 -m e th y lin d o le  and 7 -m e th y lin d o le  o f  5-640 pg /m l d id  n o t cause 

c o n t ra c t io n  o r  re la x a t io n  in  any o f  th e  is o la te d  smooth muscle 

p re p a ra t io n s . 5 -H y d ro x y try p ta m in e -c re a tin in e  s u lp h a te  caused dose 

dependent c o n tra c t io n  o f  the  t ra c h e a l muscle (0 .0 4 -5 .1 2  p g /m l) ,  th e  

pulm onary v e in  (0 ,0 4 -1 .2 6  yg /m l3 , pulmonary a r te ry  (0 ,3 2 -2 0  y g /m l] end 

bronchus (0 ,0 1 5 -5 .1 2  y g /m l) .

4 ,2 ,4  -  In v e s t ig a t io n  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  as

p o s s ib le  re le a s e rs  o f  m e d ia to r substances from  chopped 

bov ine  lung p re p a ra tio n s

A t o t a l  o f  s ix  experim ents was c a r r ie d  o u t.  The e f fe c t

o f  each o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  was assessed on chopped

lu n g  p re p a ra t io n s  from  th re e  ca lves  (A y rs h ire ,  3-12 months o ld ) .

Lung t is s u e  from  one c a l f  was used in  each e x p e rim e n ts . Chopped 

b o v in e  lung  p re p a ra t io n s  were p repared a cco rd in g  to  th e  te ch n iq u e  o f  

E yre  (1971a),

An im als were stunned us ing  a c a p t iv e  b o l t  p i s t o l ,  p ith e d

w ith  a l i g h t  cane, and im m ed ia te ly  exsangu ina ted by ju g u la r  s e c t io n .

Lungs were removed as soon as p o s s ib le  and p laced  in  c h i l le d  Tyrode 

s o lu t io n  (4 °C ), Lungs showing m acroscopic a b n o rm a lit ie s  were d is c a rd e d . 

Lung t is s u e  was chopped in to  p ieces  a p p ro x im a te ly  4 mm in  d ia m e te r 

w i th  a p a i r  o f  s c is s o rs .  The chopped t is s u e  was p laced  in  an excess
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o f  TyrOde s o lu t io n  and l e f t  to  wash f o r  one hou r a t  4°C w ith  th re e  

changes o f  Tyrode.

P ieces o f  t is s u e  were b lo t te d  on f i l t e r  paper, weighed as 

a c c u ra te ly  as p o s s ib le  and 2 g a l iq u o ts  suspended in  4 .5  ml Tyrode 

s o lu t io n  in  c o n ic a l f la s k s  C25 m l c a p a c ity ) .  A t o t a l  o f  15 f la s k s  was 

p repa red  in  t h is  way and d iv id e d  in to  th re e  equa l groups f o r  in c u b a t io n  

w ith  Tyrode a lone , Tyrode c o n ta in in g  compound 48/80 and Tyrode 

c o n ta in in g  3 -m e th y lin d o le  o r  3 -m e th y lo x in d o le  (which were t r i e d  in  

se p a ra te  e xp e rim e n ts ) .  F lasks were in cuba ted  in  a shak ing  w a te r  bath  

a t  37°C w ith  con tin uous  oxygena tion  (a m ix tu re  o f  5%, carbon d io x id e  

in  oxygen was bubbled th ro ugh  th e  f la s k s  s lo w ly  to  a vo id  excess ive  

f r o th in g  in  f la s k s  c o n ta in in g  "Cremaphor-EL” ) f o r  20 m in u te s .

In c u b a tio n  commenced by add ing 0 ,5  m l o f  Tyrode a lone  o r  Tyrode 

c o n ta in in g  th e  corrpound 48/80 (4 mg/m l) o r  Tyrode c o n ta in in g  3 -m e th y l

in d o le  (200 yg /m l) o r  3 -m e th y lo x in d o le  (250 y g /m l)  and l e f t  to  

in c u b a te  f o r  a f u r t h e r  20 m in u te s . A f te r  in c u b a t io n ,  sup e rn a ta n ts  

were removed (P a s te u r p ip e t te )  and c e n tr ifu g e d  (2000 rpm f o r  20 m inu tes)

S uperna tan ts  and chopped lung  t is s u e  o f  one f la s k  fro m  each 

g roup  were sepa ra ted  f o r  s p e c t r o f lu o r im e t r ic  assay o f  h is ta m in e . 

H y d ro c h lo r ic  a c id  was added to  these samples ir rm e d ia te ly  to  s t a b i l iz e  

h is ta m in e , 0 .5  ml O .IN  HCl was added to  4 m l s u p e rn a ta n t and chopped 

lu n g  t is s u e  (2 g) was d ice d  in  1 ml O .IN HCl, A c id i f ie d  t is s u e  

and su p e rn a ta n ts  were s to re d  a t  -20°C u n t i l  s p e c t r o f lu o r im e t r ic  

d e te rm in a tio n  o f  h is ta m in e  w i th in  seven days. The rem a in ing  chopped 

t is s u e  was d isca rd e d  and su p e rn a ta n ts  o f  each group poo led  f o r  

b io a s s a y . B ioassay o f  supe rn a ta n ts  on th e  is o la te d  gu inea p ig  ile u m
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was c a r r ie d  ou t on th e  saræ day and on th e  is o la te d  r a t  u te ru s  in  

o e s tru s  nex t day and v/ere s to re d  o v e rn ig h t a t  -2Q°C,

4 .2 .5  ”  In v e s t ig a t io n s  on m e d ia to r substances re le a s e d  from  chopped

lu ng  t is s u e

M e d ia to r substances in  supe rn a ta n ts  were examined by s tu d y in g  

th e  e f fe c t  o f  sup e rn a ta n ts  o f  chopped lung  p re p a ra t io n s  on th e  is o la te d  

gu inea  p ig  ile u m  w hich is  s e n s i t iv e  to  histam ine(Vugm an and Rocha E, 

S i lv a ,  1956) and "s lov / re a c t in g  substance" CC hekravarty, 1959) and 

on th e  is o la te d  r a t  u te ru s  which is  s e n s it iv e  to  5 -h y d ro x y try p ta m in e  

C G ffo im e ie r and A r ie n s , 1966) and p ro s ta g la n d in s  (Orange and Austen, 

1969). H is tam ine  re le a s e  was determ ined us ing  a s p e c t r o f lu o r im e t r ic  

te c h n iq u e ,

4 .2 .6  -  A c tio n  o f  su p e rn a ta n ts  o f  chopped lung  p re p a ra t io n s  on th e

is o la te d  guinea p ig  ile u m

A gu inea p ig  (200 g a p p ro x im a te ly ) v/as k i l l e d  w ith  a b low  on 

th e  head and b le d  from  the  ju g u la r  v e in . The abdomen v/as opened 

th ro u g h  a m id lin e  in c is io n ,  th e  abdom inal c o n te n ts  exposed and the  

ile o c e a c a l ju n c t io n  id e n t i f ie d .  The te rm in a l p o r t io n  o f  th e  ile u m  was 

ta ke n  ou t (about 10 cm) and i t s  lumen c a r e fu l ly  v/ashed w ith  warm 

Tyrode s o lu t io n .  A f te r  w ashing, a sm a ll p ie ce  o f  th e  g u t (2 -3  cm.) was 

c u t .  Both ends o f  th e  p ie ce  v/ere c u t o b l iq u e ly  so th a t  th e  c u t ends 

c o u ld  be t ie d  v /h ile  le a v in g  bo th  ends open, a l lo w in g  p e r fu s io n  f l u i d  to  

f lo v /  f r e e ly  in  and o u t o f  th e  g u t. One end was t ie d  to  th e  bottom  

o f  th e  organ ba th  w h ile  th e  o th e r  end was t ie d  to  th e  le v e r  o f  a l in e a r  

m o tion  tra n s d u c e r, Tyrode s o lu t io n  was used as th e  p e r fu s io n  f l u i d  a t
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37°C in  a 10 ml organ ba th  w ith  an o v e r f lo w  co n n e c tio n . Oxygen was 

c o n t in u o u s ly  bubbled th rough  th e  ba th  th ro u g h o u t th e  e x c e r ire n t .

Doses o f  equal volumes o f  supe rn a ta n ts  o f  chopped lung 

p re p a ra t io n s  were a p p lie d  in  a random fa s h io n  (L a t in  square des ign ) and 

th e  h e ig h t o f  th e  c o n tra c t io n s  caused by these  su p e rn a ta n ts  were 

measured. A tro p in e  s u lp h a te  CC.l p g /m l) and mepyramine male a te  

(1  p g /m l) were used as a n ta g o n is ts  to  id e n t i f y  r a d ia to r s .

The h e ig h t o f  c o n tra c t io n s  o f  th e  gu inea p ig  i le u n  prccuced 

d i f f e r e n t  su p e rn a ta n ts  was compared us ing  a n a ly s is  o f  v a r ia n c e .

The h e ig h t o f  c o n tra c t io n s  produced by sup e rn a ta n ts  o f  chopps: 

lu n g  c o n ta in in g  3 -m e th y lin d o le , 3 -m e th y lo x in d o le  o r  comcound 46/50 was 

each corrparod w ith  those  produced by sup e rn a ta n ts  o f  c o n t ro l chcrced 

lu n g  in cu b a te d  in  Tyrode a lone  us ing  a p a ire d  S tuden t t - t e s t .

The e f fe c t  o f  3 -m e th y lin d o le  (2 p g /m l) and 3 -m e th y lc x in d o le  

(2 .5  p g /m l) on th e  response o f  th e  is o la te d  gu inea p ig  i l s im  to  

h is ta m in e  was examined by com paring (p a ire d  S tuden t t - t e s t )  th e  h e ig h t 

o f  c o n tra c t io n s  produced by equa l volumes o f  s tanda rd  s o lu t io n s ,  

one o f  h is ta m in e  (200 n g /m l) a lone  in  Tyrode s o lu t io n  and th e  e th e r  

o f  h is ta m in e  (200 n g /m l) in  Tyrode s o lu t io n  c o n ta in in g  3 -m e th y lin d o le  

(40  p g /m l) o r  3 -m e th y lo x in d o le  (50 p g /m l) .

R e s u lts

S uperna tan ts  o f  chopped lung p re p a ra t io n s  caused c o n tra c t io n  

o f  th e  is o la te d  gu inea p ig  ile u m . The h e ig h t o f  c o n tra c t io n s  caused 

by su p e rn a ta n ts  o f  chopped lung  p re p a ra tio n s  in cu b a te d  in  Tyrode 

s o lu t io n  a lone  o r  w ith  compound 48 /80 , 3 -m e th y lin d o le  o r  3 - re th y lc x -  

in d o le  is  shown in  Tab le  4 ,3 , A n a ly s is  o f  v a r ia n c e  shewed a s ig n i f ic e r i
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d if fe re n c e  (P <0 . 01) between th e  h e ig h t o f  c o n tra c t io n s  produced by 

d i f f e r e n t  s u p e rn a ta n ts . C lo s e r a n a ly s is  us in g  p a ire d  S tuden t t - t e s t  

shov.'ed no s ig n i f ic a n t  d if fe re n c e  between th e  h e ig h t o f  c o n tiM c tio n s  

produced by supe rn a ta n ts  o f  chopped lung p re p a ra t io n s  in c u b a te d  in  

Tryode s o lu t io n  a lone  and those  produced by su p e rn a ta n ts  o f  chopped , 

lu n g  p re p a ra tio n s  incuba ted  in  Tyrode s o lu t io n  c o n ta in in g  3 n ''-e th y l-  

in d o le  o r  3 -m e th y lo x in d o le , b u t supe rn a ta n ts  o f  chopped lur^L p re p a ra t io n s  

in c u b a te d  in  corrpound 48/80 produced s ig n i f ic a n t l y  h ig h e r  {]" <0.05), 

c o n tra c t io n s  than  those  produced by supe rn a ta n ts  o f  choppec lu n g  

p re p a ra t io n s  in cuba ted  in  Tyrode s o lu t io n  a lo n e .

S uperna tan ts  o f  chopped lung  p re p a ra tio n s  in c u b a ipc in  Tyrode 

s o lu t io n  a lone  o r  in  Tyrode s o lu t io n -c o n ta in in g  3 -m e th y lin c o le  o r  

3 -m e th y lo x in d o le  d id  no t cause c o n tra c t io n  o f  th e  gu inea pi,p  ile u m  in  

th e  presence o f  a m ix tu re  o f  a tro p in e  s u lp h a te  CO.1 p g /m l)  mepyramine 

m a lea te  Cl p g /m l) .  A lso  mepyramine rra le a te  Cl p g /m l) a lo n e  b locked  

th e s e  c o n tra c t io n s .  T h is  m ix tu re  o f  a n ta g o n is ts  decreasee th e  h e ig h t ,  

b u t  d id  n o t b lo c k  co m p le te ly  c o n tra c t io n s  caused by s u p e r re ta n ts  o f  

compound 48/80 in cuba ted  chopped lu ng  p re p a ra t io n s .

The presence o f  3 -m e th y lin d o le  C2 p g /m l) and 3 rm e b h y lo x in d o le  

C2.5 pg /m l) d id  no t a l t e r  th e  response o f  th e  gu inea p ig  il^>om to  

h is ta m in e .

4 .2 .7  -  A c tio n  o f  su p e rn a ta n t o f  chopped lu ng  p re p a ra tio fn a  on

th e  is o la te d  o e s tru s  r a t  u te ru s  

Rats were p re - t re a te d  v / ith  oestrogen  C o e s tra d io l prsnzoate ,

0 .1  m g/kg, S.C., in  0 .1  ml e th a n o l)  18 hours b e fo re  th e  b io a ^ s a y . Rats 

w ere  k i l l e d  w ith  a b low  on th e  head and b le d  from  th e  ju g u l ' j j i r  v e in .
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The abdomen was opened th ro ugh  a m id l in e  in c is io n  and th e  u te ru s  

d is s e c te d  o u t and suspended in  a 10 m l organ b a th . The p e r fu s io n  

f l u i d  used was de J a lo n ' s s o lu t io n ,  gassed w ith  5% carbon d io x id e  in  

oxygen a t  32°C. O nly p re p a ra t io n s  showing no spontaneous a c t i v i t y  

unde r th e  b ioassay  c o n d it io n s  d e scrib ed  were used. D i f fe r e n t  doses o f  

su p e rn a ta n ts  o f  3 -m e th y lin d o le , 3 -m e th y lo x in d o le  and Tyrode incuba ted  

chopped lung  and two s tanda rd  s o lu t io n s  o f  5 -h y d ro x y try p ts m in e - 

c r e a t in in e  s u lp h a te  and p ro s ta g la n d in  p2a trcm etham ine were a llov/ed  

t o  a c t f o r  two m inu tes .

P ro s ta g la n d in s  in  th e  supe rn a ta n ts  were co n ce n tra te d  by 

e x t r a c t io n  w ith  e th y l a c e ta te  and resuspen H in  a s m a lle r  volume 

o f  de J a lo n  s o lu t io n .  S upernatants  o f  3 -m e th y lin d o le , 3 -m e th y lo x in d o le  

and Tyrode in cuba ted  chopped lung p re p a ra tio n s  (10 m l) were a c id i f ie d  w ith  

5.75N HCl (0 ,5  m l) and im m ed ia te ly  e x tra c te d  tw ic e  w ith  an equa l volurre 

o f  e th y l a c e ta te . The combined e th y l a c e ta te  phases were evapora ted  

t o  dryness under n itro g e n  a t  5D°C (G ilnncre, Vane and W y ll ie ,  1968),

The re s id u e  v/as suspended in  de J a lo n  s o lu t io n  (2 m l) b e fo re  b ioassay 

on th e  o e s tru s  r a t  u te ru s . Doses o f  the  e th y l a c e ta te  e x t ra c t  and 

a s ta n d a rd  s o lu t io n  o f  p ro s ta g la n d in  trom etham ine were a llov/ed  to  

a c t  f o r  two m inu tes .

R e s u lts

Doses o f  0 ,5  and 1 ml o f  supe rn a ta n ts  o f  3 -m e th y lin d o le , 

3 -m e th y lo x in d o le  and Tyrode s o lu t io n  in cuba ted  chopped lung  p re p a ra tio n s  

and o f  e th y l a c e ta te  e x t ra c ts  o f  sup e rn a ta n ts  d id  n o t cause c o n tra c t io n  

o r  re la x a t io n  o f  th e  o e s tru s  r a t  u te ru s . 5 -H yd ro xy tryp ta m in e  (10 ng/md) 

and p ro s ta g la n d in  p2^  (5 ng /m l) caused c o n tra c t io n  o f  th e  o e s tru s  

r a t  u te ru s .
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4 .2 .8  -  S p e c tro f lu o r im e tr ic  d e te rm in a tio n  o f  h is ta m in e  in  chopped

lung  t is s u e  and in  supe rn a ta n ts  o f  chopped lung  p re p a ra tio n s

H is tam ine  in  su p e rn a ta n ts  and chopped lu ng  t is s u e  was determ ined 

u s in g  th e  s p e c t r o f lu o r im e t r ic  assay o f Anton and Sayre

(1 9 6 9 ). In  t h is  method h is ta m in e  was s e le c t iv e ly  e x tra c te d  in to  isoam yl 

a lc o h o l,  a f lu o ro p h q r  was formed by a re a c t io n  between h is ta m in e  and 

O -p h th a ld ia ld e h y d e  a t  a lk a l in e  pH, and th e  flu o re s c e n c e  o f  th e  f lu o ro p h o r  

was m axim ized in  the  presence o f  c i t r i c  a c id .

Reagents

Washed isoam yl a lc o h o l was prepared by washing is  carry 1 a lc o h o l 

once w ith  ^ /5  volumes o f  IN h y d ro c h lo r ic  a c id ,  then  th re e  tim e s  w ith  

e q u a l volumes o f  w a te r  and d r ie d  o v e r anhydrous sodium s u lp h a te . 2M 

C i t r i c  a c id  was prepared us ing  d i s t i l l e d  w a te r. 0 -P h a ld ia ld e h yd e  was 

tw ic e  r e c r y s ta l l iz e d  from  r e d is t i l l e d  n-hexane. O -P h th a ld ia ldehyd e  

re a g e n t was p repared  by d is s o lv in g  D -p ha ld ia ld ehyde  in  m ethanol 

( 5 m g/m l) .

E x t ra c t io n

E x tra c t io n  was c a r r ie d  ou t in  50 ml g la s s -s to p p e re d  g la ss  

t e s t  tu b e s . C e n tr ifu g a t io n  was c a r r ie d  o u t a t  2000 rpm f o r  f iv e  

m inu tes  in  a r e f r ig e r a te d  c e n tr ifu g e  un less o th e rw is e  in d ic a te d .  Lung 

t is s u e  (2 g) was homogenized in  4 ml o f  D.4N p e r c h lo r ic  a c id  in  a g la s s -  

g la s s  hom ogenizer submerged in  ic e .  The homogenate was c e n tr ifu g e d  

a t  3000 rpm f o r  20 m inu tes . The su p e rn a ta n t was removed as co m p le te ly  

as p o s s ib le ,  th e  re s id u e  resuspended in  p e r c h lo r ic  a c id  (4 m l) ,  shaken 

v ig o ro u s ly ,  and th e  c e n t r i fu g a t io n  repea ted . The su p e rn a ta n t 

f r a c t io n s  o f  th e  p e rc h lo r ic  a c id  e x t ra c t  were poo led  in  a 10 ml



142

-measuring c y l in d e r .  W ater was added to  niake a volume o f  10 m l,

2 ml were tra n s fe r re d , to  a 50 ml t e s t  tube  c o n ta in in g  2 ml w a te r.

In  th e  case o f  supe rn a ta n ts  o f  chopped lung  p re p a ra t io n s ,

4 ml were p ip e t te d  to  a 50 ml t e s t  tu b e .

' 3 .5  g o f  d ip o ta ss iu m  monohydrogen phosphate (anhydrous)

and 20 ml o f  isoam yl a lc o h o l were added to  th e  p e r c h lo r ic  a c id  

e x t ra c t  o f  th e  chopped lung t is s u e  o r  to  th e  su p e rn a ta n ts  o f  chopped 

lung  p re p a ra t io n s . T es t tubes were shaken and c e n tr ifu g e d .  The 

o rg a n ic  phase was t ra n s fe r re d  in to  a 50 ml t e s t  tube  c o n ta in in g  4 ml 

O.DIN h y d ro c h lo r ic  a c id  and 15 ml heptane, shaken and then  c e n tr ifu g e d .  

The o rg a n ic  phase was a s p ira te d  and d isca rd e d ,

3 ,5  ml o f  th e  a c id  e x t ra c t  were t ra n s fe r re d  in to  a 50 ml 

c e n tr ifu g e  tube c o n ta in in g  0 .5  ml ION sodium h y d ro x id e , m ixed w e l l  

and 2 ,5  g o f  sodium c h lo r id e  and 20 ml c h lo ro fo rm  were added. The 

t e s t  tubes were shaken and c e n tr ifu g e d .

The washed e x t ra c t  ( to p  aqueous la y e r )  was t ra n s fe r re d  to  

a c e n t r ifu g e  tu b e , 1 .5  g o f  sodium c h lo r id e  were added and mixed w e l l ,  

th e n  20 ml o f  th e  washed isoam yl a lc o h o l were added. The t e s t  

tu b e s  were shaken and c e n tr ifu g e d ,

20 m l o f  th e  o rg a n ic  phase were t ra n s fe r re d  to  a 50 ml 

t e s t  tube  c o n ta in in g  2 ml o f  O .IN h y d ro c h lo r ic  a c id  and 15 rnl heptane 

and were shaken and c e n tr ifu g e d . The o rg a n ic  phase was d isca rd e d  

and th e  aqueous la y e r  was t ra n s fe r re d  to  a s m a ll t e s t  tube  (5 m l 

c a p a c ity ) .

F lu o ro p h o r fo rm a tio n

F lu o ro p h o r fo rm a tio n  was c a r r ie d  o u t in  5 ml t e s t  tu b e s . 

M ix in g  was c a r r ie d  o u t a f t e r  add ing  each o f  th e  fo l lo w in g ;
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0 ,7  m l sample ' r 

0 . 3 m l  O .IN  HCl 

0 .2  ml IN NaOH

0 .05  ml O -p h th a ld ia ld e h yd e  reagen t 

E x a c tly  fo u r  m inutes a f t e r  a d d it io n  o f  th e  O -p h th a ld ia ld e h y d e  reage n t 0 .1  

m l o f  2M c i t r i c  a c id  was added. As f lu o ro p h o r  fo rm a tio n  does no t 

o c c u r a t  a c id ic  pH, f lu o ro p h o r  fo n ra t io n  was p reven ted  in  b lanks  by 

a d d in g  c i t r i c  a c id  b e fo re  th e  O -p h th a ld ia ld e h yd e  re a g e n t.

B la n k  . Was p repared by add ing  th e  fo l lo w in g :

0 .7  ml sample 

0 .3  ml O .IN  HCl 

0 ,2  ml IN NaOH 

0 .1  ml 2N c i t r i c  a c id  

0 .05  ml O -p h th a ld ia ld e h yd e  reagent 

F luo rescence  assay was made us ing  a Farrand MK-1 s p e c tro f lu o ro r rB te r  

(F a rran d  O p tic a l Co. In c . ,  New York) a t  358 and 446 mp e x c i ta t io n  

and em iss ion  w ave lengths re s p e c t iv e ly .

S tandard h is ta m in e  s o lu t io n s  v/ere prepared  by d is s o lv in g

h is ta m in e  d ih y d ro c h lo r id e  in  O.IN h y d ro c h lo r ic  a c id .

Recovery

A s tanda rd  s o lu t io n  o f  h is ta m in e  Cl p g /m l) v/as prepared

w ith  each group o f  sam ples. The s tandard  s o lu t io n  v/as assayed in

th e  same way as th e  sam ples. The percentage re co ve ry  o f  h is ta m in e  

was de te rm in e d ,

S p e c i f ic i t y

3 -M e th y lin d o le  and 3 -m e th y lo x in d o le  a re  s t ro n g ly  f lu o re s c e n t
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substances. The p o s s ib i l i t y  o f  in te r fe re n c e  w ith  th e  f lu o re s c e n c e  

assay caused by th e  presence o f  these  substances was in v e s t ig a te d .

2 ml o f  su p e rn a ta n ts  from  each o f  expe rim en t 2 [co n ta in e d  

3 -m e th y lin d o le )  and 4 (co n ta in e d  3 -m e th y lo x in d o le )  were combined and 

c a r r ie d  th rough  th e  e x t ra c t io n  procedure and f lu o ro p h o r  fo rm a tio n . 

E x c i ta t io n  and em iss ion  s p e c tra  o f  chopped lung  s u p e rn a ta n ts  were 

examined and compared w ith  a n ’ a u th e n tic  h is ta m in e  s o lu t io n  (about 

50 n g /m l) .

R e s u lts

Recovery, l i n e a r i t y  and s p e c i f i c i t y

The re co ve ry  o f  h is ta m in e  from  s tanda rd  s o lu t io n s  is  shown 

in  Tab le  4 .4 .

The percen tage re co ve ry  o f  each expe rim en t was used to  

c o r re c t  th e  h is ta m in e  e s t im a tio n s  on lung t is s u e  and supe rn a ta n ts  

o b ta in e d  d u r in g  th a t  expe rim e n t. The mean re co ve ry  in  s ix  

expe rim e n ts  was 80 ± 1.3%.

The f lu o re s c e n t assay was l in e a r  o v e r a w ide  range o f  

c o n c e n tra t io n s  (fro m  2 ng/m l to  10 p g /m l) .

As shown in  F ig .  4 .2  samples o f  su p e rn a ta n ts  o f  chopped 

lu n g  (frcxn p re p a ra t io n s  c o n ta in in g  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le )  

showed s tro n g  peaks hav ing  e x c i ta t io n  and f lu o re s c e n c e  maxima a t  

w ave leng ths  o f  356 and 446 rrpi r e s p e c t iv e ly .  The e x c i ta t io n  and em iss ion  

s p e c tra  were id e n t ic a l  w ith  those  o f  an a u th e n tic  s o lu t io n  o f  h is ta m in e .

4 .2 .9  -  F iis tem ine c o n c e n tra t io n  in  chopped lu ng  t is s u e  and in

su p e rn a ta n ts

In c u b a tio n  o f  chopped lung  w ith  Tyrode s o lu t io n  a lone  o r  

Tyrode s o lu t io n  c o n ta in in g  3 -m e th y lin d o le  o r  3 -m e th y lo x in d o le  re s u lte d
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TABLE 4 .4  RECOVERY OF HISTAMINE FROM STANDARD SOLUTIONS CONTAINING 

1 yg HISTAMINE IN 1 m l DISTILLED WATER

Experim ent No. Recovered h is ta m in e % Recovery

1 0 ,80 60

2 0.78 78

3 0.82 82

4 0.79 79

5 0.81 81

6 0.80 60

Mean ± S.E. 0 .8  ± 0 .01 60 ± 1 .3
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F ig , 4 ,2  E x c ita t io n  ( r ig h t )  and -Fluorescence ( l e f t )  s p e c tra

o f  h is ta m in e  e x tra c te d  from  su c e m a ta n ts  o f  chopped lung  

(A) and o f  an a u th e n tic  sample o f  h is ta m in e  (E)
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in  re le a s e  o f  1.9-6% o f  t o t a l  t is s u e  h is ta m in e  to  th e  su p e rn a ta n t. 

In c u b a tio n  in  Tyrode s o lu t io n  c o n ta in in g  corrpound 48/80 re s u lte d  in  

re le a s e  o f  10-30% o f  t o t a l  t is s u e  h is ta m in e  to  th e  su p e rn a ta n t.

T is s u e  h is ta m in e  c o n c e n tra t io n  in  c a l f  lungs was v a r ia b le ,  rang ing  

fro m  2 ,5  to  6 .8  yg h is ta m in e /g  lu ng  t is s u e .

In  a l l  lu ng  sarrp les conpcund 48/80 c o n s is te n t ly  re le a se d  

s ig n i f ic a n t  amounts o f  h is ta m in e . In c u b a tio n  w ith  3 -m e th y lin d o le  

o r  w ith  3 -m e th y lo x in d o le  d id  n o t in c re a se  th e  re le a s e  o f  h is ta m in e  

fro m  chopped c a l f  lu n g . Tab le  4 .5  shows th e  re le a s e  o f  h is ta m in e  from  

chopped c a l f  lung  in cu b a te d  w ith  Tyrode a lo n e , Tyrode c o n ta in in g  

compound 48/80 and Tyrode c o n ta in in g  3 -m e th y lin d o le  o r  3 - re th y lo x in d o le  

in  s ix  expe rim en ts .

4 .3  -  DISCUSSION

4 .3 ,1  -  M e th o d o lo g ica l c o n s id e ra tio n s

The chopped bov ine  lung  p re p a ra t io n  has been used most 

s u c c e s s fu l ly  as a t e s t  p re p a ra t io n  to  dem onstrate th e  re le a s e  o f  

m e d ia to rs  o f  ana p h y la x is  by a n tig e n -a n tib o d y  re a c t io n s  and by th e  

chem ica l m e d ia to r re le a s e r  corrpound 48/60 (E yre , 1971a, b , and 1972; 

Burka and Eyre, 1974b). O th e r methods f o r  s tu d y in g  th e  e f fe c t  o f  

m e d ia to r  re le a s e rs , e .g . m easuring changes in  t is s u e  and plasma 

c o n c e n tra t io n s  o f  h is ta m in e  d u rin g  a n a p h y la x is  o r  us in g  p e rfu se d  lu ng  

p re p a ra t io n s  o r  suspensions o f  le u co cy te s  have o f te n  met w ith  l i t t l e  

o r  no success (A itk e n , 1970). The w ide v a r ia t io n  in  t is s u e  h is ta m in e  

le v e ls  betv.'een d i f f e r e n t  ca lves  (A itk e n , 1970; Eyre e t  a l , 1973) 

and in  th e  f re e  h is ta m in e  c o n c e n tra tio n s  in  plasma on repea ted  sam pling 

fro m  in d iv id u a l  an im a ls (A itk e n , 1970) made i t  d i f f i c u l t  to  drav;
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c o n c lu s io n s  as to  changes in  plasma and t is s u e  h is ta m in e  o c c u rr in g  

as a r e s u l t  o f  a n a p h y la x is  (A itk e n , 1970; Eyre e t  a l , 1973]. In  

t h i s  p re se n t s tu d y  lung  t is s u e  from  o n ly  one an im a l was used in  each 

e xpe rim en t to  a vo id  an im a l to  an im a l v a r ia t io n s  in  t is s u e  h is ta m in e  

c o n c e n tra t io n .

The b ioassay used in  t h is  s tu d y  o f fe r s  s e v e ra l advantages.

I t  is  th e  o n ly  p o s s ib le  method f o r  m easuring "s lo w  re a c t in g  substance 

o f  a n a p h y la x is " , wh ich is  cons ide red  an im p o rta n t m e d ia to r in  c a t t le  

(Burka and E yre , 1974a) and a v a lu a b le  t o o l  when sc re e n in g  f o r  

au topharm acodynam ica lly  a c t iv e  substances. The sample c a p a c ity  f o r  

p ro s ta g la n d in s , w h ich is  r e la t iv e ly  an im p o rta n t m e d ia to r  in  bov ine  

a n a p h y la x is  (Burka and Eyre, 1974a), was in c re a se d  by e x t ra c t in g  

p ro s ta g la n d in s  in  e th y l a c e ta te  and resuspend ing  them in  a s m a lle r  

volume o f  p e r fu s io n  f l u i d .  A n o the r advantage o f  t h is  te chn ique  

i s  th a t  i t  g ive s  a lm ost com plete recove ry  f o r  p ro s ta g la n d in s  and 

e x t ra c ts  o n ly  tra c e s  o f  o th e r  p h a rm a c o lo g ic a lly  a c t iv e  substances 

(G ilm o re  e t  a l , 1968),

I t  has been shown th a t  sodium m eclofenam ate, which is  a 

b road  spectrum  m e d ia to r a n ta g o n is t (Burka and E yre , 1974a), is  

capab le  o f  p ro te c t in g  ca lve s  a g a in s t th e  3 -m e th y lin d o le  induced 

a n a p h y la c to id  re a c t io n  (A tk in so n  e t a l , 1977). T h is  s t ro n g ly  suggests 

th e  p o s s ib le  in vo lve m e n t o f  s e v e ra l m ed ia to rs  in  th e  pa thogenesis  

o f  th e  3 -m e th y lin d o le  induced pulmonary d isease . The guinea p ig  

ile u m  and o e s tru s  r a t  u te ru s  o f f e r  a model s e n s i t iv e  to  a w ide range 

o f  m ed ia to rs  o f  a n a p h y la x is . The guinea p ig  ile u m  is  th e  recommended 

p re p a ra t io n  f o r  th e  b ioassay o f  "s lo w  re a c t in g  substances o f  a n a p h y la x is "
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CC hakravarty, 1959), and h is ta m in e  CVugman and Roche E. S i lv a ,  1966), 

The is o la te d  r a t  u te ru s  and is o la te d  guinea p ig  ile u m , on which 

5 -h y d ro x y try p ta m in e  causes c o n tra c t io n ,  have been used most f re q u e n t ly  

as a t e s t  o b je c t  f o r  5 -h y d ro x y try p ta m in e  C D ffe rm e ie r and A r ie n s , 1966), 

A su rvey  by Orange and Austen (1969) showed th a t  th e  o e s tru s  r a t  

u te ru s  can be used f o r  th e  b ioassay  o f  b ra d y k in in  and p ro s ta g la n d in s  

E l and .

3 -M e th y lin d o le  in  th e  c o n c e n tra tio n  used in  th e  p re se n t work 

(2  p g /m l) was found n o t to  in te r f e r e  w ith  th e  response o f  th e  guinea 

p ig  ile u m  to  h is ta m in e , and i t  would be reasonab le  to  assume th a t  

3 - rm th y lin d o le ,  in  s m a ll c o n c e n tra t io n s , does no t in te r f e r e  w ith  th e  

b io a ssa y  o f  o th e r  m e d ia to rs ,

4 .3 .2  -  F a ilu re  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  to  c o n tra c t

b ov ine  pulmonary smooth muscles in  v i t r o

I t  has been re p o rte d  th a t  3 -m e th y lin d o le  causes c o n tra c t io n  

o f  th e  bov ine  and re la x a t io n  o f  th e  ov ine  pulm onary v e in  in  v i t r o  

(E y re , 1975), Eased on these  f in d in g s  and on sp ec ies  d if fe re n c e s  in  

response to  o r a l l y  a d m in is te re d  L - try p to p h a n , w h ich causes pulm onary 

le s io n s  in  c a t t le ,  b u t no t in  sheep (C arlson  e t  a l , 1968), Eyre (1975) 

suggested th a t  th e  mechanism o f  a c t io n  o f  3 -m e th y lin d o le  in v o lv e s  a 

d i r e c t  a c t io n  on th e  bov ine  pulmonary v e in  (E yre , 1975). In  t h is  

p re s e n t s tu d y  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  (5-640 p g /m l) had 

no e f fe c t  on is o la te d  bov ine  pulm onary smooth m uscle p re p a ra t io n s . 

A p a rt from  f a i l u r e  o f  t h is  p re se n t s tu d y  to  c o n firm  E y re 's  (1975) 

o b s e rv a tio n s , th e  f in d in g s  o f  B rad ley  e t a l  (1978) th a t  3 -m e th y lin d o le  

induces  pulm onary damage in  sheep s im i la r  to  th a t  in  c a t t le ,  whereas
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Eyre (1975) has shown th a t  3 -m e th y lin d o le  re la x e s  th e  ov in e  pulmonary 

v e in ,  a ls o  argues a g a in s t E y re 's  (1975) h y p o th e s is . T h e re fo re  th e  

app a ren t d i f fe re n c e  in  s u s c e p t ib i l i t y  to  L - try p to p h a n  induced d isease  

in  these  spec ies  does n o t r e f le c t  a d i f fe re n c e  in  ta rg e t  organ 

response , b u t is  p ro b a b ly  due to  d if fe re n c e  in  th e  q u a n t ity  o f  

3 -m e th y lin d o le  produced from  L - try p to p h a n  in  th e  rumen (B rad le y  e t  e l , 

1978).

I t  shou ld  be noted th a t  th e  re p o r t  o f  Eyre (1975) does no t 

s ta te  th e  v e h ic le  used f o r  a d d it io n  o f  3 -m e th y lin d o le  to  is o la te d  

organ p re p a ra tio n s  and s in c e  3 -m e th y lin d o le  is  n o t s u f f i c ie n t l y  

s o lu b le  in  w a te r and e le c t r o ly te  s o lu t io n s  to  g iv e  th e  c o n c e n tra tio n s  

used, an a c t io n  caused by th e  u n s p e c if ie d  s o lv e n t f o r  3 -m e th y lin d o le  

canno t be exc luded .

C o n ce n tra tio n s  o f  3 -m e thyT indo le  used by Eyre (1975) were 

c o n s id e ra b ly  h ig h e r  than  those  found in  plasma o f  3 -m e th y lin d o le  

dosed c a t t le  d is p la y in g  symptoms o f  severe acu te  r e s p ir a to r y  d is t r e s s .  

C o n c e n tra tio n s  o f  3 -m e th y lin c o le  and 3 -m e th y lc x in d o le  neve r exceeded 

35 pg /m l and 17 pg /m l re s p e c t iv e ly  in  plasma o f  3 -m e th y lin d o le  dosed 

c a t t l e  (C hap te r 3 ) ,  C o n ce n tra tio n s  o f  3 -m e th y lin d o le  and 3 -m e th y l

o x in d o le  used in  t h is  p re se n t s tu d y  ranged from  5 to  640 pg /m l.

4 .3 .3  -  F a ilu re  o f  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  to  re le a s e

m e d ia to rs  o f  ana p h y la x is  from  th e  chopped b ov ine  lung

The su p e rn a ta n ts  o f  chopped bov ine  lu ng  caused c o n tra c t io n  

o f  th e  gu inea p ig  ileum,. The c o n tra c t io n s  o f  th e  gu inea p ig  ile u m  

in  th e  case o f  su p e rn a ta n ts  o f  chopped lung  in cu b a te d  w ith  Tyrode
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s o lu t io n  a lone  o r  Tyrode c o n ta in in g  3 -m e th y lin d o le  o r  3 - rre th y lo x in o o le  

were due s o le ly  to  th e  presence o f  h is ta m in e  in  th e  in c u b a tio n  media 

s in c e  th e y  were b locked  co m p le te ly  by th e  a n t ih is ta m in e  mepyramine. 

In c u b a tio n  o f  chopped lung  w ith  3 -m e th y lin d o le  o r  3 -m e th y lo x in d o le  

d id  n o t in c re a se  th e  guinea p ig  ile u m  c o n tra c t in g  a c t i v i t y  o f  th e  

su p e rn a ta n ts  o f  in c u b a tio n  m edia. R e su lts  o f  th e  s p e c t r o f lu o r im e t r ic  

d e te rm in a tio n  o f  h is ta m in e  in d ic a te  th a t  in c u b a tio n  o f  chopped lung 

w i th  3 -m e th y lin d o le  o r  3 -m e th y lo x in d o le  does n o t cause th e  re le a s e  

o f  h is ta m in e . Chopped lung  p re p a ra tio n s  in cuba ted  w ith  3 -m e th y lin d o le  

o r  3 -m e th y lo x in d o le  re le a se d  q u a n t i t ie s  o f  h is ta m in e  s im i la r  to  those  

re le a s e d  spon taneous ly  from  chopped lung p re p a ra tio n s  in cuba ted  w ith  

Tyrode a lo n e . The presence o f  3 -m e th y lin d o le  o r  3 -m e th y lo x in d o le  

d id  n o t cause a d d it io n a l re le a s e  o f  h is ta m in e . The e xp e rim e n ta l 

system  was s u f f i c ie n t l y  .s e n s it iv e  to  dem onstrate c le a r ly  th e  re le a s e  

o f  m e d ia to r  substances from  chopped lung by compound 4 8 /60 .

In c u b a t io n  o f  chopped lung  w ith  compound 46/80 c o n s is te n t ly  in c rea sed  

th e  c o n c e n tra t io n  o f  h is ta m in e  and guinea p ig  ile u m  c o n tra c t in g  

a c t i v i t y  o f  su p e rn a ta n ts  o f  chopped lung p re p a ra t io n s . C o n tra c tio n s  

caused by these  sup e rn a ta n ts  were o n ly  p a r t i a l l y  an tagon ized  by 

mepyramine. Thus compound 46/60 caused no t o n ly  th e  re le a s e  o f  

h is ta m in e  b u t a ls o  re le a se d  o th e r  m e d ia to r substances. The n a tu re  o f  

th e s e  m ed ia to rs  was n o t id e n t i f ie d .  I t  has been shown th a t  compound • 

46 /8 0  re le a se s  h is ta m in e  (E yre , 1971a) and 5 -h y d ro x y try p ta m in e  (E yre , 

1972), bo th  o f  w h ich cause c o n tra c t io n  o f  th e  gu inea p ig  ile u m , and 

dopamine (E yre , 1971b) from  th e  chopped bov ine  lu n g . No ev idence was 

o b ta in e d  f o r  th e  re le a s e  o f  "s lo w  re a c t in g  substance o f  a n a p h y la x is "
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a p u ta t iv e  m e d ia to r o f  bov ine  ana p h y la x is  (Burka and E yre , 1974a, b) 

u s in g  th e  chopped lung p re p a ra t io n s . The is o la te d  gu inea  p ig  ile u m  

i s  th e  recorrmended te s t  p re p a ra t io n  f o r  b ioassay  o f  "s lo w  re a c t in g  

substance  o f  a n a p h y la x is " (C hak rava rty , 1959).

The re le a s e  o f  "s lov / re a c t in g  substance o f  a n a p h y la x is " , 

h is ta m in e , 5 -h yd ro xy tr\/p ta m in e  and dopamine, from  s e n s it iz e d  chopped 

b o v in e  lu n g , a f t e r  exposure to  s p e c i f ic  a n tig e n , has been dem onstrated 

(E y re , 1971a, b , 1972; Burka and E yre , 1974b).

Lung t is s u e  c o n c e n tra t io n  o f  h is ta r r in e  and spontaneous re le a s e  

o f  h is ta m in e  d e te c te d  in  t h is  s tu d y  (Table 4 .5 )  v a r ie d  between d i f f e r e n t  

an im a ls  c o n s is te n t w ith  th e  r e s u lts  o f  p re v io u s  w ork in  c a t t le  

(A itk e n ,  1970; E yre , 1971a).

4 .3 .4  -  M ed ia to rs  o f  a n a p h y la x is  and pulm onary v e n o -c o n s tr ic t io n

as a e t io lo g ic a l  fa c to rs  in  bov ine  pulm onary d isease

I t  has been hypo thes ized  th a t  th e  pulm onary v e in  is  a p rim a ry  

ta r g e t  t is s u e  in  bov ine  a n a p h y la x is  (Eyre , 1971c) and in  n a tu r a l ly  

o c c u r r in g  and e x p e r im e n ta lly  induced acu te  pulm onary bov ine  oedema 

and emphysema (B reeze, 1973; Eyre, 1975). T h is  h yp o th e s is  ho lds  

t h a t  c o n tra c t io n  o f  th e  pulmonary^ v e in , in  response to  try p ta m in e  

ana logues absorbed from  d ie ta ry  tryp to p h a n  o r  due to  th e  a c t io n  o f  

m e d ia to r  substances re le a se d  in to  th e  b lood  as a r e s u l t  o f  a n t ig e n -  

a n tib o d y  in te r a c t io n ,  would in c re a s e  c a p i l la r y  h y d ro s ta t ic  p ressu re  

enhancing  tra n s u d a tio n  from  th e  pulmonary c a p i l la r y  bed le a d in g  to  

pulm onary oedema. T h is  hyp o th e s is  is  based on r e s u lt s  o f  in  v i t r o  

s tu d ie s  in d ic a t in g  th a t  th e  pulm onary v e in  is  c o n s id e ra b ly  more
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s e n s it iv e  than th e  a r te ry  to  th e  e f fe c t  o f  m ed ia to rs  o f  a n a p h y la x is  

(E y re , 1975; Burka and E yre , 1977b), A lso s in c e  pulm onary oedema 

i s  a fe a tu re  bo th  o f  a n a phy lax is  (A itk e n  and S an fo rd , 1969b) and 

n a tu r a l ly  and e x p e rim e n ta lly z in d u c e d  acute  bov ine  pulm onary emphysema, 

t h i s  hyp o th e s is  has been favou red  (Breeze, 1973). Pulmonary venous ' 

c o n s t r ic t io n  w h ich causes in c rea sed  c a p i l la r y  h y d ro s ta t ic  p ressu re  

w ou ld  more r e a d i ly  e x p la in  th e  development o f  pulm onary cong es tion  and 

oedema than  pulm onary a r t e r i a l  spasm which would te n d  to  have th e  ' 

o p p o s ite  e f fe c t  on th e  c a p i l la r y  bed. However ev idence  from  o th e r  

s tu d ie s  on pulm onary haemodynamics argue a g a in s t t h is  h y p o th e s is .

F i r s t l y , e x p e r ic o n ta l haemodynamic manoeuvres in v o lv in g  

o b s t ru c t io n  to  th e  l e f t  s id e  o f  th e  h e a rt have been unsu cce ss fu l in  

th e  p ro d u c tio n  o f  pulm onary oedema. B r ie f ly  D ick in so n  (1976) 

s ta te d :  " I t  is  n o t  p o s s ib le  to  produce pulm onary oedema in  th e  r a b b i t ,

o r  in  any o th e r  mammals by any o b s tru c t io n  to  th e  l e f t  s id e  o f  th e  

h e a r t ,  even w ith  a l ig a tu r e  t ie d  round th e  p ro x im a l a o r ta .  A l l  th a t  

happens is  th a t  th e  an im a l d ie s  o f  acute  c ir c u la to r^ /  f a i l u r e  -  what 

used to  be d e sc rib e d  as 'fo rw a rd  f a i l u r e ’ o f  th e  h e a r t .  The lungs

a re  n o t p a th o lo g ic a l ly  engorged w ith  b lood a t  necropsy . P a r t ia l

degrees o f  l e f t  v e n t r ic u la r  o r  a o r t ic  o b s tru c t io n  a re  no more 

s u c c e s s fu l.  Pulmonary oedema can nonethe less e a s i ly  be produced in  

th e  r a b b i t ,  as in  o th e r  mammals, by s u f f i c ie n t l y  la rg e  and ra p id  in fu s io n s  

o f  b lo o d , plasma o r  s a l in e  -  most e a s i ly  w ith  s a l in e " .  Because th e  

norm a l a d u lt  pulmonary v e s se ls  a re  h ig h ly  d is te n s ib le  any in c re a s e  

i n  d r iv in g  p re ssu re  o r  in  te rm in a l p ressu re  e .g . as a r e s u l t  o f  

pu lm onary v e n o -c o n s tr ic t io n  would r e s u l t  in  a p re c ip ito u s  f a l l  o f
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pulm onary v a s c u la r  re s is ta n c e  (W illia m s , 1954; B o rs t,  Berg lund and 

M cGregor, 1957). T h e re fo re  pu lrronary venous o b s tru c t io n  tends to  

r e s u l t  in  o n ly  a s m a ll r is e  in  a r t e r i a l  p re s s u re , a p ro b a b le  lo w e rin g  

o f  re s is ta n c e  and a h igh  r i s k  o f  c a rd ia c  f a i l u r e .

S econd ly , a lth o u g h  pulmonary oedema was observed fo l lo w in g  

a d m in is t ra t io n  o f  m e d ia to r substances in  c a t t le  ( H u l l ,  1965; A itk e n  

and S an fo rd , 1972) t h is  oedema was o n ly  t i^ a n s ie n t. Rapid re co ve ry  

was observed fo l lo w in g  a d m in is tra t io n  o f  h is ta m in e , b ra d y k in in ,  

5 -h y d ro x y try p ta m in e  and p ro s ta g la n d in  E ^ , a n d  (A itk e n  and 

S a n fo rd , 1972; Burka and E yre , 1974a). The e f fe c t  o f  m ed ia to rs  o f  

a n a p h y la x is  on th e  bov ine  lung  re q u ire s  f u r t h e r  in v e s t ig a t io n .

D e ta ile d  s tu d ie s  in  th e  dog have shown th a t  h is ta m in e , b ra d y k in in ,  

e n d o to x in  and compound 46/80 cause b ro n c h ia l venu les  to  become h ig h ly  

perm eable to  la r g e r  m o lecu les w ith o u t apparen t e f f e c t  on pulm onary 

c a p i l la r y  p e rm e a b ili ty .  The p e r io d  o f  in c re a se d  v e n u la r  p e rm e a b ili ty  

i s  t r a n s ie n t .  Leakage c o n s is te n t ly  stopped w i th in  10 m inutes a f t e r  

h is ta m in e  o r  b ra d y k in in  a d m in is tra t io n  (P e it r a ,  S z idon , Leve n th a l 

and Fishman, 1971; P ie t r a ,  S z idon , C a rpen te r and Fishman, 1974),

The mechanism by v/h ich h is ta m in e  and b ra d y k in in  e x e r t  t h is  s e le c t iv e  

e f f e c t  on th e  endo the lium  o f  th e  b ro n c h ia l venu les  is  s p e c u la t iv e ,  

th e  most a t t r a c t iv e  be ing  th e  idea  o f  opening in te r e n d o th e l ia l  ju n c t io n s  

by c o n tra c t io n s  o f  th e  e n d o th e lia l f i b r i l s  w ith  w h ich  b ro n c h ia l 

v e n u la r  end o th e lium  is  r i c h l y  endowed (P ie tra  e t  a l , 1974).

T h i r d ly , th e  e f fe c ts  re p o rte d  f o r  m e d ia to rs  o f  a n a p h y la x is  

on pulm onary haemodynamics a re  in c o n s is te n t .  In  th e  bov ine  Eurka 

and Eyire (1974a) and H u ll (1965) re p o rte d  a f a l l  in  pulm onary
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a r t e r i a l  p re ssu re  fo l lo w in g  a d m in is tra t io n  o f  h is ta m in e , w h ile  A itk e n  

and S anford (1972 ), Lewis and Eyre (1972b) and D e s lie n s  (1956) 

re p o r te d  a r is e .  S im i la r  r e s u lts  were o b ta in e d  w ith  o th e r  s p e c ie s .

I n  human s u b je c ts  a dose o f  h is ta m in e  which was la rg e  enough to
1

cause a f a l l  in  sys tem ic  b lood  p ressu re  had no e f fe c t  on th e  pulm onary 

c i r c u la t io n  iN em ir, S tone, M a c k re ll and Ha\*/thome, 1954). S im i la r  

o b s e rv a tio n s  were re p o rte d  by S p itz b g r th ,  Gersmeyer, Weyland and 

G a s te ye r (1957) whereas o th e rs  o b ta in e d  e i th e r  a decrease (H e lander, 

L in d e l l ,  Soderholm and U 'e s tlin g , 1962; W e s tlin g , 1963), o r  a r is e  

( L a rm e r t in i,  L a n a r i and Z u b ia u r, 1960) in  pulm onary a r t e r i a l  p re s s u re . 

The e f fe c ts  o f  h is ta m in e  in  dogs (F r ie d lb e rg ,  Katz and S te in i t z ,  1943; 

P e te rs  and H o rton , 1944; D e launo is , K o rd e c k i, P o le t and Ryzewski,

1959; P a u le t and B ernard , 1963) a ls o  re ve a le d  tre n d s  s im i la r  to  those  

observed in  man. The e f fe c ts  o f  5 -h y d ro x y try p ta m in e  on th e  pulm onary 

a r t e r i a l  p ressu re  o f  th e  bov ine  is  e q u a lly  in c o n s is te n t ,  Burka and 

Eyre  (1974a) re p o r te d  re d u c tio n  in  pulmonary a r t e r i a l  p ressu re  

fo l lo w in g  in je c t io n  o f  5 -h y d ro x y try p ta m in e  in  c a lv e s , w h ile  A itk e n  

and Sanfo rd  (1972) and Lewis and Eyre (1972b) reco rded  an in c re a s e . 

C ontinuous in fu s io n  o f  5 -h yd ro xy tryp ta m in e  caused in c re a se d  pulmonary 

a r t e r i a l  p ressu re  in  dogs (Rudolph and P a u l, 1957; A v iado , 196C) 

and i t s  d i r e c t  in je c t io n  in to  th e  pulmonary a r te r y  caused marked 

v a s o -c o n s tr ic t io n  (Rose and Lazaro , 1958). The p r in c ip a l  s i t e  o f  

th e  in c re a se d  re s is ta n c e  to  f lo w  th rough  th e  lungs appeared to  be 

in  th e  p r e c a p i l la r y  v e s s e ls . Oedema was n o t observed even a f t e r  

re p e a te d  doses o f  5 -h y d ro x y try p ta m in e  (Shepherd, Donald, L in d e r  and 

Swan, 1959 ) .
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D e sp ite  th e  expected v a s o -c o n s tr ic to r  e f f e c t  o f  5 -h yd ro xy 

try p ta m in e , c h ro n ic  in je c t io n  o f  th e  drug in  r a ts  was n o t regarded as 

a u s e fu l method f o r  th e  p ro d u c tio n  o f  pulmonary h y p e rte n s io n .

P ressu re  re c o rd in g s  gave in c o n s is te n t  r ig h t  v e n t r ic u la r  s y s to l ic  

p ressu re  between 9 and 43 mn Hg (B la nk , M i l l e r  and Dammann, 1961).

The e f fe c t  o f  b ra d y k in in  on pulmonary a r t e r i a l  p ressu re  is  

a ls o  in c o n s is te n t .  Burka and Eyre (1974a) re p o rte d  re d u c tio n  w h ile  

A itk e n  and S anfo rd  (1972) re p o rte d  a r is e  in  pulm onary a r te r y  p ressu re  

fo l lo w in g  in fu s io n  o f  b ra d y k in in  in  c a lv e s . In  dogs b ra d y k in in  caused 

a f a l l  in  bo th  sys tem ic  and pulmonary a r t e r i a l  p ressu re  (M axw ell,

E l l i o t t  and Kneebone, 1962; Rowe, A fonso, C a s t i l lo ,  L lo y , Lugo and 

Crumpton, 1963). In  human s u b je c ts  i t  was concluded th a t  b ra d y k in in  

causes no s ig n i f ic a n t  changes in  pulmonary v a s c u la r  re s is ta n c e .

The e f fe c ts  o f  p ro s ta g la n d in s  on pulmonary a r t e r i a l  p ressu re  

a re  a ls o  v a r ia b le .  P ro s ta g la n d in  E^, E^ and were re p o rte d  to  

in c re a se  pulmonary a r t e r i a l  p ressu re  (Lew is and E yre , 1972^; Burka and 

Eyre, 1974a; A itk e n  and S anfo rd , 1975), w h ile  A itk e n  and Sanfo rd  (1975) 

and Burka and Eyre (1974a) ob ta in e d  a re d u c tio n  fo l lo w in g  p ro s ta g la n d in  

E^ and E2 in fu s io n  in  c a lv e s . In  dogs p ro s ta g la n d in  E^ caused m ild  

a c t iv e  v a s o d ila t io n  w h ile  p ro s ta g la n d in  F^^ re s u lte d  in  m ild  a c t iv e  

v a s o -c o n s tr ic t io n  in  th e  lu n g . P ro s ta g la n d in  E^ and A^ caused 

p a s s iv e  sh rin ka g e  o f  th e  pulmonary v a s c u la r  bed secondary to  a s h i f t  

o f  b lood  to  th e  p e r ip h e ra l c i r c u la t io n  (Makano and McCurdy, 1958;

A lp e r t ,  Haynes, Knuston, Dalen and D e x te r, 1973). Nakano and Cole 

(1969) have c o n s is te n t ly  observed inc reases  in  pulm onary a r t e r i a l  

p re ssu re  to g e th e r  w ith  decreases in  pulmonary re s is ta n c e  in  dogs w ith
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in tra v e n o u s  in je c t io n  o f  p rb s ta g la n d in s  and A^. O the r w orkers 

(Hauge, Lunde and W aaler, 1966; M axw ell, 1967) have found no 

s ig n i f ic a n t  changes in  pulmonary a r t e r i a l  p re ssu re  d u r in g  in tra v e n o u s

in fu s io n  o f  p ro s ta g la n d in  E , .
1

Most o f  th e  co n c lu s io n s  conce rn ing  th e  a c t io n s  o f  m ed ia to rs  

o f  a n a p h y la x is  on th e  pulmonary c i r c u la t io n  have been made on th e  

b a s is  o f  pulm onary a r te r y  p ressu res and c a rd ia c  o u tp u ts  a lo n e . The 

r e s u l t s  o f  these  s tu d ie s  have v a r ie d  from  in v e s t ig a to r  to  in v e s t ig a to r .  

Yu (1969) has p o in te d  o u t th e  n e c e s s ity  o f  m easuring s im u ltaneous 

p re s s u re  and volume in  d e te rm in in g  w he the r an agent o r  manoeuvre has an 

a c t iv e  o r  rm re ly  a p ass ive  e f fe c t  on th e  pulm onaiy v a s c u la tu re . Thus 

p a r a l le l  in c re a se s  o r  decreases in  pulmonary d is te n d in g  p ressu re  and 

p'ùlmonary b lood  volume re p re s e n t pass ive  v a s c u la r  d is te n s io n  o r  

s h r in k a g e  u s u a lly  secondary to  m a jo r changes in  c a rd ia c  o r  p e r ip h e ra l 

v a s c u la r  haemodynamics. Changes in  o p p o s ite  d ir e c t io n s  by p ressu re  

and c a p a c ity  param eters are  in d ic a t iv e  o f  a c t iv e  pulm onary vasom otion 

(Yu, 1969).

The ev idence s u p p o rtin g  th e  lo c a l pulm onary v a s o -c o n s tr ic to r  

e f fe c ts  o f  m ed ia to rs  o f  a n a p h y la x is  a re  d e r iv e d  from  p e r fu s io n  e x p e r i

ments o f  lu n g , and from  s tu d ie s  on is o la te d  pulm onary smooth muscle 

p re p a ra t io n s .  In  th e  b o v in e , in c re a se  in  pulm onary p e r fu s io n  

p re ssu re  and v e n t i la t io n  re s is ta n c e  was re p o rte d  fo l lo w in g  in fu s io n  

o f  th e  is o la te d  lung  w ith  h is ta m in e , 5 -h y d ro x y try p ta m in e  (Lew is and 

E y re , 1972b; Eyre e t  a l , 1973) and b ra d y k in in  (Eyre e t  a l , 1973). 

P ro s ta g la n d in  p2^  produced o n ly  s l i g h t l y  in c rea sed  a r t e r i a l  p e r fu s io n  

p re s s u re ; a i r  o v e r f lo iv  was no t a f fe c te d  even a t  h igh  doses.
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P ro s ta g la n d in  and E2 reduced th e  re s is ta n c e  to  p e r fu s io n ,  b u t 

a i r f lo w  was u n a lte re d  (Lewis and E yre , 1972a). P u r i f ie d  "s lo w  

re a c t in g  substance o f  a n a p h y la x is " caused c o n tra c t io n  o f  th e  pulm onary 

v e in ,  t ra c h e a l m uscle, b ro n c h ia l p re p a ra t io n , b u t n o t th e  pulmonary 

a r te r y  (Burka and E yre , 1977b). P ro s ta g la n d in  62 ,̂ caused c o n tra c t io n  

o f  th e  pulm onary a r te r y ,  v e in  and bronchus, p ro s ta g la n d in  E^ re la x e d  

th e  a r te r y  and b ronchus, w h ile  p ro s ta g la n d in  E2 caused c o n tra c t io n  o f  

th e  pulmonary a r te r y  and bronchus o r  a t  h ig h e r  c o n c e n tra tio n s  

r e la x a t io n  o f  th e  c o n tra c te d  bronchus (Burka and E yre , 1974cj A itk e n  

and S an fo rd , 1975). The e f fe c t  o f  p ro s ta g la n d in  E^ and E2 on th e  

pu lrm na ry  v e in  is  in c o n c lu s iv e .  A itk e n  and Sanfo rd  (1975) re p o rte d  

th a t  p ro s ta g la n d in  E^ and E2 caused c o n tra c t io n  o f  th e  pulm onary v e in , 

w h ile  Burka and Eyre (1974c) re p o rte d  th a t  p ro s ta g la n d in  E^ c o n s is 

t e n t l y  evoked d o s e -re la te d  re la x a t io n  o f  th e  v e in  and p ro s ta g la n d in  

E2 caused re la x a t io n  a t  low c o n c e n tra tio n  and induced c o n tra c t io n  a t  

h ig h e r  c o n c e n tra t io n s .

H is tam ine  and 5 -h y d ro x y try p ta m in e  cause c o n tra c t io n  o f  th e  

b o v in e  pulm onary v e in ,  a r te r y ,  t ra c h e a l muscle and bronchus (A itk e n  

and S an fo rd , 1970; E yre , 1971c and 1975).

F u r th e r  ev idence a g a in s t th e  p o s s ib le  im p l ic a t io n  o f  

pu lm onary v e n o -c o n s tr ic t io n  as a p rim a ry  event in  th e  pa thogenes is  o f  

th e  3 -m e th y lin d o le  induced pulm onary d isease  is  th a t  th e  spasmogenic 

a c t i v i t y  o f  d i f f e r e n t  try p ta m in e  analogues on th e  bov ine  pulmonary 

v e in  does n o t c o r re la te  w ith  th e  a b i l i t y  o f  in d iv id u a l  try p ta m in e  

ana logues to  produce pulm onary d isease . Only 3 -m e th y lin d o le  produced 

a c u te  pulm onary oedema and emphysema in  c a t t le ,  w h ile  s tro n g e r  vaso-
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a c t iv e  am ines, try p ta m in e  and 5 -h y d ro x y try p ta m in e , d id  n o t (J a rv ie  

e t  a l , 1977). Furtherm ore  post-m ortem  exam ina tion  o f  c a lv e s , 

a f t e r  f a t a l  doses o f  th e  chem ica l m e d ia to r re le a s e r  compound 45/80 

re v e a le d  co n g es tion  and engorgement o f  th e  l i v e r  in  scræ c a lv e s , b u t 

no o th e r  g ross an a to m ica l changes were observed (Lew is and E yre , 1372b).

In  c o n c lu s io n  an e f fe c t  on th e  pulm onary v e in  o r  th e  "non- 

c y to to x ic "  re le a s e  o f  m ed ia to rs  o f  a n a phy lax is  is  n o t enough to  e x p la in  

th e  pulm onary damage caused by 3 -m e th y lin d o le , R e su lts  o f  re c e n t 

w ork  have shown u l t r a s t r u c t u r a l  ev idence o f  e a r ly  c e l l  in ju r y  to  th e  

membranous pneumocyte p reced ing  th e  development o f  pulm onary oedema 

a f t e r  a d m in is t ra t io n  o f  3 -m e th y lin d o le  in  goats (Huang e t  a l , 1977). . 

Thus pulm onary oedema may n o t be a p rim a ry  le s io n  in  th e  3 -m e th y lin d c le  

induced  pulmonary d ise a se . The d isease process s ta r t s  w ith  s p e c i f ic  

c e l l u l a r  in ju r y  p ro b a b ly  as a r e s u l t  o f  cytochrom e P-45Ü m ediated 

m e ta b o lic  a c t iv a t io n  o f  3 -m e th y lin d o le  to  a h ig h ly  e le c t r c p h i l i c  

m e ta b o lite  (C hap te r 6 ) ,  T h is  s p e c i f ic  c e l lu la r  in ju r y  s t im u la te s  th e  

re le a s e  o f  m ed ia to rs  o f  a n a p h y la x is ( "c y to to x ic  re le a s e " )  caus ing  

im m edia te  a n a p h y la c to id  re a c t io n ,  and provokes an in fla m m a to ry  re a c t io n  

in  th e  lu n g . T h is  hyp o th e s is  is  c o n s is te n t w i th :  a) M eclofenamate

p ro te c ts  ca lve s  a g a in s t th e  acute  e f fe c ts  o f  3 -m e th y lin d o le  (A tk in so n  

e t  a l , 1977); b) The secuence o f  u l t r a s t r u c t u r a l  changes showing 

th a t  s ig n s  o f  c e l lu la r  in ju r y  occurs as e a r ly  as two hours a f t e r  

3 -m e th y lin d o le  a c k m in is tra tio n . M e ticu lo u s  exam in a tion  o f  e p i t h e l ia l  

and e n d o th e lia l c e l l  ju n c t io n s  has f a i le d  to  id e n t i f y  un ique changes 

in  a lv e o la r  c a p i l la r y  membranes, except damaged membranous pneumocytes, 

t h a t  co u ld  be in d ic te d  as th e  i n i t i a l  even t in  a p a th o g e n e tic
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sequence le a d in g  to  lung oedema in  3 -m e th y lin d o le  dosed goats and 

i t  was concluded th a t  th e  pulmonary^ oedema may re p re s e n t th e  v a s c u la r  

phase o f  th e  in f la rrm a tc ry  response to  membranous pneumocyte in ju r y  

CHuang e t a l , 1377), In  th e  dog d e ta i le d  u l t r a s t r u c t u r a l  and 

p h y s io lo g ic a l s tu d ie s  have f a i le d  to  e lu c id a te  th e  mechanism o f  

pa thog enes is  o f  pulm onary oedema a f t e r  e n d o to x in  shock and i t  was 

concluded th a t  lung  in ju r y  a f t e r  endo tox in  shock cannot be a t t r ib u te d  

t o  in c re a se d  c a p i l la r y  p e rm e a b ili ty  as a p rim a ry  even t tP e it ra  e t  a l , 

1974).

c )  R e su lts  o f  th e  p re se n t w ork in d ic a te  th a t  3 -m e th y lin d o le  and 

3 -m e th y lo x in d o le  have no d i r e c t  e f fe c t  on bov ine  pulm onary smooth 

m uscles e x c lu d in g  th e  p o s s ib i l i t y  c f  a p rim a ry  hydrodynam ic im balance 

in  th e  norm al e q u il ib r iu m  o f  fo rc e s  across th e  a lve o  c a p i l la r y  membrane 

r e s u l t in g  in  excess f i l t r a t i o n  o v e r re a b s o rp t io n ,

d ) M etabo lism  o f  3 -m e th y lin d o le  by cytochrome P-450 dependent m ixed 

fu n c t io n  ox idase  in v o lv e s  th e  fo rm a tio n  o f  re a c t iv e  m e ta b o lite s  which 

a r y la te  c e l lu la r  m acrom olecules (C hap te r 6 ) ,  A lk y la t in g  and a r y la t in g  

fo re ig n  compounds are endowed w ith  p o te n t s p e c i f ic  c y to to x ic  e f fe c ts  

and are  capable  o f  caus ing  c e l l  n e c ro s is .

Chem ical substances which c o n s is te n t ly  produce lung damage 

when a d m in is te re d  by ro u te s  o th e r  than  in h a la t io n  a re  r e la t iv e ly  ra re .  

The mechanism o f  a c t io n  o f  these  pneum otoxic substances is  p o o r ly  

und e rs too d . A c u r re n t  v iew  is  th a t  pulm onary oedema and emphysema 

produced by these  substances re p re s e n t secondary e ve n ts .



CHAPTER 5

EFFECTS Op 3-PCTHYLirfDPLE AND 3-{jETHYUNDQLE ANALOGUES 

ON ANAESTHETIZED CALVES
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5.1  INTRODUCTION

The s tu d ie s  p resen ted  in  C hapter B suggest th a t  th e  pulm onary 

t o x ic  e f fe c t  o f  3 -m e th y lin d o le  is  p ro b a b ly  due to  i t s  m e ta b o lic  

a c t iv a t io n  to  a h ig h ly  e le c t r c p h i l i c  m e ta b o lite ,. However th e  mechanism 

o f  m e ta b o lic  a c t iv a t io n  o f  3 -m e th y lin d o le  rem ains u n c le a r . D ire c t  

approach by chem ica l is o la t io n  end id e n t i f ic a t io n  o f  r e a c t iv e  m e ta b o lite s  

i s  p ro b a b ly  n o t fe a s ib le  because o f  th e  i n s t a b i l i t y  o f  th e  m e ta b o lite .  

However an in v e s t ig a t io n  in to  th e  s t r u c t u r e - a c t iv i t y  r e la t io n s h ip  o f  

3 -m e th y lin d o le  analogues and m e ta b o lite s  would a s s is t  in  und e rs tand ing  

th e  mechanism o f  m e ta b o lic  a c t iv a t io n  o f  3 -m e th y lin d o le .

In  t h is  p re se n t work th e  acu te  pulm onary e f fe c ts  o f  3 -p h e n y l-  

in d o le ,  5 -m e th y lin d o le , 7 -m s th y lin d o le  and 3 -m e th y lo x in d o le  are in v e s t ig a te d  

and compared w ith  those  produced by 3 -m e th y lin d o le .

O the r w orkers have sho*wn th a t  3 -m e th y lin d o le  produces acu te  

pulm onary t o x ic  e f fe c ts  which can be measured by p h y s io lo g ic a l re c o rd in g  

system s. Im m ed ia te ly  a f t e r  th e  in fu s io n  o f  s m e ll doses o f  3 -m e th y lin d o le  

c a lv e s  d is p la y e d  s ig n s  o f  r e s p ir a to r y  embarrassment, pulm onary a r t e r i a l  

h y p e rte n s io n  and sys te m ic  hypo tens ion  (A tk in so n  e t a l , 1977). P rev ious  

w o rk  on o th e r  3 -m e th y lin d o le  ana logues, v iz  in d o le a c e t ic  a c id  ( in t r a 

v e n o u s ly ) ,  in d o le ,  try p ta m in e  and 5 -h y d ro x y try p ta m in e  ( o r a l l y )  in d ic a te  

t h a t  these  compounds do n o t produce acute  pulmonary emphysema in  c a t t le  ■ 

( P i r ie  e t  a l , 1976; J a rv ie  e t  a l , 1377; Hammond, C a rlson  and Breeze,

1980).

5 .2  EXPERIMENTAL

5 .2 .1  -  M a te r ia ls

3 -M e th y lo x in d o le  was prepared as d e sc rib e d  in  C hapter 3.



163

O the r chem ica ls  were o b ta in e d  fro m  com m ercial sources as d e sc rib e d  

p re v io u s ly .

5 ,2 .  -  Anim als

S ix  ca lves  (A y rs h ire  b re e d ), 60 to  100 kg body w e ig h t, were 

d e s ig n a te d  1 to  6 . Food was w ith h e ld  12 hours b e fo re  expe rim en ts ,

5 .2 .3  -  R ecord ing and measurement o f  p h y s io lo g ic a l param eters

Calves were a n a e s th e tiz e s  by in tra ve n o u s  in je c t io n  o f  sodium 

p e n to b a rb ito n e  (A b b o tt L td . )  as 6% s o lu t io n  a t a dose ra te  o f  20 m g/kg, 

w i th  a d d it io n a l 2 mg/kg doses in tra v e n o u s ly  g ive n  as re q u ire d  th ro u g h o u t 

th e  course o f  th e  experim ents to  m a in ta in  a n a e s th e s ia . A cannula was 

in tro d u c e d  in to  th e  rumen to  p re ve n t the  r i s k  o f  ru m in a i t^jmnpeny.

An e n d o tra ch e a l tube  was in tro d u c e d  th ro ugh  the  mouth and 

was a tta ch e d  v ia  a F le is c h  pneumotachograph (Metabo E p a lin g e s ,

Lausanne) to  a d i f f e r e n t ia l  p ressu re  tra n s d u c e r. From th e  re co rd  

o b ta in e d  re s p ira to ry ^  r a te  cou ld  be i^ a d  and changes in  . re s p ira to ry  depth  

were measured. H eart ra te  was measured v ia  a h 'e ilso n  in s ta n ta n e o u s  

h e a r t  ra te  m e te r (D evices L td . )  d r iv e n  by a s ig n a l from  an e le c t r o 

c a rd io g ra p h  (Devices L td . )  us in g  s tanda rd  lim b  lead  I I .  P o ly thene  

o r  ny lon  c a th e te rs  and cannulae (P o rte x  L td . ,  e x te rn a l d ia m e te r o f  

2 to  3rrm) were used to  c a th e te r iz e  b lood  v e sse ls  to  m o n ito r  b lood  

p re s s u re  changes. The cannulae were f i l l e d  w ith  a n t ic o a g u la n t 

h e p a r in  s o lu t io n  (Boots Pure Drug Co.) c o n ta in in g  IDQD u n its  p e r  m l 

b e fo re  in s e r t io n  in to  th e  b lood  v e s s e ls . System ic b lood  p ressu re  

was measured from  a cannula in tro d u c e d  in to  a c a r o t id  a r te r y  and 

connected to  a B e ll  and H ow e ll p ressu re  tra n s d u c e r (Type 4 -422 -0001 ).
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The p ressu re  tra n s d u c e r was'" a d ju s te d  to  th e  e le v a t io n  o f  th e  

a n a e s th e tiz e d  an im a l and c a l ib ra te d  b e fo re  each expe rim en t by means o f  

a m ercury manometer.

Pulmonary b lood  p ressu re  was measured s im i la r ly  a f t e r  

c a th e te r iz a t io n  o f  th e  pulm onary a r te r y .  T h is  was c a r r ie d  o u t by 

in t r o d u c in g  a c a th e te r  in to  th e  ju g u la r  v e in  u n t i l  a le n g th  o f  

c a th e te r  a p p ro x im a te ly  equal to  th e  d is ta n c e  between th e  p o in t  o f  

in s e r t io n  in  th e  neck and th e  t h i r d  r ib  had been passed in to  th e  v e in .

A t  t h is  p o in t  th e  c a th e te r  was judged  to  have reached th e  h e a r t .  

E xam ina tion  o f  th e  p ressu re  changes be ing  reco rded  a llo w e d  assessment 

o f  passage o f  th e  c a th e te r  on in to  th e  r ig h t  v e n t r ic le  and f i n a l l y  in to  

th e  pulm onary a r te r y .  In  every  case th e  p o s it io n  o f  th e  c a th e te r  was 

v e r i f ie d  a t post-m ortem  e xa m in a tio n . A l l  param eters were measured 

u s in g  an 8-ch a n n e l p h y s io lo g ic a l pen re c o rd e r [Type M19 Devices L td . )

Mean a r t e r i a l  p ressu re  was c a lc u la te d  from  th e  fo rm u la  MAP =

Ps *" PdPd + ---- g  where Pd = mean d ia s to l i c  p ressu re  and Ps = mean s y s t o l ic

p re s s u re .

In fu s io n s  were made in to  a re c u r re n t  t a r s a l  v e in  v ia  an 

in d w e ll in g  cannu la , 5 m l o f  s a l in e  c o n ta in in g  10 u n its  h e p a rin  p e r  

m l were in je c te d  fo l lo w in g  a d m in is tra t io n  o f  each dose. A l l  in fu s io n s  

were a d m in is te re d  o v e r a p e r io d  o f  one m inu te  w ith  a subsequent dose 

g iv e n  a f t e r  one hou r.

5 .2 .4  -  P re p a ra tio n  o f  s o lu t io n s  o f  3 -m e th y lin d o le  and 3 -m e th y lin d o le

analogues

A l l  in d o l ic  compounds were a d m in is te re d  as a 20 mg/ml s o lu t io n  

in  10% "Cremophor-EL" in  p h y s io lo g ic a l s a l in e .  T h is  s o lv e n t d is s o lv e s



165

3 -m e th y lin d o le  and 3 -m e th y lin d o le  analogues w e l l ,  is  m is c ib le  w ith  

w a te r  and plasma and 3 -m e th y lin d o le  analogues do n o t p r e c ip i t a te  o u t 

on in fu s io n .

P ropylene  g ly c o l,  th e  s o lv e n t used f o r  a d m in is t ra t io n  o f  

3 -m e th y lin d o le  by o th e r  w o rkers  (C arlson  e t a l , 1975), has been shovm 

t o  produce s ig n i f ic a n t  c a rd io re s p ira to ry  changes and haem olysis in  

c a lv e s  (G ross, K itzm an and Adams, 1979) and is  u n s u ita b le  f o r  ra p id  

in tra v e n o u s  a d m in is t ra t io n  because o f  i t s  h igh  v is c o s i t y .

R e su lts

E f fe c ts  o f  "Cremophor-EL”

A dose o f  th e  s o lv e n t (10% " Cremophor-EL” in  p h y s io lo g ic a l 

s a l in e  s o lu t io n )  equa l to  th a t  used to  d e l iv e r  th e  dose o f  3 -m e th y lin d o le  

ana logues (30-50 m l) caused a s m a ll (about 5 mm Hg) t ra n s ie n t  ( la s t in g  

f o r  1-3 m inu tes ) r is e  in  pulm onary a r t e r ia l  b lood  p ressu re  in  Calves 

1 , 2 and 3.

E f fe c t  o f  3 -m e th y lin d o le  and 3 -m e th y lin d o le  analogues

Doses o f  10 mg/kg o f  3 -m e th y lo x in d o le , 3 -p h e n y lin d o le , 

5 -m e th y lin d o le  and 7 -m e th y lin d o le  caused r is e s  in  pulm onary a r t e r i a l  

b lo o d  p re s s u re . T h is  was t r a n s ie n t ,  la s t in g  f o r  1-3 m inutes a f t e r  

w h ich  pulm onary a r t e r i a l  p ressu re  re tu rn e d  to  p r e - in je c t io n  v a lu e s .

No o th e r  changes were observed d u r in g  a one hou r o b s e rv a tio n  p e r io d  a f t e r  

th e  a d m in is t ra t io n  o f  each compound. A l l  ca lve s  re a c te d  to  3 -m e th y l

in d o le .  A d m in is tra t io n  o f  a dose o f  1 mg/kg o f  3 -m e th y lin d o le  was 

fo llo w e d  (w ith in  1 -2  m inu tes) by s im u ltaneous onse t o f  pulmonary 

a r t e r i a l  h y p e rte n s io n , a marked f a l l  in  c a r o t id  a r t e r i a l  p re s s u re , 

apnoea fo llo w e d  by p ro longed  p e r io d  o f  tachypnoea and hyperpnoea.
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TABLE 5 .1  EFFECTS OF 3-METHYLINDOLE (3M I), 3-METHYLOXINDOLE (3MGI), 
3-PHENYLINDOLE 5-METHYLINDOLE (EMI) AND
7-METHYLINDOLE (7MI) ON ANAESTHETIZED CALVES

C a lf
INo .

A
Compound

E f  f s e t s o n

Dose
(mg/kg)

B
R e s p ira tio n

C
Pulmonary

a r te r y
p ressu re

D
C a ro tid
p ressu re

1 3M0I 10 0 5 0

3MI 1 50 13 80

2 3M0I 10 0 5 0
E

■ 3MI 1 100 15 120

3 3M0I 10 0 6 0

3MI 1^ 100 13 106

4 5MI 10 0 0 0

3PI 10 0 5 0

7MI 10 0 0 0

3MI 1 71 15 60

5 7MI 10 0 0 0

5MI 10 0 10 0

3PI 10 0 0 0

3MI 1 40 10 40

6 3PI 10 0 7 0

5MI 10 0 0 0

7MI 10 0 0 □

3MI 1 60 15 80

A - Compounds a d m in is te re d  ,3S th e  o rd e r  l i s t e d ,  w i th nex t comoound
in je c te d  a f t e r  one hour In travenous in fu s io n s were made o v e r
one m inu te .

B -  R e s p ira t io n : R e s p ira to ry  depth maximal decrease [%).

C -  Pulmonary a r te r y  p re ssu re : Mean pulmonary a r t e r i a l  p re ssu re ,
maximal in c re a se  (mm Hg).

D -  C a ro t id  p re s s u re : Mean c a ro t id  a r t e r i a l  b lood p re s s u re , maximal
decrease (mm Hg).

E -  In je c t io n s  made o v e r 0 .5  m inute  p e r io d , fo llo v /e c  by death v / i th in
two m inu tes .
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F ig u re  5 .1  E f fe c ts  o f  3 -m e th y lin d o le  C3MI), 3 -m e th y lo x in d o le  

(3M 0 I), 3 -p h e n y lin d o le  (3 P I) ,  5 -m e th y lin d o le  C5MI) 

and 7 -m e th y lin d o le  C7MI) on a n a e s th e tiz e d  ca lves
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Anim ais which d ie d  showed a re cu rre n ce  o f  apnoea about 1-2 m inutes 

a f t e r  th e  i n i t i a l  p e r io d  o f  apnoea, making i r r e g u la r  gasp ing 

r e s p ir a to r y  e f f o r t s  b e fo re  dea th . Tab le  5 .1  and F ig . 5 .1  show th e  

e f fe c ts  o f  3 -m e th y lin d o le  analogues on s ix  a n a e s th e tiz e d  c a lv e s ,

5 ,3  DISCUSSION

A p a rt from  a s m a ll r is e  in  pulm onary a r t e r i a l  b lood  p ressu re  

w h ich  can, a t  le a s t  in  p a r t ,  be a t t r ib u te d  to  th e  s o lv e n t ,  no t o x ic  

e f fe c ts  v ^ re  n o tic e d  a f t e r  th e  ra p id  ad rdn is t r a t io n  o f  doses o f  

10 mg/kg body w e ig h t o f  3 -m e th y lo x in d o le , 5 -m e th y lin d o le , 7 -m e th y lin d o le  

o r  3 -p h e n y lin d o le  in tra v e n o u s ly  in  c a lv e s , 3 -M e th y lin d o le  in  a much 

s m a lle r  dose Cl mg/kg body w e ig h t)  was e x tre m e ly  t o x ic  caus ing  pulm onary 

h y p e rte n s io n , sys tem ic  h ypo ten s ion , r e s p ir a to r y  embarrassment and 

even dea th . In tra ve n o u s  doses o f  3 -m e th y lin d o le  were d e liv e re d  

o v e r  a .p e r io d  o f  one m inute  in  fo u r  c a lv e s , and th e  ca lve s  s u rv iv e d  

3 -m e th y lin d o le  in fu s io n s ,  V.hen th e  sa re  dose o f  3 -m e th y lin d o le  was 

g iv e n  o v e r a s h o r te r  p e r io d  CO,5 m inu tes) in  tv/o c a lv e s , i t  was 

fo llo w e d  by dea th . P rev ious  w ork on 3 -m e th y lin d o le  (A tk in so n  e t  a l , 

1977) re p o rte d  s im i la r  e f fe c ts  to  those  re p o rte d  he re .

5 -M e th y lin d o le , 7 -m e th y lin d o le , 3 -m e th y lo x in d o le  and 

7 -p h e n y lin d o le  d id  n o t produce th e  acu te  pulm onary t o x ic  e f fe c ts  o f  

3 -m e th y lin d o le . I t  has been sho\,vn th a t  th e  m etabo lism  o f  in d o le  

in v o lv e s  two ro u te s , a m a jo r ro u te  th ro ugh  co n ve rs io n  to  in d o x y l and a 

m in o r  ro u te  th ro ugh  o x in d o le  fo rm a tio n (K in g  e t  a l , 1966), The 

fo rm a tio n  o f  in d o x ^ 'l from  3 -m e th y lin d o le  is  b locked  by th e  3 -m e thy I 

g ro u p . Thus th e  e f fe c t  o f  th e  3 -m e th y l group is  to  s h i f t  th e  

m e tabo lism  o f  3 -m e th y lin d o le  tow ards th e  o x in d o le  ro u te  (Hammond,
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C arlson and W i l l e t t ,  1979), 7 -M e th y lin d o le  and 5 -m e th y lin d o le  would 

be expected , l i k e  in d o le ,  to  be m e ta bo lized  m a in ly  th ro ugh  in d o x y l 

fo rm a t io n .  F a i lu re  o f  3 -m e th y lo x in d o le , th e  m a jo r m e ta b o lite  o f  

3 -m e th y lin d o le  (C hap te r 3 ) ,  to  produce acu te  pulm onary t o x i c i t y  is  

c o n s is te n t  w ith  th e  f in d in g  th a t  3 -m e th y lo x in d o le  does n o t become 

e n z y m a tic a lly  conve rted  to  r e a c t iv e  m e ta b o lite (s )  (C hap te r 6 ) ,  Thus 

th e  pulm onary t o x i c i t y  o f  3 -m e th y lin d o le  in  c a t t le  in v o lv e s  a m e ta b o lite  

in te rm e d ia te  between 3 -m e th y lin d o le  and 3 -m e th y lo x in d o le  o r ,  le s s  

l i k e l y ,  a m e ta b o lite  produced by some m in o r ro u te  n o t in v o lv in g  

3 -m e th y lo x in d o le . Work w ith  fu ra n o  compounds in d ic a te s  th a t  th e  

fu ra n  m o ie ty  o f  these  compounds is  e s s e n t ia l f o r  th e  pulm onary t o x ic  

e f f e c t  produced by c e r ta in  members o f  t h is  group o f  compounds, v iz  

3 -m e th y lfu ra n  and 4 -ipom eano l. R ep lac ing  th e  fu ra n  m o ie ty  w ith  a 

m e th y l o r  a phe ny l s u b s t itu e n t  re s u lte d  in  lo s s  o f  bo th  th e  pulmonaiq/ 

t o x ic  e f f e c t  and th e  a b i l i t y  o f  these  compounds to  become e n z y m a tic a lly  

c o n ve rte d  to  r e a c t iv e  m e ta b o lite s  (Boyd, Burka, W ilson .and  Sasame,

1978; Boyd and Burka, 1976). D i f fe r e n t  fu ra n o  compounds e x h ib i t  

s p e c i f i c i t y  tow ards d i f f e r e n t  o rgans, e .g . fu rosem ide  produces 

h e p a t ic  and re n a l le s io n s  (J o llo w  and M itc h e l l ,  1973; M it c h e l l ,

P o t te r  and J o llo w , 1973) whereas 3 -m e th y lfu ra n  and 4-ipom eano l cause 

lu n g  le s io n s  (Boyd, 1976 ; Boyd, Statham , F ra n k lin  and M it c h e l l ,  1976). 

T h e re fo re  r e s u lts  o f  t h is  p re se n t v/ork shou ld  be in te rp re te d  w ith  

c a u t io n .  In d o l ic  compounds f a i l i n g  to  produce acu te  pulm onary 

t o x i c i t y  may cause ex trapu lm onary  le s io n s .  R e su lts  o f  re c e n t w ork 

(Hammond, C arlson  and Breeze, 1980) have shov/n th a t  in d o le  produces 

re n a l le s io n s  in  c a t t le .  The n e p h ro to x ic  e f fe c t  o f  in d o le  was
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a t t r ib u te d  to  h a e rro g lo b in u r ic  neph ros is  r e s u l t in g  from  haem olysis 

w h ich  was observed a f t e r  o r a l a d m in is tra t io n  o f  in d o le  in  c a t t le .

The p o s s ib i l i t y  th a t  th e  n e p h ro to x ic  e f fe c t  o f  in d o le  is ,  l i k e ,  fu ro se m id e , 

caused by a re a c t iv e  m e ta b o lite  ( M itc h e ll ,  P o t te r  and J o llo w , 1973) 

s h o u ld  be e va lu a te d .



CHAPTER 6

THE CDNVALENT BINDING DP 3-METHYLINDOLE 

TO BOVINE TISSUES
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6 .1  INTRODUCTION

6 .1 .1  M e ta b o lic  a c t iv a t io n  o f  fo re ig n  compounds to  c y to to x ic

I c h e m ic a lly  re a c t iv e  m e ta b o lite s

Drugs and o th e r  fo re ig n  compounds are  most f re q u e n t ly  

m e ta b o lize d  by th e  hos t organ ism  in  o rd e r  th a t  th e y  may be e xc re te d  

more e a s i ly .  In  ge n e ra l m etabo lism  conve rts  p a re n t drugs in to  le ss  

l i p i d  s o lu b le  compounds. These le s s  l i p i d  s o lu b le  m e ta b o lite s  are  

u s u a lly  more w a te r s o lu b le  and most f re q u e n t ly  le s s  p h a rm a c o lo g ic a lly  a c t iv e  

th a n  th e  p a re n t d rug . In  some in s ta n c e s , however, m e ta b o lite s  a re  

more p h a rm a c o lo g ic a lly  a c t iv e  and in  some in s ta n c e s  a re  more t o x ic  

th a n  th e  p a re n t compound. Where m etabolism  leads to  in c rea sed  

a c t i v i t y  (w hethe r t o x ic  o r  p h a rm a c o lo g ic a lly  v a lu a b le )  in  th e  m a jo r i ty  

o f  cases th e  m e ta b o lite  combines r e v e rs ib ly  w ith  a c t io n  s i t e s  in  

t is s u e s .  In  a nunbier o f  in s ta n c e s , however, drugs and o th e r  fo re ig n  

compounds become conve rted  to  c h e m ic a lly  re a c t iv e  m e ta b o lite s .

The concept o f  m e ta b o lic  a c t iv a t io n  o f  drugs and fo re ig n  

compounds to  c h e m ic a lly  re a c t iv e  m e ta b o lite s  was f i r s t  in tro d u c e d  

by M i l l e r  and M i l l e r  (1966) and Magee and Eames (1967) to  e x p la in  

th e  mechanism o f  c a rc in o g e n ic ity  o f  c e r ta in  chem ica ls . T h is  

h y p o th e s is  ho lds  th a t  chem ica ls  b r in g  about t h e i r  c a rc in o g e n ic  e f fe c t  

by  com bin ing c o v a le n t ly  w ith  n u c le ic  a c ids  and o th e r  t is s u e  macro- 

m o lecu les  o r  become conve rted  to  c h e m ic a lly  re a c t iv e  m e ta b o lite s  which 

in  tu rn  combine c o v a le n t ly  w ith  n u c le ic  a c id s  ( M i l le r  and M i l le r ,

1966; Magee and Games, 1967; M i l le r ,  1970; W eisburger and 

W e isburge r, 1973), More re c e n t ly  th e  concept o f  ræ ta b o lic  a c t iv a t io n
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o f  fQ petgn Go^pounds to  c h e m ic a lly  re a c t iv e  m e ta b o lite s  has been f u r t h e r  

extended to  e x p la in  th e  p ro d u c tio n  o f  t is s u e  n e c ro s is  produced by 

c e r ta in  t o x ic  compounds. C hem ica lly  re a c t iv e  m e ta b o lite s  o f  these  

compounds produce c e l lu la r  n e c ro s is  by contain ing w ith  a v a r ie ty  o f  

c e l l u l a r  m acrom olecules e s s e n t ia l f o r  l i f e  ( G i l le t t e  e t  a l , 1974], 

E v a lu a tio n  o f  t h is  h yp o th e s is  has been d i f f i c u l t ;  some new pharmaco

k in e t i c  p r in c ip le s  had to  be in tro d u c e d . C o nven tio na l pha rm a co k in e tic  

s tu d ie s  dea l w ith  exanples in  which th e  p a re n t drug m o lecu le  o r  

p h a rm a c o lo g ic a lly  a c t iv e  m e ta b o lite  produce i t s  e f fe c ts  by com bin ing 

r e v e r s ib ly  w ith  re c e p to r  s i t e s .  In  t h is  case th e  response is  u s u a lly  

p ro p o r t io n a l to  th e  drug o r  a c t iv e  m e ta b o lite  plasma c o n c e n tra t io n .

Thus t h e i r  p ha rm aco log ica l a c t i v i t y  can be e va lu a te d  by m easuring the  

c o n c e n tra t io n  o f  th e  drug o r  th e  a c t iv e  m e ta b o lite  in  plasma 

(Baggot, 1977a] . However when th e  response is  t is s u e  damage caused 

by c o v a le n t b in d in g  o f  c h e m ic a lly  re a c t iv e  m e ta b o lite s  to  t is s u e  

m acrom olecu les, i t  would no t be lo g ic a l  to  expect a r e la t io n s h ip  

between th e  plasma le v e l o f  th e  a c t iv e  m e ta b o lite  and th e  s e v e r i t y  o f  

th e  le s io n s  ( G i l le t t e  e t  a l , 1974). Furtherm ore w ith  h ig h ly  re a c t iv e  

m e ta b o lite s ,  l i t t l e  o r  none reaches th e  plasma, s in c e  much o f  th e  

m e ta b o lite  o f te n  decomposes, re a c ts  w ith  c e l lu la r  c o n s t itu e n ts ,  o r  

i s  f u r t h e r  m e ta b o lize d  b e fo re  i t  can be is o la te d  in  body f lu id s  o r  

u r in e  ( M itc h e l l  and J o llo w , 1374), One approach to  th e  problem  would 

be to  de te rm ine  w h e the r r a d ic la b e lle d  t o x ic  substances become 

c o v a le n t ly  bound to  macromolecules in  t is s u e s  w h ich become n e c ro t ic  

and to  e v a lu a te  th e  c o r re la t io n  between th e  s e v e r i t y  o f  le s io n s  in  

ta r g e t  t is s u e s ,  and th e  amount o f  c o v a le n t ly  bound m e ta b o lite s  

( G i l le t t e ,  1974a, b ) .
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6 ,1 .2  -  T a rg e t m acrom olecules f o r  c o v a le n t b in d in g  w ith  re a c t iv e

m e ta b o lite s  ,

The s p e c i f i c i t y  o f  re a c t iv e  m e ta b o lite s  f o r  b in d in g  

c o v a le n t ly  to  a s p e c i f ic  ta rg e t  substance depends on th e  chem ica l n a tu re  

o f  th e  re a c t iv e  m e ta b o lite  be ing  s tu d ie d  ( G i l le t t e ,  1574a, b ) .  Some 

r e a c t iv e  m e ta b o lite s  p a r t ic u la r ly  those  hav ing  r e la t iv e ly  low chem ica l 

r e a c t i v i t i e s  are  ex tre m e ly  s p e c i f ic  and become p r e f e r e n t ia l ly  bound to  

c e r ta in  rac ro m o lecu les  by f i r s t  com bin ing r e v e r s ib ly  w ith  a c t iv e  

c e n tre s  on a s p e c i f ic  m acrom olecule to  fo rm  a complex th a t  rea rranges 

t o  fo rm  a c o v a le n t ly  bound c o n ju g a te . T h is  mechanism is  th e  b a s is  

o f  th e  s p e c i f ic  in h ib i t io n  o f  c h o lin e  es te rases  by organophosphate 

in s e c t ic id e s .  W ith h ig h ly  r e a c t iv e  m e ta b o lite s , however, i t  is  

d i f f i c u l t  to  id e n t i f y  ta rg e t  macromolecules because th e y  re a c t w ith  

many d i f f e r e n t  c e l lu la r  c o n s t itu e n ts  in c lu d in g  p ro te in s ,  l i p id s  and

n u c le ic  a c id s  and le ad  to  d iv e rs e  t o x i c i t i e s - ( M i l l e r  and M i l le r ,  1966; 

Magee and Barnes, 1967; M i l le r ,  1970; W eisburger and W eisburger,

1973), I t  would be d i f f i c u l t  to  de term ine w h e the r c e l lu la r  t o x i c i t y  

r e s u l t s  fro m  th e  c o v a le n t b in d in g  o f  th e  re a c t iv e  m e ta b o lite  to  a 

s in g le  k in d  o f  m ecrom olecule o r  from  th e  conce rted  a c t io n  o r ig in a t in g  

fro m  m u lt ip le  b io ch e m ica l le s io n s  caused by the  c o v a le n t b in d in g  o f  

th e  re a c t iv e  m e ta b o lite  to  s e v e ra l k inds o f  c e l lu la r  m acrom olecu les. 

T h e re fo re  th e re  is  l i t t l e  va lu e  in  s e le c t in g  a p a r t ic u la r  typ e  o f  

m acrom olecule as th e  b a s is  o f  a ge n e ra l t e s t  system  f o r  d e te rm in in g  

w h e th e r a t o x i c i t y  caused by a g ive n  fo re ig n  compound is  m ediated 

b y  a r e a c t iv e  m e ta b o lite .  I t  i s  n o t s u f f i c ie n t  to  dem onstrate 

c o v a le n t b in d in g  to  c e l lu la r  macromolecules o f  a c h e m ic a lly  re a c t iv e
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m e ta b o lite - fo rm in g  t o x ic  fo re ig n  compound. B in d in g  c o u ld  o c cu r to  

c e l l u l a r  m acrom olecules no t e s s e n t ia l to  c e l l  l i f e  o r  fu n c t io n  o r  th e  

b io c h e m ic a l le s io n s  caused by c o v a le n t b in d in g  o f  th e  re a c t iv e  m e ta b o lite  

may be r a p id ly  recogn ized  and re p a ire d  by r e p a ir  mechanisms ( G i l le t t e ,  

1974a, b ) .  F o r t o x i c i t y  to  be cons ide red  th e  r e s u l t  o f  co v a le n t 

b in d in g  o f  re a c t iv e  m e ta b o lite s  th e  t o x ic i t y  shou ld  be ro u g h ly  p ro p o r^  

t io n a l  to  th e  number o f  ta rg e t  m a c ro m o le cu le -re a c tive  m e ta b o lite  

con juga ted fo rm ed  in  th e  t is s u e  a f t e r  a d m in is t ra t io n  o f  th e  t o x ic  

subs tance . F u r th e r ,  in  th e  presence o f  d ru g -m e ta b o liz in g  enzyme 

in d u c e rs  and in h ib i t o r s ,  th e  in c id e n c e  and s e v e r ity  o f  le s io n s  shou ld  

a ls o  p a r a l le l  th e  e x te n t o f  c o v a le n t b in d in g  to  c e l lu l a r  m acrom olecules 

i f  th e  re a c t iv e  m e ta b o lite  is  to  be cons ide red  th e  cause o f  th e  t o x i c i t y  

( G i l l e t t e ,  1974a, b ] ,

6 .1 .3  -  H e p a to to x ic  drugs as models f o r  the  in v e s t ig a t io n  o f  th e

mechanism o f  fo re ig n  compound induced t is s u e  in ju r y  

The m a jo r i ty  o f  c u r re n t knowledge on th e  t o x i c i t y  o f  re a c t iv e  

m e ta b o lite s  d e r iv e s  from  s tu d ie s  made w ith  h e p a to to x ic  drugs in  

p a r t ic u la r  halobenzenes and acetam inophen. A d d it io n a l ly  com para tive  

s tu d ie s  on th e  h e p a to to x ic ity  c f  p y r r o l iz id in e  a lk a lo id s  re p re s e n t an 

example o f  a n a tu r a l ly  o c c u rr in g  to x ic  hazard to  g ra z in g  a n irra ls . The 

s tu d ie s  on these  th re e  groups o f  compounds a re  b r i e f l y  rev iew ed he re .

1) Halobenzenes

A -  C o r re la t io n  between c o v a le n t b in d in g  and s e v e r i t y  o f  t o x i c i t y  

Halobenzenes a re  r e la t iv e ly  c h e m ic a lly  in e r t  compounds and do 

n o t re a c t c o v a le n t ly  w ith  t is s u e  m acrom olecu les. Ho\>/ever halobenzenes 

undergo m e ta b o lic  a c t iv a t io n  by cytochrome-P45D dependent m ixed fu n c t io n
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oxidases to  a h ig h ly  re a c t iv e ,  e le c t r c p h i l i c ,  in te rm e d ia te  which in  

tu r n  re a c ts  c o v a le n t ly  w ith  n u c le o p h il ic  s i te s  on c e l lu la r ,  rrec ro iro lecu les  

o f  h e p a tic  c e l ls  caus ing  c e l lu la r  n e c ro s is  (B ro d ie , R e id , Cho, S ipes , 

K r is h n a  and G i l l e t t e ,  1971; J d llo w , M it c h e l l ,  Zarrpag lione and 

G i l l e t t e ,  1972; J o llo w , M it c h e l l ,  Zarrpaglione and G i l l e t t e ,  1974).

Thus p re - tre a tm e n t o f  ra ts  w ith  p h é n o b a rb ita l, w h ich induces th e  

a c t i v i t y  o f  cytochrome P-450 in  th e  l i v e r ,  in c re a se s  th e  c o v a le n t 

b in d in g  o f  r a d io la b e lle d  brorobenzene to  l i v e r  t is s u e  p ro te in s ,  the  

s e v e r i t y  o f  th e  l i v e r  n e c ro s is  and a ls o  in c rea ses  th e  ra te  o f  d is a p p e a r

ance o f  brorobenzene from  th e  body (R e id , C h r is t ie ,  K ris h n a , M it c h e l l ,  

M oskow itz and B ro d ie , 1971; Reid end K rish n a , 1973; Zanpag lione , J o llo w , 

M i t c h e l l ,  S t r ip p ,  Ham irck and G i l l e t t e ,  1973). In  c o n tra s t  p re - 

tre a tm e n t o f  r a ts  w ith  SKF 525-A c r  p ip e ro n y l b u to x id e  compounds 

w h ich  i n h ib i t  m icrosom al drug m e ta b o liz in g  enzymes in  th e  l i v e r ,  

decrease bo th  c o v a le n t b in d in g  o f  r a d io la b e lle d  bromobenzene to  l i v e r  

p ro te in s  and s e v e r ity  o f  th e  l i v e r  n e c ro s is  and decrease th e  ra te  o f  

d isappearance  o f  bromobenzene from  th e  body a f t e r  a d m in is t ra t io n  o f  

r a d io la b e l le d  bromobenzene from  th e  body ( M itc h e l l  e t  a l , 1971;

R e id  e t  a l , 1971; J o llo w  e t  a l , 1972; Reid and K ris h n a , 1973; 

Zarrpag lione e t  a l , 1973). Thus th e  s e v e r ity  o f  h e p a tic  damage 

c o r re la te s  w e l l  w ith  th e  e x te n t o f  c o v a le n t b in d in g  o f  m e ta b o lite C s ) 

o f  r a d io la b e lle d  bromobenzene. P re -tre a tm e n ts  w h ich a l t e r  th e  

m agnitude o f  c o v a le n t b in d in g  o f  bremobenzene to  t is s u e  iracrom olecu les 

in  v iv o  cause p a r a l le l  changes in  th e  s e v e r ity  o f  h e p a tic  le s io n s .

B -  S tru c tu re  a c t i v i t y  r e la t io n s h ip  o f  halobenzenes

S tru c tu re  a c t i v i t y  r e la t io n s h ip  s tu d ie s  on halobenzenes have
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shown a good c o r re la t io n  between th e  e x te n t to  v/h ich in d iv id u a l  

merrbers o f  t h is  group o f  compounds become c o v a le n t ly  bound to  l i v e r  

p ro te in s  and th e  s e v e r i t y  o f  h e p a tic  le s io n s . In  r a ts  doses o f  

1 rrm ol/kg o f  r a d io la b e lle d  ch lp robenzene, bromobenzene, iodobenzene 

and O -d ich lo robenzene  cause l i v e r  n e c ro s is  and become c o v a le n t ly  bound 

t o  a c o n s id e ra b le  e x te n t to  l i v e r  p ro te in s  whereas e c u im o la r doses 

o f  fluo rob enzene  and p -d ich lo ro b e n ze n e  do n o t cause l i v e r  n e c ro s is  

and do n o t become c o v a le n t ly  bound to  l i v e r  p ro te in s  (B ro d ie  e t  a l ," 

1971; R e id , 1973; Reid and K rish n a , 1973).

C -  Dose-response re la t io n s h ip s  f o r  bromobenzene

There is  a th re s h o ld  f o r  th e  h e p a to to x ic  e f f e c t  o f  bromo

benzene. Beyond t h is  th re s h o ld  dose bromobenzene becomes c o v a le n t ly  

bound to  a c o n s id e ra b le  e x te n t and causes l i v e r  n e c ro s is .  C ova len t 

b in d in g  to  l i v e r  p ro te in s  rem ains low u n t i l  a dose bebween 1 .2  and 

2 .1 5  rrm ol/kg is  used. Above t h is  c r i t i c a l  dose th e  p ro p o r t io n  o f  

th e  dose th a t  becomes c o v a le n t ly  bound to  l i v e r  p ro te in s  is  n e a r ly  

doub led  and l i v e r  n e c ro s is  is  m an ifes ted  (R e id , 1973; Reid and 

K r is h n a , 1973 ) .

S tu d ie s  on th e  m etabolism  o f  bromobenzene have p ro v id e d  

an answer f o r  t h is  th re s h o ld  dose phenomenon. The c o l le c t iv e  da ta  

on th e  m etabo lism  o f  bromobenzene (B rod ie  e t a l , 1971;

Zam paglione e t a l , 1973; J o llo w  e t a l , 1974) show th a t  bromobenzene 

i s  m e ta b o lize d  to  a g re a t e x te n t to  a c y to to x ic  r e a c t iv e  m e ta b o lite ,

3 , 4-bramobenzene epox ide . T h is  epoxide can be d e to x i f ie d  by 

undergo ing  non-enzym atic  rearrangem ent to  fo rm  p-brom cphenol o r  

becoming h yd ra ted  to  a d ih y d ro d io l d e r iv a t iv e  under th e  in f lu e n c e  o f
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the  enzyme epoxide hyd ra tase  o r  becoming con juga ted  v .'ith  g lu ta th io n e .  

The fo rm a tio n  o f  th e  e p o x id e -g lu ta th io n e  co n ju g a te  can o c cu r 

spon tan eous ly  o r  e n z y m a tic a lly  c a ta ly z e d  by g lu ta th io n e  S -epoxide 

t ra n s fe ra s e .  The s teady s ta te  c o n c e n tra tio n  o f  th e  epoxide vrauld 

depend on th e  balance between th e  ra te  o f  epoxide  fo rm a tio n  and th e  

ra te s  a t  w h ich t h is  epoxide is  conve rted  in to  th e  phe no l, g lu ta th io n e  

c o n ju g a te  and th e  d ih y d ro d io l.  C ova lent b in d in g  to  c e l lu la r  

m acrom olecules o f  h e p a tic  c e l ls  dees no t o ccu r u n t i l  l i v e r  g lu ta th io n e  

s to re s  o f  these  c e l ls  a re  d e p le te d  ( G i l le t t e ,  1973; J o llo w  e t a l ,

1974). The le v e l o f  g lu ta th io n e  would depend on th e  ba lance between 

th e  ra te  o f  g lu ta th io n e  s y n th e s is  and th e  ra te  a t  w h ich g lu ta th io n e  

i s  consumed in  th e  fc re a t io n  o f  th e  bromobenzene g lu ta th io n e  con juga te . 

W ith  h igh  doses o f  bromobenzene th e  ra te  o f  fo rm a tio n  o f  th e  bromo- 

b e n z e n e -g lu ta th io n e  co n juga te  is  s u f f i c ie n t l y  h ig h  to  d e p le te  l i v e r  

g lu ta th io n e  s to re s  and excess epoxide re a c ts  c o v a le n t ly  w ith  c e l lu la r  

m acrom olecu les. In  c o n tra s t ,  in  an im a ls re c e iv in g  e i t h e r  low  doses 

o f  bromobenzene (below  th e  th re s h o ld  dose) o r ,  a l t e r n a t iv e ly ,  h igh  

doses o f  bromobenzene a f t e r  p re - tre a tm e n t w ith  EhCF 525-A, the  ra te  

o f  th e  bromobenzene epoxide fo rm a tio n  is  s lo w , th e  fo rm a tio n  o f  th e  

e p o x id e -g lu ta th io n e  co n juga te  is  s low  and l i v e r  le v e ls  o f  g lu ta th io n e  

a re  neve r d e p le te d . C onsequently th e  c o v a le n t b in d in g  o f  th e  bromo

benzene re a c t iv e  m e ta b o lite  to  c e l lu la r  m acrom olecules rem ains m in im a l 

and h e p a to to x ic ity  is  a lm ost co m p le te ly  p reven ted  (R e id  and K rish n a , 

1973).

2) The acetam inophen h e p a to to x ic ity  model

A -  C o rre la t io n  o f  changes in  the  e x te n t c f  c o v a le n t b in d in g
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w ith  changes in ^ s e v e r ity  o f  t o x ic i t y

Acetaminophen' (pa race tam o l) is  an a n a lg e s ic  d rug . H igh doses o f  

acetam inophen cause c e n t r i lo b u la r  h e p a tic  n e c ro s is  in  man (P re s c o tt,  

W r ig h t,  Roscoe and Brown, 1971), ra ts  (Boyd and B ereczky, 1966j 

M i t c h e l l ,  Jo llo v \', P o t te r ,  D av is , G i l l e t t e  and E ro d ie , 1973) and 

m ice ( M itc h e l l ,  O o llow , P o t te r ,  D av is , G i l l e t t e  and E ro d ie , 1973).

S tu d ie s  on th e  mechanism o f  th e  h e p a to to x ic  e f fe c t  o f  acetam inophen 

have shown th a t  a d m in is t ra t io n  o f  r a d io la b e lle d  acetam inophen 

(300-750 m g /kg ), in  m ice, causes n e c ro s is  o f  h e p a tic  c e l ls  and th a t  

r a d io a c t iv i t y  from  acetam inophen became c o v a le n t ly  bound to  l i v e r  

p ro te in s .  P re -tre a tm e n t o f  an im a ls  w ith  m ixed fu n c t io n  ox idase  

in h ib i t o r ,  v iz  p ip e ro n y lb u to x id e  o r  c o b a lto u s  c h lo r id e  decreased 

b o th  th e  s e v e r ity  o f  l i v e r  n e c ro s is  and th e  e x te n t o f  co v a le n t 

b in d in g  o f  r a d io a c t iv i t y  to  l i v e r  p ro te in s .  In  c o n tra s t ,  p re - tre a tm e n t 

o f  th e  an im a ls  w i th  phenoba rb itone , a m ixed fu n c t io n  ox idase  in d u c e r , 

in c re a s e d  th e  s e v e r i t y  o f  th e  n e c ro s is  and a ls o  in c re a se d  th e  amount 

o f  c o v a le n t ly  bound acetam inophen m e ta b o lite s . Both c o v a le n t b in d in g  

and h e p a tic  n e c ro s is  were dose dependent. A f t e r  a d m in is t ra t io n  o f  

a n o n - to x ic  dose o f  r a d io la b e lle d  acetaminophen (0 .0 1  m g/kg) o n ly  

in s ig n i f ic a n t  amounts o f  c o v a le n t ly  bound r a d io a c t iv i t y  were found 

in  l i v e r .  A u to ra d io g ra p h ic  s tu d ie s  have shown p r e fe r e n t ia l  

a ccum u la tion  o f  c o v a le n t ly  bound r a d io a c t iv i t y ,  from  r a d io la b e lle d  

acetam inophen, in  th e  c e n t r i lo b u la r  h e p a tic  c e l ls .  Thus th e  

s e v e r i t y  o f  h e p a tic  le s io n s  induced by acetam inophen c o r re la te  w ith  

th e  e x te n t o f  c o v a le n t b in d in g  o f  acetaminophen m e ta b o lite s  to  l i v e r  

p r o te in s .  The e x te n t o f  c o v a le n t b in d in g  to  s e v e re ly  a f fe c te d
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h e p a tic  c e l ls  is  g re a te r  than th a t  to  a p p a re n tly  norm al c e l ls .  A lso  

c o v a le n t b in d in g  was g re a te r  to  th e  drug m e ta b o liz in g  s u b c e l lu la r  

f r a c t io n ,  v iz  th e  m icrosom al f r a c t io n .  Lesse r amounts o f  c o v a le n t ly  

bound m e ta b o lite s  were found in  n u c le i and m ito c h o n d ria  (J o llo w , 

M i t c h e l l ,  P o t te r ,  D a v is , G i l l e t t e  and E ro d ie , 19733,

B -  M e ta b o lic  pathway c a ta ly z in g  the  b ia c t iv a t io n  o f  ace ta 

minophen to  an e le c t r o o h i l ic  m e ta b o lite

In  v i t r o  s tu d ie s  (P o t te r ,  D av is , M it c h e l l ,  J o llo w , G i l l e t t e  

and B ro d ie , 1973) in d ic a te  th a t  th e  c o va le n t b in d in g  o f  acetam inophen 

t o  c e l lu la r  m acrom olecules is  c a ta ly z e d  by a cytochrom e P-45Ü 

dependent m ixed fu n c t io n  o x idase . C ova len t b in d in g  o f  r a d io a c t iv i t y ,  

fro m  r a d io la b e lle d  acetam inophen, to  p ro te in  o f  m ic ro s o n ^ l p re o a ra tio n s  

re q u ire d  th e  presence o f  reduced n ic o tin a m id e  adenine d in u c le o t id e  

phosphate and oxygen and was in h ib i te d  by carbon m onoxide.- The 

acetam inophen re a c t iv e  m e ta b o lite  is  th o u g h t to  be an N -hydroxy 

d e r iv a t iv e  (P o t te r ,  D av is , M it c h e l l ,  J o llo w , G i l l e t t e  and B ro d ie ,

1973). T h is  m e ta b o lite  is  h ig h ly  e le c t r o p h i l ic .  I t  form s co n juga tes  

w i th  n u c le o p h il ic  compounds such as g lu ta th io n e ,  c y s te in e  and 

N -a c e ty l-L -c y s te in e .  The fo rm a tio n  o f  these  con ju g a te s  can o ccu r 

sp on tan eous ly  (n o n -e n z y m a tic a lly ) .  However w ith  g lu ta th io n e  th e  

re a c t io n  may o c c u r spon taneous ly  o r  be c a ta ly z e d  by a c y to p la s m ic  

enzyme g lu ta th io n e  S - tra n s fe ra s e . Thus a d d it io n  o f  g lu ta th io n e ,

L -c y s te in e  o r  N -a c e ty l-L -c y s te in e  to  m icrosom al p re p a ra t io n s , in  v i t r o  

i n h ib i t s  th e  c o v a le n t b in d in g  o f  th e  acetam inophen m e ta b o lite  to  

m icrosom al p ro te in  by p ro v id in g  a l te r n a t iv e  n u c le o p h il ic  s i te s  f o r  

b in d in g  th e  re a c t iv e  m e ta b o lite .  The decrease in  c o v a le n t b in d in g
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to  m icrosom al p ro te in s  p a ra l le le d  an in c re a se  in  th e  fo rm a tio n  o f  

c o n ju g a te  between acetam inophen and the  n u c le o p h il ic  agent added 

( R o l l in s  and B u c k p it t ,  1979). A method f o r  is o la t io n  and q u a n t i ta t iv e  

d e te rm in a tio n  o f  th e  g lu ta th io n e ,  c y s te in e  and N -a c e ty l-L -c y s te in e  

c o n ju g a te s  o f  acetam inophen by h igh  p ressu re  l i q u id  chrom atography 

has been d e sc rib e d  (B u c k p it t ,  R o l l in s ,  N elson, F ra n k lin  and M it c h e l l ,

1977).

C- Dose-response r e la t io n s h ip  and d e to x ify in g  pathway f o r  

acetam i nophen

The c y to to x ic  c h e m ic a lly  re a c t iv e  m e ta b o lite  o f  acetam inophen 

i s  d e to x i f ie d  by re a c t in g  p r e fe r e n t ia l ly  w ith  g lu ta th io n e .  C ova len t 

b in d in g  o f  t h is  m e ta b o lite  to  h e p a tic  m acrom olecules does n o t o c cu r 

u n t i l  th e  a v a i l a b i l i t y  o f  g lu ta th io n e  is  exhausted th ro u g h  c o n ju g a tio n  

w i th  th e  m e ta b o lite .  C o n s is te n t w ith  t h is  v iew  is  th a t  no c o v a le n t 

b in d in g  o f  r a d io la b e lle d  acetam inophen to  l i v e r  p ro te in  and no 

n e c ro s is  a f fe c ts  h e p a tic  c e l ls  un less th e  l i v e r  g lu ta th io n e  is  

s e v e re ly  d e p le te d . The e x te n t o f  c o v a le n t b in d in g  o f  r a d io la b e lle d  

acetam inophen to  l i v e r  p ro te in  and th e  decrease in  l i v e r  g lu ta th io n e  

le v e ls  c o r re la te s  v e ry  w e ll  w ith  th e  s e v e r ity  o f  n e c ro t ic  changes 

a f fe c t in g  th e  l i v e r  (J o llo w , M itc h e l l ,  P o t te r ,  D av is , G i l l e t t e  and 

B ro d ie , 1973; M it c h e l l ,  J o llo w , P o tte r ,  G i l l e t t e  and E ro d ie , 1973; 

P o t te r ,  D av is , M it c h e l l ,  J o llo w , G i l l e t t e  and B ro d ie , 1973),

P re - tre a tm e n t o f  r a ts  w ith  c y s te in e , a p re c u rs o r  o f  g lu ta th io n e ,  o r  

w i th  cysteam ine o r  d irm rc a p ro l,  which presum ably o f f e r  a l te r n a t iv e  

n u c le o p h il ic  s i te s  f o r  re a c t io n  w ith  th e  acetam inophen re a c t iv e  

m e ta b o lite ,  decrease th e  c o v a le n t b in d in g  o f  th e  acetam inophen m e ta b o lite
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to  l i v e r  p ro te in  and th e  s e v e r ity  o f  h e p a tic  le s io n s  ( M itc h e l l ,

J o l lo w .  P o t te r ,  G i l l e t t e  and E ro d ie , 1973; M i t c h e l l ,  J o llo w , G i l l e t t e  

and B ro d ie , 1973). In  c o n tra s t ,  p re - tre a tm e n t o f  r a ts  w ith  

d ie th y lm a le a te ,  a compound w h ich d e p le te s  l i v e r  g lu ta th io n e  (Boyland 

and Chasseaud, 1970), in c re a se s  th e  e x te n t o f  c o v a le n t b in d in g  o f  

acetam inophen to  l i v e r  p ro te in s  and in c rea ses  th e  s e v e r i t y  o f  l i v e r  

n e c ro s is  ( M itc h e l l ,  J o llo w , P o t te r ,  G i l l e t t e  and B ro d ie  1973).

Acetaminophen d is p la y e d  a th re s h o ld  dose phenomenon s im i la r  

t o  th a t  de sc rib e d  p re v io u s ly  f o r  bromobenzene. The c r i t i c a l  dose f o r  

acetam inophen in  m ice is  about 300 mg/kg. N e cros is  does n o t o ccu r 

in  mouse l i v e r ,  un less  the  m ice a re  t re a te d  w ith  a dose g re a te r  than  

300 mg/kg ( M itc h e l l ,  J o llo w , P o tte r ,  D avis , G i l l e t t e  and E ro d ie ,

1973).

3 ) P y r r o l iz id in e  a lk a lo id s

P y r r o l iz id in e  a lk a lo id s  re p re s e n t a n a tu r a l ly  o c c u rr in g  hazard 

t o  l iv e s to c k  as th e y  a re  p resen t in  c e r ta in  po isonous p la n ts ,  in c lu d in g  

Ragwort (Senecio Jacooaea), The most im p o rta n t t o x ic  e f fe c ts  caused by 

th e s e  a lk a lo id s  is  t h e i r  pneum otoxic and h e p a to to x ic  a c t io n s  (Hooper,

1978). These a lk a lo id s  appear t c  cause t is s u e  damage by becoming conve rted  

t o  h ig h ly  e le c t r o p h i l ic  p y r r o l i c  m e ta b o lite s  w h ich  a lk y la te  t is s u e  macro- 

m o le cu le s , In  su p p o rt o f  t h is  v iev j, i t  has been dem onstra ted th a t  th e  

h e p a to to x ic  e f fe c t  o f  these  a lk a lo id s  c o r re la te s  w e l l  w ith  th e  amounts 

o f  p y r r o l i c  m e ta b o lite s  found in  l i v e r s  o f  r a ts  g ive n  th e  a lk a lo id s .

P re - tre a tm e n t o f  ra ts  w ith  EKF 525-A, an in h ib i t o r  o f  drug m icrosom al 

enzymes, o r  p re - fe e d in g  sucrose decreases bo th  th e  h e p a to to x ic ity  

and th e  c o n c e n tra t io n  o f  l i v e r  p y r ro le s  a f t e r  r e t r o s in e  a d m in is t ra t io n .
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On th e  o th e r  hand, p re - tre a tr re n t  o f  r a ts  w ith  p h é n o b a rb ita l,  an 

in d u c e r  o f  m ic roso rra l enzymes, in c rea sed  the  s u s c e p t ib i l i t y  o f  fem ale  

r a t s ,  b u t decreased th e  s u s c e p t ib i l i t y  o f  males to  r e t r o s in e  

(M a tto cks , 1372). In c re a s in g  o r  decreas ing  th e  c o n c e n tra t io n  o f  

l i v e r  g lu ta th io n e  by a d m in is tra t io n  o f  c y s te in e  o r  c h lo ro e th a n o l 

decreased o r  in c re a se d , re s p e c t iv e ly ,  th e  s u s c e p t ib i l i t y  o f  male 

r a ts  to  th e  h e p a to to x ic  e f fe c t  o f  re t r o s in e .  T h is  in d ic a te s  th a t  

th e  h e p a to to x ic  m e ta b o l i te ,c f  r e t r o s in e  is  e le c t r o p h i l ic  and 

th e re fo re  i t  was s u rp r is in g  to  f in d  th a t  re t r o s in e  d id  n o t d e p le te  

l i v e r  g lu ta th io n e  in  ra ts  (T T iite , 1976).

6 .1 .4  -  M e ta b o lic  a c t iv a t io n  o f  fo re ig n  compounds to  c h e m ic a lly

re a c t iv e  pneum otoxic m e ta b o lite s  

The h e p a to to x ic  e f fe c t  o f  many x e n o b io t ic  compounds is  based 

on m e ta b o lic  conve rs ion  o f  these  c h e m ic a lly  in e r t  fo re ig n  compounds 

t o  c h e m ic a lly  r e a c t iv e  in te rm e d ia te s  which a lk y la te  o r  a r y la te  c e l lu la r  

m acrom olecules o f  hepa tocytes  p roduc ing  c e l lu la r  in ju r y .  The 

r e a l is a t io n  th a t  th e  lung  possesses m icrosom al enzyme systems s im i la r  

t o  those  c a ta ly z in g  th e  m e ta b o lic  a c t iv a t io n  o f  h e p a to to x ic  substances 

t o  c h e m ic a lly  r e a c t iv e  m e ta b o lite s  has s t im u la te d  c o n s id e ra b le  in te r e s t  

i n  th e  p o s s ib i l i t y  th a t  c h e m ic a lly - in d u c e d  pulm onary d iseases m igh t 

a ls o  be m edia ted by re a c t iv e  m e ta b o lite s . There is  no doubt th a t  

th e  l i v e r  is  q u a n t i ta t iv e ly  th e  most irp io r ta n t  organ in v o lv e d  in  

b io c h e m ic a l defence a g a in s t fo re ig n  compounds. The lu ng  is  exposed 

t o  two sources o f  fo re ig n  cccpounds; those  p re s e n t in  in s p ire d  a i r  

and those  c a r r ie d  to  th e  lung  w ith  b lood  s tream . F urtherm ore  th e  

lu n g  is  th e  o n ly  v a s c u la r  s t ru c tu re  which re c e iv e s  a l l  o f  th e
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c a rd ia c  o u tp u t d u r in g  each c i r c u la t io n ,

6 .1 .4 .1  -  The presence o f  x e n o b io t ic  com pound-m etabo liz ing enzyme

systems in  th e  lung 

The marrmalian lung possesses enzyme systems capable  o f  

p e rfo rm in g  th e  fo l lo w in g  b io tra n s fo rm a tio n  re a c t io n s ;

1) M ixed fu n c t io n  o x id a t io n

In  v i t r o  s tu d ie s  on ra b b its  (Gram, L i t t e r s t  and Mimnaugh,

1974) have shown th a t  th e  lung  possesses a mixed fu n c t io n  ox idase  

sys tem (s ) q u a l i t a t iv e ly  s im i la r  to  th a t  o f  th e  l i v e r .  M ixed 

fu n c t io n  ox idase  a c t i v i t y  was lo c a te d  in  the  m ic rc s c ira l f r a c t io n s  in  

b o th  th e  lung and l i v e r .  O the r s u b c e llu la r  f r a c t io n s  such as th e  

n u c le a r  and m ito c h o n d r ia l f r a c t io n s  e x h ib ite d  o n ly  ve ry  low mixed 

fu n c t io n  ox idase  a c t i v i t y  which v/es a t t r ib u te d  to  m icrosom al 

c o n ta m in a tio n . Q u a n t ita t iv e ly  th e  o v e ra l l  a c t i v i t y  o f  th e  mixed 

fu n c t io n  ox idase  (b ip h e n y l hydrox^ 'lase) was about th e  same in  th e  

lu n g  and l i v e r .  However, th e  cytochrome P-45Ü, a component c f  

th e  e le c tro n  t r a n s fe r  cha in  o f  th e  enzyme system , c o n te n t o f  l i v e r  

m icrosomes was a lm ost e ig h t  tim es th a t  o f  th e  lu ng  in  r a b b its .

Requirem ents f o r  o p tim a l a c t i v i t y  o f  m ixed fu n c t io n  ox idase  

a c t i v i t y  o f  th e  lung  and l i v e r  microsomes o f  ra b b its  were e s s e n t ia l ly  

th e  same. Both systems re q u ire d  reduced n ic o tin a m id e  adenine 

d in u c le o t id e  phosphate o r  reduced n ic o tin a m id e  adenine d in u c le o t id e  

p h o sp h a te -g e n e ra tin g  system and oxygen and were in h ib i t e d  by carbon 

m onoxide, cytochrome c and SKF 525-A (Bend, Hook, E a s te r l in g ,  Gram 

and F ou ts , 1972; Gram e t  a l , 1974). Mixed fu n c t io n  ox idase  a c t i v i t y  

o f  m icrosom al p re p a ra tio n s  from  th e  lung were le s s  than  3% o f  those
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from  th e  l i v e r  in  man Cmèas'ured w ith  benz-pyrene , p h e nace tin  and 

7 -e thoxycoum arin , as s u b s tra te s  .[McManus, Boob is, P a c i f i c i ,  Frerrpong, 

B ro d ie , Kahn, l \ t y te  and D avies, 19^0). E xam ination  o f  p rodu c ts  o f

m e tabo lism  o f  p o ly c y c l ic  hydrocarbons benz Ca) an th racen e , benz (a)
I

pyrene and 7 -m e thy l benz (a) anthracene by m icrosom al p re p a ra tio n s  

in d ic a te s  th a t  epoxides are  form ed from  these compounds by cytochrome 

P-450 dependent m ixed fu n c t io n  oxidases o f  th e  lung  and l i v e r  o f  

r a t s .  M icrosom al p re p a ra tio n s  from  th e  r a t  lung  were a t le a s t  as 

a c t iv e  as those  from  the  r a t  l i v e r  in  th e  m etabo lism  o f  p o ly c y c l ic  

hydrocarbons to  c h e m ic a lly  re a c t iv e  epoxides (G rove r, 1974; G rover,

Hevær and Sims, 1974).

2 ) C on ju ga tion  re a c t io n s

A -  G lu cu ro n ic  a c id  c o n ju g a tio n

G lu c u ro n ic  a c id  c o n ju g a tio n  is  an e x tre m e ly  im p o rta n t 

b io tra n s fo rm a tio n  re a c t io n .  Compounds undergo ing t h is  re a c t io n  

in c lu d e  a lc o h o ls ,  pheno ls , c a rb o x y lic  a c id s , am ines, amides and t h io l s .  

T h is  re a c t io n  proceeds in  two s te p s . F i r s t  th e  a c t iv a t io n  o f  g lu c u ro n ic  

aci.d  to  fo rm  u r id in e  d iphosphate  g lu c u ro n ic  a c id ,  then  th e  t r a n s fe r  

o f  g lu c u ro n ic  a c id  from  t h is  a c t iv a te d  n u c le o tid e  to  an a c c e p to r 

m o lecu le  to  fo rm  g lu c u ro n id e . The s y n th e s is  o f  th e  g lu c u ro n id e  is  

m ed ia ted  by a m icrosom al enzyme, g lu c u ro n y l tra n s fe ra s e  (Baggot, 1977b).

U r id in e  d in u c le o t id e  p h o s p h a te -g lu cu ro n y l t ra n s fe ra s e  

a c t i v i t y  in  lung  m icrosom al p re p a ra tio n s  was n o n -d e te c ta b le  ( p - n i t r o -  

pheno l o r  p h e n o lp h th a le in  as s u b s tra te s )  o r  d e te c ta b le  in  much lo w e r 

amounts (D-am inophenol as s u b s tra te )  than th a t  in  l i v e r  m icrosom al 

p re p a ra t io n s  from  ra b b its  (Gram e t  a l ,  1974).
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B -  N -A c e ty la tio n

T h is  re a c t io n  in v o lv e s  a c é ty la t io n  o f  amino groups o f  

fo re ig n  corrpounds such as a ro m a tic  amines, su lfonam ides  and a ro r ra t ic  

amino a c id s . The a c t iv e  a c e ty la t in g  agent i s  a ce ty l-C o A , which 

re a c ts  w ith  f re e  amino "groups on th e  drug to  fo rm  an amide bond.

The re a c t io n  is  c a ta ly z e d  by th e  m icrosom al enzyrre N -a c e ty l t ra n s fe ra s e .

N“ A c e ty l tra n s fe ra s e  a c t i v i t y  to v a rd s  para-em ino benzo ic  a c id  in  lung 

m icrosom al p re p a ra tio n s  was comparable to  th a t  o f  th e  l i v e r .  On th e  

o th e r  hand, th e  a c t i v i t y  in  th e  lung when measured w ith  s u lfa d ia z in e  

was much lo w e r than  th a t  o f  th e  l i v e r  (Gram e t  a l , 1974).

C -  M é th y la tio n

M e th y ltra n s fe ra s e s  t r a n s fe r  m ethy l groups from  S -adenosy l- 

m e th io n in e  to  a p h e n o lic  h y d ro x y l group, to  a s u l f y d r y l  group o r  to  

v a r io u s  amino groups.

In  v i t r o  s tu d ie s  in d ic a te  th a t  p r im a ry  amines (e .g . d s sd im e th y l' 

im ip ra m in e ) a re  s lo w ly  m e th y la te d , whereas secondary amines (e .g . 

n o r t r i p t y l in e  and desm ethy lim ip ram ine ) are  r a p id ly  m e th y la te d  by an 

enzyme in  th e  s o lu b le  f r a c t io n  o f  r a b b i t  lung (G in g e ll and Sanders,

1366), An enzyme c a ta ly z in g  th e  t r a n s fe r  o f  th e  m e th y l group o f  

S -ade nosy lm e th ion ine  to  pheno l has been dem onstrated in  m icrosom al 

p re p a ra t io n s  from  lung and l i v e r  o f  ra b b its  and gu inea p ig s  (A xe lro d  

and D a ly , 1968).

0 -  G lu ta th io n e  c o n ju g a tio n

G lu ta th io n e  S - tra n s fe ra s e s  c a ta ly z e  th e  c o n ju g a tio n  o f 

g lu ta th io n e  w ith  a w ide v a r ie ty  o f  fo re ig n  compounds and p la y  an 

e s s e n t ia l r o le  in  th e  d e to x ic a t io n  o f  fo re ig n  compounds. The r o le  o f
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g lu ta th io n e  S -tra n s fe ra s e s  in  b io ch e m ica l defence and d is t r ib u t io n  

o f  these  enzymes in  d i f f e r e n t  t is s u e s  w i l l  be d iscussed  in ' d e t a i l  (see 

6 ,1 .5 ] ,

3 ) Epoxide hydrase '

T h is  re a c t io n  is  c a ta ly z e d  by epoxide hydrase enzyme. The 

d is t r ib u t io n  o f  t h is  enzyme in  d i f f e r e n t  t is s u e s  and i t s  r o le  in  

d e to x ic a t io n  o f  epoxides w i l l  be d iscussed  (see 6 .1 .5 . )  T h is  m e ta b o lic  

a sp e c t o f  th e  lung  and i t s  p o s s ib le  im p l ic a t io n  in  th e  a e t io lo g y  o f  

pulm onary d iseases is  in a d e q u a te ly  in v e s t ig a te d .  There a re  o n ly  a 

few  known examples o f  fo re ig n  chem ica ls which cause s p e c i f ic  pneumo

t o x i c i t y  when a d m in is te re d  by ro u te s  o th e r  than in h a la t io n .  Among . 

th e se  chem ica ls a re  th e  halobenzenes and fu ra n o  compounds. The 

mechanism o f  a c t io n  o f  these  two groups o f  compounds tov/ards th e  

lu n g  is  d iscussed  be low .

6 ,1 ,4 .2  -  Examples o f  re a c t iv e  m e ta b o lite -m e d ia te d  p n e u m o to x ic it ie s

1) Pulmonary t o x i c i t y  caused by halobenzenes

Halobenzenes cause h e p a to to x ic ity  by becoming conve rted  to  

c h e m ic a lly  r e a c t iv e  c y to to x ic  m e ta b o lite s . T h is  le d  R e id , I l e t t ,

C l ic k  and K rish na  (1973 ), who observed th a t  these  compounds a ls o  

caused lung le s io n s ,  to  in v e s t ig a te  th e  p o s s ib i l i t y  th a t  th e  halobenzene- 

p n e u m o to x ic ity  is  a ls o  m ediated by a re a c t iv e  m e ta b o lite .  These 

in v e s t ig a to r s  found th a t  a s in g le  in t r a p e r i to n e a l dose o f  bromobenzene 

(4 .8 5  m m ol/kg)^ ch lorobenzene (5 .3  m ro l/k g )^  naph tha lene  (2 ,75  

m m ol/kg) o r  D -d ich lo robenzene  (6 .9  mmol/mg) caused severe  pulmonary 

le s io n s  in  m ice , whereas doses o f  up to  31 rm o l/k g  o f  P -d ich lo rob enzen e
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d id  n o t produce p a th o lo g ic a l changes in  lung  o f  n ic e .  Rats were 

c o n s id e ra b ly  more r e s is ta n t  to  th e  pneurnotoxic e f f e c t  o f  bromobenzene 

th a n  m ice w ith  some in t e r - in d iv id u a l  v a r ia t io n s .  A h igh  dose o f  

bromobenzene (9 .3  nm o l/kg } induced pulm onary le s io n s ,  s im i la r  to  those 

observed in  m ice, in  le ss  than 20% o f  t r e a te d - r a ts .

R a d io a c t iv ity  from  ra d io la b e lle d  bromobenzene became 

c o v a le n t ly  bound to  p ro te in s  o f  many t is s u e s .  The h ig h e s t c o n c e n tra tio n  

o f, c o v a le n t ly  bound r a d io a c t iv i t y  was found in  th e  l i v e r ,  lung  and 

k id n e y  o f  t re a te d  m ice. Only these  organs showed n e c ro t ic  changes 

(R e id  e t a l , 1973).

H is to p a th o lo g ic a l changes in  lungS o f h a lo b e n ze n e -tre a te d  m ice 

were seen in  th e  b ro n c h io la r  e p ith e liu m . The b ro n c h ic la r  e p i t h e l ia l  

c e l ls  showed rounded appearance, p y k n o tic  n u c le i and in c rea sed  

a c id o p h i l ia  o f  th e  cytop lasm  24 to  36 hours a f t e r  a d m in is t ra t io n  o f  

bromobenzene. By 48 to  72 hours th e  b ro n c h io la r  e p ith e liU 'V A  

showed com plete c o a g u la tiv e  n e c ro s is . In  c o n tra s t  th e re  was no 

a l t e r a t io n  in  a lv e o la r  m orphology. A u to ra d io g ra p h ic  s tu d ie s  on 

t is s u e  s e c t io n s  from  th e  lung o f  m ice re c e iv in g  t o x ic  dcses c f  ra d io -  

la b e l le d  bromobenzene and ch lorobenzene have shown th a t  most c o v a le n t ly  

bound r a d io a c t iv i t y  in  lung t is s u e  was p resen t in  n e c ro t ic  c e l ls  o f  

th e  b ro n c h ia l e p ith e liu m  su g g e s tin g  a causa l r e la t io n s h ip  between 

th e  b ro n c h io la r  n e c ro s is  and th e  accum u la tion  o f  c o v a le n t ly  bound 

r a d io a c t iv i t y  (R eid e t  a l , 1973). Thus the  h ig h e s t c o n c e n tra t io n  o f  

c o v a le n t ly  bound m e ta b o lite s  occu rred  in  a f fe c te d  organs ( l i v e r ,  

lu n g  and k id n e y ) and w i th in  th e  lung  s e v e re ly  a f fe c te d  c e l ls  (b ro n c h ia l 

e p ith e liu m )  showed p r e fe r e n t ia l  accum u la tion  o f  c o v a le n t ly  bound
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m e ta b o lite s . In  v iew  o f  th e  r e s u lts  c f  in  v i t r o  s tu d ie s  in d ic a t in g  

t h a t  th e  enzyme system  c a ta ly z in g  th e  m e ta b o lic  a c t iv a t io n  o f  

bromobenzene is  a cytochrom e P-450 dependent m ixed fu n c t io n  o x idase , 

i t  has been a ttem pted  to  use in d u ce rs  (phenoba rb itone ) and in h ib i t o r s  

(p ip e ro n y l b u to x id e ) o f  m icrosom al enzymes t o  s tu d y  th e  c o r re la t io n  

between th e  e x te n t o f  c o v a le n t b in d in g  o f  bromobenzene and th e  s e v e r ity  

o f  pulm onary le s io n s .  These s tu d ie s  v/ere no t c o n c lu s iv e , be ing  

co m p lic a te d  by th e  f a c t  th a t  enzyme in duce rs  and in h ib i t o r s  may a f fe c t  

b o th  t o x i f y in g  as w e l l  as d e to x ify in g  pathways (Reid e t a l , 1973).

2 )  Pulmonary t o x i c i t y  caused by fu ra n o  comoounds

The d is c o v e ry  th a t  many fu ra n o  compounds possess s p e c i f ic  

pu lm onary t o x ic  e f fe c ts  re s u lte d  from  s tu d ie s  w h ich had been 

conducted to  c h a ra c te r iz e  the  pneurnotoxic f a c to r ( s )  o f  mouldy sv.'eet 

p o ta to  caus ing  lung  le s io n s  in  c a t t le  fe d  such a mouldy sweet p o ta to .

I t  has been known in  th e  sou the rn  eas t s ta te s  o f  th e  U n ite d  S ta te s  

o f  America f o r  many decades th a t  fe e d in g  mouldy o r  r o t te d  sweet p o ta to  

( ipomoea b a ta ta s )  causes c l i n i c a l  s ig n s  and pulm onary le s io n s  

c h a r a c te r is t ic  o f  a ty p ic a l i n t e r s t i t i a l  pneumonia (Hansen, 1923;

M onlux, F i t t e ,  K e nd rick  and D ubuisscn, 1953; V ic k e rs , C a r l l ,  E r ie re r ,  

Thomas and V a le n tin e , I960 ; G ibbons, 1262). A fungus Fusarium  

S o la n i was is o la te d  fro m  mouldy sweet p o ta to  p ro d u c in g  th e  d isease .

The pulm onary d isease  was e x p e r im e n ta lly  produced by o r a l a d m in is t ra t io n  

o f  homogenized sweet p o ta to  c u ltu re s  in fe s te d  w ith  t h is  fungus .

C l in ic a l  s ig n s  in  a f fe c te d  c a t t le  v.oro severe r o s p ir a to r y  d is t r e s s ,  

w i th  a ra p id  r e s p ir a to r y  r a te .  F ro th  around th e  mouth, e x te n s io n  

o f  th e  head and la bou red  b re a th in g  were observed b e fo re  dea th .
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P a th o lo g ic a l changes were c o n fin e d  to  th e  lungs w h ich  shov/ed marked 

oedema, a lv e o la r  and i n t e r s t i t i a l  errphysema, a lv e o la r  e p i t h e l ia l  

h y p e rp la s ia ,  h y a lin e  membranes and congestion  (Peckham, M it c h e l l ,  Jones- 

and Doupnik, 1972). '

C h a ra c te r iz a t io n  o f  th e  pulmonary t o x ic  fa c to rs  in  m ould- 

damaged sweet p o ta to e s  has re c e n t ly  been accom plished. I t  was shown th a t  

t h i s  pneurnotoxic f a c to r  com prises a group o f  a t le a s t  fo u r  c lo s e ly  

re la te d  fu ra n o te rp e n o id s ; 4 -ipom eano l, 1 -ipom eano l, ioom eanine and 

1 ,4 - ip o m e a d io l.  A l l  these  compounds were found to  be a c u te ly  t o x ic  

t o  th e  lungs o f  e xp e rim e n ta l an im a ls . A d d it io n a l ly ,  i t  was shown th a t  

m ice  i n i t i a l l y  s u rv iv in g  n e a r - le th a l doses o f  these  t o x ic  compounds, 

p a r t i c u la r ly  1-ipom eanol and 1 ,4 - ip o m e a d io l, may show ev idence  o f  

n e p h ro to x ic ity  w i th in  one to  th re e  days (Boyd, Burka, H a rr is  and 

W ils o n , 1973).

A -  C o r re la t io n  o f  changes In  c o v a le n t b in d in g  w ith  changes 

in  s e v e r ity  o f  le s io n s  

P re lim in a ry  s tu d ie s  (Boyd, Burka and W ilson , 1975) in d ic a te d  

t h a t  th e  m etabo lism  o f  4 -ipom eano l in v o lv e s  th e  fo rm a tio n  o f  r e a c t iv e  

m e ta b o l i t e ( s ) . R a d io la b e lle d  4-ipom eanol became c o v a le n t ly  bound to  

many t is s u e s  a f t e r  in t r a p e r i to n e a l a d m in is t ra t io n  in  r a ts .  Lung 

t is s u e  showed th e  h ig h e s t c o n c e n tra tio n  o f  c o v a le n t ly  bound m e ta b o lite s , 

s u g g e s tin g  a causa l r e la t io n s h ip  between c o v a le n t b in d in g  o f  4 -ipom eano l 

m e ta b o lite s  to  lung  t is s u e  and th e  4 -ipo m e ano l-induce d  pulm onary 

damage.

In  v i t r o  s tu d ie s  (Boyd, Burka, W ilson and Sasane, 1976) 

on th e  enzyme system  m e d ia tin g  th e  c o v a le n t b in d in g  o f  4 -ipom eano l
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to  c e l lu la r  m acro rna lecu les 'revea led  th a t  t h is  enzyme system is  a 

cytochrom e P-450 dependent m ixed fu n c t io n  o x id a se . C o n s is te n t w ith  

t h is  v ie w , p re - tre a tm e n t o f  r a ts  w ith  in h ib i t o r s  o f  m ixed fu n c t io n  

ox idases  (p y ra z o le , p ip e ro n y l b u to x id e  and c o b a lto u s  c h lo r id e )  b e fo re  

a d m in is t ra t io n  o f  r a d io la b e lle d  4-ipom eanol decreased bo th  the  t o x i c i t y  

and th e  e x te n t o f  c o v a le n t b in d in g  o f  4 -ipom eano l m e ta b o lite s  to  lung  

p ro te in s  in  r a ts .  In  c o n tra s t  p re - tre a tm e n t o f  r a ts  w ith  mixed 

fu n c t io n  ox idase  in duce rs  [p h é n o b a rb ita l and 3 -m e th y lc h o la n th re n e ) 

b e fo re  a d m in is t ra t io n  o f  r a d io la b e lle d  4-ipom eano l in c rea sed  both  

th e  t o x i c i t y  and e x te n t o f  c o v a le n t b in d in g  o f  4 -ipom eano l m e ta b o lite s  

t o  lung p ro te in s  [Boyd and Burka, 1978).

In  v i t r o  s tu d ie s  (Boyd, Burka, W ilson and Sasame, 1978) on 

th e  n a tu re  o f  th e  re a c t iv e  m e ta b o lite  o f  4 -ipom eano l showed th a t  th e  

m e ta b o lite  is  e le c t r o p h i l ic .  A d d it io n  o f  th e  n u c le o p h il ic  substance 

g lu ta th io n e  to  m icrosom al p re p a ra tio n s  c o n ta in in g  r a d io la b e lle d  

4 -ipom eano l s t ro n g ly  p reven ted  c o v a le n t b in d in g  o f  4 -ipom eano l 

m e ta b o lite (s )  to  m icrosom al p ro te in s .  Furtherm ore  a d d it io n  o f  th e  

c y to s o l f r a c t io n  o f  th e  r a t  lung  (c o n ta in s  g lu ta th io n e  S - tra n s fe ra s e )  

v / i th  o r  w ith o u t g lu ta th io n e  in h ib i te d  co v a le n t b in d in g  to  a g re a te r  

e x te n t  than  d id  g lu ta th io n e  a lone  (Boyd, Burka, W ilson and Sasame, 

1978). These f in d in g s  in d ic a te  th a t  th e  re a c t iv e  m e ta b o lite  o f  

4 -ipom eano l can be d e to x i f ie d  by c o n ju g a tio n  w ith  g lu ta th io n e .  The 

im portance  o f  g lu ta th io n e  in  th e  d e to x ic a t io n  o f  th e  4-ipom eanol 

' r e a c t iv e  m e ta b o lite  was con firm ed  by in  v iv o  s tu d ie s  (Boyd and Burka, 

1978). P re -tre a tm e n t o f  r a ts  w ith  d ie th y lm a le a te  to  d e p le te  

g lu ta th io n e  in c re a se s  both  th e  pulmonary t o x ic  e f fe c t  o f  4 -ipom eanol
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and th e  e x te n t o f  c o v a le n t b in d in g  o f  c h e m ic a lly  re a c t iv e  m e ta b o lite C s 3 

o f  4 -ipom eano l to  lung  p ro te in s .

Thus th e  c o l le c t iv e  da ta  on 4-ipom eano l in d ic a te  th a t  th e  

e x te n t  o f  c o v a le n t b in d in g  o f  4 -ipc^æ ano l m e ta b o lite C s ) c o r re la te s  w e ll  

w i th  th e  s e v e r ity  o f  ICing le s io n s  (Boyd, 1976; Boyd and Burka, 1978; 

Boyd, Burka, W ilson and Sasare, 1978),

B -  The C la ra  c e l l  as a p ri'^a ry / ta rg e t  f o r  re a c t iv e  m e ta b o lite  

fo rm in g  pneurnotoxic substances 

C la ra  c e l ls  are  t a l l  n o n -c i l ia te d  re s p ir a to r y  e p i t h e l ia l  

c e l l s .  These c e l ls  a re  most fre q u e n t in  the  e p i t h e l ia l  l in in g  o f  

b ro n c h io le s .  T h is  c e l l  shows an abundance o f  smooth endoplasm ic 

re t ic u lu m  in  i t s  cy top lasm  ( J e f f r e y  and R e id , 1975), sugg es ting  th a t  

t h i s  ty p e  o f  c e l l  i s  a c t iv e  in  m e ta b o liz in g  drugs and fo re ig n  compounds, 

Boyd and Burka (1978) c ite d  r e s u lts  o f  unpub lished  work 

in d ic a t in g  th a t  C la ra  c e l l  n e c ro s is  is  a c o n s is te n t  and h ig h ly  

re p ro d u c ib le  fe a tu re  o f  4 -ipom eano l p n e u m o to x ic ity  in  . a l l  an im a l 

s p e c ie s  in v e s t ig a te d .  Pulmonary oedema is  n o t a c o n s is te n t  fe a tu re ;  

in  some sp e c ie s , such as th e  mouse, e x te n s iv e  C la ra  c e l l  n e c ro s is  

produced by 4-ipom eano l o r  o th e r  fu ra n o  compounds may f re q u e n t ly  be 

acconpanied by l i t t l e  o r  no pulm onary oedema. A n o th e r fu ra n o  

compound, 3 -m e th y lfu ra n , caused s p e c i f ic  n e c ro s is  o f  C la ra  c e l ls  

(Boyd, Statham , F ra n k lin  and M it c h e l l ,  1978), Thus th e  C la ra  c e l l  

appears to  be a p r im a ry  ta rg e t  f o r  4 -ipom eano l (Boyd, 1977; Boyd 

and Burka, 1376) and 3 -m e th y lfu ra n  (Boyd, Statham , F ra n k lin  and 

M it c h e l l ,  1978).

I t  has been suggested th a t  th e  C la ra  c e l l  is  th e  s i t e  o f
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cytochroræ  P-450 dependent rrdxed fu n c t io n  ox idases in  th e  lu n g .

T h is  would make t h is  typ e  o f  c e l l  more s u s c e p tib le  than  o th e r  c e l l  

typ e s  to  re a c t iv e  m e ta b o lite  fo rm in g  pneurnotoxic substances where 

m e ta b o lic  a c t iv a t io n  is  m edia ted by a cytochrom e F-45Q dependent 

mechanism (Boyd, 1977)-. C o n s is te n t w ith  t h is  th e o ry  is  th e  f in d in g  

t h a t  c o v a le n t ly  bound r a d io a c t iv i t y  from  4 -ip c rre a n o l and 3 -m e th y l

fu ra n  was lo c a liz e d  in  t h is  c e l lu la r  typ e  as shown by a u to ra d io 

g ra p h ic  s tu d ie s .  These a u to ra c io g ra p h ic  s tu d ie s  were p e r fo r ro d  on 

t is s u e  s e c tio n s  from  th e  lungs a f t e r  a c m in is t ra t ic n  o f  t o x ic  doses 

o f  r a d io la b e lle d  4-ipom eanol to  r a ts ,  gu inea p ig s  and ham sters o r  

r a d io la b e lle d  3 -m e th y lfu ra n  to  m ice. In  th e  th re e  an im a l spec ies  

te s te d ,  th e  C la ra  c e l ls ,  w tiich  were n e c ro t ic ,  shov/ed accum u la tion  o f  

b la o k  p h o to g ra p h ic  g ra n u le s , in d ic a t in g  accum u la tion  o f  c o v a le n t ly  

bound r a d io a c t iv i t y ,  whereas th e  a d ja ce n t c i l i a t e d  b ro n c h ic la r  c e l ls ,  

and o th e r  c e l lu la r  types  o f  th e  lu n g , were n o t n e c ro t ic  and d id  no t 

show ev idence o f  r a d io a c t iv i t y .  T h is  s p e c i f ic  a lk y la t ic n  o f  C la ra  

c e l ls  was shown to  be dependent on the  m etabolism  o f  these  fu ra n o  

compounds. In h ib ito r s -  o f  m ixed fu n c t io n  ox idases (p ip e ro n y l 

b u to x id e )  p reven ted  C la ra  c e l l  n e c ro s is  and accum u la tion  o f  ra d io 

a c t i v i t y  in  these  c e l ls  a f t e r  a d m in is tra t io n  o f  r a d io la b e lle d

4-ipom eano l o r  ra d io la b e lle d  3 -m e th y lfu ra n  (Boyd, 1977; Boyd, 

S tatham , F ra n k lin  and M itc h e l l ,  1978).

The C la ra  c e l l  is  one c f  th e  c e l lu la r  typ e s  fo rm in g  th e  

e p i t h e l i a l  l i n in g  o f  s m a ll a irw a y s . The r e la t iv e  p ro p o r t io n  o f  

C la ra  c e l ls  to  o th e r  c e l lu la r  types  in c rea ses  as a irw a y  s iz e  

decreases ( J e f f r e y  and R e id , 1975). In  p a r a l le l  w ith  t h is ,  th e
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s e n s i t i v i t y  o f  a irw ays  to  th e  t o x ic  e f fe c t  o f  4 - ip o rre a n o l and 

3 -m e th y lfu ra n  in c rea ses  as th e  a irw a y  s iz e  decreases (Boyd, 1977j 

Boyd, Statham , F ra n k lin  and M itc h e l l ,  1976),

Thus th e  v u ln e r a b i l i t y  o f  an a irw a y  to  the  to x ic  e f fe c t  o f  

pneurnotoxic fu ra n o  compounds appears to  be de te rm ined  by th e  

r e la t iv e  number o f  m e ta b o lic a l ly  a c t iv e  C la ra  c e l ls  p re se n t in  th e  

e p i t h e l i a l  l in in g  o f  th e  a irw a y . W ith s m a ll doses o f  4 -ipom eanol o r

3 -m e th y fu ra n  bo th  b ro n c h io la r  n e c ro s is  and c o v a le n t b in d in g  o f  

r a d io a c t iv i t y  were r e s t r ic t e d  to  th e  s m a lle s t b ro n c h io le s ; w ith  

in c re a s in g ly  la rg e r  doses la rg e r  a irw ays  became p ro g re s s iv e ly  

in v o lv e d  (Boyd, 1977; Boyd, Statham , F ra n k lin  and M it c h e l l ,  1976).

C -  Organ s p e c i f i c i t y  o f  4 -ipo rreano l

A lthough  th e  enzyme system  re s p o n s ib le  f o r  th e  t o x i c i t y  o f

4 -ipom eano l is  p resen t in  bo th  th e  l i v e r  and lu n g , 4 -ipom eano l possesses 

pneurnotoxic bu t no h e p a to to x ic  e f f e c t .  The p o s s ib i l i t y  th a t  t h is  

s p e c i f ic  pneurnotoxic e f fe c t  is  due to  a h ig h e r  ra te  o f. re a c t iv e  

m e ta b o lite  fo rm a tio n  in  the  lung  than  in  th e  l i v e r  was in v e s t ig a te d

by Boyd, Burka, W ilson and Sasarm (1976). These in v e s t ig a to r s  

in c u b a te d  m icrosom al p re p a ra tio n s  from  th e  lung and l i v e r  o f  r a ts  

w i th  d i f f e r e n t  c o n c e n tra tio n s  o f  r a d io la b e lle d  4 -ipom eano l and th e  

r a te  o f  c o v a le n t b in d in g  o f  4 -ipom eano l m e ta b o lite (s )  to  m ic ro s o n ^ l 

p r o te in  was measured. The M ic h a e lis  c o n s ta n t ( th e  c o n c e n tra t io n  

o f  4 -ipom eano l re q u ire d  to  o b ta in  h a l f  th e  maximal r a te  o f  

m icrosom al a lk y la t io n )  f o r  th e  lung  m icrosom al system  was more than 

t e n - fo ld  lo w e r than  f o r  th e  h e p a tic  m icroscm al system . The
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rra x irra l ra te s  o f  lung and l i v e r  m icrosom al a lk y la t io n  were about equa l 

m agnitude (0 ,4 5  and 0 ,51  nmol bound 4-ipom eanol/m g m icrosom al p r o te in /  

m in u te  f o r  th e  lung  and l i v e r  r e s p e c t iv e ly )  when c o v a le n t b in d in g  o f

4 -ipom eano l to  m icrosom al p ro te in s  was c a lc u la te d  in  term s o f  c o v a le n t
1

b in d in g  p e r  m,g o f  m icrosom al p ro te in .  However, when th e  maximal 

v e lo c i t y  va lues  were c a lc u la te d  p e r  nanomole o f  cytochrom e P-450, 

th e  maximal v e lo c i t y  v a lu e  appeared s^ch h ig h e r  f o r  lung  microsomes 

(4 .8 5  and 0 ,48  nmol bound 4 -ipom eano l/nm o l P -450 /m inu te  f o r  th e  lung 

and l i v e r  re s p e c t iv e ly )  because o f  th e  much lo w e r le v e ls  o f  cytcchro rre  

P-450 in  lu n g .

D -  Dose-response re la t io n s h ip s  o f  4 -ipom eano l

There is  a th re s h o ld  dose f o r  4 -ipom eano l in  r a ts  (about 

20 m g/kg, in t r a p e r i to n e a l ly )  above w h ich  th e re  is  a marked in c re a se  

in  th e  s e v e r ity  o f  pulmonary oedema. F a t a l i t ie s  s t a r t  to  appear 

above t h is  th re s h o ld  dose (Boyd and Eurka, 1976).

E -  ' S t r u c tu r e - a c t iv i t y  r e la t io n s h ip  s tu d ie s  on 4-ipcm eano l 

analogues

Analogues o f  4 -ipom eano l in  w h ich  th e  fu ra n  m o ie ty  is  

re p la c e d  w ith  e i th e r  a phenyl o r  a m e th y l s u b s t itu e n t  d id  n o t cause 

enzym atic -dependent a lk y la t io n  o f  m icrosom al p ro te in s  when these 

ana logues were in cuba ted  w ith  m icrosom al p re p a ra t io n s . Thus i t  has 

been proposed th a t  th e  fu ra n  m o ie ty  c f  th e  4-ipom eano l m o lecu le  is  

re q u ire d  f o r  enzym atic  a c t iv a t io n  o f  4 -ipom eano l to  an a lk y la t in g  

a g e n t. Furtherm ore  i t  has been prciposed th a t  th e  re a c t iv e  m e ta b o lite  

o f  4 -ipom eano l is  p ro b a b ly  an e p o x id e . T h is  h y p o th e s is  is  based on 

ana logy  w ith  t o x ic  fu ra n o  compounds ÎBoyd, Burka, W ilson and Sasan-e,
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1978).

6 ,1 ,5  “  M e ta b o lic  pathways in v o lv e d  in  th e  g e n e ra tio n  and e l im in a t io n

o f  c h e m ic a lly  re a c t iv e  m e ta b o lite s  o f  fo re ig n  compounds

1) E p o x id a tio n

A -  The mechanism o f  fo rm a tio n  o f  epoxides by m ixed fu n c t io n  

ox idases

Epoxides are  three-memtiered c y c l ic  e th e rs . Epoxides r e s u lt in g  

fro m  th e  e p o x id a tio n  o f  one o f  th e  double bonds o f  an a rc '^ a t ic  nucleus 

a re  c a l le d  arene o x id e s . The name a lkene ox id e  has been suggested 

f o r  epoxides r e s u l t in g  from  th e  e p o x id a tio n  o f  an o le f i n i c  double  bond 

COesch, 1972), Epoxides can be form ed by th e  a c t io n  o f  m icrosom al 

m ixed fu n c t io n  ox idases on m olecu les hav ing  a ro m a tic  r in g s  o r  a lkene  

bonds. The fo rm a t io n  o f  an epoxide is  th e  f i r s t  s te p  in  th e  

o x id a t io n  process w he i^  mixed fu n c t io n  oxidases are  in v o lv e d  [H a m ilto n , 

1964; Holtzm an, G i l l e t t e  and M iln e , 1957; J e r in a ,  D a ly , W itkop, 

Z a ltz m a n - iiir^ n b e rg  and U d en friend , 1970; G rover, 1974), V/hen 

naph tha lene  was in cuba ted  w ith  m icrosom al p re p a ra t io n s  in  th e  presence 

o f  reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate under an 

atm osphere o f  oxygen-16, th e  d io l  formed was shcrwn by mass s p e c tro 

metry/ to  c o n ta in  o n ly  one atcm o f  oxygen-18. These o b s e rv a tio n s  

a re  co m p a tib le  w ith  th e  in te rm e d ia te  fo rm a tio n  o f  1 ,2 -d ih y d ro -1 ,2 -  

epoxyneph tha lene , and th a t  th e  oxygen atom o f  t h is  epoxide  is  d e r iv e d  

fro m  a tm ospheric  oxygen. M icrosom al m ixed fu n c t io n  ox idase  enzymes 

c o n ve rte d  naphtha lene to  1 ,2 -d ih y d ro - l,2 -e p o x y  naph tha lene , which in  

tu r n  re a c ts  w ith  e i t h e r  w a te r  to  fo rm  l,2 -d ih y d ro n a p h th a le n e - l ,2 -d io l
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o r  g lu ta th io n e  to  fo rm  S - ( l,2 -d ih y 0 ro -2 -h y d ro x y l- l -n a p h th y l3  

g lu ta th io n e  (Holtzm an, G i l l e t t e  and M iln e , 1967). I s o la t io n  o f  th e  

naph tha lene  epoxide in te r r re d ia te  has re c e n t ly  been ach ieved . The 

p rob lem  o f  i n s t a b i l i t y  o f  th e  epoxide was overcome by in c u b a tin g  

m icrosom al p re p a ra tio n s  a t  low t^ T p e ra tu re  C3G°C) f o r  a s h o r t  tim e  

( th iB e  m inu tes) o r  by tra p p in g  th e  epoxide in  a la rg e  p oo l o f  non

la b e l le d  e p o x id e .. Furtherm ore  in  the  presence o f  r a t  l i v e r  

m icrosom al p re p a ra tio n s  1 ,2 -naph tha lene  ox ide  was conve rted  to  a l l  

m a jo r  naphtha lene m e ta b o lite s , these  are  1 -n a p h th o l, th e  d io l  and 

th e  n a p h th a le n e -g lu ta th io n e  co n ju g a te . The fo rm a tio n  o f  th e

1 -n a p h th o l was shown to  o ccu r by non-enzym atic  rearrangem ent o f  th e  

naph tha lene  epoxide whereas th e  fo rm a tio n  o f  th e  d io l  from, the  

epox ide  and th e  c o n ju g a tio n  o f  th e  epoxide w ith  g lu ta th io n e  were 

c a ta ly z e d  by d i f f e r e n t  epoxide m e ta b o liz in g  enzymes. Eased on these  

f in d in g s  i t  has been proposed th a t  the  1 ,2 -n a p h th a le n e  ox id e  is  an 

o b l ig a to r y  in te rm e d ia te  f o r  a l l  th e  naphtha lene m e ta b o lite s  C Jerina, 

D a ly , W itkop , Z a ltzm a n -h ire n b e rg  end U d e n frie n d , 1970).

I t  has been proposed th a t  th e  fo rm a tio n  o f  arene ox ides 

fro m  a ro m a tic  hydrocarbons by th e  a c t io n  o f  mono-oxygenases is  

p ro b a b ly  a g e n e ra l phenomenon (Dssch, 1972). The is o la t io n  o f  these  

epoxides is  d i f f i c u l t  s in c e  th e y  e re  ve ry  u n s ta b le . O bse rva tion  o f  

u l t im a te  m e ta b o lite s , such as d ih y d ro d io ls ,  pheno ls  and g lu ta th io n e  

c o n ju g a te s , is  th e re fo re  a good in d ic a t io n  o f  th e  fo rm a tio n  o f  an 

in te rm e d ia te  epoxide (Oesch, 1972).

B -  Examples o f  m e ta b o lic  e p o x id a tio n  and to x ic o lo s ic a l  

im p lic a t io n s  o f  ecox ice

Boyland (1950) hypo thes ised  th a t  e p o x id a tio n  is  an i n i t i a l
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s te p  in  th e  m etabo lism  o f  hydroca rbons. However because o f  th e  

h ig h ly  re a c t iv e  n a tu re  o f  epox ides, th e  e x is te n c e  o f  epoxides was n o t 

p roved  u n t i l  th e  r e la t iv e ly  s ta b le  epoxides o f  some in s e c t ic id a l  

c h lo r in a te d  hydroca rbons, i n i t i a l l y  h e p ta c h lo r , were is o la te d .  These 

epox ides are  poo r s u b s tra te s  f o r  epoxide hydrase p o s s ib ly  

c o n t r ib u t in g  to  t h e i r  s t a b i l i t y  COesch, Kaubisch, J e r in a  and D a ly , 

1971), The epoxide  o f  th e  in s e c t ic id e  a ld r in ,  is  d ie ld r in ,  which 

i s  s u f f i c ie n t l y  s ta b le  to  cause cum u la tion  problem s in  feed  ch a in s , 

A ld r in  re q u ire s  to  be m e ta bo lized  to  d ie ld r in  f o r  in s e c t ic id a l  

a c t i v i t y  (B rooks, H a rr is o n  and Cox, 1963). Male r a ts  produced more 

e pox ide  from  a ld r in  and h e p ta c h lo r  than  fem a les, in  p a r a l le l  w ith  t h is  

fem a le  r a ts  a re  mare r e s is ta n t  than  males to  th e  t o x ic  e f fe c ts  o f  

th e s e  corrpounds sug g e s tin g  th a t  th e  t o x ic  e f fe c ts  o f  these  compounds 

a re  m edia ted th ro u g h  t h e i r  epoxides (Radomski and Davidow, 1953;

Wong and T e r r ie r e ,  1965).

Epoxides a re  th e  c h e m ic a lly  re a c t iv e  m e ta b o lite s  re s p o n s ib le  

f o r  th e  t o x ic  e f fe c t  o f  many ca rc ino gens . A f la to x in s ,  a group c f  

n a tu r a l ly  o c c u rr in g  c a rc in o g e n ic  m yco tox ins , in c lu d e  fo u r  compounds 

a f la t o x in  B^, B^, and G^. A f la to x in  possesses the  g re a te s t 

c a rc in o g e n ic  a c t i v i t y  and is  p ro b a b ly  th e  most p o te n t l i v e r  

ca rc in o g e n  knov;n f o r  th e  r a t  (Wogan and K'ewbeme, 1957; Camaghen, 

1967). A lso  i t  is  capable  o f  in d u c in g  k id ney  tum ours in  ra ts  

( B u t le r ,  G re e n b la tt and L i j in s k y ,  1969) and co lon  carcinom a in  v ita m in  

-A  d e f ic ie n t  r a ts  (Nev-zbeme and Rogers, 1973). E a r ly  s tu d ie s  on 

th e  mechanism o f  th e  c a rc in o g e n ic  a c t io n  produced by a f la t o x in  

in d ic a te d  th a t  a f la to x in  B, can a lk v la te  n u c le ic  a c id s  in  v iv o .X " ------------------
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L i j in s k y ,  Lee and G a lla g h e r C19703 dem onstrated th a t  r a d io a c t iv i t y  

fro m  ra d io la b e lle d  a f la to x in  becarro c o v a le n t ly  bound to  l i v e r  

c e l l u l a r  m acrom olecules o f  r a ts  a f t e r  a d m in is t ra t io n  o f  t r i t i a t e d  

a f la t o x in .  The p a re n t compound a f la to x in  is  c h e m ic a lly  u n re a c tiv e  

and does n o t a lk y la te  n U c le ic  ac id s  in  v i t r o . Thus th e  in  v iv o  

m e tabo lism  is  e s s e n t ia l f o r  c o v a le n t b in d in g  o f  a f la t o x in  5^ to  

c e l l u l a r  m acrom olecu les, R e su lts  o f  re c e n t work in d ic a te  th a t  th e  

a f la t o x in  r e a c t iv e  m e ta b o lite  is  an epox ide . A s i r p le  rrethod o f  

s tu d y in g  h ig h ly  re a c t iv e  m e ta b o lite s  is  to  id e n t i f y  th e  c o v a le n t ly  

bound form s o f  th e  compound. T h is  s tra te g y  was adopted w ith  

a f la t o x in  E^, A c id  h y d ro ly s is  o f  th e  a f la to x in  B ^ - r ib o n u c le ic  a c id  

c o n ju g a te  c leaves th e  a f la to x in  m o ie ty  to  2 ,3 “ d ih y d ro -2 ,3 -d ih y d ro x y  

a f la t o x in  su g g e s tin g  th a t  the  a f la to x in  E ^ - r ib o n u c le ic  a c id  

co n ju g a te  is  form ed by th e  c o v a le n t b in d in g  o f  th e  e le c t r o p h i l ic  

m e ta b o lite  2 , 3 -e p o x y -2 ,3 -d ih y d ra f la to x in  to  n u c le o p h il ic  s i te s  on 

th e  r ib o n u c le ic  a c id  m o lecu le  (Swenson, M i l l e r  and M i l l e r ,  1973).

E xam ina tion  o f  p ro d u c ts  o f  m etabo lism  o f  th e  suspected 

ca rc in o g e n s  benz (a) an th racene , bsnzo (a) pyrene and 7 -m ethy lbenz 

(a )  an th racene  in d ic a te  th a t  epoxides are  formed from  these  compcunds 

by m ixed fu n c t io n  ox idases o f  th e  l i v e r  and lung  o f  r a ts .  M e ta b o lite s  

form ed from  these  p o ly c y c l ic  hydrocarbons were m a in ly  r in g  h y d ro x y la te d  

d e r iv a t iv e s ,  phenols and d ih y d ro d io ls .  These m e ta b o lite s  a r is e  from  

epox ide  in te rm e d ia te s  (G rover, Hewer and Sims, 1974).

C -  Fate o f  epoxides

(a) Spontaneous rearrangem ent

Epoxides undergo spontaneous non-enzym atic  rearrangem ent to
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th e  co rre spond ing  phe no ls . ■ T h is  has been observed w ith  many arene 

o x id e s  C Jerina , Daly and W itkoP, 1968, J e r in a ,  Kaubisch and D a ly ,

1971, Boyd, D a ly and J e r in a ,  1972).

(b ) C o n ju ga tion  w ith  g lu ta th io n e

The re a c t io n  between epoxides and g lu ta th io n e  occurs 

sp o n ta n e o u s ly , b u t a ls o  an enzyme g lu ta th io n e  S -epoxide  t ra n s fe ra s e  

can c a ta ly z e  t h is  re a c t io n .  G lu ta th io n e  S -epoxide  tra n s fe ra s e  be longs 

t o  a group o f  enzymes known as g lu ta th io n e  £ - tra n s fe ra s e s .  These 

enzymes c a ta ly z e  th e  c o n ju g a tio n  o f  g lu ta th io n e  w ith  a w ide v a r ie ty  

o f  c y to to x ic  e le c t r o p h i l ic  compounds and a re  p re se n t in  th e  m icrosom al 

s u p e rn a ta n t f r a c t io n s  [c y to s o l o r  s o lu b le  cy top lasm ) (Boyland and 

Chasseaud, 1969, Wood, 1970, James, Fouts and Bend, 1976). Thus 

th e y  p la y  an im p o rta n t r o le  in  th e  e l im in a t io n  o f  many c e l lu la r  

a lk y la t in g  age n ts . Using io n  exchange chrom atography, i t  has been 

p o s s ib le  to  is o la te  s ix  d i f f e r e n t  tra n s fe ra s e s  from  r a t  l i v e r .

A cco rd in g  to  th e  o rd e r  o f  t h e i r  e lu t io n  from  c a rb o x y m e th y lc e llu lo s e  

co lum ns, th e  r a t  l i v e r  tra n s fe ra s e s  a re  des igna ted  E, D, C, B, A 

and AA (H abig , Pabst and Jacoby, 1974), T ra n s fe ra se  E is  c a l le d  

l ig e n d in  (H abig , P abs t, F le is c h n e r ,  G atm aitan , A r ia s  and Jacoby, 1974). 

The g lu ta th io n e  S - tra n s fe ra s e s  have a broad and o v e r la p p in g  s u b s tra te  

s p e c i f i c i t y  (H abig , Pabst and Jacoby, 1974, Nemoto, G a lb o in , H abig , 

K e tle y  and Jacoby, 1975), I t  has been shown th a t  r a t  l i v e r  g lu ta th io n e

S -epox ide  tra n s fe ra s e  i s  in d u c ib le  by a d m in is t ra t io n  o f  phéno

b a r b i t a l  o r  3 -m e th y lch o la n th re n e  (M ukhtar and E re s n ic k , 1976).

Form ation  o f  g lu ta th io n e - fo re ig n  compound co n ju g a te  is  th e  

f i r s t  s te p  tow ards th e  fo rm a tio n  o f  m e rc a p tu ric  a c id s . The g lu ta th io n e
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m oie ty  o f  th e  m o lecu le  lo ses  g lu tam a te  and g ly c in e  and undergoes 

N -a c e ty la t io n  o f  th e  rem a in ing  c y s te in e  re s id u e  to  fo rm  p re m e rc a p tu ric  

a c id s .  In  a c id ic  medium these  p re m e rca p tu ric  a c id s  e a s i ly  dehydra te

t o  fo rm  m e rc a p tu ric  a c id s  (Boyland, Ramsay and Sims, 1961; Chasseaud,
1

1976).

(c ) D e to x ic a t io n  o f  epoxides by epoxide  hydrase 

The epoxide hydrase enzyme p la ys  an im p o rta n t r o le  in  f u r t h e r  

m e tabo lism  o f  epox ides . T h is  enzyrm co n ve rts  c h e m ic a lly  re a c t iv e  

epox ides to  much le s s  re a c t iv e  d io ls .  S u b s tra te s  f o r  t h is  enzyme 

in c lu d e  epoxides o f  a g re a t v a r ie ty  o f  w id e ly  d i f f e r in g  chem ica l 

compounds COesch, 1972). Epoxide hydrase is  a m icrosom al enzyme and 

m ig h t be used as a m arker enzyme f o r  m icrosom al membranes COesch 

and D a ly , 1971; Oesch, 1972; James e t a l , 1976).

H e p a tic  epoxide hyd ra tase  is  in d u c ib le .  Supp lem enta tion  

o f  r a t  d ie t  w ith  d ie ta ry  a n t io x id a n ts ,  b u ty la te d  h yd ro xy to lu e n e , 

b u ty la te d  h y d ro x y a n is o le  o r  e thoxyqu in  re s u lte d  in  in c rea sed  l i v e r  

epox ide  hyd ra tase  a c t i v i t y  CKahl and W u lf f ,  1979). T h is  p ro b a b ly  

e x p la in s  th e  p ro te c t iv e  e f fe c t  o f  these  compounds a g a in s t chem ica l 

c a rc in o g e n e s is  (W attenberg, 1972; U l la n d ; ' W eisburger and . "%

Yamamoto, 1973; W attenberg, Loub, Lamb and S p e ie r, 1976; Elaga 

and Bracken, 1977),

Cd) D is t r ib u t io n  o f  epoxide m e ta b o liz in g  enzymes in  

d i f f e r e n t  organs as an e x p la n a tio n  f o r  organ 

s p e c i f i c i t y  in  t o x ic i t y  

James e t  a l  C1976) in v e s t ig a te d  th e  d is t r ib u t io n  o f  g lu ta th io n e

S -epox ide  tra n s fe ra s e  and epoxide hydrase a c t i v i t i e s  in  d i f f e r e n t
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organs o f  th e  r a b b i t .  ■ The enzyrre g lu ta th io n e  S -epoxide  t ra n s fe ra s e  

was determ ined in  th e  m icrosom al su p e rn a ta n t f r a c t io n  o b ta in e d  from  

d i f f e r e n t  organs (s ty re n e  ox ide  as a s u b s tra te ) .  S o lu b le  f r a c t io n  

fyom  th e  l i v e r  had th e  h ig h e s t s p e c i f ic  a c t i v i t y .  S p e c if ic  

a c t i v i t i e s  o f  s o lu b le  f r a c t io n s  from  the  k idney and lu ng  were about 

25 and 20% o f  th e  s p e c i f ic  a c t i v i t y  o f  t h e r e s p e c t i v e l y .

I n t e s t in a l  mucosa showed th e  low es t a c t i v i t y  and was about 15% o f  

th e  l i v e r .  Epoxide hydrase a c t i v i t y  was de term ined in  m icroso rra l 

f r a c t io n s  from  d i f f e r e n t  organs (s ty re n e  ox ide  as a s u b s tra te ) .  L iv e r  

miorosomes showed th e  h ig h e s t s p e c i f ic  a c t i v i t y ,  fo llo w e d  by 

in t e s t in a l  mucosa m icrosomes. Lung microsomes showed th e  low est 

epox ide  hyarase a c t i v i t y  (about 5% o f  th e  l i v e r ) .

G lu ta th io n e  S -a ry lt ra n s fe ra s e  a c t i v i t y  in  th e  c y to s o l 

f r a c t io n  o f  th e  l i v e r  o f  th e  r a b b i t  was about f i v e  tim es h ig h e r  than  

th a t  in  th e  c y to s o l f r a c t io n  o f  th e  lu n g , when 2 ,3 - d ic h lo r o n i t r o -  

benzene was used as a s u b s tra te  (Gram e t  a l , 1974).

G lu ta th io n e  S -epoxide  tra n s fe ra s e  a c t i v i t y  in  th e  human lung 

is "  about 23% o f  th a t  o f  th e  l i v e r ,  w h ile  r a t  lung microsomes possess 

14% o f  th e  a c t i v i t y  o f  th e  l i v e r .  Epoxide hyd ra tase  a c t i v i t y  in  

human and r a t  lung  is  about 11% o f  th a t  o f  th e  l i v e r  (s ty re n e  ox ide  

as a s u b s tra te )  (McManus, B oob is , P a c i f ic i ,  Frerrpong, B ro d ie , Kahn, 

Whyte and D avies, I9 6 0 ) .

The c o rrp a ra tiv e ly  low a b i l i t y  o f  th e  lung  to  m e ta b o lize  

epox ides p a r t ic u la r ly  by th e  epoxide hydrase pathway may be a 

s ig n i f ic a n t  f a c to r  in  th e  s u s c e p t ib i l i t y  o f  th e  lung  tow ards p o ly c y c l ic  

hydroca rbon  carc inogens (James e t a l ,  1976).
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2) O th e r mechanisms

N -h y d ro x y la t io n  by m icrosom al m ixed fu n c t io n  oxidases is  

th o u g h t to  be an im p o rta n t s te p  in  th e  mechanism o f  b io a c t iv a t io n  

o f  c a rc in o g e n ic  aminoazo dyes ‘and a ro m a tic  am ines. The proposed 

mechanism o f  b io a c t iv a t io n  o f  aminoazo dyes such as N ,N -d im e thy lam ino - 

azobenzene in  th e  l i v e r  is  th o u g h t to  in v o lv e  N -h y d ro x y la t io n  m edia ted 

by endoplasm ic re t ic u lu m  mixed fu n c t io n  oxidases fo llo w e d  by s u l fa te  

e s t é r i f i c a t io n  m edia ted by c y to p la s m ic  s u lfo t ra n s fe ra s e s  (K ing  end 

P h i l l i p s ,  1968; De Baum, M i l l e r  and M i l le r ,  1970; W eisburger, 

Yamamoto, W illia m s , Grantham, Matsushima and W eisburger, 1972; H e id e l-  

b e rg e r, 1975; M i l l e r  and M i l le r ,  1975). A s im i la r  mechanism has 

been suggested f o r  a ro m a tic  amines such as N -B -flu o re n y la c e ta m ld e ; 

a ls o  t h is  conpound may be a c t iv a te d  by e s t é r i f ic a t io n  to  an a c e ta te  

( M i l l e r ,  1970; B e rtsh , D w orkin, M i l le r  and M i l l e r ,  1373; K ing , 

1974).

N -o x id e tio n  o f  secondary/ and t e r t i a r y  N - a lk y la r y lam ines 

can be c a ta ly z e d  by a f la v o p r o te ln - r e q u ir in g ,  non-cytochrom e P-450, 

m ixed fu n c t io n  ox idase  (M asters and Z ie g le r ,  1971), whereas N -o x id a tio n  

o f  p r im a ry  a r y lam ines and N -a c e ty la ry la m in e s  can be c a ta ly z e d  by a 

cytochrom e P-450 dependent m ixed fu n c t io n  ox idase  (U eh leke, S c h n itz e r  

and hu lm er, 1970; T h o rg e irsso n , J o llo w , Sasame, Green and M it c h e l l ,  

1973).

M e ta b o lic  a c t iv a t io n  o f  c a rc in o g e n ic  d ia lk y ln it ro s a m in e s  

in v o lv e s  cytochrom e P-450 m edia ted N -d em e thy la tion  o f  th e  p a re n t 

compound to  m o n o a lk y ln itro s a m in e s , which undergo spontaneous 

rearrangem ent to  unknown u lt im a te  carc inogens (Magee and Barnes, 1967).
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G lu ta th io n e  p la ys  an in p o r ta n t  r o le  in  th e  d e to x ic a t io n  

o f  c h e m ic a lly  re a c t iv e  m e ta b o lite s . Because o f  t h e i r  broad s u b s tra te  

s p e c i f i c i t i e s ,  g lu ta th io n e  S -tra n s fe ra s e s  can c a ta ly z e  th e  c o n ju g a tio n  

o f  e le c t r o p h i l ic  m e ta b o lite s  o f  a w ide spectrum  o f  c h e m ic a lly  d i f f e r e n t  

compounds w ith  g lu ta th io n e ,  thus  p ro te c t in g  n u c le o p h il ic  s i te s  on 

c e l l u l a r  m acrom olecules a g a in s t becoming a lk y la te d  by these  re a c t iv e  

m e ta b o lite s  [S m ith , Ohi and L i tw a k , . 1977),

B io a c t iv a t io n  to  c y to to x ic  m e ta b o lite s  is  th e  mechanism o f  

a c t io n  o f  many a n t i- c a n c e r  d rugs. These drugs are  designed so th a t  

th e y  can be b io a c t iv a te d  to  c y to to x ic  m e ta b o lite s  o n ly  by cance r c e l ls .  

T h e re fo re  they  cause s e le c t iv e  d e s tru c t io n  o f  these  c e l ls .  These 

a n t i- c a n c e r  drugs can be m e ta b o lic a l ly  a c t iv a te d  to  a lk y la t in g  

m e ta b o lite s  by re d u c t io n , h y d ro ly s is  and m ixed fu n c t io n  o x id a t io n .

These mechanisms a re  review ed by Connors (1976 ), Thus th e  phenomenon 

o f  m e ta b o lic  a c t iv a t io n  to  c h e m ic a lly  re a c t iv e  c y to to x ic  m e ta b o lite s  

can advantageously  be e x p lo ite d  to  d e s tro y  cance r c e l ls .

6 .2  EXPERIMENTAL

6 .2 .1  -  M a te r ia ls

In d o le , 3 -m e th y lin d o le , E h r l ic h  re a g e n t, f l o r i s i l ,  L ^ c y s te in e , 

N -a c e ty l-L -c y s te in e  and g lu ta th io n e  were o b ta in e d  from  Sigma Chemical 

Co. L td . ,  London. N ico tin a m id e  adenine d in u c le o t id e  phosphate, 

reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate, g lucose-B -phospha te , 

g lu cose -6 -phospha te  dehydrogenase and cytochromec (ho rse  h e a rt)  were 

o b ta in e d  from  B o e h rin g e r C o rp o ra tio n , Mannheim, Germany, SKF 525-A 

was a g i f t  from  S m ith , K lin e  and French, P h ila d e lp h ia ,  Pa. The
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l i q u id  s c in t i l l a t i o n  c o c k ta i l ,  U n is o lv e , was o b ta in e d  from  K o ch -L ig h t

L t d . ,  C o lnb rook, Bucks, England. O the r chem ica ls  were co m m e rc ia lly

3a v a i la b le  and were o f  a n a ly t ic a l  g rade . L-CG- H) try p to p h a n  and 

L -(m e th y le n e  try p to p h a n  were o b ta ined  from  R ad iochem ica l C en tre ,

Arr^rsham, England.

6 .2 .2  -  P re p a ra tio n  o f  r a d io la b e lle d  in d o le ,  3 -m e th y lin d o le  and

S -m e th y lo x in d o le

' There is  no method re p o rte d  f o r  th e  p re p a ra t io n  o f  r a d io la b e lle d  

in d o le ,  3 -m e th y lin d o le  and 3 -m e th y lo x in d o le , none o f  w h ich is  co m m e rc ia lly  

a v a i la b le .  R e su lts  p resen ted  in  C hapter 2 show th a t  bov ine  ru m in a i 

f l u i d  co n ve rts  L - try p to p h a n  to  3 -m e th y lin d o le , in d o le  and o th e r  

m e ta b o lite s .  N-hexane s e le c t iv e ly  e x tra c te d  3 -m e th y lin d o le  and in d o le  

fro m  in c u b a tio n  m ix tu re s  a f t e r  in c u b a tio n  o f  r a d io la b e lle d  L - try p to p h a n  

w ith  ru m in a i f l u i d .  In  t h is  p re se n t method ra d io la b e lle d  L - try p to p h a n  

was conve rted  to  3 -m e th y lin d o le  and o th e r  in d o l ic  m e ta b o lite s  by ru m in a i 

f l u i d .  3 -M e th y lin d o le  was e x tra c te d  by n-hexane and is o la te d  on 

f l o r i s i l  columns.
o  o

P re p a ra tio n  o f  (G- H] in d o le  and (G- H] 3 -m e th y lin d o le  

S u b s tra te
3

L -(G - H) try p to p h a n  was s ta te d  to  be 95-96% ra d io c h e m ic a lly  

pu re  as de te rm ined  by th in  la y e r  chrom atography and d i lu t io n  a n a ly s is .

The s p e c i f ic  a c t i v i t y  was 15 mCi/mg o r  3 .1  Ci/nnmol.

P rocedure  o f  m ic ro b io lo g ic a l s y n th e s is

T r i t ia t e d  L -try p to p h a n  (5 mCi) to g e th e r  w ith  a c a r r ie r  amount 

o f  L - try p to p h a n  (2 mg) was added to  20 ml ru m in a i f l u i d  in  a c o n ic a l 

f l a s k  (50 ml c a p a c ity )  and in cuba ted  under a na e rob ic  c o n d it io n s  (carbon
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d io x id e )  a t  37°C in  a shak ing  w a te r b a th , f o r  24 hou rs . The ru m in a i 

f l u i d  was e x tra c te d  tv /ic e  w ith  2 x 50 ml o f  r e d is t i l l e d  n-hexane.

The combined hexane f r a c t io n  was washed w ith  5 m l IN NaOH fo llo w e d  

by  5 ml IN HCl. The hexane f r a c t io n  was d r ie d  w ith  anhydrous sodium 

s u lp h a te  and f i l t e r e d .  The combined hexane f r a c t io n  was evapora ted  

unde r vacuum to  a volume o f  about 5 m l, A s o lu t io n  o f  in d o le  and 

3 -m e th y lin d o le  C5G0 y g /m l, in  hexane) was added u n t i l  th e  c o n c e n tra t io n  

o f  in d o le  and 3 -m e th y lin d o le  reached about 50 y g /m l.

33 g o f  f l o r i s i l  were a c t iv a te d  a t  11D°C in  an oven, a llow ed  

t o  co o l to  room tem p era tu re  in  a d e s ic c a to r ,  1 ml d i s t i l l e d  w a te r 

was added and v ig o ro u s ly  shaken f o r  30 m inu tes . 3 g were taken  in  a 

g la s s  column [0 .3  x 50 cm). A sm a ll amount o f  anhydrous, hexane-washed 

sodium  s u lp h a te  was added a t  th e  to p  o f  th e  column. The column was 

washed w ith  15 ml o f  5% (v /v )  e th e r  in  hexane fo llo w e d  by 25 m l hexane, 

and then  d r ie d  [s u c t io n  a p p lie d  to  th e  t i p  o f  th e  co lum n). The 

hexane e x t ra c t  from  th e  in c u b a t io n  m ix tu re  was a p p lie d  and e lu te d  w ith  

0.5% e th e r  in  hexane. The f i r s t  40 ml were d is c a rd e d , then  0 .5  ml 

f r a c t io n s  ware c o l le c te d .  The c o n c e n tra t io n  o f  in d o le  and 3 -m e th y l

in d o le  was rreasured in  each f r a c t io n  and f r a c t io n s  c o n ta in in g  o n ly  

in d o le  o r  3 -m e th y lin d o le  were poo led and ra d io c h e m ic a l p u r i t y  o f  

in d o le  and 3 -m e th y lin d o le  was de term ined .

F ra c t io n s  c o n ta in in g  bo th  in d o le  and 3 -m e th y lin d o le  were 

poo led  and co n ce n tra te d  to  about 5 ml (reduced p re s s u re ) and th e  column 

p rocedu re  was repea ted  us ing  a n o th e r f l o r i s i l  column, to  is o la te  

f u r t h e r  amounts o f  3 -m e th y lin d o le  and in d o le .  In d o le  and 3 -m e th y lin d o le  

d e te rm in a tio n s  were made us in g  gas l iq u id  chrom atography as de sc rib e d
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b e fo re  (C hap te r 23.

D e te rm in a tio n  o f  th e  ra d io c h e m ic a l p u r i t y  o f  t r i t i a t e d  in d d le  and 

3 -m e th y lin d o le

The ra d io c h e m ic a l p u r i t y  o f  r a d io la b e lle d  in d o le  and 3 -m e th y l

in d o le  was determ ined us in g  th in  la y e r  chrom atography on s i l i c a  g e l 

p la te s  (100 y t h ic k ) .  5 y l  o f  th e  s o lu t io n  o f  t r i t i a t e d  compound 

were s p o tte d  on t h in  la y e r  p la te  to g e th e r  w ith  an a u th e n t ic  sample o f  

th e  compound in  n-hexane (1 rrg /m l) . A f t e r  developm ent th e  

3 -m e th y lin d o le  sp o t was v is u a liz e d  w ith  E h r l ic h  reage n t sp ra y , and 

scraped  in to  a s c in t i l l a t i o n  v ia l .  The p la te  was d iv id e d  in to  fo u r  

e q u a l p o r t io n s  and each p o r t io n  scraped in to  a s c i n t i l l a t i o n  v ia l .

10 m l o f  th e  l iq u id  s c i n t i l l a t o r  u n is o lv e  1 were added, and ra d io 

a c t i v i t y  was measured us ing  l iq u id  s c in t i l l a t i o n  c o u n tin g . D e ta i ls ■ 

o f  th e  chrom atograph ic  p rocedure  v/ere as d e sc rib e d  p re v io u s ly  

(C hap te r 2 ),

R e s u lts

The e lu t io n  p a t te rn  o f  in d o le  and 3 -m e th y lin d o le  was as 

shov/n in  F ig .  6 .1 . R e s o lu tio n  o f  in d o le  from  3 -m e th y lin d o le  was 

in c o m p le te . 35 f r a c t io n s  con ta in e d  3 -m e th y lin d o le  o n ly  fo llo w e d  by 

30 f r a c t io n s  c o n ta in in g  a m ix tu re  o f  in d o le  and 3 -m e th y lin d o le , then  

50 f r a c t io n s  c o n ta in in g  in d o le .  Repeating th e  column procedure  f o r  

th re e  tim e s , i t  was p o s s ib le  to  c o l le c t  600 yC i o f  t r i t i a t e d  3 -m e th y l-  

in d o le .

O nly 20 yC i o f  in d o le  were c o l le c te d ,  th e  r ^ r e in d e r  o f  

in d o le  be ing  d is c a rd e d .

R ad iochem ica l p u r i t ie s  o f  t r i t i a t e d  in d o le  and 3 -m e th y lin d o le
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F ig . 6 .1  Chrom atographic s e p a ra tio n  o f  in d o le  CD and 

3 -m e th y lin d o le  C2' I I ) on a f l o r i s i l  column. 

E lu t io n  s o lv e n t was d ie th y le th e r  in  hexane 

CD,5%, v / v ) .  The f i r s t  40 m l were d isca rd e d

and f r a c t io n s  o f  0 .5  ml c o l le c te d .
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were as fo l lo w s :

S o lve n t

2 -p ropano l-am m on ia -w a te r 

(2 0 :1 :2 , v / v /v ]

C y c lo h e x a n e -c h lo ro fo rm -d ie th y lam ine 

(4 :5 :1 ,  v / v /v )

D i“ is o p ro p y l e th e r

R adiochem ica l p u r i t y  (%) 

In d o le  3 - r ie th v lin c o le

96 .7

95 .8

90 .5

99 .1

98.9

99.47

T r i t ia t e d  3 -m e th y lin d o le  was s to re d  in  a s o lu t io n  in  r e d is t i l l e d  

n-hexane (20 mg/m l, 131 y C i/n rro l)  in  a g radua ted , g la s s  s toppered  t e s t  

tu b e  a t  room te n p e ra tu re , T r i t ia t e d  in d o le  was s im i la r ly  s to re d  a t  a 

c o n c e n tra t io n  o f  1 mg/ml and 117 yC i/rrm o l s p e c i f ic  a c t i v i t y ,

P re o a ra tio n  o f  (m e thy l ^^C) 3 -m e th v lin d o le

S u b s tra te

14,The s p e c i f ic  a c t i v i t y  o f  L -(m e thy le ne  C) try p to p h a n  was 

56 mCi/mmol o r  272 yC i/m g and was s ta te d  to  be 97% ra d io c h e m ic a l pure 

as de term ined by h igh  perform ance l iq u id  chrom atography.

Procedures

L -(m e thy le ne  try p to p h a n  (50 y C i)  to g e th e r  w ith  a c a r r ie r

amount o f  L - try p to p h a n  (10 mg in  1 m l O .IN NaOH) was added to  20 ml 

ru m in a i f l u i d  in  a c o n ic a l f la s k  (50 ml c a p a c ity )  and in cuba ted  under 

a n a e ro b ic  c o n d it io n s  (carbon d io x id e )  a t  37°C in  a shak ing  w a te r  b a th , 

f o r  24 hou rs .

E x t ra c t io n ,  is o la t io n ,  p u r i f ic a t io n  and ra d io c h e m ic a l p u r i t y  

d e te rm in a tio n  o f  la b e lle d  3 -m e th y lin d o le  were conducted as
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d e sc rib e d  f o r  t r i t i a t e d  3 -m e th y lin d o le .

R e su lts

A t o t a l  o f  20 |iC i o f  la b e lle d  3 -m e th y lin d o le  was 

c o l le c te d .  The ra d io c h e m ic a l p u r i t y  o f  la b e l le d  3 -m e th y lin d o le

in  th re e  s o lv e n t systems was as fo llo w s :

C y c lo h e x a n B -c h lo ro fo rrrrd ie th y  lam ine

(2 0 :1 :2 , v / v /v )  99.6%

P ropano l-a rrm on ia -w a te r

(2 0 :1 :2 , v / v /v )  99,5%

D i- is o p r o p y l e th e r  99,3%

14(M e thy l C) 3 -m e th y lin d o le  was s to re d  as a s o lu t io n  in  

n-hexane a t  a c o n c e n tra t io n  o f  1 mg/ml and s p e c i f ic  a c t i v i t y  o f  

131 y C i/r r rro l.

P re p a ra tio n  o f  t r i t i a t e d  3 -m e th y lo x in d o le

3 -M e th y lo x in d o le  was prepared from  3 -m e th y lin d o le  acco rd in g  

t o  th e  method o f  Hinman and Bauman (1964) as fo llo w /s  :

To a s o lu t io n  o f  3 .28  mg o f  t r i t i a t e d  3 -m e th y lin d o le  

( s p e c i f ic  a c t i v i t y  131 yC i/rrrro l)  in  163 y l  o f  95% t - b u t y l  a lc o h o l ( in  

a 2 m l c a p a c ity  t e s t  tu b e ) were added 4 ,45  mg o f  N -b rom osuccin im ide . 

The re a c t io n  m ix tu re  was kep t under n itro g e n  and a t  a tem pera tu re  o f  

20°C in  a shak ing  w a te r  b a th . A f te r  2 .5  hours th e  m ix tu re  was 

e x tra c te d  w ith  1 m l e th y l a c e ta te . The e x t ra c t  was d r ie d  o v e r 

sodium  s u lp h a te . The c o n c e n tra t io n  o f  3 -m e th y lo x in d o le  was measured 

u s in g  g a s - l iq u id  chrom atography, as d e sc rib e d  in  C hapte r 3, and i t  wa=
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found to  be 600 y g /m l. 3 -M s th y lo x in d o le  was p u r i f ie d  on s i l i c a  g e l 

t h in  la y e r  p la te s .

F iv e  (10 y l )  a l iq u o ts  o f  th e  e .th y la c e ta te  e x t ra c t  were a p p lie d  

t o  th e  p la te s .  A f te r  d e ve lop ing  th e  p la te  in  d i - is o p r o p y l e th e r ,  

th e  s o lv e n t f r o n t  was marked and th e  developed le n g th  d iv id e d  in to  

te n  equa l s e c t io n s . The s i l i c a  g e l in  each s e c t io n  was scraped 

in t o  a t e s t  t u b e . ' E lu t io n  was done by add ing 5 ml d i - e t h y l  e th e r  

t o  th e  co n te n ts  o f  each te s t  tu b e . Each f r a c t io n  was examinee f o r  

th e  presence o f  3 -m e th y lo x in d o le  end 3 -m e th y lin d o le  ( g a s - l iq u id  

ch rom a to g raphy). F ra c t io n s  c o n ta in in g  3 -m e th y lo x in d o le  o n ly  v/ere 

saved.

About 500 yg o f  pure 3 - re th y lo x in d o le  were recovered  in

e th e r .

P re p a ra tio n  o f  s o lu t io n s  o f  in d o l ic  compounds f o r  in  v i t r o  s tu d ie s

The re q u ire d  amount o f  th e  s o lu t io n  o f  th e  la b e lle d  compound 

was a c c u ra te ly  measured. The o rg a n ic  s o lv e n t was evaporated (vacuum, 

a t  40 °C ). The in d o l ic  compound was re d is s o lv e d  in  1% Cremophor-EL 

in  phosphate b u f fe r  pH 7 .4 . A liq u o ts  were taken  f o r  d e te rm in a tio n  

o f  th e  c o n c e n tra t io n  o f  th e  in d o l ic  conpound by l i q u id  s c i n t i l l a t i o n  

c o u n tin g  o r  g a s - l iq u id  chrom atography. More o f  th e  s o lv e n t was 

added to  make th e  re q u ire d  c o n c e n tra tio n  o f  in d o l ic  compound.

S o lu t io n s  o f  in d o l ic  compounds in  Cremophor-EL b u f f e r  were f r e s h ly  

p repa red  b e fo re  each expe rim en t.
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6 ,2 ,3  -  P re p a ra tio n  o f  th e  m icrosom al and c y to s o l f r a c t io n s  from

th e  bov ine  lung  '

A n im als

Three 12 month o ld  A y rs h ire  o r  H e re fo rd -c ro s s  breed ca lve s  

w ere used, un less  o th e rw is e  in d ic a te d .  Anim als were stunned, us ing  

a c a p t iv e  b o l t  p i s t o l ,  p ith e d _ v ;ith  a l i g h t  cane, and im m ed ia te ly  

exsangu ina ted  by ju g u la r  s e c t io n s . P ieces o f  lung  t is s u e  were 

removed and p la c e d  in  a c h i l le d  p re p a ra tio n  medium o f  G.154M KCl 

and 0.05M T r is -H C l b u f fe r .

H om ogenization

A l l  s teps  were c a r r ie d  o u t a t  D-4°C. F re s h ly  removed t is s u e  

was chopped w ith  a p a i r  o f  s c is s o rs  and excess co n n e c tiv e  t is s u e  

was removed.

The bov ine  lung i s  d i f f i c u l t  to  homogenize because o f  i t s  

f ib r o u s  n a tu re . A b le n d e r typ e  hom ogenizer was found  to  be 

p re fe ra b le  to  a P o tte r - ty p e  g la s s -g la s s  p e s t le  hom ogenizer.

The chopped t is s u e  (50 g) was homogenized in  fo u r  volumes 

(200 m l) o f  ic e - c o ld  p re p a ra t io n  medium o f  0.154M KOI and 0.05M 

T r is -H C l b u f fe r ,  pH 7 .4  in  an A tcm ix  b le n d e r (M .S.E. L td . ,  Manor 

R o ya l, C raw ley, Sussex) f o r  two m in u te s . The m ix tu re  was s tra in e d  

th ro u g h  gauze to  remove fragm en ts  o f  c o n n e c tive  t is s u e .

U I t r a c e n t r i f u g a t io n

A Eeckman L2-65B u l t r a c e n t r i fu g e  was used w ith  type  50.1 

r o t o r .  The homogenized m a te r ia l was c e n tr ifu g e d  a t  16,000 xg f o r  

20 m inu tes to  remove c e l lu la r  d e b r is ,  n u c le i and m ito c h o n d ria .

The 16,000 xg s u p e rn a ta n t was c a r e fu l ly  decanted in to  u l t r a c e n t r i f u g e
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tubes and c e n tr ifu g e d  e t  105,000 xg f o r  60 m in u te s .

The su p e rn a ta n t was saved f o r  p re p a ra t io n  o f  the ' c y to s o l 

f r a c t io n .  F o r p re p a ra t io n  o f  washed m icrosomes, m icrosom al p e l le ts  

w ere rehomqgenized in  phosphate b u f fe r  (g la s s -g la s s  p e s t le  type  

hom ogenizer] pH 7 .4  and re c e n tr ifu g e d  a t  105,000 xg f o r  60 m inu tes . 

S upe rna tan ts  were d isca rd ed  and m icrosom al p e l le ts  were saved f o r  

e x p e rim e n ta l w ork.

M ixed microsomes from  th re e  to  f iv e  an im a ls were used in  each 

e xp e rim e n t.

P re p a ra tio n  o f  b o ile d  microsomes

The m icrosom al suspension in  a 10 ml c a p a c ity  graduated te s t  

tube  v-;as p laced  in  a b e l l in g  w a te r ba th  f o r  15 m inu tes , w ith  o c c a s io n a l 

s h a k in g . T h is  re s u lte d  in  c o a g u la tio n  o f  m icrosom al p ro te in s  which 

tended  to  fo rm  la rg e  lumps. B o ile d  microsomes were a llow ed  to  c o o l,  

rehom ogenized and th e  volume c o rre c te d  f o r  lo s s  o f  w a te r due to  

e v a p o ra tio n  d u r in g  b o i l in g .

P re p a ra tio n  o f  th e  c y to s o l f r a c t io n  from  th e  bov ine  lung

The 105,000 xg su p e rn a ta n t was d ia ly z e d  a g a in s t 0.154M MCI 

and 0.05M T r is -H C l b u f fe r  pH 7 .4  ( f iv e  changes, one l i t r e  each) f o r  

18 hou rs , a t  4°C. The aim o f  t h is  d ia ly s is  was to  e x t ra c t  any 

g lu ta th io n e  p re se n t in  th e  c y to s o l f r a c t io n .

The b o ile d  c y to s o l f r a c t io n  was prepared by h e a tin g  a known 

volume ( b o i l in g  w a te r  b a th ) o f  th e  c y to s o l f r a c t io n  f o r  15 m inu tes .

The p ro te in  which p re c ip i ta te s  on h e a tin g  was rehomogenized and th e  

volume c o rre c te d  f o r  e v a o o ra tio n  bv add ing d i s t i l l e d  w a te r .
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H oriogan iza ticn  media

0.154M KCl and 0.05M T r is -H C l b u f fe r  pH 7 .4  was o f  th e  

fo l lo w in g  co m p o s itio n ;

T r is  (hyd roxym e th y l) m ethylam ine 6 .057 g

O.IM HCl ' . ' "^00 ml

KCl 11.634 g

D i s t i l l e d  w a te r  was added to  make 1 l i t r e .

T h is  medium is  recommended by Matsufcara, Prough, Eurke and E stabrook 

(1974) f o r  p re p a ra t io n  o f  m icrosom al f r a c t io n s .

Phosphate b u f fe r  pH 7 .4  was o f  th e  fo l lo w in g  co m p o s itio n :

M/5 KH^FD^ 50 ml

M/5 NaOH 39 .5  ml

D i s t i l l e d  w a te r  was added to  make 200 m l,

M ic rcso rra l p re p a ra tio n s

Unless o th e rw ise  in d ic a te d ,  m ic ro sc tra l p re p a ra tio n s  used 

th ro u g h o u t t h is  s tu d y  were s e t  up as fo llo w s :

(1) P e lle ts  o f  m icrosom al f r a c t io n s  were rehomogenized in  

phosphate b u f fe r  pH 7 .4 . P ro te in  c o n c e n tra t io n  was de te rm ines , as 

d e s c r ib e d  p re v io u s ly ,  and more phosphate b u f fe r  was added to  th e  

m ic rc s o rra l suspension to  a d ju s t  p ro te in  to  th e  re q u ire d  c o n c e n tra t io n .

(2 ) A liq u o ts  (u s u a lly  0 .5  m l) o f  m icrosom al suspension v/ere

d ispensed  in  15 m l c a p a c ity ,  ic e  c o ld ,  t e s t  tubes and p laced  on ic e .

(3 ) Reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate o r  a

g e n e ra tin g  system  f o r  t h is  compound was added, d is s o lv e d  in  phosphate 

b u f f e r  pH 7 .4  (u s u a lly  in  a volume o f  0 .2 -0 .5  m l) .

(4 ) R a d io la b e lle d  3 -m e th y lin d o le  ( s p e c i f ic  a c t i v i t y  131 y C i/ r r r c l)

Vi?as added. A volume o f  0.025 ml o f  1% " Cremophor-EL" .in  phosphate
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b u f fe r  pH 7 ,4  was used to  d e l iv e r  3 -m e th y lin d o le .

(5 ) R eaction  was i n i t i a t e d  by p la c in g  th e  t e s t  tubes in  a 

s h a k in g  w a te r  ba th  a t  37°C and a f t e r  in c u b a tio n  th e  re a c t io n  was 

te rm in a te d  by p la c in g  t e s t  tubds on ic e  and add ing 10 volumes o f  

ic e  c o ld  n-hexane to  commence th e  procedure o f  o rg a n ic  s o lv e n t 

e x t ra c t io n  f o r  d e te rm in a tio n  o f  c o v a le n t ly  bound m e ta b o lite s .

6 ,2 .4  D e te rm in a tio n  o f  m icrosom al p ro te in

P ro te in  measurement was done us in g  th e  F o l in  phenol re a g e n t, 

as d e sc rib e d  by Lowry, Rosenburgh, F a r r  and R anda ll (1951 ),

Reagents

Reagent A : 2% Na^CO^ in  O .IN  NaOH,

Reagent B; 0.5% CuSO^ .5  H2O in  1% sodium po tass ium  t a r t r a t e .

Reagent C; 50 ml o f  reage n t A + 1 ml o f  reage n t B. To be

used w i th in  24 hou rs .

Reagent 0 ; D i lu te  F o lin  c io c a lte a u  phenol re a g e n t. C om m ercia lly 

a v a ila b le  F o lin  c io c a lte u  reage n t was d i lu te d  w ith  

d i s t i l l e d  w a te r ( 1 : 1 : ,  v /v )  to  g iv e  a c o n c e n tra tio n  

o f  IN HCl.

P ro te in  s tandards

A s e r ie s  o f  s tanda rd  s o lu t io n s  o f  horse  serum a lbum in in  

d i s t i l l e d  w a te r  were used (0 .0 5 -1  m g/m l).

Procedure

S o lu b il iz e d  m icrosom al p ro te in s  were a p p ro p r ia te ly  d i lu te d  

(u s u a l ly  1 :10 o r  1 :20 ) w ith  d i s t i l l e d  w a te r. To a sample o f  p ro te in

(0 .1  m l) in  a 5 m l t e s t  tu b e , 1 ml o f  reagen t C was added, m ixed w e l l

and a llo w e d  to  s tand  f o r  10 m inutes a t  room te m p e ra tu re . 0 ,1  m l o f
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reagen t D was added w h ile  th e  t e s t  tube  con tin u e d  to  be shaken 

(v o r te x  m ix e r ) ,  m ix in g  co n tin u e d  f o r  f u r t h e r  15 seconds. A f te r  30 

m inu tes  th e  absorbance o f  th e  sample was read in  a sp e c tro p h o to m e te r

a t  500 my w ave leng th .
1

Standard p ro te in  s o lu t io n s  were s im i la r ly  t re a te d  and a 

s ta n d a rd  curve  was e s ta b lis h e d  (p ro te in  c o n c e n tra t io n  versus 

abso rbance ). The c o n c e n tra t io n  o f  m icrosom al p ro te in  in  samples was 

found  from  th e  s tanda rd  cu rve .

6 ,2 .5  -  D e te rm in a tio n  o f  r a d io a c t iv i t y  c o v a le n t ly  bound to

m icrosom al p ro te in s

M icrosom al p ro te in s  were s o lu b i l iz e d  in  IN NaOH ( b o i l in g  

w a te r  b a th ) f o r  th re e  m inu tes . A volume o f  up to  0 .4  m,l o f  th e  

s o lu b i l iz e d  m icrosom al p ro te in  was p ip e tte d  to  a l i q u id  s c i n t i l l a t i o n  

c o u n tin g  v ia l  c o n ta in in g  10 ml o f  l iq u id  s c i n t i l l a t o r  and 0 ,5  mil 

IN  HCl. A f t e r  t i g h t l y  s e a lin g  th e  to p  o f  th e  v ia l ,  th e  co n te n ts  were 

shaken v ig o ro u s ly .

R a d io a c t iv ity  was reasu red  by l i q u id  s c i n t i l l a t i o n  co u n tin g  

u s in g  a Packard T r i- c a rb  l i q u id  s c in t i l l a t i o n  s p e c tro m e te r, model . 

3255, The a d d it io n  o f  HCl to  th e  l iq u id  s c i n t i l l a t i o n  c o c k ta i l  was 

necessary  to  n e u tra l iz e  th e  sodium hyd rox ide  used in  s o lu b i l iz in g  

m icrosom al p r o te in .  A lk a lin e  p ro te in  m ix tu re s  have a h igh  background 

c o u n tin g  ra te  as had been observed d u r in g  p re lim in a ry  w ork. 

D e te rm in a tio n  o f  th e  c o u n tin g  e f f ic ie n c y  was done us in g  an in te r n a l  

s ta n d a rd is a t io n  method.

Background r a d io a c t iv i t y  was de te rm ined  from  v ia ls  co n ta in in »  

m icrosom al p ro te in s .
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A l l  va lues  were c o rre c te d  f o r  background r a d io a c t iv i t y  and

quench ing .

6 .2 .6  -  D e te rm in a tio n  o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le

m e ta b o lite C s ) to  t is s u e  and m icrosom al p ro te in s  

In tro d u c t io n

The e x p e rim e n ta l approach adopted in  t h is  p re se n t work 

in v o lv e d  a d m in is t ra t io n  o f  r a d io la b e lle d  form a o f  3 -m e th y lin d o le  to  

c a lv e s  o r  in c u b a tin g  these  ra d io la b e lle d  form s o f  3 -m e th y lin d o le  w ith  

m icrosom al p re p a ra t io n s . ■ T issue  samples from  t re a te d  ca lve s  o r  th e  

m icrosom al suspension were washed re p e a te d ly  w ith  o rg a n ic  s o lv e n ts .  

T h is  process o f  e xh a u s tive  e x t ra c t io n  was designed to  remove any f ro e  

ra d io la b e lle d  3 -m e th y lin d o le  o r  S -m e th y lin d c le  m e ta b o lite s . Any 

r a d io a c t iv i t y  rem a in ing  a f t e r  t h is  o rg a n ic  s o lv e n t e x t ra c t io n  is  

presumed to  be c o v a le n t ly  bound to  m icrosom al o r  t is s u e  p ro te in s .  

F in a l ly  bo th  th e  amount o f  p ro te in  and r a d io a c t iv i t y  a s s o c ia te d  w ith  

th e  p ro te in  v/ere de te rm ined . C o v a le n tly  bound 3 -m e th y lin d o le  was 

c a lc u la te d  and expressed as nmol 3 -m e th y lin d c le /m g  m icrosom al p ro te in .  

As a lre a d y  d iscussed , i r r e v e r s ib le  b in d in g  o f  c h e m ic a lly  re a c t iv e  

m e ta b o lite s  to  p ro te in  does n o t im p ly  th a t  p ro te in  is  n e c e s s a r ily  the  

” ta rg e t  substance" b u t i t  is  th e  f r a c t io n  w h ich p ro v id e s  th e  g re a te s t 

re c o v e ry  o f  c o v a le n t ly  bound r a d io a c t iv i t y .  T h e re fo re  measurement 

o f  c o v a le n t b in d in g  to  p ro te in s  serves as a way o f  m easuring , 

e x p e r im e n ta lly ,  th e  fo rm a tio n  o f  a m e ta b o lite  w h ich is  s u f f i c ie n t l y  

r e a c t iv e  to  a lk y la te  t is s u e  m acrom olecules. There i s  no method 

a v a i la b le  in  th e  l i t e r a t u r e  f o r  d e te rm in a tio n  o f  c o v a le n t b in d in g  o f  

3 -m e th y lin d o le  to  t is s u e  p ro te in s .
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E v a lu a tio n  o f  methods f o r  d e te rm in a tio n  o f  c o v a le n t b in d in g  o f

r a d io la b e lle d  3 -m e th y lin d o le  to  t is s u e  p ro te in s

Two methods were eva lu a te d  f o r  p o s s ib le  use w ith  3 -m e th y lin d o le .

T h e ' f i r s t  method was d e sc rib e d  by Reid e t  a l  (1973) and was used 
1 ---------

o r ig in a l l y  f o r  d e te rm in a tio n  o f  co v a le n t b in d in g  o f  halobenzenes to  

lu n g  p ro te in s .  The method v/as e va lua ted  as fo l lo w s ;

1 m l b o i le d  m icrosom al suspension (c o n ta in in g  8 mg p ro te in  in  phosphate 

b u f f e r  pH 7 .4  was m ixed w ith  0 .2  ml 1% "Cremophor-EL" c o n ta in in g  0 ,5  yC i 

(G-^H) 3 -m e th y lin d o le  ( s p e c i f ic  a c t i v i t y  131 y C i/r r rro l)  in  a 15 ml 

c a p a c ity  t e s t  tube  and in cuba ted  in  a shaking  w a te r  ba th  a t  37°C f o r  

60 m in u te s . T es t tubes c o n ta in in g  o n ly  b o i le d  m icrosom al suspension 

were in c lu d e d  f o r  measurement o f  background r a d io a c t iv i t y .  C ontents 

o f  th e  te s t  tube  were e x tra c te d  w ith  th re e  volumes o f  a m ix tu re  o f  

r-h e p ta n e  and isoam yl a lc o h o l (5 0 :1 , v / v ) .  E x tra c t io n  was c a r r ie d  o u t 

by shak ing  f o r  10 m inu tes fo llo w e d  by c e n t r i fu g a t io n  a t  2000 rpm 

f o r  th re e  m in u te s . The n -hep tan e -isoam y l a lc o h o l e x t ra c t io n  was 

repea ted  th re e  tim e s . An equa l volume o f  20% t r ic h lo r o a c e t ic  a c id  was 

added a f t e r  th e  f i n a l  hep tan e -isoam y l a lc o h o l s te p . The m ix tu re  was 

shaken w e l l  and l e f t  f o r  15 m in u te s . A f te r  c e n t r i fu g a t io n  a t 2000 

rpm f o r  20 m in u te s , th e  t r ic h lo r o a c e t ic  a c id  was d is c a rd e d . The p ro te in  

p r e c ip i t a t e  was resuspended in  12 ml m ethanol and shaken f o r  10 m inutes 

and c e n tr ifu g e d  a t  2000 rpm f o r  10 m inu tes . The m ethanol e x t ra c t io n  

was repea ted  s ix  t im e s .

The p r o te in  p r e c ip i ta te  was s o lu b i l iz e d  in  0 .6  ml IN NaOH,

0 .1  ml was taken  f o r  p ro te in  d e te rm in a tio n  and 0 .4  ml was taken  f o r  

r a d io a c t iv i t y  measurement. R e su lts  o f  d u p lic a te  experim ents  showed
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th a t  p r o te in  c o n c e n tra t io n  was about 5 m g /r l .  The r a d io a c t iv i t y  ' 

a s s o c ia te d  w ith  p ro te in  v/as about 200 coun ts  p e r m in u te , whereas 

background r a d io a c t iv i t y  was about 8 counts p e r  m in u te , Thus t h is  

method d id  no t e x t ra c t  ra d io la b e lle d  3 -n e th y l in d o le  co m p le te ly  from  

b o i le d  m icrosom al s u s p e n s io n s .' The experim ent v/as repea ted  on 'f iv e  

occas ions  and gave s im i la r  r e s u lt s ;  th e re fo re  i t  v/as no t cons ide red  

s u i ta b le  f o r  use w ith  3 -m e th y lin d o le .

The method d e scrib ed  by J o llo v /, M it c h e l l ,  P o t te r ,  D av is , 

G i l l e t t e  and B rod ie  C1G73) f o r  d e te rm in a tio n  o f  c o v a le n t b in d in g  

o f  r a d io la b e lle d  acetam inophen to  l i v e r  p ro te in s  v/as eva lu a te d  f o r  

use w ith  3 -m e th y lin d o le .

D u p lic a te  t e s t  tubes c o n ta in in g  m icrosom al suspension and 

t r i t i a t e d  3 -m e th y lin d o le  were prepared as d e sc rib e d  above. An equa l 

volume o f  0.9M t r ic h lo r o a c e t ic  a c id  was added to  th e  m icrosom al 

suspension  and shaken w e l l .  The p ro te in  was p r e c ip i ta te d  by c e n t r i 

fu g a t io n  a t  2000 rpm f o r  20 m inu tes . The su p e rn a ta n t was d isca rd e d  

and th e  p ro te in  p r e c ip i ta te  was resuspended in  10 ml o f  G.EM 

t r ic h lo r o a c e t ic  a c id ,  shaken w e ll and then c e n tr ifu g e d  a t  2000 rpm f o r  

f i v e  m inu tes . The s u p e rn a ta n t was d isca rd ed  and th e  p ro te in  washed 

tw ic e  w ith  f u r t h e r  amounts o f  0 . 6*1 t r ic h lo r o a c e t ic  a c id .

The p ro te in  was resuspended in  12 m l o f  80% m ethano l, 

m ixed f o r  th re e  m inu tes and th e  supe rn a ta n t d is c a rd e d . T h is  p rocedure  

was repea ted  s ix  t im e s . A f te r  e x t ra c t io n  th e  p ro te in  p r e c ip i ta te  

v/as s o lu b i l iz e d  in  0 .6  ml IN NaOH. A liq u o ts  were taken  f o r  p ro te in  

d e te rm in a t io n  [0 .1  m l) and l iq u id  s c in t i l l a t i o n  c o u n tin g  CO.4 m l) .  

R e s u lts  o f  d u p lic a te  experim ents showed th a t  p ro te in  c o n c e n tra t io n  was
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about 6 m g/m l, r a d io a c t iv i t y  a s s o c ia te d  w ith  p ro te in  was about 250 

coun ts  p e r m in u te , whereas background r a d io a c t iv i t y  was about 8 coun ts  

p e r  m in u te . The expe rim ent was repea ted  on th re e  occas ions and gave 

s im i la r  r e s u l t s .  ;

The p o s s ib i l i t y  th a t  th e  r a d io a c t iv i t y  re m a in in g  a f t e r  o rg a n ic  

s o lv e n t  e x t ra c t io n ,  us ing  th e  two rrethods d e s c r ib e d , was due to  non

s p e c i f ic  t r i t i u m  exchange between t r i t i a t e d  3 -m e th y lin d o le  and m icrosom al

14p ro te in s  was in v e s t ig a te d  by us ing  (m ethy l C) 3 -m e th y lin d o le . Both 

methods o f  e x t ra c t io n  aga in  f a i le d  to  e x t ra c t  a l l  r a d io a c t iv i t y  from  

th e  la b e l le d  3 -m e th y lin d o le , sugg es ting  th a t  r a d io a c t iv i t y  from  

t r i t i a t e d  o r  la b e l le d  3 -m e th y lin d o le  is  n o t due to  n o n -s p e c if ic  

t r i t i u m  exchange o r  carbon in c o rp o ra t io n .

The p o s s ib i l i t y  th a t  f a i l u r e  c f  th e  above d e sc rib e d  methods 

t o  e x t ra c t  r a d io la b e lle d  3 -m e th y lin d o le  was due to  a non-enzym atic  

c o v a le n t re a c t io n  between a la b e l le d  contam inant c f  la b e l le d  3 -m e th y l

in d o le  and m icrosom al p ro te in s  was a ls o  in v e s t ig a te d  by in c u b a tin g  

2 mmol o f  la b e lle d  3 -m e thy linC G le  v\cth 20 mg o f  b o i le d  m icrosom al 

p ro te in s  ( in  1 m l phosphate b u f f e r  pH 7 .4 ) f o r  th re e  hours a t  37°C,

^ ^c  la b e l le d  3 -m e th y lin d o le  was e x tra c te d  w ith  5 m l hexane. The 

hexane was p ip e t te d  in to  15 ml c a p a c ity  t e s t  tubes and evapora ted  (40°C, 

und e r n i t r o g e n ) .  B o ile d  m icrosom al suspension (1 m l) was added 

( c o n ta in in g  8 mg p ro te in  in  phosphate b u f fe r  pH 7 .4 )  and shaken w e l l .

The co n te n ts  o f  th e  t e s t  tube  were s u b je c te d  to  e x t ra c t io n  by th e  

method o f  Reid e t  a l  (1973) and by th e  method o f  Go1low , M it c h e l l ,

P o t te r ,  D av is , G i l l e t t e  and B ro d ie  (1973).- T h is  d id  n o t ach ieve 

c o n p le te  e x t ra c t io n  o f  r a d io a c t iv i t y  by e i th e r  m ethod/ e x c lu d in g  th e  

p o s s ib i l i t y  o f  a r a d io la b e lle d  contam inant to  3 -m e th y lin d o le .
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Procedure used f o r  th e  d e te rm in a tio n  o f  c o v a le n t b in d in g  o f  

r a d io la b e lle d  3 -m e th y lin d o le  to  t is s u e  p ro te in s

The fo l lo w in g  method was developed a f t e r  an in v e s t ig a t io n  

o f  th e  s o l u b i l i t y  o f  3 -m e th y lin d o le  in  v a r io u s  s o lv e n ts  and a f t e r  an 

e v a lu a t io n  o f  t h e i r  u se fu lness  in  e x t ra c t in g  3 -m e th y lin d o le  added to  ' 

m icrosonra l p ro te in  p re p a ra t io n s .

Test tubes c o n ta in in g  m icrosom al p re p a ra t io n s  were p laced

on ic e .  ( to  i n h ib i t  enzym atic  a c t i v i t y ) ,  and th e  m icrosom al |

osuspension  was e x tra c te d  w ith  3 x 10 volumes o f  c o ld  (□ C) n-hexane, 

th e n  w ith  2 x 10 volumes e th y l a c e ta te . E x tra c t io n  was c a r r ie d  ou t 

by  v ig o ro u s  v o r te x  shak ing  f o r  tivo m inu tes . The o rg a n ic  phases 

were a s p ira te d  (p a s te u r  p ip e t te )  and 'd isca rded . W hile  th e  te s t  

tu b e  co n tin ued  to  be shaken on th e  v o r te x  shake r, an equa l volume 

o f  20% t r ic h lo r o a c e t ic  a c id  was added, fo llo w e d  im m e d ia te ly  by th e  

a d d it io n  o f  10 m l a b s o lu te  e th a n o l, w ith  con tin uous  v o r te x  shak ing  

f o r  th re e  m inu tes . ' A f te r  c e n t r i fu g a t io n  f o r  15 m inu tes  a t 3000 rpm, 

th e  t r ic h lo r o a c e t ic  a c id  e th a n o l phase was d is c a rd e d .

The p ro te in  p r e c ip i ta te  was resuspended in  10 ml a b s o lu te  

e th a n o l,  shaken f o r  f i v e  m inutes and c e n tr ifu g e d  a t  2000 rpm f o r  

f i v e  m in u te s . A f t e r  c e n t r i fu g a t io n  th e  e th a n o l la y e r  was d is c a rd e d . 

The e th a n o l e x t ra c t io n  was repea ted  fo u r  t im e s . The p ro te in  

p r e c ip i t a t e  was e x tra c te d  w ith  3 x 10 ml m ethanol as d e sc rib e d  f o r  

e th a n o l.  The p ro te in  p r e c ip i t a te  was s o lu b i l iz e d  in  IN NaOH and 

a l iq u o ts  were taken  f o r  l i q u id  s c in t i l l a t i o n  c o u n tin g  and p ro te in  

d e te rm in a t io n .

B lanks

1 m l b o ile d  m icrosom al suspension (c o n ta in in g  8 mg p ro te in
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in  phosphate b u f fe r  pH 7 .4 ) v/as m ixed w ith  0 .2  ml 1% "Cremophor-EL”

3c o n ta in in g  0 .6  pC i CG- H) B -n s th y lin d o le  in  a 15 m l c a p a c ity  te s t  

tu b e  and in cu b a te d  in  a shak ing  w a te r ba th  a t  37°C f o r  60 m in u te s .

T e s t tubes c o n ta in in g  o n ly  b o i le d  m icrosom al suspension were in c lu d e d  

f o r  d e te rm in a tio n  o f  background r a d io a c t iv i t y .  C ontents o f  t e s t  

tu b e s  were su b je c te d  to  o rg a n ic  s o lv e n t e x t ra c t io n  as d e sc rib e d  above. 

The p ro te in  p r e c ip i ta te  was s o lu b i l iz e d  in  0 .6  ml IN NaOH. A liq u o ts  

w ere taken  f o r  l i q u id  s c i n t i l l a t i o n  co u n tin g  (0 .4  m l) and p ro te in  

d e te rm in a tio n  (0 .1  m l) .

R e su lts  o f  d u p lic a te  experim ents v/ere:

P ro te in  c o n c e n tra tio n s  were 5 .8  and 6 .0  m g/m l, b la n k  r a d io a c t iv i t ie s  

were 12 and 14 coun ts p e r  m inu te  and background r a d io a c t iv i t ie s  were 

8 and 9 coun ts  p e r m inu te .

B lanks c o n ta in in g  b o ile d  microsomes and ra d io la b e lle d  

3 -m e th y lin d o le  were in c lu d e d  v / ith  each exp e rim e n t. B lank  va lu e s  o f  

r a d io a c t iv i t y  neve r exceeded doub le  th e  background coun ts p e r  m inute  

o f  th e  l i q u id  s c in t i l l a t i o n  sp e c tro m e te r.

6 ,2 ,7  -  S tu d ie s  on th e  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  to  bov ine

t is s u e s  in  v iv o

Anim als

Three A y rs h ire  breed ca lves  (50-60 kg body w e ig h t)  were 

a n a e s th e tiz e d  w ith  p e n to b a rb ito n e  (20 mg/kg body w e ig h t)  w ith  a d d it io n a l 

2 mg/kg doses g ive n  in tra v e n o u s ly  as re q u ire d  th ro u g h o u t th e  course o f  

th e  expe rim ents  to  m a in ta in  a n a es th es ia .

3 -M e th y lin c o le  s o lu t io n

T r i t ia t e d  3 -m e th y lin d o le  o f  s p e c i f ic  a c t i v i t y  o f  20 pCi/nrmol
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was d is s o lv e d  C3G mg/m l) in  10% "Cremophar-EL" in  d i s t i l l e d  w a te r. 

In fu s io n  o f  3 -m e th y lin d o le

In fu s io n s  were made in to  th e  fe m o ra l v e in  v ia  an in d w e llin g  

c a n n u la . Each dose was in fu s e d  o v e r one m inu te  w ith  th e  subsequent 

doses g iven  a f t e r  30 m inu tes .

T is s u e  samples

Calves s u rv iv in g  th e  e xp e rim e n ta l p rocedure  were k i l l e d  

(exsang u ina ted  by a ju g u la r ,  s e c t ic n l  two and a h a l f  hours a f t e r  th e  

la s t  3 -m e th y lin d o le  in fu s io n .  T issue  samples were taken  from  th e  

lu n g , h e a r t ,  l i v e r ,  k id n e y , c e re b ra l hem ispheres, s k e le ta l muscles 

(c h e s t and th ig h ]  and p e r ir e n a l f a t .

T o ta l and c o v a le n t ly  bound r a d io a c t iv i t ie s  v/ere de te rm ined . 

D e te rm in a tio n  o f  t o t a l  r a d io a c t iv i t y

T issue  was d ig e s te d  by p la c in g  1 g o f  t is s u e  in  a T e flo n  l in e d  

s ta in le s s  s te e l p ressu re  v e s s e l (R. A. S c ie n t i f ic ,  34 B o lto n  Gardens, 

London, E ng land ). 1 m l co n ce n tra te d  h y d ro c h lo r ic  a c id  and 2 ml 

hydrogen p e ro x id e  (30% v /v )  v/ere added to  th e  homogenate and the  

v e s s e l t i g h t l y  se a le d . D ig e s tio n  was c a r r ie d  o u t by p la c in g  th e  

v e s s e l in  a b o i l in g  w a te r ba th  f o r  two hou rs . The v e s s e l was coo led  

and th e  f i n a l  volume o f  th e  s o lu b i l iz e d  t is s u e  was measured. 1 ml 

o f  th e  s o lu b i l iz e d  t is s u e  was added to  12 ml o f  l i q u id  s c i n t i l l a t o r  

U n is o lv e  1 in  a l i q u id  s c in t i l l a t i o n  v ia l .  The v ia l  was sea led  

and shaken w e l l .  V ia ls  were l e f t  o v e rn ig h t a t  4°C in  th e  d a rk . 

R a d io a c t iv i t y  v/as measured us in g  l iq u id  s c i n t i l l a t i o n  c o u n tin g .

A l l  va lues  were c o rre c te d  f o r  background and quench ing , us ing  

in t e r n a l  s ta n d a rd iz a t io n  method.
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D e te rm in a tio n  o f  c o v a le n t ly  bound r a d io a c t iv i t y

1 g o f  t is s u e  was homogenized in  th re e  volumes o f  w a te r

(M .S .E . t is s u e  hom ogenizer, M .S.E. L td . ,  Manor R oya l, C raw ley, Sussex, 

E n g la nd ). T issue  homogenates were su b je c te d  to  e x te n s iv e  o rg a n ic  

e x t r a c t io n  as d e sc rib e d  f o r  m icrosomes. E x tra c te d  t is s u e  homogenates 

w ere d r ie d  to  a c o n s ta n t w e ig h t a t  60^C. 100 mg d ry  t is s u e  homo

genate  were d ig e s te d  in  1 ml con ce n tra te d  h y d ro c h lo r ic  a c id  and 2 ml 

hydrogen p e ro x id e . The rem a inder o f  th e  p rocedure  was as d e scrib ed  

f o r  d e te rm in a tio n  o f  t o t a l  r a d io a c t iv i t y .

R e s u lts

One o f  th e  ca lves  CCalf 1) s u rv iv e d  f i v e  doses o f  t r i t i a t e d

3 -m e th y lin d o le  C l ,1 ,2 ,4  and 12 m g/kg) and was k i l l e d  two and a h a l f  ,

hou rs  a f t e r  th e  la s t  in je c t io n .  One o f  th e  o th e r  two ca lve s  (C a lf  2) 

d ie d  two m inutes a f t e r  th e  la s t  o f  th re e  doses o f  3 -m e th y lin d o le  

(1 ,  1 and 2 mg/kg) and th e  rem a in ing  c a l f  CCalf 3) d ie d  two m inutes 

a f t e r  a dose o f  1 mg/kg o f  3 -m e th y lin d o le .

Tab le  6 .1  shov/s th e  c o n c e n tra tio n  o f  t o t a l  and c o v a le n t ly  

bound r a d io a c t iv i t y  in  d i f f e r e n t  t is s u e s  o f  th e  th re e  c a lv e s . The 

g re a te s t  c o n c e n tra t io n  o f  c o v a le n t ly  bound r a d io a c t iv i t y  occu rre d  in  

th e  lu ng  in  a l l  th re e  c a lv e s .
3

B lank va lues  were o b ta in e d  by add ing 0 .2  yC i o f  CG- H) 

3 -m e th y lin d o le  to  1 g o f  norm al lung homogenate a t  1°C and s u b je c t in g  

t o  th e  same tre a tm e n t d e sc rib e d  above f o r  d e te rm in a tio n  o f  c o v a le n t ly  

bound r a d io a c t iv i t y  in  t is s u e s .  B lank va lues  were le s s  than  12 

coun ts  p e r  m in u te . T h is  va lu e  was s u b tra c te d  b e fo re  c a lc u la t in g  th e  

c o n c e n tra t io n  o f  c o v a le n t ly  bound r a d io a c t iv i t y .
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TABLE 6 .1  CONCENTRATION OF TOTAL (nmol 3-METHYLINCGLE/g TISSUE vET 
ICIGHT) AND COVALENTLY BOUND (nmol 3-NEThYLINCGLE/g CRIEC 
EXTRACTED TISSUE HOMOGENATE) RADIOACTIVITY IN TISSUES CF 
THREE CALVES AFTER ADMINISTRATION OF TRITIATED 3-METHYL- 

, INDOLE. EACH VALUE REPRESENTS THE MEAN OF TLO ESTIMATIONS,
SUE. WAS WITHIN 15% OF THE MEAN

C a lf 1 C a lf  2 C a lf 3

T o ta l Bound T o ta l Bound T o ta l Bound

S k e le ta l muscle 87 4 12 □ 3 0

H e a rt muscle È4 11 129 9 160 27

Lung 264 913 257 740 258 ' 603

K idney 312 365 358 320 169 49

L iv e r 240 675 36 B 370 52 23

F a t 189 280 — 70
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6 ,2 ,8  -  In  v i t r o  s tu d ie s  on th e  enzyme system  c a ta ly z in g  m e ta b o lic

a c t iv a t io n  o f  3 -m e th y lin d o le  

In t r o d u c t io n

 ̂ In  v iv o  s tu d ie s  re p o rte d  in  t h is  c h a p te r  in d ic a te  th a t  th e

m e tabo lism  o f  3 -m e th y lin d o le  in  c a t t le  in v o lv e s  th e  fo rm a tio n  o f  a 

r e a c t iv e  m e ta b o lite C s ) w h ich becomes c o v a le n t ly  bound to  t is s u e  

p ro te in s .  As d iscussed  e a r l i e r  in  t h is  c h a p te r, m icrosom al enzymes 

can c a ta ly z e  th e  b io a c t iv a t io n  o f  a w ide v a r ie ty  o f  fo re ig n  compounds 

in c lu d in g  pu lm onary to x ic  fu ra n o  compounds and halobenzenes to  

c h e m ic a lly  re a c t iv e  m e ta b o lite s . T h is  p resen t work was undertaken to  

in v e s t ig a te  the  enzyme system  c a ta ly z in g  co v a le n t b in d in g  o f  3 -m e th y l

in d o le  to  t is s u e  p ro te in s ,  us ing  m icrosom al p re p a ra t io n s  from  the  

b o v in e  lu n g .

D e te rm in a tio n  o f  th e  m e ta b o lic  requ irem en ts  f o r  c o v a le n t b in d in g  o f  

3 -m e th y lin d o le  to  m icrosom al p ro te in s  o f  the  bov ine  lung

In c u b a tio n s  v/ere run  in  d u p lic a te  us ing  a t o t a l  volume p e r 

in c u b a t io n  o f  1 m l o f  phosphate b u f fe r  pH 7 .4  c o n ta in in g  5 mg lung  

m icrosom al p r o te in ,  D.5 pmol Cmethyl-^^C) 3 -m e th y lin d o le  (131 y C i/  

mmol) and a reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate- 

g e n e ra tin g  system  c o n s is t in g  o f  8 .6  mg n ic o tin a m id e  adenine 

d in u c le o t id e  phosphate, 63 mg g lu c o s e -6-phosphate  and 2 u n its  o f  

g lucose -B -pho spha te  dehydrogenase. B o ile d  microsomes v/ere used in  a 

d u p lic a te  in c u b a tio n  and o th e r  d u p lic a te  in c u b a tio n s  d id  n o t c o n ta in  

th e  reduced n ic o tin a m id e  adenine d in u c le o t id e  p h o sp h a te -g e n e ra tin g  

system . In c u b a tio n s  v/ere done in  a shak ing  w a te r  ba th  a t  37°C f o r  

30 m inutes under an a i r  atmosphere un less o th e rw is e  in d ic a te d .  Some
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F ig . 6 .2  The e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  (3M I) 

m e ta b o lite s  to  bov ine  long  microsomes in  th e  presence 

o f  d i f f e r e n t  in c u b a tio n  c o n d it io n s  and a ls o  us in g  th e  

com plete system  w ith  tim e
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in c u b a tio n s  were done under a carbon d io x id e  a tra s p h e re  o r  a 

cartoon rnonoxide-oxygen (9 :1 )  atmosphere o r  were done a t  1°C.

A t th e  end o f  the  in c u b a t io n  t e s t  tubes  were p laced  on ic e  

an(jJ assayed f o r  c o v a le n t ly  bound 3 - r re th y lin d o le  m e ta b o lite s  as 

d e s c r ib e d  p re v io u s ly .

R e s u lts

C ova len t b in d in g  was o p tim a l when fre s h  microsomes were 

in c u b a te d  w ith  the  reduced n ic o tin a m id e  adenine d in u c le o t id e  

p h o sp h a te -g e n e ra tin g  system , under a i r  atm osphere, a t  37°C (com plete 

s y s te m ). C ova len t b in d in g  was s t ro n g ly  in h ib i t e d  in  th e  absence o f  

reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate, in  b o ile d  

m icrosom es, and when in c u b a tio n  v/as made a t 1°C, under carbon 

d io x id e  atm osphere, o r  under a carbon monoxide e n rich e d  atm osphere.

F ig .  6 .2  shows th e  e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  

m e ta b o lite (s )  to  m icrosom al p ro te in  under d i f f e r e n t  in c u b a tio n  

c o n d it io n s .

E f fe c t  o f  th e  c o n c e n tra t io n  o f  reduced n ic o tin a m id e  adenine 

d in u c le o t id e  phosphate on th e  e x te n t o f  c o v a le n t b in d in g  o f  

3 -m e th y lin d o le  to  m icrosom al p ro te in s

D u p lic a te  in c u b a tio n s  each co n ta ined  3 mg lung  m icrosom al 

3p r o te in s ,  0 .25  ymol (G- H) 3 -m e th y lin d o le  and th e  a p p ro p r ia te  amount 

o f  reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate in  1 mil phosphate 

b u f f e r  (pH 7 .4 ) ,  C o n ce n tra tio n s  o f  reduced n ic o tin a m id e  adenine 

d in u c le o t id e  phosphate in  d i f f e r e n t  in c u b a tio n s  were 0, 0 .5 , 1, 2, 4,

6 and 8 ym o l/m l. In c u b a tio n  was done in  a shak ing  ba th  a t  37°C f o r  

20 m in u te s . Assay f o r  c o v a le n t ly  bound m e ta b o lite s  was done as
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d e sc rib e d  p re v io u s ly .

R e s u lts

C ova len t b in d in g  to  m icrosom al p ro te in s  was dependent on 

th e  c o n c e n tra t io n  o f  reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate, 

and reached a maximal m agnitude a t  a c o n c e n tra t io n  o f  8 rrrro l.

The e x te n t  o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  m e ta b o lite C s ) 

t o  m icrosom al p ro te in s  a t  d i f f e r e n t  c o n c e n tra tio n s  o f  reduced n ic o tin a m id e  

aden ine  d in u c le o t id e  phosphate is  shov/n in  F ig . 6 ,3 ,

E f fe c t  o f  tim e  on th e  e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  

m e ta b o lite  Cs ) to  m ic ro  sp ira l p ro te in s

A t o t a l  volume o f  in c u b a tio n  m ix tu re  c o n ta in in g  44 mg lung  

m icrosom al p ro te in ,  40 mg n ic o tin a m id e  adenine d in u c le o t id e  phosphate,

315 rng g lu c o s e -6-phosphate , 7 u n its  g lu c o s e -6-phosphete  dehydrogenase 

and 2 ptmol CG-^H) 3 -m e th y lin d o le  (131 yC i/m m o l), in  phosphate b u f fe r  

pH 7 .4  in  25 ml c o n ic a l f la s k ,  were incuba ted  in  a shak ing  w a te r ba th  

a t  37°C under a i r  atm osphere. D u p lic a te  0 .5  ml samples were taken  

a f t e r  5, 10, 20, 40 and 60 m inu tes . The samples were p ip e t te d  

in t o  ic e  c o ld  10 ml c a p a c ity  t e s t  tubes . Enzym atic a c t i v i t y  was 

s topped  by add ing  10 volumes o f  ic e  c o ld  hexane end assay f o r  

c o v a le n t ly  bound 3 -m e th y lin d o le  m e ta b o lite s  v/as c a r r ie d  o u t.

R e s u lts

The r e s u l t s  a re  shov/n in  F ig , 6 .2 , The c o v a le n t b in d in g  

o f  3 -m e th y lin d o le  to  m icrosom al p ro te in  in c rea sed  l in e a r ly  d u r in g  a one 

h o u r in c u b a t io n .
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F ig . 6 ,3  The e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  m e ta b o lite  

to  m icrosom al p ro te in s  in  th e  presence o f  d i f f e r e n t  

c o n c e n tra tio n s  o f  reduced n ic o tin a m id e  adenine d in u c le o t id e  

phosphate CMADFH)
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E f fe c t  o f  L -c y s te in e , cytochrome c and 5KF-525A on th e  e x te n t o f

c o v a le n t b in d in g  o f  3 -m e th y Iin d o le  m e ta b o lite C s ) to  m icroso rra l p ro te in

D u p lic a te  in c u b a tio n s  each con ta in e d  . 4 mg lu n g  m icrosom al

p r o te in ,  8 .5  rng n ic o tin a m id e  adenine d in u c le o t id e  phosphate, 63 mg

g lu cose -6 -phosph a te , 1 u n i t  g lucose -6 -phospha te  dehydrogenase, 0 ,5  

3ynral (G- H) 3 -m e th y lin d o le  (131 yC i/rrm o l) and th e  a p p ro p r ia te  concen

t r a t io n  o f  cytochrom e c ,  o r  SKF-525A o r  L -c y s te in e  i f  re q u ire d  in  a 

t o t a l  volume o f  2 ml phosphate b u f fe r  ph 7 .4 . In c u b a tio n s  

c o n ta in in g  no in h ib i t o r s  and b la n k  in c u b a tio n s  c o n ta in in g  b o ile d  

m icrosomes o n ly  were in c lu d e d . In c u b a tio n  v/as made a t  37°C f o r  30 

m in u te s . Assay f o r  c o v a le n t ly  bound m e ta b o lite s  was c a r r ie d  o u t as 

d e s c r ib e d  p re v io u s ly .

R e su lts

As shov/n in  Tab le  6 .2 , a d d it io n  o f  L -c y s te in e  o r  cytochrom e 

c o r  SKF-525A caused a c o n c e n tra t io n  dependent in h ib i t io n  o f  c o v a le n t 

b in d in g .

S tu d ie s  on th e  l i v e r  m icrosom al enzyræ system c a ta ly z in g  th e  c o v a le n t 

b in d in g  o f  3 -m e th y lin d o le

In  v iv o  s tu d ie s  in d ic a te  th a t  3 -m e th y lin d o le  becomes 

c o v a le n t ly  bound to  p ro te in s  o f  th e  h e p a tic  t is s u e s  in  v iv o . I t  v/as 

o f  in te r e s t  to  e lu c id a te  th e  l i v e r  enzyme system  c a ta ly z in g  t h is  

c o v a le n t b in d in g  and to  knov/ w he the r th e  h e p a tic  and pulm onary enzyrrs 

system s a re  q u a l i t a t iv e ly  s im i la r .  The e x p e rim e n ta l des ign  was as

d e s c r ib e d  p re v io u s ly  f o r  th e  lu n g . In  a d d it io n  some in c u b a tio n s

co n ta in e d  SKF-525A (4 ym o l/m l) and cytochroræ  q (50 n m o l/m l).
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TABLE 6 ,2  THE PERCENTAGE INHIBITION OF COVALENT BINDING OF TRITIATED 
3-HETHYLINDOLE METABOLITES TO BOVINE LUNG MICROSOMES WITH 
INCREASING CONCENTRATIONS OF CYTOCHROME Op SKF-525A and 
L-CYSTEINE

SKF-525A Cytochrome c L -c y s te in e

C o n ce n tra tio n  % C o n ce n tra tio n  % C o n ce n tra tio n  %
(ym o l/m l) I n h ib i t io n  (nm o l/m l) I n h ib i t io n  (y m o l/m l) I n h ib i t io n

0 .1 14 5 4 2 % 0

2 C4 25 30 4 10

4 74 50 41 6 25

6 89 250 S3 16 40
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R e su lts

C ova len t b in d in g  was o p tim a l when f re s h  microsomes were 

in c u b a te d  w ith  th e  reduced n ic o tin a m id e  adenine d in u c le o t id e  phosphate- 

g e n e ra tin g  system , under a i r  atmosphere, a t  37^C. C ova len t b in d in g  

was s t ro n g ly  in h ib i t e d  in  th e  absence o f  th e  reduced n ic o tin a m id e  

aden ine  d in u c le o t id e  pho sp h a te -g e n e ra tin g  system , in  b o ile d  

m icrosom es, and when in c u b a tio n  was made a t  1*^C, o r  under carbon 

d io x id e  atmosphere o r  carbon im nox ide  e n rich e d  atm osphere. A d d it io n  

o f  SKF-525A o r  cytochrom e c in h ib i t e d  co v a le n t b in d in g . F ig , 6 .4  

shows th e  e x te n t o f  co v a le n t b in d in g  o f  3 -m e th y lin d o le  m e ta b o l ite [ 5 3 

t o  m icrosom al p ro te in s  under d i f f e r e n t  in c u b a tio n  c o n d it io n s .

6 ,2 ,9  -  Comparison o f  th e  c o v a le n t b in d in g  o f  in d o le ,  3 -m e th y l

in d o le  and 3 -m e th y lo x in d a le

D u p lic a te  in c u b a tio n s  each c o n ta in in g  4 mg lung  m ic raso rra l 

p r o te in s ,  6 .6  mg n ic o tin a m id e  adenine d in u c le o t id e  phosphate, 63 mg 

g lu cüse -6 -p h o sp h a te , 2 u n its  g lucose -6 -phospha te  dehydrogenase and 

0 ,5  y mol (G-^H) in d o le  o r  (G -^h) 3 -m e th y lin d o le  o r  (G -^h) 3 -m e th y l-  

D x in d o le  in  1 m l phosphate b u f fe r  pH 7 ,4  were in cu b a te d  in  a shaking  

w a te r  ba th  a t 37^C f o r  60 m in u te s . D u p lic a te  b la n k  in c u b a tio n s  

c o n ta in in g  b o ile d  microsomes were a ls o  in c lu d e d . Assay f o r  c o v a le n t ly  

bound m e ta b o lite s  was c a r r ie d  ou t as d e sc rib e d  p re v io u s ly .

R e su lts

As shown in  Tab le  6 .3  3 -m e th y lin d o le  became c o v a le n t ly  bound 

t o  m icrosom al p ro te in s  w h ile  in d o le  and 3 - rre th y lo x in d o le  d id  no t 

become c o v a le n t ly  bound to  màcrosomal p ro te in s  to  any g re a t e x te n t.
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TABLE 6 .3  COVALENT BINDING OF (Gô H) 3-METHYLINDOLE, CG-^H) 
MiETHYLOXINDuLE AND [G-^H3 INDOLE TO BOVINE LUNG 
MICROSOMES (DUPLICATE EXPERIMENTS)

S u b s tra te

C o v a le n tly  bound r a d io a c t iv i t y  
(mean ± S .E .)

(nmol/mg p ro te in )

Fresh microsomes B a ile d  m icroscmes

3 -m e th y lin d o le 14.46 ± 0 .19 0 .12  ± 0 .05

3 -m B th y lo x in d o le 0.17 ± 0.04 0.13  ± 0 .03

In d o le 0 .15  ± 0 .05 0 .11  ± 0 ,08
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F ig . 6 .4  The e x te n t o f  co v a le n t b in d in g  o f  3 -m e th y lin d o le  m e ta b o lite s  

to  l i v e r  microsomes under d i f f e r e n t  in c u b a tio n  c o n d it io n s
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6 ,2 ,1 0  -  In  v i t r o  s tu d ie s ' on th e  n a tu re  o f  th e  re a c t iv e  m e ta b o lite

o f  3 -n e th y lih d o le  

P re lim in a ry  work re p o rte d  e a r l i e r  in  t h is  c h a p te r showed th a t

L -c y s te in e  in h ib i t e d  th e  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  m e ta b o lite
I

t o  m icrosom al p ro te in s  ( in  v i t r o ) sugg es ting  th a t  th e  re a c t iv e  m e ta b o lite  

o f  3 -m e th y lin d o le  is  e le c t r o p h i l ic .  The p re se n t work was undertaken 

t o  id e n t i f y  th e  n a tu re  o f  th e  re a c t iv e  in te rm e d ia te  us ing  th re e  

n u c le o p h i l ic  agen ts , g lu ta th io n e ,  L -c y s te in e  and M -a c e ty l-L -c y s te in e .

The p o s s ib le  r o le  o f  g lu ta th io n e  S - tra n s fe ra s e s  in  th e  d e to x i f ic a t io n  o f  

th e  3 -m e th y lin d o le  re a c t iv e  m e ta b o lite  was a ls o  in v e s t ig a te d  us ing  

th e  c y to s o l f r a c t io n  o b ta in e d  from  th e  bov ine  lung  as a source o f  t h is  

enzyme.

E f fe c t  o f  v a r io u s  c o n c e n tra tio n s  o f  g lu ta th io n e  on th e  c o v a le n t b in d in g  

o f  3 -m e th y lin d o le  to  m icrosom al p ro te in s

1 m l phosphate b u f fe r  pH 7 .4  c o n ta in in g  5 mg washed lung 

m icrosom al p ro te in s ,  6 ,5  mg reduced n ic o tin a m id e  adenine d in u c le o t id e  

phosphate , 63 mg g lu cüse -6 -phosp ha te , 2 u n its  g lucose -6 -phospha te
3

dehydrogenase, 0 ,25  ymol (G- H) 3 -m e th y lin d o le  (131 y C i/m ro l)  and th e  

a p p ro p r ia te  amount o f  g lu ta th io n e  wero in cuba ted  a t  37^C f o r  30 

m in u te s . In c u b a tio n s  were run  in  d u p lic a te .  Assay f o r  c o v a le n t ly  

bound m e ta b o lite s  was conducted as d e sc rib e d  b e fo re .

R e s u lts

As shown in  F ig . 6 ,5 , g lu ta th io n e  caused c o n c e n tra t io n  

dependent in h ib i t io n  o f  c o v a le n t b in d in g  o f  r a d io a c t iv i t y  to  m icrosom al 

p r o te in .  Complete in h ib i t io n  (99% in h ib i t io n )  o f  c o v a le n t b in d in g  

was ach ieved  a t  a c o n c e n tra t io n  o f  54 mmol g lu ta th io n e .
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E f fe c t  o f  th e  c y to s o l f r a c t io n  and n u c s lo p h il ic  agents on th e  

c o v a le n t b in d in g  o f  3 -m e th y lin d o le  to  rric rosom a l p ro te in

D u p lic a te  in c u b a tio n s  were used; each c o n ta in e d :

0 ,25  ml washed lung. micrOsonral suspension in  phosphate b u f fe r ,  

pH 7 .4  (c o n ta in in g  5 mg p ro te in )

+ 0 .25  ml u n b o ile d  o r  b o ile d  lung c y to s o l f r a c t io n  (c o n ta in in g

1 ,5  rng p ro te in )

+ 0 .26  ml phosphate b u f fe r ,  pH 7 .4 , c o n ta in in g  th e  a p p ro p r ia te

amount o f  g lu ta th io n e  o r  c y s te in e  o r  N -a c e ty l-L -c y s te in e .  In  

some in c u b a tio n s  th e  phosphate b u f fe r  a lone  was added.

+ 0 ,2  ml phosphate b u f fe r ,  pH 7 ,4 , c o n ta in in g  6 ,5  mg n ic o tin a m id e

adenine d in u c le o t id e  phosphate + 63 mg g lucose -6 -phüspha te  

and 2 u n its  g lucose -6 -phospha te  dehydrogenase,

+ 0 ,02  m l o f  1% "Cremophor-EL" in  phosphate b u f fe r ,  pH 7 .4 ,

c o n ta in in g  0 .25 ymol (G-^H) 3 -m e th y lin d o le  (131 y C i/m r o l) . 

In c u b a tio n s  were run f o r  20 m inutes a t 37^0 in  a shak ing  w a te r b a th . 

Assay f o r  c o v a le n t ly  bound m e ta b o lite s  was c a r r ie d  ou t as de sc rib e d  

b e fo re .

R e s u lts

As shov/n in  F ig . 6 .6  a d d it io n  o f  u n b o ile d  lu ng  c y to s o l 

a lo n e  in h ib i t e d  c o v a le n t b in d in g  to  m icrosom al p ro te in s ,  compared 

w i th  th e  b o ile d  c y to s o l f r a c t io n .  A d d it io n  o f  in c re a s in g  

c o n c e n tra t io n s  o f  g lu ta th io n e ,  L -c y s te in e  o r  N -a c e ty l-L -c y s te in e  

to g e th e r  w ith  b o ile d  lung c y to s o l caused c o n c e n tra t io n  dependent 

in h ib i t io n  o f  co v a le n t b in d in g  to  m icrosom al p ro te in s .  A d d it io n  

o f  u n b o ile d  lu ng  c y to s o l to g e th e r  w ith  g lu ta th io n e  o r  L -c y s te in e
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F ig . 6 ,5  The e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le  (3N I) 

m e ta b o lite s  to  lung m ic roeono l p ro te in s  in  the  presence 

o f  d i f f e r e n t  c o n c e n tra tio n s  o f  g lu ta th io n e  CGSH.3
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o r  N -a c e ty l-L -c y s te in e  caused a g re a te r  e x te n t o f  in h ib i t io n  o f  

c o v a le n t b in d in g . The d if fe re n c e s  between b o ile d  and u n b o ile d  

c y to s o l f r a c t io n s  were g re a te r  w ith  g lu ta th io n e  than  w ith  L -c y s te in e  

o r  N -a c e ty l-L -c y s te in e .

6 .2 .1 1  -  S tud ies  on organ s p e c i f i c i t y  o f  3 -m e th y lin d o le

In t r o d u c t io n

I t  has been e s ta b lis h e d  th a t  3 -n re th y lin d o le  causes 

s p e c i f ic  pulm onary t o x ic  e f fe c t  in  c a t t le .  The g ra d u a l accum u la tion  

o f  in fo rm a tio n  in d ic a te s  th a t  th e  pulmonary t o x ic  e f fe c t  o f  3 -m e th y l-  

in d o le  is  based on i t s  m etabo lism  to  a r e a c t iv e  e le c t r o p h i l ic  

m e ta b o lite .  The enzyme system  c a ta ly z in g  th e  a c t iv a t io n  o f  3 -m e th y l

in d o le ,  v iz  cytochrome P-45G dependent m ixed fu n c t io n  ox idase  is  

p re s e n t in  e x tra  pulmonary t is s u e ,  such as th e  l i v e r  and k id n e y . The 

reason  why 3 -m e th y lin d o le  is  no t t o x ic  to  o th e r  organs is  no t known.

A p o s s ib le  answer f o r  t h is  q u e s tio n  is  th a t  th e  ra te  o f  re a c t iv e  

m e ta b o lite  fo rm a tio n  from  3 - re th y l in d o le  is  g re a te r  in  lung than 

in  th e  l i v e r  o r  th e  k id n e y . T h is  p o s s ib i l i t y  was in v e s t ig a te d  by 

com paring th e  ra te  o f  re a c t iv e  m e ta b o lite  fo rm a tio n , from  3 -m e th y l

in d o le ,  by m icrosom al p re p a ra tio n s  from  th e  lu n g , l i v e r  and k id ney .

In  t h is  p re se n t w ork m icrosom al p re p a ra t io n s  d e r iv e d  from  

th e  lu n g , l i v e r  and k idney  o f  th e  sarre group o f  an im a ls  ( fo u r  

a n im a ls ) were used in  each expe rim en t. Separate experim ents were 

perfo rm ed on m icrosom al p re p a ra tio n s  from  d i f f e r e n t  g roups.
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F ig . 6 ,6  E f fe c t  o f  g lu ta th io n e ,  c y s te in e  and N -a c e ty l-L -c y s te in e  .

and th e  lu n g  c y to s o l f r a c t io n  on c o v a le n t b in d in g  to  

m icrosom al p ro te in s .  I n i t i a t e d  3 -m e th y lin d o le  (3MI) was 

incuba ted  w ith  lung  mdcrosorres, a reduced n ic o tin a m id e  

adenine d in u c le o t id e  p h o spha te -gene ra ting  system , u n b o ile d  

( s t ip p le d  b a rs ] o r  b o ile d  (open ba rs ) lung c y to s o l,  and 

e i th e r  g lu ta th io n e  (A ], L -c y s te in e  (E) o r  h - o c e ty l- L -  

c y s te in e  (C) a t  th re e  c o n c e n tra tio n s  (5, 15 and 3G n ir o l ] .  

None o f  these  th re e  compounds was added to  in c u b a tio n s  □.



? ^p s î^ '̂ JS S ^S E 3 3 (æ sa î*H S !E S ^S ffib m ? iæ S S ^8 W ^S ï^ î® P 5 S ® fi
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Tirm  sequence o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o lo  to  p ro te in s  o f  

o f  m ic roso rra l p re p a ra tio n s  from  the  lu n g , l i v e r  and k idney

M icrosom al f r a c t io n s  from  the  l i v e r  and k id n e y  were o b ta in e d  

as d e sc rib e d  p re v io u s ly  f o r  th e  lu n g ,

A t o t a l  volume o f  6 ml con ta ined  m icrosom al suspension 

(48 mg p ro te in )  from  th e  lu n g , l i v e r  o r  k id n e y , 40 mg n ic o tin a m id e

aden ine  d in u c le o t id e  phosphate, 315 mg g lu cose -6 -nhosp ha te , 7 u n its

3g lu cose -6 -phosp ha te  dehydrogenase and 3 ymol (G- H) 3 -m e th y lin d o le  

(131 yC i/rrrro l)  , in  phosphate b u f fe r ,  pH 7 .4 . The m ix tu re  was

in cu b a te d  in  a 25 ml c a p a c ity  f la s k  in  a shak ing  w a te r  bath  a t  37°C 

unde r a i r  atm osphere. D u p lic a te  0 .5  ml samples v/ere taken  a f t e r  

5 , 10, 20, 40 and 60 m inu tes . The samples were p ip e t te d  in to  ic e  

c o ld  ID ml c a p a c ity  te s t  tu b e s . Assay f o r  c o v a le n t ly  bound 

3 -m e th y lin d o le  m e ta b o lite s  was s ta r te d  im m ed ia te ly  a f t e r  sam pling . 

R e s u lts

As shown in  F ig . 6 .7  c o v a le n t b in d in g  o f  3 - re th y l in d o le  to  

m icrosom al p ro te in s  in c rea sed  l in e a r ly  d u r in g  a one hou r in c u b e t ic n . 

The m agnitude o f  c o v a le n t b in d in g  to  m icrosom al p re p a ra tio n s  frcmt 

th e  l i v e r  was th e  g re a te s t fo llo w e d  by those  from  th e  lu n g . 

M icrosom al p re p a ra tio n s  from  th e  k idney showed th e  le a s t  c o v a le n t 

b in d in g  and th e re fo re  k idney m icrosom al p re p a ra t io n s  were no t used 

in  th e  subsequent e x p e rim e n ta l worf..

E f fe c t  o f  c o n c e n tra t io n  o f  m icrosom al p ro te in  on th e  ra te  o f  

c o v a le n t b in d in g  o f  3 -m e th y lin d o le  to  m icrosom al p ro te in s

D u p lic a te  in c u b a tio n s  o f  lung and l i v e r  m icrosom al 

p re p a ra t io n s  were used. A s e r ie s  o f  d i lu t io n s  o f  lung  and l i v e r
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F ig . B.7 T ir s  sequence o f  c o v a le n t b in d in g  o f  3 - re tb y l in o o le  [gf-uy 

to  l i v e r ,  lung and k idney m icrosom al p ro te in  d u r in g  a 

one h o u r  in c u b a tio n
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m icrosom al suspensions w e re 'p re p a re d  in  phosphate b u f fe r ,  pH 7 .4  

16, 5, 4, 3, 2 and 1 mg m icrosom al p ro te in /m lK

0 .5  m l a l iq u o ts  o f  m icrosom al suspensions were d ispensed

in t o  15 ml c a p a c ity  t e s t  tubes [ ic e  c o ld ) .  0 .5  ml phosphate b u f fe r ,
1

pH 7 .4 , c o n ta in in g  6 .5  mg n ic o tin a m id e  adenine d in u c le o t id e  phosphate,

63 mg g lucosG -6 -phospha te , 1 u n i t  g lucose-B -phospha te  dehydrogenase 

3and 0 .5  y r a l  (G~ H) 3 -m e th y lin d o le  (131 y C i/irm o l) were added to  each 

t e s t  tube  and these were in cuba ted  a t 37°C f o r  30 m in u te s . Assay 

f o r  c o v a le n t ly  bound m e ta b o lite s  was c a r r ie d  o u t as de sc rib e d  

p re v io u s  l y ,

R e s u lts

As shown in  F ig . 6 .6  th e  magnitude o f  c o v a le n t b in d in g  was

dependent on th e  c o n c e n tra t io n  o f  m icrosom al p ro te in  and reached a

m axim al a t  a p ro te in  c o n c e n tra tio n  o f  1,5 m g/m l. A t a l l  p ro te in

c o n c e n tra t io n s  th e  m agnitude o f  c o v a le n t b in d in g  to  l i v e r  m icrosom al

p ro te in s  v/as gx"eater than  to  lung m icrosom al p ro te in s .

Measurement o f  k in e t ic  co n s ta n ts  f o r  the  h e p a tic  and pulmonary

m icrosom al enzyme systems c a ta ly z in g  c o v a le n t b in d in g  o f  3 -m e th y lin d o le

The dependence o f  v e lo c i t y  o f  enzyme c a ta ly z e d  re a c t io n s  on

s u b s tra te  c o n c e n tra t io n  is  ir rp o r ta n t  in  enzyme k in e t ic s .  T h is

p ro p e r ty  can be in v e s t ig a te d  by d e te rm in in g  th e  M ic h a e lis  co n s ta n t (Km)

w h ich  is  equa l to  th e  s u b s tra te  c o n c e n tra t io n  g iv in g  half-^m axim al

v e lo c i t y .  The maximal v e lo c i t y  tV ^ ^ )  o f  an enzyme re a c t io n  is  th e

v e lo c i t y  o b ta in e d  when th e  s u b s tra te  c o n c e n tra t io n  is  s u f f i c ie n t l y

h ig h  to  s a tu ra te  th e  enzyme. Both V and Km can be determ ined frommax

a s e r ie s  o f  measurerænts o f  v e lo c i t y  a t  d i f f e r e n t  s u b s tra te  concen-
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F ig . B .8 The e x te n t o f  c o v a le n t b in d in g  o f  3 -m e th y lin d o le

m e ta b o lite s  to  l i v e r  and lung m icrosom al p ro te in  a t 

o i f f e r e n t  m icrosom al p ro te in  c o n c e n tra tio n s
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t r a t io n s .  To de te rm ine  these  co ns tan ts  f o r  th e  lung  and l i v e r  enzyme 

system s m icrosom al p re p a ra tio n s  were incuba ted  w ith  a reduced 

n ic o tin a m id e  adenine d in u c le o t id e  pho sp h a te -g e n e ra tin g  system  and
3

d i f f e r e n t  c o n c e n tra t io n s  o f  CG-; H) 3 -m e th y l in d o le .  Assay f o r  

c o v a le n t ly  bound m e ta b o lite s  v;as c a r r ie d  o u t .  V e lo c i t y  (V) was 

c a lc u la te d  (pm ol 3 -m e th y lin d o le /m g  p r o te in /m in u te ]  a t  d i f f e r e n t  

3 -m e th y l in d o le  c o n c e n t r a t io n ( s ) .  The r e c ip r o c a l  o f  v e lo c i t y  (■—) was 

p lo t t e d  a g a in s t  th e  r e c ip r o c a l  o f  th e  s u b s t ra te  C 3 -m s th y lin d o le )  concen

t r a t i o n  C“ ) . T h is  i s  known as th e  L in e w e a v e r-B u rk  p lo t  and is  one s

o f  th e  g ra p h ic a l m ethods f o r  th e  d e te rm in a t io n  o f  th e  enzyme k in e t i c

1 1 c o n s ta n ts .  I f  — is  p lo t t e d  a g a in s t  — a s t r a ig h t  l i n e  i s  o b ta in e d .
1

T h is  s t r a ig h t  l i n e  c u ts  th e  base l i n e  a t  a p o in t  g iv in g  and c u ts  th e

1 Krn
v e r t i c a l  a x is  a t  a p o in t  w h ich  g iv e s  r-,------ and has a s lo o e  o f  -rr~—^ Vmax ■ Vmax

(D ix o n  and Webb, 1364 ).

M ic roso m a l p re p a ra t io n s  were s e t  up as fo l lo w s :

T r i p l i c a t e  tu b e s  v/ere used. Each in c u b a t io n  tu b e  c o n ta in e d  

l i v e r  o r  lu n g  m ic ro so m a l su spe n s io n  (4 mg p r o t e in ) ,  8 ,6  mg n ic o t in a 

m ide  a de n ine  d in u c le o t id e  p ho sp ha te , 63 mg g lu c o s e -6 -p h o s p h a te  and 

2 u n i ts  g lu c o s e -E -p h o s p h a te  dehydrogenase and th e  a p p ro p r ia te  amount 

o f  (G -^H) 3 -m e th y l in d o le  (131 p C i/r rm o l) , in  a t o t a l  vo lum e o f  1 m l 

p ho sp ha te  b u f f e r ,  pH 7 .4 .  In c u b a t io n  v/as c a r r ie d  o u t f o r  30 m in u te s  

i n  a s h a k in g  w a te r  b a th  a t  37^C. The re a c t io n  was s top p ed  by 

p la c in g  t e s t  tu b e s  on th e  ic e  and a dd in g  10 m l ic e  c o ld  n -hexane to  

s t a r t  th e  p ro ce d u re  f o r  assay f o r  c o v a le n t ly  bound m e ta b o li te s .

R e s u lts

A p lo t  o f  th e  r e c ip r o c a l  o f  v e lo c i t y  o f  c o v a le n t  b in d in g
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F ig ,  6 .9  LinGV.’e a v e r-E u rk  p lo t  o f  th e  r e c ip r o c a l  o f  th e  v e lo c i t y  

o f  c o v a le n t b in d in g  a g a in s t  th e  r e c ip r o c a l  o f  3 -m e th y l-  

in d o le  c o n c e n tra t io n .  V a lue s  re p re s e n t th e  mean o f  

th re e  expBr im e n ts ; th e  s ta n d a rd  e r r o r  o f  th e  mean was 

w i t h in  5 t  o f  th e  mean. The re g re s s io n  l in e  was f i t t e d  

by th e  method o f  le a s t  sq u a re s .
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a g a in s t  th e  r e c ip r o c a l  o f  -s u b s tra te  c o n c e n tra t io n  f o r  lu n g  and l i v e r  

m icrosom es i s  shown in  F ig .  6 .9 .

The Km v a lu e s  were 0 .3 7  and 0 .4 4  m ro l f o r  th e  lu n g  and 

l i v e r  m ic roso m a l enzyme system s r e s p e c t iv e ly .  The v a lu e s  were

lo d  and 556 pmol c o v a le n t ly  bound 3 -m e th y l in d o le /r rg  m ic roso m a l 

p r o te in /m in u te  f o r  th e  lu n g  ana l i v e r  m ic roso m a l enzyme system s 

r e s p e c t iv e ly .  Thus th e  c o n c e n tra t io n  o f  3 -m e th y l in d o le  re q u ire d  to  

o b ta in  h a l f  th e  m axim al r a te  o f  lu n g  m ic roso m a l a lk y la t io n  (0 .3 7  rrrro l) 

was le s s  th a n  t h a t  r e q u ir e d  to  o b ta in  a s im i la r  r a te  w ith  l i v e r  

m icrasom es (0 ,4 4  m m ol), whereas th e  m agn itude  o f  a lk y la t io n  o f  l i v e r  

m icrosom es was a b o u t f i v e  t im e s  t h a t  o f  lu n g  m icrosom es.

6 .3  DISCUSSION

The t o x i c  e f f e c t  o f  many x e n o b io t ic  compounds i s  based on 

t h e i r  c o n v e rs io n  t o  h ig h ly  r e a c t iv e  m e ta b o li te s .  The m e ta b o lite s  

can  a lk y la t e  o r  a r y la t e  c e l l u l a r  m acrom o lecu les  and p roduce  t is s u e  

damage ( G i l l e t t e ,  1974a, b ) .  I t  was in t e r e s t in g  to  f i n d  th a t

3 - r r e th y l in d o le  becomes c o v a le n t ly  bound to  t is s u e  p r o te in s  in  v iv o . 

The;’ h ig h e s t c o n c e n tra t io n  o f  c o v a le n t ly  bound m e ta b o li te s  o c c u rre d  

i n  th e  lu n g  a f t e r  a d m in is t r a t io n  o f  t r i t i a t e d  3 -m e th y l in d o le  in  c a lv e s  

(T a b le  6 .1 ) ,  s u g g e s tin g  t h a t  th e  pu lnranary t o x i c  e f f e c t  o f  3 -m e th y l

in d o le  may be r e la te d  t o  t h i s  c o v a le n t  b in d in g .  The fu n d a m e n ta l 

r o le  o f  r e a c t iv e  m e ta b o lite s  in  th e  p a th o g e n e s is  o f  c h e m ic a lly  

in d u c e d  lu n g  damage i s  w e l l  documented (R e id  e t  a l , 1973; Boyd,

1376; Boyd, 1977; Boyd and B u rka , 1978; Boyd, B u rka , W ilso n  and 

Sasame, 1978; Boyd S ta tham , F r a n k l in  and M i t c h e l l ,  1 978 ).

The c o v a le n t  b in d in g  o f  3 -m e th y l in d o le  m e ta b o li te  to
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m icroso m a l p r o te in s  " in  v ib r o " was dependent on te r rp e ra tu re ,  oxygen , 

re d u ce d  n ic o t in a m id e  a de n in e  d in u c le o t ir ie  p hospha te  and t im e  (F ig s .

6 .2  and 6 .3 ) ,  I t  v/as in h ib i t e d  by cy toch rom e c ,  SKF-525A (T a b le  

6 .2 ) ,  by ca rbon  d io x id e  a tm osphere  and by a ca rbon  m onoxide e n r ic h e d  

a tm osphere  (F ig .  6 .2 ) .  The com bined re q u ire m e n ts  f o r  reduced  

n ic o t in a m id e  a d e n in e  d in u c le o t id e  phosphate  and oxygen su gg e s t t h a t  

a m ixed fu n c t io n  o x id a s e  enzyme system  is  in v o lv e d  and t h a t ,  w ith o u t  

p r i o r  m e ta b o lis m , 3 -m e th y l in d o le  i s  n o t s u f f i c i e n t l y  r e a c t iv e  to  

a lk y la t e  t is s u e  com ponents. The in h ib i t i o n  o f  c o v a le n t  b in d in g  by 

a ca rbon  m onoxide a tm osphere  and cytoch rom e c im p lie s  th e  p a r t i c i p 

a t io n  o f  cy toch rom e  P-450 and reduced  n ic o t in a m id e  a de n in e  d in u c le o 

t i d e  p ho sp h a te -cy to ch ro m e  c re d u c ta s e  r e s p e c t iv e ly  as components o f  

th e  e le c t r o n  t r a n s f e r  c h a in  in  th e  b o v in e  lu n g  m ic ro so m a l system, 

re s p o n s ib le  f o r  t h e  a c t iv a t io n  o f  3 -m e th y l in d o le .  T h is  enzyme 

sys te m  has th e  c la s s ic a l  c h a r a c te r is t ic s  o f  a cy toch rom e  P-450 

d ependen t m ixed  fu n c t io n  o x id a s e .

The com ponents o f  a cy toch rom e F -450  dependent m ixed 

f u n c t io n  o x id a s e  w ere  id e n t i f i e d  as cy tcch rom e  P -450 , reduced  

n ic o t in a m id e  a de n in e  d in u c le o t id e  p h o sp h a te -cy to ch ro m e  c re d u c ta s e , 

and a l i p i d  component p h o s p h a t id y lc h o lin e  (Lu and Coon, 1S68,* S tro b e l,  

Lu, Heidema and Coon, 1 9 7 0 ). The p roposed  scheme f o r  th e

t r a n s f e r  o f  e le c tr o n s  in  a cy toch rom e  P -450 dependent m ixed fu n c t io n  

o x id a s e  p roceeds  as f o l lo w s :  The enzyme, reduced  n ic o t in a m id e

a d e n in e  d in u c le o t id e  p h o sp h a te -cy to ch ro m e  P -450 re d u c ta s e , i s  f i r s t  

re d u ce d  and e le c tr o n s  a re  t r a n s fe r r e d  to  cy toch rom e  P -4 50 . The 

re d u c e d  fo rm  o f  cy toch rom e  P-450 re a c ts  w i th  m o le c u la r  oxygen in  such



24B

a way t h a t  one o f  th e  oxygen atoms i s  reduced  to  w a te r  and th e  o th e r  

i s  in t ro d u c e d  in t o  th e  m o le c u le  o f  th e  fo r e ig n  compound (Coon,

S t r o b e l and B aye r, 1 57 3 ). The p re se n ce  o f  p h o s p h a t id y lc h o lin e  

a p p e a rs  t o  be n e ce ssa ry  f o r  th e  ra p id  f lo w  o f  e le c t r o n s  fro m  reduced  

n ic o t in a m id e  a de n in e  d in u c le o t id e  phosphate  to  c y to c h rc rre  P-45Ü 

( S t r o b e l ,  Lu, Heidema and Coon, 1970),

Carbon m onoxide i n h ib i t s  cytoch rom e P-45C by re a c t in g  w ith  

th e  enzyme, when in  th e  reduced  fo rm , t o  fo rm  a com plex w h ich  has no 

e n z y m a tic  a c t i v i t y  (Cmura and S a to , 1964a, b ) .

Cytochrom e c i n h ib i t s  cy toch rom e P -450 dependent m ixed 

f u n c t io n  o x id a s e s  by com pe ting  w ith  cy toch rom e F -450  f o r  re d u c in g  

e q u iv a le n ts  fro m  reduced  n ic o t in a m id e  a de n ine  d in u c le o t id e  p hospha te .

R e s u lts  re p o r te d  in  t h i s  p re s e n t w o rk  a re  c o n s is te n t  w ith  

th e  f in d in g s  o f  o th e r  w o rk e rs  (B ray  and C a r ls o n , 1979a] w h ich  showed 

t h a t  p ip e ro n y l b u to x id e  (a m ixed  fu n c t io n  o x id a s e  i n h ib i t o r )  

p re v e n te d , whereas p h é n o b a rb ita l in c re a s e d , th e  pneu m o to x ic  e f f e c t  

o f  3 -m e th y l in d o le  in  g o a ts , s u g g e s tin g  th e  pu lm ona ry  t o x i c  e f f e c t  is  

dependen t on m e ta b o lis m  o f  3 -m e th y l in d o le  by m ixed  fu n c t io n  o x id a s e . 

A ls o  a p r e l im in a r y  r e p o r t  on th e  c o v a le n t  b in d in g  o f  3 -m e th y l in d o le  

t o  m ic ro so m a l p re p a ra t io n s  fro m  th e  lu n g , l i v e r  and k id n e y  o f  th e  

g o a t i s  p u b lis h e d  (B ra y  and C a r ls o n , 1979b).

U l t r a s t r u c t u r a l  s tu d ie s  (Huang, C a r ls o n , B ray and B ra d le y , 

-1977) have shown t h a t  3 -m e th y l in d o le  in d uce d  p r o l i f e r a t i o n  o f  th e  

sm ooth e nd o p lasm ic  r e t ic u lu m  in  ty p e  1 pneum ocytes and in  con

c i l i a t e d  b r o n c h io la r  l i n in g  c e l l s  o f  g oa t lu n g s . I t  i s  known t h a t  

t h e  smooth e nd o p lasm ic  r e t ic u lu m  o f  c e l l s  i s  th e  s i t e  o f  m ixed  fu n c t io n
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o x id a s e  enzyme sys tem  ( S ta u b l i ,  Hess and W 'e ibe l, 1 96 9 ). S tro n g  

n u c le o p h i l ic  s u b s ta n c e s , v iz  g lu ta th io n e ,  L - c y s te in e  and N -a c e ty l- L -  

c y s te in e  in h ib i t e d  c o v a le n t  b in d in g  o f  th e  r e a c t iv e  m e ta b o li te  o f

3 -m e th y l in d o le  to  m ic ro so m a l p r o te in s  (T a b le  6 .2  and F ig s .  6 .5  and 6 .6 ,  

s u g g e s tin g  t h a t  t h i s  r e a c t iv e  m e ta b o li te  i s  a h ig h ly  e le c t r o p h i l i c  

s p e c ie s .  Low m o le c u la r  w e ig h t n u c le o p h i l ic  a g e n ts  i n h i b i t  c o v a le n t  

b in d in g  to  m ic ro so m a l p r o te in s  by p ro v id in g  a l t e r n a t iv e  n u c le o p h i l ic  

s i t e s  f o r  c o v a le n t b in d in g .  I t  i s  known t h a t  th e  c o n ju g a t io n  o f  

g lu ta th io n e ,  w h ich  is  a s t ro n g  n u c le o p h ile ,  w ith  s u b s tra te s  h a v in g  a 

s u f f i c i e n t l y  s t r o n g  e le c t r o p h i l i c  c e n tre  may o c c u r  s p o n ta n e o u s ly  (non - 

e n z y m a t ic a l ly ) .  A ls o  a g roup  o f  enzymes p re s e n t in  th e  c y to s o l o f  

c e l l s ,  v iz  g lu ta th io n e  S - t ra n s fe ra s e s  can c a ta ly z e  th e  c o n ju g a t io n  

o f  g lu ta th io n e  w ith  a w id e  v a r ie t y  o f  su b s ta n c e s . Both ty p e s  o f  

r e a c t io n s ,  th e  spon taneous and th e  g lu ta th io n e  G - tra n s fe ra s e  

c a ta ly z e d ,  may o c c u r  s im u lta n e o u s ly  (T e s ta  and J e n n e r, 1976).

R e s u lts  o f  t h i s  p re s e n t s tu d y  in d ic a te  th a t  g lu ta th io n e ,  in h ib i t e d  

c o v a le n t  b in d in g  o f  3 -m e th y l in d o le  m e ta b o lite  t o  m iicroscm a l p r o te in s  

( F ig .  6 .5 ) .  A d d it io n  o f  th e  lu n g  c y to s o l f r a c t io n  caused an in c re a s e  

i n  th e  i n h i b i t i n g  e f f e c t  o f  g lu ta th io n e  (F ig ,  6 .6 ) .  These f in d in g s  

s u g g e s t t h a t  th e  r e a c t io n  between g lu ta th io n e  and th e  r e a c t iv e  

m e ta b o l i te  o f  3 -m e th y l in d o le  can o c c u r  s p o n ta n e o u s ly , in  th e  absence 

o f  c y t o s o l i c  enzymes and a ls o  t h a t  c y to s o l ic  enzymes can c a ta ly z e  

t h i s  r e a c t io n .

The e f f e c t  o f  lu n g  c y to s o l f r a c t io n  in  d e c re a s in g  c o v a le n t 

b in d in g  o f  3 -m e th y l in d o le  m e ta b o lite s  t o  m ic roso m a l p r o te in s  was 

g r e a te s t  when th e  c y to s o l f r a c t io n  was used w i th  g lu ta th io n e  compared
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to  c y s te in e  o r  N - a c e ty l- L - c y s te in e  (F ig .  6 .6 ) .  I t  i s  known t h a t  

th e  s u b s t ra te  s p e c i f i c i t y  o f  g lu ta th io n e  S - t ra n s fe ra s e s  f o r  g lu ta th io n e  

i s  h ig h  (H a b ig , P abs t and Ja cob y , 1974 ). S im i la r  o b s e rv a t io n s  were 

r e p o r te d  by R o l l in s  and B u c k p it t  (1979) w h ile  s tu d y in g  th e  r o le  o f  

l i v e r  c y to s o l in  c a ta ly z in g  th e  c o n ju g a t io n  o f  reduced  g lu ta th io n e  

w i t h  a r e a c t iv e  m e ta b o li te  o f  ace tam inophen . These a u th o rs  sugges ted  

th e  use o f  w ho le  c y to s o l f r a c t io n  r a th e r  th a n  h ig h ly  p u r i f ie d  

g lu ta th io n e  S - t ra n s fe ra s e  p re p a ra t io n s  and co n c lu d e d  t h a t  th e  use c f  

p u r i f i e d  enzyme p re p a ra t io n s  w ou ld  p roduce  m is le a d in g  r e s u l t s ,  s in c e  

g lu ta th io n e  G - tra n s fe ra s e  enzymes have b ro a d , o v e r la p p in g  s u b s t ra te  

s p e c i f i c i t i e s .  I f  t r a n s fe ra s e  enzymes p re s e n t in  th e  c y to s o l 

f r a c t io n s  have d i f f e r e n t  s p e c i f i c i t i e s  tow a rds  th e  r e a c t iv e  m e ta b o li te  

u n d e r in v e s t ig a t io n ,  th e n  th e  use o f  a few  o f  th e  h ig h ly  p u r i f ie d  

enzymes la c k in g  t h i s  s p e c i f i c i t y  m ig h t show o n ly  m in im a l a c t i v i t y  

w i t h  th e  c h e m ic a lly  r e a c t iv e  m e ta b o li te  p roduced  d u r in g  m ic rosom a l 

m e ta b o lis m  o f  t h e  fo r e ig n  compound u n d e r in v e s t ig a t io n .

The r o le  o f  g lu ta th io n e  is  e s ta b lis h e d  in  th e  d e t o x i f i c a t io n  

o f  fo r e ig n  compounds w h ich  a re  in h e r e n t ly  e le c t r o p h i l i c  (S m ith  e t  a l , 

1977) and e le c t r o p h i l i c  m e ta b o lite s  o f  fo r e ig n  compounds ( M i t c h e l l ,  

H in so n  and N e lso n , 1 97 6 ), R e s u lts  re p o r te d  in  t h i s  p re s e n t s tu d y  

s t r o n g ly  su g g e s t t h a t  c o n ju g a t io n  w ith  g lu ta th io n e  may be an im p o r ta n t  

pa thw ay f o r  d e t o x i f i c a t io n  o f  th e  r e a c t iv e  m e ta b o li te  o f  3 -m e th y l in d o lé ,

The h ig h e s t  c o n c e n tra t io n  o f  c o v a le n t ly  bound m e ta b o lite s  

o f  3 -m e th y l in d o le  o c c u rre d  in  th e  lu n g . I t  i s  n o t known w h e th e r t h i s  

i s  due to  a h ig h e r  r a te  o f  r e a c t iv e  m e ta b o lite  fo rm a t io n  in  th e  lu n g  

th a n  in  th e  l i v e r ,  o r  due to  d e f ic ie n c y  o f  th e  lu n g  in  r e a c t iv e  

m e ta b o l i te  d e to x i f y in g  pa thw ays. The f i r s t  o f  th e s e  p o s s i b i l i t i e s  was
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in v e s t ig a te d  in  v i t r o  by s tu d y in g  and com paring  th e  k in e t i c  

p a ra m e te rs  o f  th e  lu n g  and l i v e r  m ic rosom a l enzyme system s c a ta ly z in g  

th e  c o v a le n t  b in d in g  o f  3 -m e th y l in d o le ,  Q u a l i t a t i v e ly  th e  l i v e r  

m ic ro s o m a l enzyme sys tem  was s im i la r  to  t h a t  o f  th e  lu n g , v iz  

cy toch ro m e  P -450 dependent m ixed fu n c t io n  o x id a s e  [F ig s .  6 .2  and 6 ,4 ) .

Q u a n t i t a t iv e ly  th e  M ic h a e lis  c o n s ta n t f o r  th e  lu n g  m ic roso m a l 

sys te m  was (0 ,3 7  mmol) lo w e r  th a n  th a t  f o r  th e  l i v e r  (0 ,4 4  mmol) 

m ic ro s o m a l sys tem . Thus th e  lu n g  m ic rosom a l sys tem  has a g r e a te r  

a f f i n i t y  th a n  th e  l i v e r  m ic roso m a l system  tow a rds  3 -m e th y l in d o le .

Boyd, B u rka , W ilso n  and Sasame (1978) have d em on s tra te d  t h a t  th e  

M ic h a e l is  c o n s ta n t f o r  th e  pu lm onary  m ic roso m a l a lk y la t io n  by

4 - ip o m e a n o l i s  more th a n  t e n - f o ld  lo w e r th a n  f o r  h e p a t ic  m ic r o s o m a l  

p a th w a y , and th e r e fo r e  th e y  sugges ted  t h a t  th e  h ig h e r  a f f i n i t y  o f  th e  

lu n g  m ic roso m a l sys tem  to w a rd s  4 -ip o m e a n o l may p ro v id e  a b a s is  f o r  

th e  pu lm onary  s p e c i f i c i t y  o f  t is s u e  a lk y la t io n  and t o x i c i t y  o f  th e

4 - ip o m e a n o l m e ta b o li te  in  v iv o .

I t  has been th o u g h t t h a t  d ip y r id y l iu m  r a d ic a l  c a t ic n s  a re  

n e c e s s a ry  in te rm e d ia te s  in  th e  mechanism o f  t o x i c i t y  o f  th e  

h e r b ic id e s  p a ra q u a t, d iq u a t  and m orfam qua t. C h ro n ic  a d m in is t r a t io n  

o f  th e s e  h e rb ic id e s  causes lu n g  f i b r o s i s ,  c a ta ra c ts  and re n a l le s io n s ,  

r e s p e c t iv e ly ,  in  r a t s ,  E a lc iv in , P a s i,  M acG regor and H ine  (1975) 

in v e s t ig a te d  th e  h y p o th e s is  t h a t  th e  organ  s e l e c t i v i t i e s  o f  th e s e  

h e r b ic id e s  r e s u l t s  fro m  d i f f e r i n g  ra te s  o f  r a d ic a l  p ro d u c t io n  in  

d i f f e r e n t  o rg a n s .b y  m easu ring  th e  s p e c i f i c  ra te s  o f  r a d ic a l  c a t io n  

appearance  f o r  th e s e  h e rb ic id e s  in  homogenates o f  th e  lu n g , k id n e y  end 

l i v e r  o f  th e  r a t .  They fo u n d  t h a t  f o r  each o f  th e  th re e  h e r b ic id e s .
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th e  o rd e r  o f  th e  ra te s  o f  appearance o f  th e  r a d ic a l  was l i v e r  > lu n g  > 

k id n e y .  These f in d in g s  le d  G a Id v /in -co w o rke rs  (1975) to  d is c a rd  

th e  h y p o th e s is  t h a t  th e  s e le c t i v e ly  enhanced ra te s  o f  r a d ic a l  

p ro d u c t io n  in  th e  ta r g e t  organp can be th e  o n ly  f a c t o r  re s p o n s ib le  f o r  

o rg a n  s p e c i f i c i t i e s  obse rved  w ith  th e s e  h e r b ic id e s .

R e s u lts  o f  t h i s  p re s e n t s tu d y  and o f  o th e r  in  v i t r o  s tu d ie s  

(B oyd , B u rka , W ilso n  and Basar-ie, 1978) s h o u ld  be in te r p r e te d  w ith  

c a u t io n .  In  v i t r o  s tu d ie s  u s in g  m ic rosom a l p re p a ra t io n s  have th e  

f o l lo w in g  d raw backs:

(1 ) They do n o t ta k e  in t o  a ccou n t th e  r a te  o f  s u p p ly  o f  

c o - f a c to r s ,  such as reduced  n ic o t in a m id e  aden ine  d in u c le o t id e  phospha te  

re q u ir e d  f o r  a c t i v i t y  o f  enzyme system s in v o lv e d .  D i f f e r e n t  ra te s  o f  

s u p p ly  o f  th e s e  c o - fa c to r s  in  d i f f e r e n t  t is s u e s  w o u ld  a f f e c t  th e  r a te  

o f  g e n e ra tio n  o f  c y to to x ic  r e a c t iv e  m e ta b o lite s  in  th e s e  t is s u e s .

(2 ) The r a te  o f  a lk y la t io n  o f  m ic roso m a l p r o te in s ,  in  v i t r o , 

r e f l e c t s  n o t o n ly  th e  r a te  o f  r e a c t iv e  m e ta b o lite  fo rm a t io n  b u t a ls o  

th e  r a te  o f  r e a c t iv e  m e ta b o li te  e l im in a t io n  by m ic ro so m a l enzymes, 

such  as th e  e p o x id e  hyd rase  enzymes. T h e re fo re  d i f fe r e n c e s  in  

k in e t i c  p a ra m e te rs  between th e  lu n g  and l i v e r  m ic ro so m a l enzyrre 

sys tem s c a ta ly z in g  th e  m e ta b o lic  a c t iv a t io n  o f  3 -m e th y l in d o le  re p o r te d  

i n  t h i s  p re s e n t s tu d y  and o f  ipom eano l re p o r te d  by Boyd, B u rka , W ilso n  

and Sasame (1976) c o u ld  r e f l e c t  d i f f e r e n t  r a te s  o f  r e a c t iv e  m e ta b o li te  

fo r m a t io n  o r  a l t e r n a t i v e ly  d i f f e r e n t  ra te s  o f  r e a c t iv e  m e ta b o li te  

e l im in a t io n  by m ic ro so m a l enzymes,

(3 ) M ic roso m a l p re p a ra t io n s  do n o t ta k e  in t o  a c c o u n t non- 

m ic ro s o m a l d e to x i f y in g  p a th w a ys , such as g lu ta th io n e  S - t ra n s fe ra s e .
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C4) The m a rm a lian  lu n g  c o n ta in s  o v e r  20 d i f f e r e n t  s p e c i f i c  c e l l  

ty p e s  (B reeze  and W heeldon, 1 977 ). There  i s  c o n s id e ra b le  e v id e n ce  

t h a t  c y to to x ic  a lk y la t io n  by r e a c t iv e  m e ta b o lite  fa rm in g  pu lm onary 

t o x i c  su bs ta nce s  occurs" o n ly  to  c e r ta in  s p e c i f i c  c e l l u l a r  ty p e ,  v iz  

th e  C la ra  c e l l s .  These c e l l s  a re  proposed as th e  s i t e  o f  cy toch rom e  

P -450  (Boyd, 1 977 ); th e r e fo r e  m ic ro s o rra l p re p a ra t io n s  fro m  th e se  C la ra  

c e l l s  w ou ld  be e xpe c ted  to  have a h ig h e r  c o n c e n tra t io n  o f  f o r e ig n  

cdnpound m e ta b o liz in g  enzymes th a n  th o s e  fro m  o th e r  c e l l u l a r  ty p e s .  

M ic ro so m a l p re p a r^a tio n s  used in  t h i s  p re s e n t s tu d y  and in  o th e r  s tu d ie s  

re p re s e n t  m ixed  m icrosom es fro m  a l l  c e l l u l a r  v a r ie t ie s  o f  th e  lu n g .

C a re fu l s tu d ie s  may show th a t  th e  same corrpcund o r  c h e m ic a lly  

r e la t e d  compounds causes t o x i c i t y  in  many o rgans p o s s e s s in g  enzyme 

system s ca p a b le  o f  g e n e ra tin g  c h e m ic a l ly  r e a c t iv e  m e ta b o lite s  fro m  

th e s e  compounds. V a r io u s  fu ra n o  compounds e x h ib i t  d i f f e r e n t  o rgan  

s p e c i f i t i e s ,  e .g .  4 -ip o m e a n o l and 3 -m e th y lfu ra n  possess s p e c i f i c  

p u lm o n a ry  t o x ic  a c t io n s  (Boyd and B urka , 1976; Boyd, S ta tham ,

F r a n k l in  and M i t c h e l l ,  1 976 ). Furosem ide possesses h e p a to to x ic  and 

n e p h ro to x ic  e f f e c t s  (J o l lo w  and M i t c h e l l ,  1973; M i t c h e l l ,  P o t te r  and 

J o l lo w ,  197 3 ). The n a tu re  o f  th e  c y to to x ic  response  may d i f f e r  

f ro m  one compound t o  a n o th e r .  The e f fe c t s  o f  4 - ip o m e a n o l and 

fu ro s e m id e  a re  n e c r o t iz in g  whereas a n o th e r  fu ra n o  compound a f la t o x in  

B ra c ts  as a h e p a to c a rc in o g e n  (Wogan and Mewberne, 1967; Carnaghan, 

1 9 6 7 ). In  th e  case o f  i n d o l i c  compounds, i t  has been e s ta b lis h e d  

t h a t  3 -m e th y l in d o le  possess pu lm onary t o x i c  e f f e c t  ( P i r i e  e t  a l ,

1976) and th e re  i s  some e v id e n ce  t o  su g g e s t t h a t  i t  a ls o  possesses 

h e p a to to x ic  e f f e c t .  C a t t le  a f fe c te d  w ith  p n e u m o to x ic ity  a f t e r  o r a l
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doses o f  L - t ry p to p h a n  d is p la y e d  a reduced c o n c e n tra t io n  o f  t ry p to p h a n  

p y r r o la s e  in  t h e i r  l i v e r .  T h is  has been d e rm n s tra te d  by Johnson 

and D ye r C1966) whose s tu d y  was n o t d es igned  to  in v e s t ig a te  th e  

h e p a to to x ic  e f f e c t s  o f  3 -m e th y l in d o le .  A lth o u g h  n o t a b le  to  be 

d e m o n s tra te d  by h is to p a th o lo g y  th e  re d u c t io n  in  try p to p h a n  p y r ro la s e  

a c t i v i t y  can be c o n s id e re d  as a h e p a to to x ic  response  w h ich  is  

p ro b a b ly  due t o  a lk y la t io n  o f  t h i s  enzyme by th e  r e a c t iv e  m e ta b o lite s  

o f . 3 - m e th y l in d o le .  T h is  p o in t  m e r its  f u r t h e r  in v e s t ig a t io n .

A n o th e r  in d o l i c  compound, in d o le ,  has r e c e n t ly  been shown to  possess 

n e p h ro to x ic  e f f e c t  and i t  has been sugges ted  t h a t  re le a s e  o f  

h aem og lob in  fro m  e ry th r o c y te s  haem olyzed by in d o le  is  re s p o n s ib le  f o r  

th e  re n a l t u b u la r  n e c ro s is  caused by in d o le  (lia rm ond , C a rlso n  and 

B re e ze , 198 0 ). • The n e p h ro to x ic  e f f e c t  o f  fu ro s e m id e  i s  th o u g h t to  be ‘ 

due t o  c h e m ic a lly  r e a c t iv e  m e ta b o li te  fo rm a tio n  ( M i t c h e l l ,  P o t te r  

and J o l lo w ,  1 97 3 ). S im i la r ly  in d o le  s h o u ld  be e v a lu a te d  as a 

r e a c t iv e  m e ta b o li te  fo rm in g  n e p h ro to x ic  a g e n t.

The p a r t i c u la r  o rgan  damaged by a fo r e ig n  compound rray 

be th e  r e s u l t  o f  th e  b a la n ce  between tw o fa c to r s .  The r a te  o f  

fo r m a t io n  o f  th e  r e a c t iv e  m e ta b o lite  and th e  r a te  o f  i t s  e l im in a t io n  

i n  t h a t  o rg a n . The s p e c i f i c  i n ju n /  p rovoked  i s  p ro b a b ly  a 

consequence o f  th e  a f f i n i t y  o f  th e  r e a c t iv e  m e ta b o li te  f o r  a p a r t i c u la r  

c e l l u l a r  m a cro m o le cu le .



CHAPTER 7

PHARMACOLOGICAL MODULATION OF THE PULMONARY 

■ TOXIC EFFECT OF 3-METHYLINDOLE
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7 .1  “  INTRODUCTION

A) -  The fo l lo w in g  approaches can be e x p lo i te d  t o  decrease  th e  

p u lm o n a ry  t o x i c  e f f e c t . o f  3 -m e th y l in d o le .

7 .1 .1  -  P o s s ib le  in d u c t io n  o f  to le ra n c e  to  3 -m e th y l in d o le

I t  has been shown t h a t  p r o t r e a t r o n t  o f  r a t s  w ith  s u b le th a l 

doses o f  4 - ip o m e a n o l CIO m g/kg) re n d e rs  r a t s  t o le r a n t  to  n o rm a lly  

l e t h a l  doses C> 30 rng/kg) o f  t h i s  pu lm onary t o x ic  compound CBoyc,

B u rk a , Osborne and W ils o n , 1975 ). A t le a s t  tw o fa c to r s  c o n t r ib u te  

t o  th e  deve lopm ent o f  to le r a n c e  to  c h e m ic a l ly - in d u c e d  lu n g  damage;

1 ) D ecreased r a te  o f  g e n e ra tio n  o f  r e a c t iv e  m e ta b o lite s

C o v a le n t b in d in g  o f  r a d io la b e l le d  4 -ip o m e a n o l t o  lu n g  t is s u e s  

o f  t o le r a n t  (4 - ip o m e a n o l p re tr e a te d )  r a ts  was s i g n i f i c a n t l y  le s s  th a n  

t h a t  t o  no rm a l r a t s .  In  v i t r o , th e re  was a s ig n i f i c a n t  decrease  in  

enz^-TT-atic c o v a le n t  b in d in g  o f  4 -ip o m e a n o l to  lu n g  m icrosom es from, 

t o l e r a n t  r a t s .  Thus i t  has been sugges ted  t h a t  to le r a n c e  r e s u l t s  

f ro m  a decrease  in  lu n g  m ixed  fu n c t io n  o x id a s e  a c t i v i t y  p roduced  by 

th e  p re tre a tm e n t dose o f  4 - ip o m e a n o l; t h e r e fo r e ,  on subsequen t 

c h a lle n g e  w ith  la r g e r  doses o f  th e  pneum o tox ic  compound, r e a c t iv e  

m e ta b o li te s  a re  n o t fo rm ed  in  a c o n c e n tra t io n  s u f f i c i e n t l y  h ig h  to  

p ro d u ce  lu n g  le s io n s  (Boyd, B u rka , Osborne and W ils o n , 1 975 ). The 

d e c re a se  in  m ixed  f u n c t io n  o x id a s e  a c t i v i t y  i s  p ro b a b ly  due to  

a lk y la t io n  o f  m ic roso m a l enzymes be r e a c t iv e  m e ta b o li te s .  R e a c tiv e  

m e ta b o lite -e n z y m e  c o n ju g a te s  possess no e n z y m a tic  a c t i v i t y .  I t  has 

been shown t h a t  3 -m e th y l in d o le  in d u ce s  ra p id  to le r a n c e  ( ta c h y p h y la x is )  

i n  c a lv e s  (A tk in s o n  e t  a l ,  1977 ),
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2) Enhanced b io c h e m ic a l d e fe nce  mechanisms

R ecent s tu d ie s  have shov.’n t h a t  a n t io x id a n t  d e fe nce  system s c f  

th e  lu n g , v i z ,  reduced  g lu ta th io n e  and g lu ta th io n e  p e ro x id a s e , 

c a tp la s e  and s u p e ro x id e  d irnu tase  enzymes p la y  a c r u c ia l  r o le  in  

p r o te c t in g  th e  lu n g  a g a in s t  o x id a n t- in d u c e d  in ju r y .  E re tre a tm e n ts

V'^hich enhance a c t i v i t y  o f  th e s e  de fence  sys tem s, p r o te c t  th e  lu n g  

a g a in s t  o xyg e n -in d u c e d  lu n g  damage (Yam and R o b e rts , 1 979 ). A ls o  

enhancem ent o f  th e s e  de fence  system s appears to  be re s p o n s ib le  f o r  

th e  deve lopm ent o f  to le r a n c e  to  c h e m ic a lly - in d u c e d  lu n g  damage.

T h e re  i s  a c lo s e  te n p o r a l r e la t io n s h ip  between th e  deve lopm ent o f  

to le r a n c e  to  c h e m ic a lly - in d u c e d  lu n g  damage and c e r t a in  h is t o lo g ic a l  

and b io c h e m ic a l changes. H is t o lo g ic a l  changes a re  re p re s e n te d  by 

p r o l i f e r a t i o n  o f  ty p e  2 pneum ocytes w h ich  o c c u r  v / i t h in  24 to  48 hou rs  

a f t e r  exposu re  o f  t h e  lu n g  t o  th e  pu lm onary  t o x i c  a ge n t ( F a i r c h i ld ,  

1367; S m ith , W in te r  and W h e e lis , 1973) and w h ich  can be in d u ce d  by 

a v a r ie t y  o f  pu lm ona ry  t o x i c  agen ts  such as ozone, n it r o g e n  d io x id e ,  

h ig h  te n s io n  o f  oxygen , b le o m y c in , th io u r e a ,  o le ic  a c id ,  m c n o c rc ta l in e  

a n d 'p a ra q u a t (Yuen and S h e rw in , 1971; Eowden end Adamson, 1971; 

K i lb u r n ,  1 97 2 ). B io c h e m ic a l changes a re  re p re s e n te d  by an in c re a s e  

i n  th e  c o n c e n tra t io n s  o f  reduced  g lu ta th io n e ,  g lu ta th io n e  re d u c ta s e  

and g lu ta th io n e  p e ro x id a s e  in  th e  lu n g  24 t o  48 hou rs  a f t e r  i n i t i a t i o n  

o f  exposu re  t o  th e s e  a ge n ts  (Chow and T a p p e l, 1373; C ro ss , De L u c ia  

and M u s ta fa , 1974) w h ich  i s  a bou t th e  le n g th  o f  t im e  re q u ire d  f o r  th e  

d eve lopm en t o f  to le r a n c e  ( F a i r c h i ld ,  1967; S m ith , W in te r  and W h e e lis , 

1 9 7 3 ). T h is  te m p o ra l r e la t io n s h ip  between deve lopm en t o f  to le r a n c e  to  

ty p e  2 pneum ocyte h y p e rp la s ia  and th e  in c re a s e  in  th e  a n t io x id a n t  

d e fe n c e  system s o f  th e  lu n g  le d  C ross (1974) t o  h y p o th e s iz e  t h a t  ty p e
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2 pneum ocytes a re  in v o lv e d  in  a n t io x id a n t  d e fe nce  o f  th e  lu n g .

In d u c t io n  o f  ty p e  2 pneum ocyte h y p e rp la s ia  w ou ld  decrease  th e  

s u s c e p t i b i l i t y  o f  th e  lu n g  parenchyma to  a w id e  v a r ie t y  o f  pulmonary/ 

t o x i c  a g e n ts . .

I t  has been shown t h a t  3 -m e th y l in d o le  a d m in is t r a t io n  in d u ce s  

pneum ocyte ty p e  2 h y p e rp la s ia  in  c a t t l e  ( P i r i e  e t  a l , 1976) and in  g oa ts  

(Huang e t  a l , 1577 ). I t  i s  n o t known w h e th e r t h i s  i s  a s s o c ia te d  w ith  

d eve lopm en t o f  to le r a n c e  to  3 -m e th y l in d o le  o r  n o t .

7 .1 .2  -  M o d ify in g  m e ta b o lic  pathways in v o lv e d  in  th e  g e n e ra tio n  o f

th e  r e a c t iv e  m e ta b o li te  o f  3 -m e th y l in d o le  

S tu d ie s  p re s e n te d  in  C h a p te r 6 in d ic a te  t h a t  m ixed 

f u n c t io n  o x id a s e  is  in v o lv e d  in  th e  g e n e ra tio n  o f  th e  3 -m e th y l in d o le  

r e a c t iv e  m e ta b o li te  in  c a t t l e .  I t  w ou ld  be a n t ic ip a te d  t h a t  

i n h i b i t i o n  and in d u c t io n  o f  m ic roso m a l m ixed fu n c t io n  o x id a s e  w i l l  

p re v e n t  and enhance th e  3 -m e th y l in d o le - in d u c e d  lu n g  le s io n s ,  

r e s p e c t iv e ly .  In  v iv o  s tu d ie s  have shown t h a t  m ixed  fu n c t io n  c x id a s e  

in d u c e rs  and in h ib i t o r s  in c re a s e  and d ec re a se , r e s p e c t iv e ly ,  th e  

s e v e r i t y  o f  t h e  p neum o tox ic  e f f e c t  o f  3 -m e th y l in d o le  in  g o a ts  (G ray 

and C a r ls o n , 1979a).

7 .1 .3  -  M o d ify in g  m e ta b o lic  pathw ays in v o lv e d  in  th e  d e t o x i f i c a t io n

o f  th e  r e a c t iv e  m e ta b o li te  o f  3 -m e th y l in d o le  

S tu d ie s  p re s e n te d  in  C h a p te r B in d ic a te  t h a t  th e  r e a c t iv e  

m e ta b o l i te  o f  3 -m e th y l in d o le  can be d e to x i f ie d  by becom ing c o n ju g a te d  

w i t h  g lu ta th io n e .  Thus m o d ify in g  th e  le v e l  o f  g lu ta th io n e  by 

a d m in is t r a t io n  o f  compounds such as d ie th y lm a le a te  w h ich  d e p le te s
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g lu ta th io n e  o r  L -c y s te in e  w h ich  in c re a s e s  g lu ta th io n e  w ou ld  in c re a s e  

and d e c re a se , r e s p e c t iv e ly ,  th e  s e v e r i t y  o f  th e  3 -m e th y l in d o le - in d u c e d  

lu n g  le s io n s .

S tu d ie s  on 4 -ipom eanO l have shown t h a t  t re a tm e n t o f  r a t s  

w i t h  d ie th y lm a le a te  in c re a s e s  th e  s e v e r i t y  o f  4 - ip o m e a n o l- in d u c e d  

lu n g  le s io n s  in  r a t s  (Eoyd and E u rk a , 1978 ).

7 .1 .4  -  F a i lu r e  o f  a n ta g o n is ts  to  known m e d ia to rs  o f  a n a p h y la x is

t o  p r o te c t  c a t t l e  a g a in s t  th e  3 -m e th y l in d o le - in d u c e d  

p n e u m o to x ic ity

Fiarrmond, C a rls o n , B reeze and Selman (1979) in v e s t ig a te d  th e  

p o s s ib le  use  o f  a g roup  o f  compounds known to  p r o te c t  c a t t l e  to  some 

e x te n t  a g a in s t  th e  e f f e c t s  o f  a n a p h y la x is  in  th e  t re a tm e n t o f

S -m e th y l in d o le - in d u c e d  pu lm onary  damage in  c a t t l e .  An o r a l  dose o f  

3 -m e th y l in d o le  (0 .2  g /k g )  was a d m in is te re d  to  g roups  (tw o  a n im a ls  each) 

o f  c a t t l e  w h ich  had  been p re tr e a te d  w ith  a c e t y l s a l i c y l i c  a c id  

(100  m g /kg , o r a l l y  e v e ry  12 hou rs  b e g in n in g  24 hou rs  b e fo re  th e  

3 -m e th y l in d o le  d o s e ), irepyram ine  m a le e te  (5 r g / k g ,  in t r a m u s c u la r ly  

e v e n / 12 h o u rs , b e g in n in g  20 m in u te s  b e fo re  th e  3 -m e th y l in d c le  c o s e ) , 

sod ium  m ec lo fenam ate  (20 m g/kg, in t r a m u s c u la r ly  e v e ry  24 h o u rs , 

b e g in n in g  1 h o u r b e fo re  th e  3 -m e th y l in d o le  d o s e ), d ie th y lc a rb e m a z in e  

c i t r a t e  (1 m l 40% w /v  s o lu t io n /2 0  kg , in t r a m u s c u la r ly  e v e ry  24 h o u rs , 

b e g in n in g  24 hou rs  b e fo re  th e  3 -m e th y l in d o le  dose) o r  be tam ethasone 

(2 0  mg/50 kg , in t r a m u s c u la r ly  e v e ry  12 h o u rs , b e g in n in g  12 hou rs  b e fo re  

th e  3 -m e th y l in d o le  dose) o r  t o  c o n t r o l  c a t t l e .  The a u th o rs  o f  t h i s  s tu d y  

s ta te d  t h a t  none o f  th e  d ru gs  appeared to  in f lu e n c e  s i g n i f i c a n t l y  th e  

c l i n i c a l  co u rse  o f  th e  d is e a s e .
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B) -  The p n e u m o to x ic  e f f e c t  o f  3 -m e th y l in d o le  in  sheep

B ra d le y , C a rls o n  and D ic k in s o n  (19753 a d m in is te re d  

3 - m s th y l in d c le  ( in t r a r u m in a l ly )  t o  tw o  g roups o f  sheep ( f o u r  a n im a ls

e a c h ) .  One g roup  was g iv e n  a dose o f  0 .6  g /k g .  T h is  t re a tm e n t
I

r e s u l t e d  in  th e  d e a th  o f  a l l  t r e a te d  sheep. The o th e r  g roup  was 

g iv e n  a dose o f  0 .2  g /k g  w h ich  r e s u lte d  in  th e  d e a th  o f  o n ly  one 

a n im a l.  A l l  a n im a ls , in  th e  tvjo g ro u p s , showed c l i n i c a l  s ig n s  o f  

a c u te  r e s p i r a to r y  d is t r e s s .  P os t-m ortem  e x a m in a tio n  showed t h a t  th e  

lu n g s  c f  th e s e  a n im a ls  were in f la t e d ,  d a rk  re d  and had a t u r g id  te x tu r e ,  

M ic r o s c o p ic a l ly  a lv e o la r  and i n t e r s t i t i a l  oedema w ere  th e  p re d o m in a n t 

changes o b se rve d . I t  was re p o r te d  t h a t  a c o n s is te n t  change, obse rved  

i n  te r m in a l b ro n c h io le s  o f  a l l  sheep t h a t  d ie d ,  v'as t h a t  l i n i n g  é p i t h é l ia  

o f  te r m in a l  b ro n c h io le s  w ere  i r r e g u la r l y  s v jo lle n  and many c e l l s  w ere  

n e c r o t ic  and d e tached  fro m  th e  basement rrembrane.

7 .2  EXPERIMENTAL

7 .2 .1  -  I n t r o d u c t io n

In  v i t r o  s tu d ie s  re p o r te d  in  C h a p te r 6 have shown t h a t  th e  

c h e m ic a l ly  r e a c t iv e  m e ta b o li te  o f  S -m e th y lin d o le  com bines p r e f e r e n t i a l l y  

w i t h  g lu ta th io n e .  Thus p re tre a tm e n ts  t h a t  a l t e r  th e  a v a i l a b i l i t y  o f  

g lu ta th io n e  w o u ld  a ls o  a l t e r  th e  s e v e r i t y  o f  th e  p ne u m o to x ic  e f f e c t  o f  

3 -m e th y l in d o le  in  t h i s  s e r ie s  o f  e x p e r im e n ts :

1 ) The e f f e c t  o f  d e p le t in g  g lu ta th io n e  on th e  3 -m e th y l in d o le - in d u c e d  

p u lm o n a ry  damage i s  in v e s t ig a te d .  D ie th y lm a le a te  was used to  d e p le te  

g lu ta th io n e .  I t  has been shown t h a t  a d m in is t r a t io n  o f  t h i s  compound 

d e p le te s  g lu ta th io n e  in  many o rgans in c lu d in g  th e  lu n g  (B o y la nd  and
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and Chasseaud, 1970; R ich a rd so n  and M urphy, 1 9 7 5 ), T h is  i s  due to  

r a p id  e n z y m e -c a ta ly z e d  c o n ju g a t io n  o f  d ie th y lm a le a te  w ith  g lu ta th io n e .

2 )  The e f f e c t  o f  L - c y s te in e ,  a p re c u rs o r  o f  g lu ta th io n e ,  on th e  

3 -m p th y l in d o le - in d u c e d  p n e u m o to x ic ity  was a ls o  in v e s t ig a te d .

Sheep w ere used as th e  e x p e r im e n ta l a n im a l m ode l. The 

p u lm on a ry  t o x i c  response  v;as assessed by :

a ) O b s e rv in g  a n im a ls  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n ;

b ) D e te rm in in g  th e  t im e  o f  d ea th  o f  sheep. I t  has been shown 

t h a t  th e  cause o f  d e a th  o f  sheep a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n  i ;  

due to  p u lm ona ry  damage;

c ) D e te rm in in g  th e  deg ree  o f  pu lm onary  oedema. T h is  was done 

b y  tw o  re th o d s :

C i) D e te rm in in g  th e  lu n g  w e ig h t as p e rc e n ta g e  o f  t o t a l  

body w e ig h t ;

( i i )  D e te rm in in g  th e  r a t i o  r e wDre-'- A & m. T h isw e t lu n g  t is s u e  w e ig h t 
d ry  lu n g  t is s u e  v /e ig h t*

was d e te rm in e d  by ta k in g  s ix  p ie c e s  o f  lu n g  t is s u e  (a

t o t a l  o f  2 -3  g) random ly  fro m  d i f f e r e n t  s i t e s  fro m  Doth 

?' lu n g s , in  a p o r c e la in  d is h .  Wet t is s u e  w e ig h t v/as

d e te rm in e d  and t is s u e  l e f t  t o  d ry  t o  a c o n s ta n t w e ig h t 

in  an oven a t  65°C;

d) P ostm ortem  and h is to p a th o lo g ic a l  e x a m in a t io n : The lu n g s  o f

a n im a ls  were exam ined a f t e r  d e a th . P o r t io n s  o f  t is s u e  w ere  ta k e n  fro m  

th e  lu n g s  and b r o n c h ia l  t r e e ,  f ix e d ,  embedded in  p a r a f f in  wax and 

p ro c e s s e d  by s ta n d a rd  m ethods.
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7 .2 .2  -  M a te r ia ls

D ie th y lm a le a te  was o b ta in e d  fro m  B.D.'H. C hem ica ls  L td . ,

P o o le , D o rs e t,  E ng la n d . L -c y s te in e  was o b ta in e d  fro m  K o c h -L ig h t

L t d . ,  C o ln b ro o k , B ucks, E ng land . O th e r ch e m ic a ls  w ere  o b ta in e d  fro m
I

c o m re rc ia l so u rces  as d e s c r ib e d  p r e v io u s ly .

7 .2 .3  -  A n im a ls

M ale , c a s tr a te d ,  b la c k - fa c e  c ro s s  b reed  sheep (38 -5 5  kg 

body w e ig h t ) .  A n im a ls  were m a in ta in e d  on hay and c o n c e n tra te s .

7 .2 .4  -  P re p a ra t io n  o f  s o lu t io n s  f o r  in je c t io n

3 -M e th y l in d o le  s o lu t io n  was p re p a re d  in  10% "C re no p ho r-E L " 

i n  p h y s io lo g ic a l  s a l in e  s o lu t io n .  The c o n c e n tra t io n  o f  3 - r r e th y l in d c le  

was 30 m g/m l, L -c y s te in e  (IDG m g/m l) was d is s o lv e d  in  p h y s io lo g ic a l  

s a l in e  s o lu t io n ,  ir r r r e d ia te ly  b e fo re  a d m in is t r a t io n .  D ie th y lm a le a te  

was a d m in is te re d  w ith o u t  d i l u t i o n .

7 .2 .5  -  R oute o f  a d m in is t r a t io n

A l l  compounds w ere a d m in is te re d  by in t r a p e r i t o n e a l  i n je c t io n .

7 .2 .6  -  E f fe c t  o f  d ie th y lm a le a te  on th e  3 -m e th y l in d o le - in d u c e d

pu lm ona ry  t o x i c i t y  in  sheep 

In  t h i s  e x p e r im e n t f i v e  g roups o f  sheep w ere  used;

Group I : F o u r sheep (d e s ig n a te d  1 to  4 ) each was dosed w ith

3 -m e th y l in d o le  (0 ,2  g /k g ) .

G roup I I ; Tv/o sheep (d e s ig n a te d  5 and 6) each was g iv e n  a dose o f  

3 -m e th y l in d o le  (0 .2  g /k g )  and a t o t a l  amount o f  0 .6  m l d ie th y lm a le a te /k s  

b o d y w e ig h t, d iv id e d  in t o  tw o e q u a l doses, th e  f i r s t  dose 30 m in u te s
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b e fo re  3 -m e th y l in d o le  a d m in is t r a t io n  and th e  second dose 30 m in u te s  

a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .

G roup I I I ; F iv e  sheep (d e s ig n a te d  7 t o  11) each was g iv e n  a dose o f  

d ie th y lm a le a te  (0 ,1 5  m l/k g )  and a dose o f  3 -m e th y l in d o le  (0 .2  g /k g )

30 m in u te s  a f t e r  d ie th y lm a le a te  a d m in is t r a t io n .

Group I V ; Two sheep (d e s ig n a te d  C l and C2) w ere  g iv e n  d ie th y lm a le a te  

a lo n e  (0 .6  m l/k g )  as d e s c r ib e d  f o r  Group I I .

G roup V ; Two sheep (d e s ig n a te d  C3 and C4) were g iv e n  d ie th y lm a le a te  

(0 .1 5  m l/k g )  a lo n e .

R e s u lts

The e x p e r im e n t and r e s u l t s  a re  sum m arized in  T a b le  7 .1 .

G roup I

A l l  sheep showed d e p re s s io n , n a s a l d is c h a rg e  and tachypnoea  

w i t h in  10 t o  20 m in u te s  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .  As 

r e s p i r a t o r y  d is t r e s s  p ro g re s s e d  a n im a ls  showed d i f f i c u l t  b re a th in g  

and a decrease  in  r e s p i r a to r y  r a te .  T h is  became o b v io u s  a bo u t one 

h o u r  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .  R e s p ira to ry  d is t r e s s  was 

m a x im a l a t  2  h o u rs  w ith  an a u d ib le  e x p i r a to r y  g r u n t .

A n im a ls  im p roved  o v e r  th e  n e x t 10 hou rs  and became a p p a re n t ly  

n o rm a l by 72 h o u rs .

One a n im a l (Mo, 4) was k i l l e d  a f t e r  72 h ou rs  and tv/o o th e r  

a n im a ls  (Nos, 2 and 3) w ere  k i l l e d  a f t e r  7 days. P ostm ortem  e x a m in a tio n  

o f  th e s e  a n im a ls  showed c irc u m s c r ib e d  p a tch e s  ( 1 - 2  cm in  d ia m e te r)  

o f  s u b p le u r a l c o n g e s tio n  s c a t te re d  a l l  o v e r  th e  lu n g s , p a r t i c u la r l y  

th e  d ia p h ra g m a tic  s u r fa c e .  No o th e r  a b n o rm a lit ie s  w ere d e te c te d . 

M ic ro s c o p ic  e x a m in a tio n  o f  t is s u e  s e c t io n s  fro m  th e  lu n g s  o f  th e s e
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sheep (Nos. 2 , 3 and 4 ) showed t h a t  h is to p a th o lo g ic a l  changes w ere  

m i ld  and f o c a l  in  d i s t r i b u t i o n  (F ig .  7 .1 ) .  Soræ a re a s  w ere n o rm a l, 

w hereas in  o th e r  a re as  a lv e o la r  s e p ta  were th ic k e n e d  due to  oedema

and i n f i l t r a t i o n  w ith  m ononuclea ted  c e l ls  (F ig .  7 . 2 ) .  The e p i t h e l i a l
1

l i n i n g  o f  th e  b ro n c h i was no rm a l and t h e i r  lumen c o n ta in e d  v a r ia b le  

num bers o f  m ononuc lea ted  c e l l s  whose c y to p la s m  had a foam y appearance  

and n e u t r o p h i ls ,  m ixed  w ith  c e l l  d e b r is  and a c id o p h i l i c  m a te r ia l  

( F ig .  7 . 3 ) .

G roup I I

A n im a ls  showed w i t h in  10-20 m in u te s  m usc le  t re m b lin g  

( p a r t i c u l a r l y  m usc les o f  f la n k  r e g io n ) ,  d e p re s s io n  and n a s a l d is c h a rg e s  

w i t h  se ve re  and p ro g re s s iv e  r e s p i r a to r y  d is t r e s s .  A t one h o u r a f t e r  

3 -m e th y l in d o le  a d m in is t r a t io n  b re a th in g  was i r r e g u la r  and d i f f i c u l t  w i th  

an a u d ib le  e x p i r a to r y  g ru n t  and p ro fu s e  n a s a l d is c h a rg e s .  A bout 

4 hou rs  a l l  a n im a ls  assumed la t e r a l  recum bency w i th  ex tended  neck, 

f r o t h in g  fro m  th e  m iouth, and d ie d  a t  6 - 1 0  h o u rs .

P ostm ortem  e x a m in a tio n  showed t h a t  th e  lu n g s  w ere d a rk  re d , 

t u r g i d  in  t e x tu r e ,  w i t h  s t re a k s  o f  s u b p le u ra l h aem orriiages . They d id  

n o t  c o l la p s e  c o m p le te ly .  The tra c h e a  and b ro n c h i w ere  conges ted  

and had p e te c h ia l  haem orrhages. The b r o n c h ia l t r e e  was d ry  in  one 

a n im a l (No. B ), b u t f i l l e d  w ith  w h ite  f r o t h  o f  oedema f l u i d  in  th e  

o th e r  a n im a l (No, 5 ) .

In  b o th  a n im a ls  h is to p a th o lo g ic a l  changes v/ere se ve re  and 

d i f f u s e d .  S evere c o n g e s tio n  and f o c i  o f  re c e n t  haem orrhages were 

o b s e rv e d . The a lv e o l i  c o n ta in e d  a c id o p h i l ic  d e p o s its  and mono

n u c le a te d  c e l l s  and a lv e o la r  s e p ta  were t h i c k .  E p i t h e l ia l  l i n i n g  c f  

b ro n c h i was no rm a l and t h e i r  lumen c o n ta in e d  c o n s id e ra b le  nurrbeire o f
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c e l l s  (F ig .  7 . 5 ) .  In  some cases th e  shape o f  th e s e  c e l l s  was c le a r  

and th e y  had co lu m n a r, c u b o id a l o r  rounded appea rance , p y k n o t ic  n u c le i  

and some o f  them  had c i l i a  (F ig .  7 . 6 ) .  In  o th e r  cases th e s e  c e l l s  

te r jd e d  to  fo rm  f la k e s .  The e p i t h e l i a l  c e l l s  l i n i n g  th e  b ro n c h io le s  

had p y k n c t ic  n u c le i  and w ere seen in  d i f f e r e n t  deg rees  o f  de tachm ent 

fro m  th e  basement membrane. Some b ro n c h io le s  had few  detaohed  c e l l s ,  

w hereas th e  l i n i n g  o f  o th e rs  was c o m p le te ly  denuded.

Group I I I

W ith in  10-25 m in u te s , a n im a ls  shewed se ve re  d e p re s s io n  and 

n a s a l d is c h a rg e s . D i f f i c u l t  i r r e g u la r  b re a th in g  w ith  an a u d ib le  

e x p i r a to r y  g ru n t  was o b v io u s  a t  2 h o u rs , Ey 4 t o  5 h o u rs , a n im a ls  

assumed la t e r a l  recum bancy w ith  ex tended  head. A n im a ls  d ie d  7 -24  

h o u rs  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .

P ostm ortem  e x a m in a tio n  showed t h a t  th e  lu n g s  o f  th e s e  

a n im a ls  w ere d a rk  re d  w ith  s t re a k s  o f  s u b p le u ra l heem orrh.ages. The 

tra c h e a  and b ro n c h ia l t r e e  were conges ted  and th e re  v/ere subm ucosal 

p e te c h ia l  haem orrhages. A w h ite  f r o t h  was o bse rve d  in  th e  b ro n c h ia l 

t r e e  o f  one a n im a l ( f h .  15) .

H is to p a th o lo g ic a l  changes were s im i la r  to  th o s e  re p o r te d  f o r  

G roup I I .  The changes in  a lv e o la r  m o rpho logy  w ere  e i t h e r  se ve re  

i n  some f o c i  o r  m ild  in  o th e rs .  The l a t t e r  f o c i  w ere  s m a ll and 

s c a t te r e d  and t h e r e  w ere  changes in  o th e r  a re as  o f  th e  same h is t o 

lo g i c a l  s e c t io n  w h ich  w ere  se v e re  (F ig .  7 . 7 ) .  Changes in  b ro n c h ia l 

and b r o n c h io la r  m o rpho logy  were s im i l a r  t o  th o s e  d e s c r ib e d  f o r  

G roup I I .

G roup IV

These a n im a ls  showed se ve re  d e p re s s io n  and m uscle  t re m b lin g



265

( p a r t i c u la r l y  m uscles o f ; t h e  f la n k  re g io n )  1 t o  2  h ou rs  a f t e r  

a d m in is t r a t io n  o f  th e  f i r s t  dose o f  d ie th y lm a le a te .  One a n im a l d ie d  

a t  24 hou rs  and t h e  o th e r  a n im a l was in  p o o r c o n d it io n  when k i l l e d  

a t  48 h o u rs .

G roup V

No c l i n i c a l  s ig n s  were d e te c te d . A n im a ls  w ere  in  a good 

c o n d it io n  and m a in ta in e d  good a p p e t i te .

7 , 2 , 6  -  E f fe c t  o f  L -c y s te in e  on th e  3 -m e th y l in d o le - in d u c e d

p u lm ona ry  t o x i c i t y  in  sheep 

In  t h i s  e x p e rim e n t th re e  g roups o f  sheep w ere  used;

G roup V I ; F o u r sheep (d e s ig n a te d  12 to  15) re c e iv e d  0 .3  g /k g  

3 -m e th y l in d o le .

G roup V I I ; F o u r sheep (d e s ig n a te d  16 to  19) w ere  each g iv e n  a 

dose o f  L -c y s te in e  0 ,3  g /k g  fo l lo w e d  by a doss o f  3 -m e th y l in c o le  

0 .3  g /k g  60 m in u te s  a f t e r  L - c y s te in e  a d m in is t r a t io n .

G roup V I I I ; Two sheep (d e s ig n a te d  C5 and Co) w ere  each g iv e n  a dose 

o f  L -c y s te in e  ( 0 , 3  g /k g ) .

R e s u lts

The e x p e rim e n t and r e s u l t s  a re  sum m arized in  T a b le  7 .1 .

G roup V I

Three  sheep (Nos. 12 to  14) showed s e v e re  d e p re s s io n , 

n a s a l d is c h a rg e s  and t r e m b lin g  o f  th e  m uscles o f  th e  f la n k .  T h is  

became e v id e n t  10-20  m in u te s  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .

By tw o h o u rs  a n im a ls  assumed l a t e r a l  recurrfaancy w ith  d i f f i c u l t  

i r r e g u la r  b re a th in g  and an a u d ib le  e x p ir a to r y  g r u n t .  O n ly one 

a n im a l (No. 12) showed p ro fu s e  f r o t h in g  fro m  th e  m outh . The th re e
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sheep d ie d  tw o to  seven hpuPs a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .

The re m a in in g  a n im a l (No. 15) showed s ig n s  s im i la r  t o  th o s e  re p o r te d  

i n  th e  o th e r  th re e  a n im a ls , b u t m oderate  in  s e v e r i t y  and d e la ye d  in

o n s e t .  A t e ig h t  hou rs  r e s p i r a to r y  d is t r e s s  was s e v e re , th e  a n im a l
I

assumed l a t e r a l  recum bancy and d ie d  a t  1 0  h o u rs .

Lungs o f  a n im a ls  13 and 14 were s e v e re ly  co n g e s te d , d id  

n o t  show com p le te  c o lla p s e  and w ere t u r g id .  The tra c h e a  and 

b r o n c h ia l  t r e e  w ere conges ted  and showed p e te c h ia l  haem orrhages. The 

b r o n c h ia l  t r e e  o f  a n im a l No, 13 was f i l l e d  w ith  a w h ite  f r o t h .

Lungs o f  a n im a l No. 15 showed s c a t te re d  a re a s  o f  c o n g e s tio n  

and  s l i g h t  c o n g e s tio n  o f  th e  tra c h e a  and b r o n c h i. No o th e r  

a b n o r m a li t ie s  w ere d e te c te d  on g ro ss  e x a m in a tio n  o f  th e  lu n g s  o f  t h i s  

a n im a l,  H is to p a th o lo g ic a l e x a m in a tio n  showed t h a t  changes in  

a lv e o la r  m orpho logy  v a r ie d  in  s e v e r i t y  in  d i f f e r e n t  a re as  o f  th e  same 

t is s u e  s e c t io n  and w ere m odera te  t o  se ve re  in  a n im a ls  13 and 14 and 

m i ld  t o  se ve re  in  a n im a l 15. These changes and changes in  b ro n c h io le s  

and b ro n c h i w ere  s im i la r  t o  th o s e  d e s c r ib e d  f o r  Group I I  (F ig s ,  7 .6  

a n d . 7 . 9 ) ,

G roup V I I

Two a n im a ls  (Nos. 16 and 17) deve loped  b lo a t  a f t e r  L -c y s te in e  

a d m in is t r a t io n .  The c o n d it io n  o f  th e s e  tw o sheep c o n tin u e d  to  

d e te r io r a te  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n  w i th  in c re a s in g  b lo a t ,  

p ro g re s s iv e  r e s p i r a to r y  d is t r e s s  (n a s a l s e c re t io n s  and la b o u re d  

b r e a th in g ) .  By 10 h ou rs  b o th  a n im a ls  became re cu m b en t. One o f  th e  

a n im a ls  d ie d  a t  1 0  h o u rs  and th e  o th e r  a t  2 0  h o u rs .

The o th e r  two sheep (Nos. 18 and 19) showed l i t t l e  amount 

o f  n a s a l d is c h a rg e s , m ild  tachypnoea  and d e p re s s io n  d u r in g  th e  f i r s t
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h o u r a f t e r  3 - m e th y l in d o le ' a d m in is t r a t io n .  Then r e s p i r a t o r y  r a te  

d e c rea se d  w ith  d i f f i c u l t y  in  b re a th in g ;  t h i s  was e v id e n t  a t  f i v e  

h o u rs  a f t e r  3 -m e th y l in d o le  a d m in is t r a t io n .  A t e ig h t  hou rs  th e  

c l i n i c a l  c o n d it io n  o f  th e  a n im a ls  was im p ro v in g . They s ta r te d  to  be 

m o i^  a l e r t ,  w i th  d isa p p e a ra n ce  o f  n a s a l s e c re t io n s  and b re a th in g  

appeared  n o rm a l. A t 48 hou rs  b o th  a n im a ls  were a p p a re n t ly  n o n ra l.

P ostm ortem  e x a m in a tio n , w h ich  was co nd u c te d  f o u r  days a f t e r  

3 -m e th y l in d o le  a d m in is t r a t io n ,  fo u n d  t h a t  th e  lu n g s  o f  a n im a ls  Nos.

16 and 19 w ere  conges ted  and t u r g id .  The tra c h e a  and b ro n c h i w ere 

c o n g e s te d  and p e te c h ia l haem orrhages were o b se rve d . These changes 

w e re  m odera te  in  th e  lu n g s  o f  a n ir ra l No. 16, b u t m i ld  in  th e  lu n g s  o f  

a n im a l No. 19.

H is to p a th o lo g ic a l changes were fo c a l  in  d i s t r i b u t i o n  and w ere 

m i ld  in  a n im a l No. 18 and m o d e ra te  in  a n im a l No. 19. These changes 

w ere  c h a ra c te r iz e d  by th ic k e n in g  o f  th e  a lv e o la r  s e p ta  and a lv e o l i  

c o n ta in e d  v a r io u s  amounts o f  f i b r i l l a r  and g r a n u la r  a c id o p h i l ic  

d e p o s its .  B ro n c h i and b ro n c h io le s  c o n ta in e d  v a r io u s  numbers o f  

m acrophages, n e u t r o p h i ls  and c e l l  d e b r is .

G roup V I I I

S l ig h t  tym pany was obse rved  in  one a n im a l a bo u t tw o hou rs  a f t e r  

L - c y s te in e  a d m in is t r a t io n ,  w h ich  le sse ne d  d u r in g  th e  n e x t s i x  h o u rs .

The o th e r  a n im a l d id  n o t show any s ig n  o f  a b n o rm a lity .  Both  a n im a ls  

m a in ta in e d  good a p p e t i te  and were in  a good c o n d it io n  d u r in g  a p e r io d  

o f  o b s e rv a t io n  o f  72 h o u rs .
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F ig . 7 .1  Lung o f  sheep ivo. 2 which was k i l l e d  seven days

a f t e r  re c e iv in g  a dose o f  3 -m e th y lin d o le  (0 .2  g /k g ) 

Changes were m ild  and fo c a l in  d is t r ib u t io n .

(H S E s ta in ;  x 353
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F ig . 7 .2  High m a g n if ic a t io n  o f  F ig . 7 .1 . A lv e o la r  sep ta  o f  

some a lv e o l i  were norm al, whereas in  th e  o th e r  

a lv e o l i  i t  was s l i g h t l y  th icke n e d  due to  oedema and 

i n f i l t r a t i o n  v.dth ra non uc lea ted  c e l ls .

(H & E s ta in ;  x 2 5 0 )



V
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F ig . 7 .3  The lung  o f  the  same an im a l as in  F ig . 7 .1 . The 

b ro n c h ia l t re e  con ta in e d  v a r ia b le  nuntiers o f  

macrophages, n e u tro p h ils ,  m ixed w ith  c e l l  d e b ris  

and a c id o p h i l ic  m a te r ia l,

Ch & E s ta in ;  x h q )
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F ig .  7 .4  Lung o f  sheep no. 6 , v f i ic h  d ie d  a f t e r  r e c e iv in g

doses o f  3 -m e th y l in d o le  ( 0 . 2  g /k g )  and d ie th y lr r a le a te  

( 0 . 6  n l / k g ) . The e p i t h e l i a l  l i n i n g  o f  th e  

b ro n c h io le s  had p y k n o t ic  n u c le i  and v/ere seen de tached  

f r c n  th e  basement m e rtra n e .

(H £ B s ta in ;  x 250)
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F ig . 7 .5  The lu n g  o f  th e  sace an im a l as in  F ig . 7 .4 .

A bronchus w ith  norm al e p i t h e l ia l  l i n in g  and i t s  

lunsn  c o n ta in in g  e x fo l ia te d  e p i t h e l ia l  c e l ls .

(H S E s ta in ;  x 35)



a
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F ig , 7 .6  High m a g n if ic a t io n  o f  c e l ls  in  th e  lumen o f  th e  

bronchus in  F ig . 7 .5 . The c e l ls  had colum nar, 

c u b o id a l o r  rounded appearance and p y k n o tic  

n u c le i.  C i l i a  can be seen in  son-o o f  them.

CH S E s ta in ;  x 1300)
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F ig .  7 .7  Lung o f  sheep h'a, 9 , w h ich  d ie d  a f t e r  r e c e iv in g  doses 

o f  3 -m e th y l in d o le  ( 0 . 2  g /k g )  and d ie th y lm a le a te  ( 0 . 15  

n l / k g ] . C o n g e s tio n , oedema and L r o n c h io la r  e p i t h e l i a l  

n e c ro s is  can be seen . Changes in  a lv e o la r  m orpho logy 

w ere f o c a l ,

(H ?i E s t a in ;  x 3 5 }



f
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F ig . 7 .8  Lung o f  an im a l No. 14 w hich d ie d  a f t e r  re c e iv in g  

a dose o f  3 -m e th y lin d o le  [0 .3  g /k g ] .

C ongestion, oedema and b ro n c h io la r  e p i t h e l ia l  

n e c ro s is  can be seen.

Ch fi E s ta in ;  x 110)
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F ig . 7 .9  Lung o f  an im al f\'o. 15 w hich d ied  a f t e r  re c e iv in g  

a dose o f  3 -m e th y lin d o le  CO.3 g /k g ) .

Congestion and b ro n c h io la r  e p i t h e l ia l  n e c ro s is  

can be seen.

CH & Ë s ta in ;  x 250)



I
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7 .3  -  DISCUSSION

In  t h is  s e r ie s  o f  expe rim en ts , p re tre a tm e n ts  which are  

known to  d e p le te  and in c re a se  c e l lu la r  g lu ta th io n e ,  re s p e c t iv e ly ,  

appeared to  in c re a se  and decrease, re s p e c t iv e ly ,  th e  pneum otoxic 

e f f e c t  o f  3 -m e th y lin d o le  in  sheep.

A d m in is tra t io n  o f  3 -m s th y lin d o le  CO.2 g /k g ) a lone  d id  ne t 

cause death in  any o f  fo u r  t re a te d  sheep. In  c o n tra s t  p re tre a tm e n t 

o f  sheep w ith  d ie th y lm a le a te  CO,15 m l/k g ) 30 m inutes b e fo re  a d m in is 

t r a t io n  o f  th e  same dose o f  3 -m e th y lin d o le  CO.2 g /k g ) in c rea sed  th e  

s e v e r i t y  o f  re s p ira to ry /  d is t re s s  and p a th o lo g ic a l .changes in  th e  lung 

le a d in g  to  death o f  a l l  t re a te d  an im a ls  C five  sheep). I t  is  known 

th a t  d ie th y lm a le a te  d e p le te s  g lu ta th io n e  in  many organs in c lu d in g  

th e  lung  CBoyland and Chasseaud, 1970; R ichardson and Murphy, 1975), 

The dose range and e f fe c ts  o f  d ie th y lm a le a te  in  sheep are  n o t known. 

In  t h is  p re se n t s tu d y  two doses o f  t h is  compound wore used. The 

la r g e r  dose CO.6 rn l/kg ) is  equa l to  th a t  used by Eoyd end Eurka 

(1978) to  d e p le te  lung  g lu ta th io n e  in  r a ts ,  and was found to  cause 

t o x ic  e f fe c ts  in  sheep. The s m a lle r  dose (0 .1 5  m l/k g )  d id  no t 

cause any obse rvab le  t o x ic  symptoms in  tv/o sheep.

A la rg e r  dose o f  3 -m e th y lin d o le  (0 .3  g /k g )  caused death 

in  a l l  ( fo u r )  t re a te d  sheep w i th in  10 hours a f t e r  3 -m e th y lin d o le  

a d m in is t ra t io n .  P re tre a tm e n t o f  sheep w ith  L -c y s te in e  (0 .3  g /k g )  

decreased th e  s e v e r ity  o f  syrrptoms, p a th o lo g ic a l changes in  th e  lu n g , 

and ra te  o f  m o r ta l i t y  fo l lo w in g  a d m in is t ra t io n  o f  th e  same dose 

(0 ,3  g /k g ) o f  3 -m e th y lin d o le . Only tv/o sheep d ie d  when t h is  dose 

o f  3 -m e th y lin d o le  was a d m in is te re d  to  fo u r  L -c y s te in e  p re tre a te d
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sheep. The death  o f  th e s e /tw o  sheep was de layed (18 and 20 hours) 

and was a t  le a s t  in  p a r t  due to  ru m in a i tyrrpany w h ich would c e r ta in ly  

in c re a s e  th e  re s p ir a to r y  embarrassment r e s u lt in g  fro m  3 -m e th y lin d o le  

a d m in is t ra t io n .  The p r o te c t iv e  e f fe c t  o f  L -c y s te in e  can be 

a t t r ib u te d  to :

1) Inc reased  a v a i la b i l i t y  o f  g lu ta th io n e  o f fe r in g  a l te r n a t iv e  

n u c le o p h i l ic  s i t e s  f o r  c o v a le n t b in d in g  w ith  th e  3 -m e th y lin d o le  

c h e m ic a lly  r e a c t iv e ,  e le c t r o p h i l ic ,  m e ta b o lite .

2) L -c y s te in e  i t s e l f  can a c t as a n u c le o p h il ic  s u b s tra te  f o r  

c o v a le n t b in d in g  w ith  th e  3 -m e th y lin d o le  re a c t iv e  m e ta b o lite .

R e su lts  o f  experim ents in  C hapter 6 show th a t  n u c le o p h il ic  

substances L -c y s te in e , N -a c e ty l-L -c y s te in e  and g lu ta th io n e  p re ve n t 

th e  a lk y la t io n  o f  m icrosom al p ro te in s  by th e  3 -m e th y lin d o le  re a c t iv e  

m e ta b o lite  ( in  v i t r o ) ,  su g g e s tin g  th a t  g lu ta th io n e  and g lu ta th io n e  

S - tra n s fe ra s e s  are  im p o rta n t in  th e  d e to x ic a t io n  o f  th e  3 -m e th y lin d o le  

r e a c t iv e  m e ta b o lite .  R e su lts  o f  in  v iv o  s tu d ie s  re p o r te d  in  t h is  

c h a p te r  are  in  e x c e lle n t  agreement w ith  t h is  c o n c lu s io n  and c o n firm  

th e  use fu ln e ss  o f  th e  " in  v i t r o " s t ra te g ie s ,  adopted in  C hapter 6, 

i n  p ro b in g  th e  mechanism o f  a c t io n  o f  pulm onary t o x ic  substances.

The p o s s ib le  r o le  o f  g lu ta th io n e  in  p ro te c t in g  lung  

parenchyma a g a in s t c h e m ic a lly  re a c t iv e  m e ta b o lite - in d u c e d  lung in ju r y  

has p re v io u s ly  been in v e s t ig a te d  by o th e r  w o rke rs  (Boyd and Burka, 

1978) who have shown th a t  p re tre a tm e n t o f  r a ts  w ith  d ie th y lm a le a te  

in c re a s e s  bo th  th e  a lk y la t io n  o f  lung t is s u e  and s e v e r i t y  o f  lung  

le s io n s  caused by 4 -ipom eano l. However, th e  p o s s ib le  use o f  

p re c u rs o rs  o f  g lu ta th io n e  and o th e r  n u c le o p h il ic  agents in  th e
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p re v e n t io n  o f  t h i s  ty p e  o f  lu n g  damage has n o t p r e v io u s ly  been 

in v e s t ig a te d .  R e s u lts  o f  t h i s  w o rk  have shown t h a t  L - c y s te in e ,  

and p o s s ib ly  o th e r  n u c le o p h i l ic  and t h i o l  compounds, can be used 

f o r  th e  t re a tm e n t o f . 3 -m e th y l in d o le  t o x i c i t y .  The t im e  o f  

a d m in is t r a t io n  and b io a v a i l a b i l i t y  o f  th e  a d m in is te re d  n u c le o p h i l ic  

compound w o u ld  be c r i t i c a l  f o r  e f fe c t iv e n e s s  o f  t re a tm e n t  o f  t h i s  

ty p e  o f  t o x i c i t y .  ■ A d m in is t r a t io n  o f  th e s e  compounds w ou ld  have to  

be  i n i t i a t e d  as soon as p o s s ib le  a f t e r  th e  o n s e t o f  th e  f i r s t  c l i n i c a l  

s ig n s  o f  r e s p i r a to r y  d is t r e s s .  T re a tm en t w ou ld  be o f  d o u b t fu l  v a lu e  

once th e  d is e a s e  has p ro g re s s e d .

I t  has been shown t h a t  c y s te in e  C S tru b e lt ,  S ie g e rs  and 

S c h u t t ,  19743 and N -a c e ty l- L - c y s te in e  (P ip e rn o  and E erssenb ruegge , 

1976) reduce  th e  h e p a to to x ic i t y  o f  acetam inophen (p a ra c e ta m o l)  in  

a n im a ls . T h is  m ethod o f  t r e a t r r e n t  i s  nov; th e  s ta n d a rd  method o f  

t re a tm e n t  o f  overdosage  w i th  acetam inophen in  humans (G ilm an ,

Goodman and G ilm an , 1 980 ). H is to p a th o lo g ic a l s t u d ie s . re p o r te d  he re  

and th o s e  by o th e r  in v e s t ig a to r s  (B ra d le y  e t  a l , 1978) have shewn 

t h a t  n e c ro s is  o f  b r o n c h io la r  e p i th e l iu m  is  a re p ro d u c ib le  and 

c o n s is te n t  e f f e c t  o f  le t h a l  doses o f  3 -m e th y l in d o le .  Changes in  

b r o n c h io la r  m orpho logy w ere  c o n s is te n t  in  d i f f e r e n t  a re as  o f  th e  lu n g  

o f  th e  same a n im a l and w ere  s im i la r  in  d i f f e r e n t  a n im a ls  w h ich  had 

re c e iv e d  th e  same t re a tm e n t .  In  c o n t ra s t  changes in  a lv e o la r  

m o rp h o lo g y  v a r ie d  in  s e v e r i t y  in  d i f f e r e n t  a reas  o f  th e  lu n g  o f  th e  

same a n im a l and between d i f f e r e n t  a n im a ls  w h ich  had re c e iv e d  th e  same 

t re a tm e n t .  S im i la r ly  pne u m o to x ic  fu ra n o  compounds and ha lobenzenes 

p ro d u ce d  c o n s is te n t  changes in  b r o n c h io la r  e p i th e l iu m ,  w he ioas th e
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changes in  a lv e o la r  m orpho logy  w ere le s s  c o n s is te n t  (R e id  e t  a l ,

1973; Boyd, 1977; Boyd and B u rka , 1976; Boyd, S ta tham , F r a n k l in  

and  M i t c h e l l ,  1978 ). I t  has been sugges ted  t h a t  th e  C la ra  c e l l s  

a re  th e  s i t e  o f  cy toch rom e  P -450 -dependen t m ixed  fu n c t io n  o x id a s e s  in  

th e  lu n g . T h e re fo re  th e s e  c e l l s  a re  th e  t a r g e t  f o r  r e a c t iv e  

m e ta b o l i te  fo rm in g  p neum o tox ic  compounds, whose r e a c t iv e  m e ta b o lite s  

a re  fo rm ed  by a cy toch rom e P -450 -dependen t mechanism. P resence  o f  

th e  C la ra  c e l l s  in  la rg e  numbers in  th e  e p i th e l iu m  o f  b ro n c h io le s  

re n d e rs  th e s e  b ro n c h io le s  more s u s c e p t ib le  to  th e  e f f e c t  o f  th e s e  

p n e u m o to x ic  compounds (Eoyd, 197 7 ), Oedema and a l t e r a t io n  in  

a lv e o la r  m o rpho logy  a re  changes seconda ry  t o  b r o n c h io la r  in ju r y .
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GENERAL CONCLUSIONS

Much o f  th e  a v a i la b le  in f o n r a t io n  on th e  a e t io lo g y  o f  

" f b g  fe v e r "  [a c u te  b o v in e  pu lm onary  emphysema) in c lu d in g  th e  r e s u l t s  

o f  t h i s  w o rk  i s  in  fa v o u r  o f  th e  h y p o th e s is  t h a t  th e  d is e a s e  is  caused 

b y  e x c e s s iv e  p ro d u c t io n  o f  3 - r r s th y l in d o le  by ru m in a i m ic ro o rg a n is m s , 

fro m  n on -p n e u m o to x ic  in d o l i c  s u b s tra te s  in  g ra s s . I t  appears t h a t  

a t  le a s t  th re e  fa c to r s  can c o n t r ib u te  to  e x c e s s iv e  p ro d u c t io n  o f  

3 -m e th y l in d o le  in  th e  rumen und e r n a tu r a l c o n d it io n s ;  P resence o f  

s u f f i c i e n t  amount o f  i n d o l i c  p re c u rs o rs  [e ,g ,  L - t ry p to p h a n  and 

in d o le a c e t ic  a c id )  c o n v e r t ib le  t o  3 -m e th y l in d o le  in  g ra s s , to g e th e r  

w i t h  th e  enhanced c o n v e rs io n  o f  th e s e  in d o l i c  p re c u rs o rs  t o  3 -m e th y l

in d o le  by ru m in a i m ic ro o rg a n ism s  and absence o f  c e r t a in  su bs ta nce s  

( e .g .  c a rb o h y d ra te s )  w h ich  can i n h i b i t  th e  c o n v e rs io n  o f  th e s e  in d o l i c  

p re c u rs o rs  t o  3 -m e th y l in d o le .

F a i lu r e  to  i d e n t i f y  s ig n i f i c a n t  d i f fe r e n c e s  in  th e  concen

t r a t i o n  o f  L - t ry p to p h a n  between g ra s s - in d u c in g  th e  d is e a s e  and no rm a l 

p a s tu re  [M ackenz ie  e t  a l , 1975; Selman e t  a l , 1 9 7 7 ), to g e th e r  w ith  

o b s e rv a t io n s  show ing  t h a t  th e re  is  a c o n s id e ra b le  v a r ia t io n  in  th e  

in c id e n c e ,  between d i f f e r e n t  h e rd s , and s e v e r i t y ,  between d i f f e r e n t  

I n d iv id u a ls  o f  th e  same h e rd , o f  r e s p i r a to r y  d is t r e s s  a f t e r  exposu re  

o f  c a t t l e  t o  th e  seme in d u c in g  a g e n t [w h e th e r a change to  b e t t e r  

g ra z in g  o r  o r a l l y  a d m in is te re d  L - try p to p h a n )  [D ic k in s o n  and C a r ls o n , 

1976; C a rls o n  and D ic k in s o n , 1978) sugges ted  t h a t  i t  i s  n o t o n ly  th e  

e x c e s s iv e  in ta k e  o f  L - t ry p to p h a n  w h ich  causes th e  d is e a s e  b u t t h a t  

o th e r  f a c to r s  m ust c o n t r ib u te .  R e s u lts  o f  e x p e r im e n ta l worl"; p ra s e n t^ d
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in  t h i s  t h e s is  s t r o n g ly  su g g e s t th a t  th e  enhanced c o n v e rs io n  o f  

L - t r y p to p h a n ,  and p ro b a b ly  o th e r  in d o l i c  compounds, t o  3 -m e th y l in d o le  

i s  a m a jo r  f a c t o r  n e ce ssa ry  f o r  o c c u rre n c e  o f  th e  d is e a s e . T h is  

s tu d y  has a ls o  e s ta b lis h e d  th a t-  norm a l c o n s t i tu e n ts  o f  g ra ss  (c a rb o 

h y d ra te s )  can i n h i b i t  th e  p ro d u c t io n  o f  3 -m e th y l in d o le .  Thus t h i s  

r e s u l t  le n d s  w e ig h t t o  th e  h y p o th e s is  t h a t  th e  d is e a s e  o ccu rs  in  

a n im a ls  g ra z in g  on g ra s s  w ith  d e p le te d  c a rb o h y d ra te  s to re s  (as a 

r e s u l t  o f  use o f  ammonia f e r t i l i z e r s )  (Selman e t  a l , 1976 ).

The d is e a s e  u s u a l ly  o c c u rs  a f t e r  in t r o d u c t io n  o f  hung ry  

a d u l t  c a t t l e  t o  h ig h ly  d ig e s t ib le  good q u a l i t y  lu s h  p a s tu re .  The 

r o le  o f  t h i s  sudden change to  b e t t e r  g ra z in g  in  th e  d is e a s e  p ro ce ss  

i s  n o t known. However i t  can cause a‘ change in  ru m in a i m ic ro o rg a n is m s  

w h ich  w o u ld  in f lu e n c e  th e  m e ta b o lis m  o f  i n d o l i c  compounds in  th e  rumen.

The use o f  a n t ib a c t e r ia l  a g e n ts  and su b s ta n ce s  known to  have a n t im e ta b o l ic  

e f f e c t s  t o  i n h i b i t  th e  c o n v e rs io n  o f  i n d o l i c  p re c u rs o rs  t o  3 -m e th y l

in d o le  has been su gg e s te d  (Hammond, C a r ls o n , B reeze  and Selman, 1 97 9 ).

From  t h i s  w o rk  a num ber o f  a n t ib a c t e r i a l  a gen ts  have shown p ro m ise  as 

t h e r a p e u t ic  a ge n ts  by a l t e r in g  th e  m ic r o b ia l  f l o r a  o f  th e  rumen and 

th e re b y  a l t e r in g  th e  p ro g re s s  o f  th e  d is e a s e . H ow ever, some o f  th e s e  

may p ro v e  t o x i c  in  t h i s  s i t u a t io n .  M onensin , f o r  exam ple , w h ich  has 

been su g g e s te d  as a p o s s ib le  p r o p h y la c t ic  d ru g  f o r  fo g  fe v e r ,  w h i le  

re d u c in g  th e  p r o d u c t io n  o f  3 -m e th y l in d o le ,  enhanced th e  p ro d u c t io n  

o f  in d o le  w h ich  r e s u l te d  in  r e n a l le s io n s  (Hammond, C a rls o n  and B reeze , 

1 9 8 0 ).

The p ne u m o to x ic  e f f e c t  o f  3 -m e th y l in d o le  appears  t o  be due 

t o  i t s  m e ta b o lic  a c t i v a t io n  to  a c h e m ic a lly  r e a c t iv e  m e ta b o li te  w h ich  

b in d s  t o  c e l l u l a r  m acro m o le cu les  o f  th e  lu n g  c a u s in g  c e l l u l a r  i n ju r y .
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In  s u p p o r t  o f  t h i s  h y p o th e s is ,  th e  h ig h e s t  c o n c e n tra t io n  o f  c o v a le n t ly  

bound m e ta b o lite s  o c c u rre d  in  th e  lu n g , th e  t a r g e t  o rgan  f o r  3 -m e th y l

in d o le ,  a f t e r  a d m in is t r a t io n  o f  3 -m e th y l in d o le .  N u c le o p h i l ic  

su b s ta n c e s  w h ich  p re v e n te d  a lk y la t io n  o f  c e l l u l a r  m acrom o lecu les  in  v i t r o  

b y  th e  r e a c t iv e  m e ta b o lite s  o f  3 -m e th y l in d o le  decreased  th e  p neum o tox ic  

e f f e c t  o f  3 -m e th y l in d o le  in  v iv o . The r e a c t iv e  m e ta b o li te  o f  3 -m e th y l

in d o le  appears to  be d e to x i f ie d  by p r e f e r e n t ia l ,  spon taneous and 

g lu ta th io n e  S - t ra n s fe ra s e  c a ta ly z e d ,  c o n ju g a t io n  w i th  g lu ta th io n e .

I n  fa v o u r  o f  t h i s  c o n c lu s io n ,  g lu ta th io n e  p ro te c te d  c e l l u l a r  m a c ro m o le cu les , 

i n  v i t r o , fro m  a lk y la t io n  by th e  r e a c t iv e  m e ta b o li te  o f  3 -m e th y l in d o le  

and g lu ta th io n e  S - t ra n s fe ra s e s  in c re a s e d  th e  p r o te c t iv e  e f f e c t  o f  

g lu ta th io n e .  D e p le t io n  o f  g lu ta th io n e  in c re a s e d  th e  pneum o tox ic  

e f f e c t  o f  3 -m e th y l in d o le  in  v iv o . The p ne um o tox ic  e f f e c t  o f  3 -m e th y l

in d o le  can be decreased  b y ;

1) P re v e n t in g  th e  fo r m a t io n  o f  th e  r e a c t iv e  m e ta b o l i te ;

R e s u lts  o f  t h i s  p re s e n t w o rk  have e s ta b l is h e d  t h a t  th e  

c o v a le n t  b in d in g  o f  3 -m e th y l in d o le  i s  c a ta ly z e d  by a cy toch rom e  P -4 5 0 - 

dependent m ixed  fu n c t io n  o x id a s e  enzyme system . The use o f  i n h ib i t o r s  

o f  m ixed  fu n c t io n  o x id a s e s  w ou ld  be p r o h ib i te d  by th e  f a c t  t h a t  th e s e  

compounds w ou ld  i n h i b i t  d e to x i f y in g  enzymes as w e l l  as t o x i f y i n g  ones, 

m ak ing  th e  o v e r a l l  e f f e c t  o f  th e s e  compounds on f o r e ig n  compound- 

in d u c e d  lu n g  i n ju r y  u n p re d ic ta b le  (Eoyd, 197 6 ).

2 ) P re v e n t in g  a lk y la t io n  o f  c e l l u l a r  m a crom o lecu les  by p r o v id in g  

a l t e r n a t iv e  n u c le o p h i l ic  s i t e s  f o r  c o v a le n t  b in d in g  w ith

th e  e le c t r o p h i l i c  m e ta b o li te  o f  3 -m e th y l in d o le ;

T h is  has been a c h ie ve d  in  t h i s  p re s e n t s tu d y  by th e  use o f  

L - c y s te in e .
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The p a th o g e n e s is  o f  th e  3 -m e th y l in d o le - in d u c e d  lu n g  le s io n s  

a ppea rs  t o  commence w ith  a lk y la t io n  o f  c e l l u l a r  m acrom o lecu les  w i t h  

th e  r e a c t iv e  m e ta b o li te  o f  3 -m e th y l in d o le ,  T h is  le a d s  to  c e l l u l a r  

i n j u r y  and n e c ro s is .  C e l lu la r  i n ju r y  can s t im u la te  th e  re le a s e  o f  

m e d ia to rs  o f  a n a p h y la x is  and th u s  cause in f la m m a to ry  changes in  th e  

lu n g  and s y s te m ic  changes s im i l a r  t o  th o s e  a s s o c ia te d  w ith  a n a p h y la x is .  

T h e re fo re ,  a lth o u g h  a n ta g o n is ts  o f  m e d ia to rs  o f  a n a p h y la x is  have been 

r e p o r te d  t o  a l le v ia t e  th e  im m ed ia te  a n a p h y la c to id - l ik e  re a c t io n  f o l lo w in g  

a d m in is t r a t io n  o f  3 -m e th y l in d o le  (A tk in s o n  e t  a l , 1 9 7 7 ), th e s e  

a n ta g o n is ts  d id  n o t a l t e r  th e  s e v e r i t y  o f  3 -m e th y l in d o le - in d u c e d  lu n g  

le s io n s  (Hammond, C a r ls o n , B reeze and Selm an, 1 979 ),

From th e  s tu d ie s  re p o r te d  he re  u s in g  chopped lu n g  p re p a ra t io n s  

i t  w ou ld  a pp e a r t h a t  3 -m e th y l in d o le  does n o t d i r e c t l y  cause th e  

re le a s e  o f  m e d ia to rs  o f  a n a p h y la x is .  The re le a s e  o f  th e s e  m e d ia to rs

i s  n o t th e  p r im a ry  e ve n t in  th e  d is e a s e  p ro ce ss  b u t i s  r a t h e r  a r e s u l t  

o f  th e  c y to to x ic  e f f e c t s  o f  th e  a lk y la t io n  m e ta b o li te  o f  3 -m e th y l in d o le .  

A ls o  3 -m e th y l in d o le  does n o t cause c o n t r a c t io n  o f  th e  pu lrre inary v e in .  

T h e re fo re  a h yd rodynam ic  im b a la nce  a c ro ss  th e  a lv e o lo c a p i l la r y  membrane 

caused  by p u lm ona ry  v e n o c o n s t r ic t io n  a ls o  ca nn o t be c o n s id e re d  as th e  

i n i t i a l  s te p  in  th e  p a th o g e n e s is  o f  th e  3 -m e th y l in d o le - in d u c e d  pu lm ona ry  

i n j u r y ,  as has been su g g e s te d  by o th e r  in v e s t ig a to r s  (E y re , 1 975 ),
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