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1.

INTRODUCTION

The indole nucleus can be id en tified  as a structural component 

of a large number of pharmacologically in terestin g  compounds*

These compounds show a great divergence in  chemical complexity 

ranging from indole (Fig* 1, page 2) i t s e l f  to  the extremely 

complex alkaloids of the reserpine type (Fig* 1 , page 2}* The 

alkaloids of calabash curare, e*g*, calabash curarine (Fig* 1, 

page 2) and strychnine (Fig* 1 , page 2} can a lso  be regarded as 

indole derivatives*

The pharmacology of the simpler in dolic  compounds such as 

indole, skatole (Fig* 1, page 2) and/6-indolylthylamine (Fig* 1, 

page 2) which arise in  nature from the b a cter ia l decomposition of 

the essen tia l amino acid tryptophan, has seen considerable in v esti

gation, but the resu lts  are somewhat contradictory. Thus Guggen

heim and L offler (1916) reported that a number of proteinogenio 

amines and related  compounds including indole stim ulated the is o 

la ted  guinea pig in te s t in e , but Garoia-Blanco, del C a stillo  and 

Rodeles (1941) reported that the m otility  of the iso la ted  rabbit 

in testin e  was inhib ited  by indole* Waddell (1927) Tdio studied the 

action /
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action of indole and skatole on the excised hearts of several warm 

and cold blooded animal species, noted that they diminished cardiac 

a ctiv ity . Yanai (1933) and Ets and Peinberg (1942) have demon

strated convulsions in  frogs and dogs respectively follow ing the 

administration of indole. In confirmation of the work of Torda 

and Wolff (194-3), Izquierdo and Stoppani (1930, 1933), found that 

indole increased the se n s it iv ity  of frog str ia ted  muscle to acetyl

choline, and indole and skatole enhanced the e ffec ts  of potassium on 

the same tissu e . But on smooth muscle, indole and skatole diminished 

the contractions produced by acetylcholine and potassium. The 

spontaneous contractions of the rabbit duodenum and rat uterus were 

also diminished by these substances (izquierdo and Stoppani, 1933).

One of the most in teresting and indeed by far the most studied  

derivatives of indole is  5-bydroxytiyptamine (Pig. 1, page 2 ).

Owing to i t s  widespread occurrence, i t s  in teresting pharmacological 

properties, and to the need to ascertain i t s  precise physiological 

role in  the organism, 5-hydroxytiyptamine has attracted the attention  

of many workers. There are several important reviews giving detailed  

information on th is  substance among which can be mentioned those by 

Erspamer, 1934; Page, 1934-, 1938; &.P. Lewis, 1938; and Maupin,

1961.

Althou^ /
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A lthou^ the presence of a circulating substance with the 

properties of 5-hydroxytryptamine had been known since 1918, th is  

compound was not id en tifie d  u n til 1949. Before 9-hydraxytzyptamine 

was id en tified , various wozkers had independently in vestigated  the 

properties of what were believed  to  be two d ifferen t, naturally  

occurring, p h ysio logically  active substances. I t  was in  1918 that 

Janeway, Richardson and Park f ir s t  showed that the p la te le ts  con

tained an eztractable vasoconstrictor substance which was not present 

to  any great extent in  the rest of the blood. T ia l l i  and Erspamer 

( 1933) in  I ta ly , extracted a substance from the rabbit gastric  mucosa 

which stimulated the iso la ted  in testin e  and uterus and named i t  

enteramine. They believed i t  to be a diphenolio or polyphenolic 

amine. I t  gave a colour reaction with the diazonium s a lt  o f £ -  

n itroan ilin e . They thought that th is  substance originated from 

the enterochromaffin t issu e  of the gastro in testin a l mucosa of 

mammals. L ater,in  1952, Erspamer and Asero found th is  colour- 

producing and pharmacologically active substance to be id en tica l 

with synthetic ^-hydroxytiyptamlne. Other workers, including

Rapport and h is  colleagues in  the United S ta tes , and Reid and Rand 

in  A ustralia, attempted to  iso la te  and id en tify  th is  p rin cip le , 

which had been known for  a number of years under various names such 

as: vasoconstrictine, vasoconstrictor p rin cip le , sp a tg ift , thrombo-

cytin  /
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thrombooytln and serotonin ( Janeway and h is  a sso c ia tes , 1918;

Borgert and K e ite l, 1926; Simon, 1940; Prennd, 1920, 1921; Rand 

and Reid, 1952; Reid and Rand, 1951, 1952; Rapport, Green and Page, 

1948 a,b ,c)«

Rapport ( 1949) f in a lly  demonstrated the structnre o f th is  vaso- 

oonstriotor substance as 5-hydroxytryptamine (P ig . 1 , page 2) in  a 

molecular complex with creatinine and sulphuric acid. Hamlin and 

Pischer (1951) were the f i r s t  to synthesise 5-hydroaytiyptamine and 

Bang (1952) suggested that the names of serotonin and enteramine 

should be dropped in  favour of 5~bydroxytryptamine. This suggestion  

w ill  be adopted in  th is  th e s is .

D istribution of 3*>hydroxytiyptamine

The d istribution  o f 5-hydroxytiyptamine has been reviewed by 

Erspamer (1954)» I t  i s  present in  a l l  t is su es  which contain c e l ls  

belonging to  enterchromaffin system. I t  was a lso  shown to  occur 

in  dog, rat and rabbit brain by Twarog and Page (1955)» Amin, 

Crawford and Gaddum (1954) made the f i r s t  comprehensive study of i t s  

distribution in  the dog brain and showed that there was a variable  

d istribution  of 5-hydroxytryptamine in  the d ifferen t parts o f the 

central nervous system. 5-Hydroxytiyptamine i s  not present in  

areas idiich consist mainly or so le ly , of medullated nerve f ib r e s .

I t  /
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I t  appears to be confined to regions of the grey matter vhere i t  i s  

present in  varying concentrations. The h ip e s t  concentration is  

found in t issu es  associated with the central representation of the 

autonomic nervous system and in the area postrema. Bogdanski and 

Udenfriend (195^) found high concentrations of th is  substance in  the 

hypothalamic region of the brain of cats and dogs. Humphrey and 

Jaques ( 1954) observed that 5-hydroxytiyptamine found in the blood 

of most species was confined to the p la te le ts . Weissbach, Waalkes 

and TJdenfriend ( 1957) found 5-hydroxytryptamine in  the lungs of mice, 

rats and rabbits in greater amounts than in the lungs of guinea p igs. 

I t s  presence in the mast c e lls  of rats has been shown by many workers 

(Benditt, Wong, Arase and Eoeper, 1955; Bhattacharya and Lewis,

1956; and Parrattand West, 195^). Sjoerdsma, Waalkes and Weissbach 

( 1957) have found 5-hydroxytiyptamine in mast c e l l  tumours of mice. 

Plorey and Plorey (1954) found 5-hydroxytiyptamine in the cerebral 

and s te lla r  ganglia and peripheral nerves of Sepia. I t  occurs in  

carcinoid tumours (Lembeck, 1955)» Sachs (1957) has detected 5- 

hydroxytiyptamine in the spinal flu ids of patients with head in ju r ie s , 

brain tumours and meningitis and in dogs and cats with head in ju ries.

The m etabolism  o f 5-hydroxytiyptam ine

Fig. 2, page 7, shows the metabolism of 3-hydroxytryptamine as 

suggested /
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8,

suggested  by Maupin ( I 96I ) .  The m etabolism  o f  5 -hydroxytryptam ine 

has been review ed in  d e t a i l  (U den friend , 1957). The conversion  o f  

tryp tophan  t o  5 -hydroxytiyp tophan  has been c le a r ly  dem onstra ted  i n  

Chromobacterium violaceum  (Mitoma, W eissbach and U d en frien d , 1955). 

Experim ents w ith  r a d io -a c t iv e  tryp tophan  in d ic a te  th a t  such con

v e rs io n  does tak e  p lac e  in  v ivo  in  the  venom g land  o f th e  toad  

(U denfriend , T i tu s ,  W eissbach and P e te rso n , 1956). When 5- 

hydroxytiyp tophan  i s  f e d  to  an im als, th e re  i s  a la rg e  r i s e  in  th e  

5-hydroxytryptam ine c o n te n t of th e  b r a in  and when i t  i s  g iven  to  

human b e in g s , th e re  i s  a la rg e  r i s e  in  the  e x c re tio n  of 5 - 

hydroxyindole a c e t ic  a c id  (D avidson, S joerdsm a, Loomis and Uden

f r ie n d ,  1957)- U den friend , W eissbach and Bogdanski (1957) have 

shown th a t  when 5-hydroxy try p to p h an  i s  ad m in is te red  to  an im als , i t  

i s  r a p id ly  taken  up by the  t is s u e s  and w herever 5 -hydroxytryp tophan  

decarboxylase i s  p re s e n t ,  i s  converted  to  5 -hydroxy tiyp tam ine . 

5-Hydroxy try p tophan  decarboxylase  occurs in  la rg e  q u a n t i t ie s  in  th e  

k idney , l i v e r  and stom ach. Gaddum and Giarman (1956) have found  i t  

in  sym pathetic  g a n g lia  and in  b r a in .  I t s  d i s t r ib u t io n  i s  r e p o r te d  

to  be s im ila r  in  dogs and c a ts  to  th a t  o f 5 -hydroxytryptam ine 

(Bogdanski, W eissbach and U den friend , 1957). Evidence f o r  th e  

requirem ent o f  p y rid o x a l phosphate f o r  th e  a c t iv i t y  o f  th e  

decarboxylase /



9.

decarboxylase has been p re se n te d  by many w orkers. W eissbach, 

Bogdanski, R e d fie ld  and U denfriend  (1957) have dem onstrated  th a t  

the  t is su e s  of p y r id o x in e -d e f ic ie n t  ch ickens a re  d e f ic ie n t  in  5 - 

hydroxytryptam ine and they  a ls o  showed a d im in ished  a b i l i t y  to  

convert 5-hy d r oxy tiy p t oph an to  5-hydroxy tiy p ta m in e . B laschko 

( 1952) dem onstrated th a t  5-hydroxytryptam ine was in a c t iv a te d  by 

amine oxidase which i s  w idely  d i s t r ib u te d  in  th e  anim al kingdom.

He has m entioned in  d e ta i l  (1957) i t s  p resence  in  o th e r  v e r te b r a te s  

and in v e r te b ra te s .  I t  i s  a lso  p re se n t in  th e  fundus of thé; r a t  

stomach (Vane, 1957). U denfriend  (1957) has re p o r te d  t h a t  th e  

conversion  of 5-hydroxytryptam ine to  5-hy d r oxy in  dole a c e t ic  a c id  

i s  th e  m ajor ro u te  of m etabolism  in  man and in  o th e r  sp ec ie s , u r in a ry  

ou tpu t of 5-hydroxy in d o le  a c e t ic  a c id  i s  sm a ll. B laschko (1957) 

has d iscu ssed  in  d e t a i l  th e  v a rio u s  p o s s ib le  pathways o f in a c t iv a t io n  

of 5-hydroxytryptam ine o th e r  th an  o x id a tiv e  deam ination .

I d e n t i f i c a t io n  of 5-bydroxytiyptam ine

V arious i s o la te d  t i s s u e s  have been u sed  f o r  th e  i d e n t i f i c a t i o n  

and e s tim a tio n  of 5 -hydroxytryptam ine. The c a r o t id  a r te r y  r in g  was 

the  f i r s t  t is s u e  to  be used  f o r  th e  assay  o f  th e  serum v a s o c o n s tr ic to r  

substance by Janeway and Park ( 1912) and l a t e r  by W oolley and Shaw 

(1952 a ) .  Erspamer (1940, a ,b ,c )  and Amin and h is  a s s o c ia te s  (1954) 

have /
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have used  th e  i s o la t e d  r a t  u te ru s  f o r  th e  a ssay  o f 5-hydroxy- 

try p ta m in e . The p e rfu se d  v e s s e ls  o f th e  r a b b i t  e a r  were used  by 

Page ( 1942) .  D a lg lie s h , Toh and Work (1 953 ); and P e ld b erg  and 

Toh ( 1953) ,  have u sed  th e  r a t  co lon  f o r  th e  a ssa y  o f 3 -hydroxy- 

try p ta m in e . The u se  of th e  h e a r t  o f  Venus m ercen a ria  f o r  th e  assay  

o f 5-hydroxytryp tam ine has been  d e sc rib e d  by Twarog and Page (1953) * 

Gaddum and Paasonen (1955) were ab le  to  show t h a t  th e  h e a r t  of 

S p is u la  s o l i  da was a lso  v e ry  u s e f u l  f o r  th e  a ssay  of 5-hydroxy

try p ta m in e . The su p erfu sed  i s o l a t e d  a n te r io r  b y ssus r e t r a c t o r  

muscle o f M y tilu s e d u lis  was u sed  by Cambridge and H olgate  (1955 ). 

Chick amnion has been u sed  by Ferguson (1957) &nd Vane (1957) has 

been su c c e s s fu l  in  u s in g  th e  fundus of th e  r a t  stom ach.

P hysico -chem ica l methods have now been in tro d u c e d  f o r  th e  

i s o la t io n  and id e n t i f i c a t i o n  o f 5 -h y d roxy tryp tam ine . These methods 

o ften  g ive  qu ick  and r e l i a b l e  r e s u l t s  and chrom atography has p lay ed  

an im p o rtan t p a r t  in  th e  e x tr a c t io n  o f  5 -hydroxy tryp tam ine  from the  

t i s s u e s ,  U d en frien d , W eissbach and C la rk  (1955) have d e sc r ib e d  

th e  f i r s t  chem ical method o f e s tim a tin g  5 -hydroxy tryp tam ine . 

Shepherd, West and Erspam er (1953) u sed  th e  f lu o re sc e n c e  re a c t io n  

as a sim ple means o f d e te c t in g  sm a ll q u a n t i t ie s  o f 5-hydroxy- 

tiy p tam in e  in  t i s s u e  e x t r a c ts  on pap er chrom atogram s. Jepson  and 

S tevens /
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Stevens (1953) m odified  t h i s  method to  in c re a s e  th e  s e n s i t i v i t y .  

Gluckman and Abrams ( 1959) have developed a new method in v o lv in g  

th e  use o f io n  exchange chrom atography which g iv es  100 p e r  c en t 

recovery  o f 5-hydroxy tiyp tam ine  from t is s u e  e x t r a c t s .

P harm aco log ical P ro p e r t ie s  o f 3-H ydroxytryptam ine

I s o la te d  t i s s u e s  and o rgans. The g a s t r o in t e s t i n a l  t r a c t .

F e ldberg  and Toh (1953) D a lg lie s h , Toh and Work (1953) 

have shown t h a t  5-hydroxytzyptam ine s tim u la te d  the  i s o l a t e d ,  a t r o -  

p in is e d  r a t  c o lo n . A ccording to  Page ( 1954) i t  has been known f o r  

a long  tim e th a t  5-hydroxytryptam ine causes e v ac u a tio n  o f th e  bowels 

even under deep a n a e s th e s ia . 5-H ydroxytryptam ine s t im u la te s  the

smooth m uscle o f some p a r t s  o f the  g a s t r o in t e s t i n a l  t r a c t  in  c e r ta in  

s p e c ie s , and th e  s e n s i t iv i t y  v a r ie s  g r e a t ly  (E rspam er, 1954; Vane, 

1957) .  Gaddum ( 1953&) has shown t h a t  p ro longed  c o n ta c t o f th e  

i s o la te d  i n t e s t i n e  w ith  la rg e  doses of 5-hyd roxy tiyp tam ine  i n h ib i t s  

th e  f u r th e r  s tim u la n t a c tio n  o f  added 5 -hydroxy tryp tam ine . Rocha 

e S i lv a ,  V a lle  and P i c a r e l l i  (1953) concluded t h a t  th e  a c t io n  of 

5-hydroxy tiyp tam ine  on the  gu in ea  p ig  ileum  was c h o lin e rg ic  in  

n a tu re  because i t  was b locked  by a tro p in e . T h is e f f e c t  was n o t 

b locked  by hexaméthonium, so presum ably i t  was n o t a t  th e  in tra m u ra l 

g a n g lia . /
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g a n g lia . The p ro v is io n a l  co n clu sio n  drawn was th a t  5-hydroxy- 

tiy p tam in e  a c te d  on th e  p o s t-g a n g lio n ic  c h o lin e rg ic  f i b r e s  o f th e  

in tra m u ra l  nervous system  of th e  gu inea  p ig  ileum . Gaddum and 

P i c a r e l l i  (1957) d iv ided  th e  5 -bydroxytiyp tam ine and tryp tam ine  

re c e p to rs  in  th e  gu inea  p ig  ileum  in to  two ty p e s .

(1 ) M -recep to rs which were b locked  by m orphine, and

( 2) D -re ce p to rs  which v/ere b locked  by d ib en zy len e .

The m o rp h in e -se n s itiv e  re c e p to rs  were p robab ly  in  th e  nervous 

t i s s u e s  and th e  d ib e n z y le n e -se n s it iv e  re c e p to r s  were p robab ly  in  

th e  m uscle. Gaddum (1957a) compared th e  a c tio n  of 5 -hydroxy- 

tryp tam ine  w ith  th a t  o f a c e ty lc h o lin e . Both drugs a c t  on a t  l e a s t  

two d i f f e r e n t  k inds o f re c e p to rs  which a re  b locked  by d i f f e r e n t  

groups o f a n ta g o n is ts .  J u s t  as a tro p in e  b locks the  e f f e c t  o f 

a c e ty lc h o lin e  on p la in  m uscle, re v e a lin g  e f f e c t s  upon g a n g lia , so 

d ibenzylene o r  ly s e rg ic  a c id  d iethy leim ide, b lo ck  th e  e f f e c t  o f 5-  

hydroxytryptam ine on p la in  muscle so re v e a lin g  g a n g lio n ic  e f f e c t s .  

Hexaméthonium s p e c i f i c a l ly  b locks th e  g a n g lio n ic  e f f e c t s  o f a c e ty l

c h o lin e . Morphine appears to  b lo c k  th e  g a n g lio n ic  e f f e c t s  o f 5 -

hydroxytryptam ine b u t t h i s  b lo ck  i s  l e s s  s p e c i f ic  s in c e  th e  a c tio n s

of n ic o t in e  were a ls o  an tag o n ised , a lthough  l e s s  e f f e c t iv e ly  th an  

those  o f 5-h y d roxy tiyp tam ine .

C a rd io vas c u la r  /
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C ard io v aso u lar a c tio n s  o f 5-hydrox.ytiyptam ine

The response o f th e  c a rd io v a s c u la r  system  to  5 -hydroxytryp tam ine 

i s  v e iy  v a r ia b le .  Page (1932) has in v e s t ig a te d  th e  e f f e c t  o f 5- 

hydroxytiyp tam ine on th e  b lood  p re s su re  of a n a e s th e t is e d  dogs and 

c a t s .  He has shown th a t  in  dogs th e re  i s  an i n i t i a l  f a l l  in  

b lood  p re s su re  w ith  slow ing o f th e  h e a r t  r a t e  and t h i s  i s  fo llow ed  

by a r i s e  and f i n a l l y  by a p ro longed  f a l l  in  th e  b lo o d  p re s su re .

The response in  c a ts  u s u a l ly  d i f f e r s  from th a t  in  dogs. I t  con

s i s t s  of a sharp  r a th e r  p ro longed  f a l l  in  p re s su re  w ith  slow ing o f 

th e  h e a r t  r a t e .  The i n i t i a l  f a l l  i s  b e lie v e d  to  be due to  a  von 

B e zo ld -lik e  r e f le x  s in c e  i t  was to  a  la rg e  e x te n t  e lim in a te d  by 

vagotomy o r a tro p in e  (P age, 1952). But R eid  (1932) re p o r te d  t h a t  

in tra v en o u s  a d m in is tra tio n  o f 5-hydroxy tryp tam ine  in  doses ran g in g  

from 10 to  200 ^ g .  caused  an i n i t i a l  f a l l  in  th e  system ic  a r t e r i a l  

p re s su re  in  th e  c h lo re lo s e d  c a t ,  fo llo w ed  by a  r i s e  and th en  by a 

more p ro longed  f a l l .  T his e f f e c t  was seen  i r r e s p e c t iv e  o f vagotony 

o r  p rev io u s a d m in is tra t io n  o f a tro p in e . S a lm o ira g h i, Page and 

McCubbin (1956) have shown th a t  th e  response  o f th e  a r t e r i a l  b lo o d  

p re s su re  in  r a t s  i s  more l ik e  t h a t  observed  in  c a ts  th an  th a t  found  

in  dogs. Page and McCubbin (1953) from experim en ts on a n a e s th e t is e d  

c a t s ,  dogs and r a b b i t s ,  have su g g ested  t h a t  th e  a r t e r i a l  response  to  

5-hydroxytryp tam ine i s  th e  r e s u l ta n t  o f s e v e ra l  v a r ia b le s  o f which 

fo u r  /
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f o u r  a re  of m ajor im portance:

(1 ) A d i r e c t  v a s o c o n s tr ic to r  a c t io n .

( 2) A von Bez o ld - l ik e  r e f le x .

( 3) T ra n s ie n t autonomic gang lion  b lockade.

( 4 ) P e r ip h e ra l  in h ib i t io n  o f neurogenic  v a s o c o n s tr ic t io n .

They gave the  name **amphibaric” to  the  type  o f response  which 

3—hydroxytryptam ine p roduces.

MacCanon and H orvath  (1954) have shown a r i s e  in  th e  c a rd ia c  

o u tp u t in  dogs fo llo w in g  th e  in je c t io n  o f 5-hydroxytryp tam ine and 

Page ( 1957) has re p o r te d  an in c re a se  in  th e  c a rd ia c  o u tp u t in  human 

b e in g s . H o llan d e r, M ichelson and W ilk ins (1937) have shown a 

v a r ia b le  e f f e c t  on th e  a r t e r i a l  b lo o d  p re s su re  and an in c re a se  in  

th e  pulmonaiy v e n t i l a t io n  fo llo w in g  th e  in tra v en o u s  a d m in is tra t io n  

o f  5 -hydroxytiyp tam ine to  human b e in g s .

According to  G inzel and K ottegoda (1933) th e  v a s o c o n s tr ic to r  

power o f 5 -hydroxytiyp tam ine in  th e  lungs of th e  dog and th e  c a t  was 

g r e a te r  than  th a t  o f a d re n a lin e  o r  n o ra d re n a lin e . The c o n s t r ic t io n  

o f  th e  pulmonary b lo o d  v e s s e ls  and v a s o d i la t io n  o f  p e r ip h e ra l  

v e s s e ls  in  dogs by 5-hydroxytryptam ine has been dem onstra ted  by 

Rudolph and Pau l (1957). An in c re a s e d  venous, r i g h t  a r t e r i a l  and 

pulmonary /
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pulmonary a r t e r i a l  p re s su re  and in c re a s e d  h e a r t  r a t e  and s tro k e  

volume were dem onstra ted  in  human b e in g s fo llo w in g  in tra v e n o u s  

a d m in is tra t io n  o f 5-hydroxytryp tam ine (B a ld r ig h i  and F e r r a r i ,

1955).

The v a s o c o n s tr ic t io n  fo llow ed  by v a s o d i la ta t io n  o f  th e  b lood  

v e s s e ls  o f th e  i s o l a t e d  h in d  le g  o f  th e  c a t  fo llo w in g  in je c t io n s  o f 

5 -hydroxytryp tam ine was dem onstra ted  by R eid  and Rand (1951) and R eid  

( 1932) .  Page ( 1934) has re p o r te d  th a t  5 -hydroxy tryp tam ine  i s  l e s s  

p o te n t th an  a d re n a lin e  on th e  b lood  v e s s e ls  o f  th e  r a b b i t  e a r .  Gaddum 

and Hameed (1934) have used  t h i s  p re p a ra t io n  ro u t in e ly  in  t h e i r  

s tu d ie s  on drug a n ta g o n is ts  to  5 -h y d roxy tryp tam ine . Haddy, F leishm an 

and Emanuel (1937) have shown th a t  a d re n a lin e  and n o ra d re n a lin e  caused  

c o n s t r ic t io n  o f th e  sm all v e s s e ls  o f th e  fo r e le g  o f th e  dog w h ile  5 - 

h y d ro x y tiy p t amine caused  d i l a t a t i o n .  However, 5-hydroxy tiy p ta m in e  

caused c o n s t r ic t io n  o f  th e  la rg e  a r t e r i e s  and v e in s .

E ffects of 5-hydroxytryptamine on respiration

The e f f e c t  o f  5-hydroxytryp tam ine on r e s p i r a t io n  v a r ie s  from 

one sp e c ie s  to  a n o th e r . Reid and Rand (1952) and R eid (1952) found 

th a t  in tra v en o u s  in je c t io n  o f 5-hydroxy tiy p ta m in e  in  th e  an aes

th e t i s e d  o a t w ith  i n t a c t  v a g i caused  a b r i e f  apnoea l a s t i n g  f o r  up 

to  30 seconds, fo llo w ed  by tachypnoe a  and a  sim u ltan eo u s b roncho - 

c o n s t r ic t io n .  /
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c o n s t r ic t io n ,  G-inzel and K ottegoda (1934) from t h e i r  experim ents 

on o a ts ,  believed th a t  th e  s tim u la tio n  of r e s p i r a t io n  was due to  

s t im u la tio n  o f chem oreoeptors and th e  r e s u l t in g  apnoea was of a 

c e n t r a l  o r ig in .  In  dogs and c a t s ,  th e  in je c t io n  o f ^-hydro%y- 

tryp tam ine  caused a t r a n s i t o i y  s tim u la tio n  of r e s p i r a t io n  fo llow ed  

in  h a l f  o f th e  anim als by a p e rio d  of apnoea (Douglas and Toh, 1932, 

1933; Heymans and Hey mans, 1933; Mott and P a in ta l ,  1933; Page, 

1932; and Schneider and Yonkman, 1934). There was however no 

agreem ent between th e  above workers w ith  reg a rd  to  th e  ex p la n a tio n  

o f th e  causes of th e se  phenomena.

The s tim u la n t a c tio n s  o f  5-hydroxytzyptam ine upon chem oreoeptors

D ire c t evidence f o r  a  s tim u la n t a c tio n  o f 3-hydroxytryp tam ine 

upon th e  chem oreoeptors has been p re se n te d  by McCubbin, G-reen, 

Salm oiragh i and Page (193&). Ih en  g iven  by in je c t io n  in  q u a n t i t ie s  

o f 12 /ug. in to  th e  common c a r o t id  a r te ry  of th e  p e n to b a rb ito n e -a n a e s

th e t i s e d  dog, 3-hydroxytryp tam ine caused a pronounced in c re a s e  in  th e  

frequency  of chem oreceptor im pulses in  th e  c a r o t id  a r te r y  s in u s  nerve, 

This e f f e c t  does n o t on ly  account f o r  th e  hyperpnoea b u t a lso  f o r  

the p re s s o r  e f f e c t  o f  3 -hydroxytryp tam ine , Sm all doses o f 3- 

hydroxytryptam ine f a i l  to  s tim u la te  r e s p i r a t io n  u n le s s  th e  drug 

reaches /
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reach es th e  chem oreoeptors. A f te r  s e c t io n  o f  the  vagus n e rv e , 

much la r g e r  doses (60 to  120 /ug. ) o f  5-hydroxy tiyp tam ine  caused 

reappearance of th e  r e s p i r a to r y  response  which was assumed to  

depend on a  c e n t r a l  mechanism. R ecen tly  Braun and S te m  ( 196I )  

have re p o r te d  th a t  i n  the  a n a e s th e t is e d  ”open c h e s t” dog, la rg e  

doses of 3-hydroxytlyp tam ine  (200 ^ g .  p e r  kg. ) a d m in is te re d  in to  

th e  fem oral v e in , r i g h t  h e a r t ,  pulmonary a r t e r y ,  l e f t  h e a r t ,  

ascend ing  a o r ta  or common c a r o t id  a r t e r i e s ,  caused a marked p re s s o r  

response  in  th e  sy stem ic  c i r c u la t io n .  They su g g ested  th a t  th e  

system ic  p re s so r  response and th e  r i s e  o f bo th  pulmonary a r t e r i a l  

and venous p re ssu re  was due to  chem oreceptor s t im u la tio n .

The a n t i  d iu r e t ic  e f f e c t  o f 5-hydroxy t i y p t  amine

Erspam er and O tto le n g h i (1930, 1931, 1932, a ,b ,c )  in v e s tig a te d  

in  d e ta i l  th e  e f f e c t  o f 3-hydroxy tryp tam ine  on th e  k idney .

Erspam er (1933) concluded th a t  th e  a n t id iu r e t i c  e f f e c t  of 5- 

hydroxytiyptam ine was due to  p r e f e r e n t i a l  v a s o c o n s tr ic t io n  o f the  

a f f e r e n t  g lom eru la r a r t e r i o l e s  and c o n s id e re d  3-hydroxy tryp tam ine  

to  be a hormone designed  f o r  th e  p h y s io lo g ic a l  r e g u la tio n  o f r e n a l  

fu n c tio n . P ic k fo rd  (1 9 3 7 ), re p o r t in g  on h e r  work w ith  Abrahams 

( 1956) ,  s t a te d  th a t  in  conscious dogs th e re  was an a n t id iu r e t io  

e f f e c t  /
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e ffe c t  following administration of 5-hydrozytryptainine. Recently, 

Goran Boj*s ( I 96I )  reported that 3-hydroxytiyptamine infusion in  

normal human beings caused antid iuresis and decreased excretion of 

sodium in the urine.

The role of 3-hydroxytryptamine in  the central nervous system

At the present time, the precise role of 5-hydroxytryptamine in  

the central nervous system is  by no means c lear , and a number of 

complicated and often con flictin g  theories have been advanced. The 

idea that 5-hydroxytiyptamine was involved in  the control of normal 

mental function seems to have arisen from three arguments. F ir s t ly ,  

the fa ct that 5-hydroxy try pt amine i s  present in the brain as was 

shown by Twarog and Page (1933) gave r ise  to  the assumption that i t  

played a v i ta l  role there; secondly, on the basis that compounds 

knovm to act peripherally as antagonists to 5-hydroxytryptamine, 

showed central actions (Woolley and Shaw, 1954a,b; G-addum, 1953h), 

and th ird ly , Marrazzi and Hart's (1955) finding that substances with 

psychotomimetic, a c tiv ity  seemed to  have the common property of 

impeding ganglionic transmission. Whether 5-hydro:^tryptamine has 

any function in  the central nervous system or not is  s t i l l  in  d is

pute, but experimental evidence strongly suggests that i t  may have.

G-addum /
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Saddam (1953^) observed that lyserg io  aold diethylamide was a 

h i^ ily  potent and sp ec if ic  3-hydroxytryptamine antagonist on the 

iso la te d  rat uterus and he suggested that the hallacinogenic  

action of ly serg ic  acid diethylamide might be due to  interference  

with the action of 5-hydroxytryptamine in  the brain. He pointed 

out ( 1957b) that i t  was d if f ic u lt  to  find  d efin ite  evidence for or 

against th is  theory. Woolley and Shaw ( 1954a) have suggested 

that substances which antagonized 5-hydroxytiyptamine caused 

"mental aberrations". Gaddum and Togt (195^) found that the 

depressant action of 5-bydrozytryptamine in  the brain of cats was 

antagonized by ly serg ic  acid diethylamide (F ig . 3 , pago 20), 

ergometrine, morphine, methadone and amphetamine, but 2-bromo- 

ly serg ic  acid diethylamide (F ig . 3$ P&go 20), 5-benzyloxygramine 

or l,2-dim ethyl-3-ethyl-5-dim ethylam ino indole (methyl medmain,

Fig. 3 t  page 20) were without such an e f fe c t  although th ^  showed 

strong antagonism in  peripheral t is su e s . They therefore concluded 

that the central actions were probably unrelated to  the sp e c if ic  

antagonism of 5-hydroxytiyptamine by ly serg ic  acid diethylamide on 

peripheral t is su e s . Vogt (1957) has postulated that the antagon

i s t i c  e f fe c t  of 5-hydroxytiyptamine and ly serg ic  acid diethylamide 

on behaviour depends on the se le c tiv e  sen s itisa tio n  or in h ib ition  

of a ch aracteristic  group of centres by each drug and not on simple

interaction /
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i n te r a c t io n  by com petition  f o r  th e  same re c e p to rs  w ith in  th e  b r a in .  

M arrazzi and H art (1933) from the  study o f c e re b ra l  sy n a p tic  t r a n s 

m ission  u sin g  th e  t r a n s c a l lo s a l  p re p a ra tio n  of th e  o p tic  c o rte x  of 

th e  c a t ,  found th a t  5 -hydroxy tiyp tam ine , l ik e  a d re n a lin e  and n o r

a d re n a l in e , b locked sy n a p tic  tra n sm iss io n . I t  was a c tu a l ly  th e  

most a c t iv e  o f the  sy n a p tic  in h ib i to r s  t e s te d .  Gluckman, H art and 

M arrazzi (1937) re p o r te d  th a t  th e  c e re b ra l  sy n ap tic  in h ib i to r y  

a c t i v i t y  o f 5-hydroxytiyptam ine was more pow erful than  th a t  o f 

a d re n a l in e .

R eceptor Theory

The r e la t io n s h ip  between chem ical s t r u c tu r e  and b io lo g ic a l  

a c t iv i t y  has always been a to p ic  o f much i n t e r e s t  and has long been 

the  su b je c t o f ex ten siv e  chem ical and pharm aco log ica l in v e s tig a t io n .

Compounds e x h ib it in g  b io lo g ic a l  a c t iv i t y  may co n v en ien tly  be 

d iv id e d  in to  two c la s s e s ,  th e  s t r u c tu r a l l y  s p e c i f ic  and th e  

s t r u c tu r a l l y  n o n -sp e c if ic  (B eck e tt and Casy, 1933; In g , 1939), b u t 

th e re  i s  no h a rd  and f a s t  l in e  o f dem arcation between th e se  groups - 

one group merging in to  th e  o th e r  by v;ay o f compounds e x h ib it in g  

in te rm ed ia to ry  p ro p e r t ie s  (M artin-Sm ith  and R e id , 1939). I t  i s  

c le a r  th a t  c e r ta in  drugs owe t h e i r  pharm aco log ica l p ro p e r t ie s  to  

the /
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th e  p o ssess io n  of chem ical groupings which enab le  them to  r e a c t  w ith  

re c e p to r s .  The id e a  th a t  drugs e x e r t  t h e i r  a c t io n  by in te r a c t in g  

w ith  c e r ta in  re c e p to rs  in  th e  t i s s u e s  has been w idely  a cc ep ted .

The re c e p to r  th eo ry  in  i t s  o r ig in a l  form i s  due to  E h r lic h ,

S h r l i c h 's  th eo ry  of th e  presence of r e a c t iv e  chem ical groupings in  

c e l l s  and of s im ila r  r e a c t iv e  groupings in  th e  m olecules o f drugs 

was a g re a t  advance and much o f th e  p re se n t-d a y  re c e p to r  th eo ry  i s  

based  upon a m odified  form of i t .  E h r lic h  and M orgenroth ( I 910) 

dGfined a re c e p to r  a s ;  " th a t  combining o f th e  p ro to p lasm ic  m olecule 

to  which a fo re ig n  group, when in tro d u c ed , a t ta c h e s  i t s e l f " .

E h rlic h  p o s tu la te d  th a t  re c e p to rs  were sm a ll, chem ically  d e fin e d  

a reas which gave a b io lo g ic a l  response upon u n i t in g  w ith  c e r ta in  

chem ically  complementary a re a s  of n a tu r a l  o r  f o re ig n  m olecu les. 

H istam ine and a n tih is ta m in e  antagonism  and th e  antagonism  between 

a ce ty lc h o lin e  and a tro p in e  a re  good examples o f  s p e c i f ic  drug 

e f f e c t s .  But th e  a c tio n s  of v o l a t i l e  a n a e s th e t ic s  such as e th e r  

and chloroform  are  n o t due to  th e  p o ssess io n  o f s p e c i f ic  chem ical 

g roupings; th ey  a re  due to  t h e i r  power of p e n e tr a t io n  in to  th e  

c e n tr a l  nervous system , and th ey  produce t h e i r  a n a e s th e t ic  e f f e c t s  

when a c e r ta in  th re s h o ld  c o n c e n tra tio n  i s  reach ed . The a b i l i t y  

which s t r u c tu r a l ly  n o n -s p e c if ic  su b stan ces p o ssess  o f accum ulating 

in  c e r ta in  c e l ls  i s  due to  the  p o sse ss io n  o f c e r t a in  physicochem ical 

p ro p e r t ie s .  /
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p r o p e r t ie s .  The th e o ry  o f O verton and Meyor ( I 9OI) o f  th e  mode o f  

a c tio n  o f g e n e ra l a n a e s th e t ic s  may be re g a rd ed  as th e  f i r s t  re a so n a b ly  

s u b s ta n t ia te d  physicochem ical th eo ry  o f  drug a c t io n .  The O verton and 

Meyor concept of n a rc o t ic  a c t i v i t y  was b ased  upon th e  o b se rv a tio n  

th a t  many n a rc o t ic s  were more so lu b le  in  o i l s  and l i p i d s  th an  in  

w a te r . I t  s t a t e s  th a t  th e re  i s  a d i r e c t  p a ra l le l is m  betw een th e  

a f f i n i t y  o f an a n a e s th e t ic  f o r  l i p i d  and i t s  d e p re ssa n t a c t io n  

upon the c e n t r a l  nervous system . T his concep t hsLS been fo rm u la ted  

as a r a t i o  known as th e  o i l - w a te r  p a r t i t i o n  c o e f f i c i e n t .  Traube 

( 1904) c o r r e la te d  n a rc o t ic  potency w ith  th e  a b i l i t y  to  low er su rfa c e  

te n s io n  a t  an a i r - w a te r  in te r f a c e .  T h is p ro p e r ty  o f a n a e s th e t ic s  

may account f o r  th e  accum ulation  o f drugs on c e l l  s u r f a c e s , b u t 

does n o t e x p la in  t h e i r  d e p re ssan t a c t io n .  I n  many o f th e se  

in v e s t ig a t io n s ,  th e  c o n c e n tra tio n s  were m easured e i t h e r  in  s o lu t io n  

o r in  the  su rro u n d in g  atm osphere, so t h a t  th ey  were in  no case  

m easured in  th e  c e n tre s  d i r e c t ly  a f f e c te d .  In  1939, Ferguson 

in tro d u c ed  a method o f com parison which e lim in a te d  e n t i r e ly  th e  

d is tu rb in g  e f f e c t  o f phase d i s t r ib u t io n .  In s te a d  o f  m easuring con

c e n t r a t io n s ,  th e  chem ical p o te n t ia l s  o f  th e  su b stan ce  in  a phase which 

i s  in  e q u ilib riu m  w ith  t h a t  phase which i s  th e  s e a t  o f th e  pharmaco

lo g ic a l  a c t io n ,  a re  c a lc u la te d .  According to  F erguson , i f  an e q u i l ib 

rium  e x i s t s ,  th e  chem ical p o te n t ia l  o f th e  to x ic  substance  must be 

th e  same in  a l l  th e  phases p a rta k in g  in  th e  e q u il ib r iu m . I t  seems 

t h a t  /
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t h a t  compounds which a re  com pletely  n o n -s p e c if ic  e x e r t  t h e i r  b io 

lo g ic a l  a c t i v i t y  by v i r tu e  of fav o u rab le  p h y s ic a l  p ro p e r t ie s  

acco rd ing  to  F e rg u so n 's  p r in c ip le  and t h e i r  b io lo g ic a l  a c t iv i t y  

i s  independent o f t h e i r  fu n c tio n a l groups and s te re o c h e m is tiy .

Compounds a c t in g  by s t r u c tu r a l ly  s p e c i f i c  mechanisms a re  con

s id e re d  to  i n te r a c t  w ith  h y p o th e tic a l re c e p to rs  form ing a d rug- 

r e c e p to r  complex. V ery l i t t l e  i s  known concerning  th e  in tim a te  

n a tu re  o f drug re c e p to rs  and indeed they  may n o t be p h y s ic a lly  

d i s c r e te  e n t i t i e s .  However, a number o f a ttem p ts  have been made 

to  deduce t h e i r  shape and e l e c t r i c a l  charge d i s t r ib u t io n  in  th e  

b e l i e f  t h a t  th e se  c h a r a c te r i s t i c s  e x i s t .  Van Rossum and A riens 

( 1937) c o n s id e r  d ru g -re c e p to r  in te r a c t io n  to  in v o lv e  a  g e n e ra l 

in te r a c t io n  o f f i e l d s  o f fo rce  in  which e l e c t r o s t a t i c  and van d e r  

W aal's fo rc e s  p lay  a  dominant r o le .  N othing i s  s a id ,  however, o f 

th e  n a tu re  o f the  re c e p to r .  O ther w orkers re g a rd  th e  re c e p to r  as 

a volume in  space which i s  d e fin ed  by th e  su rfa c e  o f enzymes, co

enzymes and m e ta l l ic  io n s  and so they  th in k  th a t  drugs e x e r t  t h e i r  

a c tio n s  p r im a r ily  on enzyme systems (M artin -S m ith  and R e id , 1959). 

Although i t  i s  w e l l- e s ta b l is h e d  th a t  many drugs a c t  by in te r f e r in g  

w ith  enzym atic p ro cess  ( e . g . , a n t ic h o l in e s te r a s e s ,  monoamine 

oxidase i n h ib i t o r s ,  e t c . ) ,  i t  i s  dangerous to  c re a te  th e  g e n e ra l

i s a t io n  th a t  a l l  drugs do so . For in s ta n c e , Katz (193^) b e lie v e s  

th a t  /
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that neuromuscular blocking agents exert th e ir  actions a non- 

enzymatic process a lth ou ^  Welsh (1949) and D r ill (1958) suggest 

that an enzyme i s  involved. Another school of thought pictures 

the receptor as a physical unit possessing shape and e le c tr ic  

charges complementazy to those of the most active drug mole

cule* Examples of th is  approach are afforded by the work of 

Lands (1951) ; Long, Luduena, Tullar and Lands (1956); Beckett

( 1956); Beckett, Casy, Harper and P h illip s , (1956); Beckett, 

Casy and Harder (1956); and Beckett, Harper, Clitherow 

and Lesser (196I )  on the muscarinic receptor and on the 

morphine receptors.

Another point of view i s  the "induced f it"  theoiy in  which 

i t  i s  postulated that the receptor changes i t s  ch aracteristics  

at the demand of a drug molecule (Koshland, 1958). Recently, 

Waser ( I 96O) has suggested that the receptor s i t e s  have a 

d efin ite  three dimensional structure and described a model 

of the cholinergic receptor.

The picture i s  somewhat complicated, however, by the fact  

that there are at le a s t  three s ite s  at which the metabolite 

may be involved and the analogue could conceivably act at only 

one /
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one of these or at any combination of them. F ir s t ly , the 

analogue could act by releasing the metabolite from i t s  bound 

in active form. Secondly, the metabolite may exert i t s  action  

at the receptor s i t e  proper. Thirdly, there i s  the s it e  at 

which the metabolite i s  destroyed. When there i s  more than 

one s it e  of action , i t  i s  possib le that the receptors involved  

in  each case may be somewhat d ifferen t in  character. For 

example, G-addum and Hameed, 1954, sud 6-addum and P icE irelli, 

1957, postulated that there were two receptors fo r  tiyptamine 

in  the guinea pig ileum. Such variations in  the nature of 

receptors could create d ifferent values for the in tr in s ic  

a ctiv ity  and the a f f in ity  of the antim etabolite at each s i t e .

In such cases, the antimetabolite m i^ t mimic i t s  natural 

analogue at one s i t e ,  in h ib it i t  at another and act in  a 

to ta lly  d ifferen t way at a th ird . A new compound designed as 

an anologue of a sp ec ific  metabolite might exert a completely 

unexpected form of b io lo g ica l a c tiv ity  due to i t s  a b ility  to  

act upon a to ta lly  d ifferen t se t  o f receptors in  the organism.

The in tentional design of drug molecules capable of acting  

as antim etabolites i s  now a w ell estab lished  procedure and one 

of the most successfu l approaches so fa r , i s  the preparation of 

compounds /
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compounds b e a r in g  an i s o s t e r i c  r e l a t i o n s h ip  to  th e  m e ta b o li te  i n  

q u e s t io n . T h is r e q u i r e s  s u b s t i t u t io n  o f  one atom o r  group o f  

atom s in  th e  p a re n t  compound f o r  a n o th e r  w ith  a  s im i la r  e le c t r o n ic  

and s t e r i c  c o n f ig u ra t io n .  Such i s o s t e r e s  w i l l  have s im ila r  

s t e r i c  and e le c t r o n ic  p r o p e r t i e s  and p o sse s s  m o lecu la r w e ig h ts  o f  

th e  same o rd e r  o f  m agnitude and so can be expec ted  to  have v e ry  

s im ila r  s o l u b i l i t i e s .  S ince  1919, when Langmuir f i r s t  in tro d u c e d  

th e  term  i s o s te r is m ,  th e  concep t h as  been developed and expeinded 

by th e  work o f  many o th e r s  a s  w e ll a s  by th e  fo rm u la tio n  o f  new 

id e a s  o f s t r u c tu r e  and r e a c t i v i t y .  E rlenm eyer and B erger (1932) 

Eind E rlenm eyer, B erger and Leo (1933) d em onstra ted  th e  s e r o lo g ic a l  

s i m i l a r i t i e s  o f  v a r io u s  i s o s t e r i c  a tom s. They showed t h a t  th e  

i s o s t e r e s ,  4-sm iinodiphenylam ine and 4-suninodiphenyl e th e r  had 

s im ila r  a n t ig e n ic  a c t i v i t y .  I t  i s  from t h i s  e a r ly  work t h a t  th e  

concept o f  b io is o s te r is m  h as a r i s e n .  The id e a  t h a t  i s o s t e r e s  

should  p o sse ss  s im ila r  b io lo g ic a l  p r o p e r t i e s  to  th o se  o f  t h e i r  

n a tu r a l  ana logues i s  in h e re n t  i n  th e  term  " b io is o s te r is m "  i n t r o 

duced by Friedm an (1951)• T h is te rm  co v ers  th e  case  where an 

i s o s t e r e  opposes th e  a c t io n  o f  a m e ta b o li te  as w e ll a s  t h a t  vdaere 

i t  mimics o r  i n t e n s i f i e s  i t ,  depending  upon th e  i n t r i n s i c  a c t i v i t y  

and th e  a f f i n i t y  o f  th e  i s o s t e r e s  f o r  th e  r e c e p to r s .

5 -H ydroxytryptam ine r e c e p to r s

R ocha/
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Rocha e S i lv a ,  V a lle  and P i c a r e l l i  (1953) s tu d ie d  th e  a c t io n s  o f  

5-hydroxy tiy p tam in e  on th e  i s o l a t e d  gu inea  p ig  ileum  and compared 

them w ith  th o se  o f a d re n a l in e , p i lo c a r p in e ,  hexaméthonium, tu b o - 

c u ra r in e , h is ta m in e  and a c e ty lc h o l in e .  They showed t h a t  5-hydroxy- 

tiy p tam in e  a c te d  on re c e p to rs  which were d i s t i n c t  from  th o se  f o r  

h is ta m in e , a c e ty lc h o lin e  and p i lo c a rp in e .  They su g g ested  t h a t  5“ 

hydroxyt ry p t amine a c te d  upon th e  p o s t-g a n g lio n ic  c h o lin e rg ic  f ib r e s  

o f th e  in tra m u ra l  nervous system  o f th e  g u in ea  p ig  ileum . These 

f in d in g s  p rov ide  a  b a s i s  f o r  th e  p o s s ib le  e x is te n c e  o f pharm aco log ica lly  

d i f f e r e n t  5 -hydroxy tryp tam ine  re c e p to r  s i t e s  in  d i f f e r e n t  o rg an s .

5 -hydroxy tryp tam ine  r e c e p to r s ,  l ik e  o th e r  t i s s u e  r e c e p to r s ,  

can be in v e s t ig a te d  e i t h e r  by u s in g  a  v a r ie ty  o f  a n ta g o n is ts  o r  by 

employing s t im u la n t  drugs s t r u c tu r a l l y  r e l a te d  t o  th e  a g o n is t .

Knowledge of the properties of 5-hydroxytryptamine receptors and 

their blockade i s  based upon the study of simple iso la ted  tissu e  

preparations such as the rat uterus, guinea pig ileum, rabbit ear 

vessels and the rat fundus s tr ip . G-addum and Hameed (1954) 

suggested the existence of two kinds of receptors; one in  the plain  

muscle of the rat uterus and the rabbit ear v e s se ls , which was 

ea sily  blocked by lyserg ic  acid diethylamide, gramine or dihydro- 

ergotamine and another in  the in te stin e  of the guinea pig which was 

not ea sily  blocked by these drugs. G-addum and P ic a r e lli  (1957) 

continued /
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con tinued  t h i s  in v e s t ig a t io n  and dem onstra ted  t h a t  th e re  were two 

k inds of tiy p tam in e  re c e p to rs  in  th e  gu inea  p ig  ileum , namely th e  

M-re cep to r s  which could  he b locked  w ith  m oiphine, a tro p in e , cocaine  

and methadone and th e  D -re ce p to rs  which cou ld  be b locked  w ith  

d ib en zy len e , ly s e r g ic  a c id  d ie th y lam id e , d ihydroergotam ine and 5- 

benzyloxygram ine. These w orkers su g g ested  th a t  th e  M -recep to rs 

were p robab ly  in  th e  nervous t i s s u e s  and th e  D -re ce p to rs  were 

p robab ly  in  th e  m uscular t i s s u e s  o f  th e  ileum . T rendelenburg

( 1957) has p re se n te d  evidence f o r  th e  p resence  of 5-hydroxy- 

tiy p tam in e  re c e p to rs  in  the  s u p e r io r  c e r v ic a l  gan g lio n  of th e  c a t .  

T rendelenburg  ( I 960) has a lso  s tu d ie d  th e  e f f e c t s  o f 5-hydroxy

tryp tam ine  and h is tam in e  on th e  i s o la t e d  a t r i a  o f the  c a t ,  r a b b i t  

and gu inea  p ig  in  o rd e r  to  in v e s t ig a te  th e  p resence  o f 5-bydroxy- 

tryp tam ine  re c e p to r  s i t e s .  He found  th a t  ly s e r g ic  a c id  

d ie thy lam ide  b locked  th e  d i r e c t  s t im u la n t response  to  5-hydroxy- 

tryp tam ine  on th e  i s o la t e d  c a t  a t r i a  and su g g ested  th a t  th e  a t r i a l  

re c e p to rs  f o r  5 -hydroxy tiyp tam ine  were s im i la r  to  th e  D -recep to rs  

of th e  gu inea  p ig  ileum . H e r tz le r  (1961) from experim ents upon 

r a t  sym pathetic  g a n g lia , has dem onstra ted  t h a t  low c o n c e n tra tio n s  

of 5-hy d r oxy t  ry p t amine (1 .3  % 10 ^M) reduced  th e  th re s h o ld  of th e  

p o s t-g a n g lio n ic  response  to  p re -g a n g lio n ic  s t im u la tio n  and caused 

an in c re a s e  in  th e  am plitude of the  p o s t-g a n g lio n ic  response

evoked /
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evoked by submaximal p re g a n g lio n ic  s t im u la t io n .  3-bydroxy- 

tryp tam ine  had no e f f e c t  on d i r e c t  (n o n -sy n a p tic )  nerve  f i b r e  

tra n sm iss io n . H e r tz le r  ( l9 6 l )  suggested  t h a t  5 -hydroxy tiyp tam ine  

f a c i l i t a t e d  sy n a p tic  tra n sm iss io n  in  th e  sym pathe tic  g a n g lia  o f 

th e  r a t ,  B in d le r  and Gyermek ( 196I )  s tu d ie d  th e  e f f e c t s  o f 

v a rio u s  a n ta g o n is ts  o f 5-hydroxy tiyp tam ine  on th e  i n f e r i o r  

m esen teric  gang lion  o f th e  a n a e s th e t is e d  c a t .  A lthough th e  

r e s u l t s  of th e se  experim ents in d ic a te d  th e  e x is te n c e  of s p e c i f ic  

5-hydroxytryptam ine re c e p to r  s i t e s  in  th e  sym pathetic  g a n g lia ,  

th ese  re c e p to rs  d id  n o t in  t h i s  case seem to  be th e  same as the  

M -reoeptors o f th e  gu inea  p ig  ileum .

The n a tu re  o f the  5 -hydroxytiyp tam ine re c e p to rs  can a ls o  be 

analysed  by u s in g  s t r u c tu r a l  analogues o f 5-h y d ro x y tiy p tam in e . 

Barlow and Khan ( 1959c) found t h a t  the  a c t io n s  o f analogues o f 

5-hydroxytryptam ine on th e  d ib e n z y le n e -s e n s it iv e  re c e p to rs  o f th e  

guinea p ig  ileum  resem bled t h e i r  a c tio n s  on th e  r a t  u te m s  and the  

a c tio n s  on th e  m o rp h in e -se n s itiv e  re c e p to rs  s l i g h t l y  resem bled 

those on th e  r a t  fundus s t r i p .  Vane (1959) re p o r te d  t h a t  mono

amine oxidase  i n h ib i to r s ,  e . g . , ip ro n ia z id ,  p o te n t ia te d  th e  a c tio n s  

of tryp tam ine  and many o f  i t s  analogues on th e  i s o la te d  r a t  fundus 

p re p a ra tio n , b u t n o t th e  a c tio n  of 5-h y d ro x y tiy p tam in e . T his 
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o b se rv a tio n  su g g ested  th a t  th e  tiy p tam in e  e n te re d  th e  c e l l s  and th e  

5-hydroxytryp tam ine d id  n o t .

S tim u la n t analogues o f 5-hydroxy tiy p tam in e

Tiyptam ine and 5-hy d r  oxyt ly  p t  amine have been shown to  have 

s im i la r  pharm aco log ica l p ro p e r t ie s  excep t t h a t  tiy p ta m in e  f a i l e d  to  

r e le a s e  a d re n a lin e  from th e  a d ren a l m edulla vdien in je c te d  in to  th e  

a r t e r i a l  supp ly  o f th e  su p ra re n a l g lan d . Both th e se  su b s ta n c es  

caused c o n tra c t io n  o f th e  i s o la t e d  gu inea p ig  i n t e s t i n e  and r a t  

u te ru s  and caused  a r i s e  in  th e  system ic  a r t e r i a l  b lood  p re s su re  in  

the  c a t  which was reduced  by yohimbine (R e id , 1951; R eid  and Rand, 

1951) .  T h is e f f e c t  o f yohimbine in  reduc ing  th e  p re s s o r  response  

to  tiy p ta m in e  was observed  as e a r ly  as 1941 by Raymond^Hamet.

Because try p tam in e  resem bles 5-hydroxy tiy p tam in e  in  s e v e ra l  pharma

c o lo g ic a l  t e s t s  (Gaddum, 1953&; and Page, 1952) th e  view a ro se  t h a t  

the  two ch em ica lly  r e l a te d  compounds a c te d  on th e  same r e c e p to r s .

But W oolley and 8ha?f (1953a) showed th a t  in  th e  sheep c a r o t id  

a r te r y  r in g  t e s t ,  th e  tiy p tam in e  re c e p to rs  cou ld  be d e s tro y e d  w hile  

the  5-hydroxy tiy p tam in e  re c e p to rs  rem ained. In  experim en ts on th e  

b lood p re s su re  o f a n a e s th e t is e d  c a t s ,  W oolley and Shaw (1957b) 

ob ta ined  f u r th e r  ev idence th a t  5 -hydroxy tiyp tam ine  and tiy p tam in e  

a c ted  on se p a ra te  r e c e p to r s .  Two su b s ta n c e s , l - b e n z y l- 2 ,

5"d im e th y l- /



32.

3-d im ethy l-5 -hydroxy tryp tam ine  (BAS) and l-b e n z y l-2 -m e th y l-5 -  

hydroxytryptam ine ( BAS-phenol ) ,  b lo ck ed  th e  p re s s o r  e f f e c t s  o f 

3-hydroxytryptam ine in  th e  a n a e s th e t is e d  dog w ith o u t a f f e c t in g  th e  

response to  tiy p ta m in e . Vane ( 1959) has re p o r te d  t h a t  mono-amine 

ox idase  in h ib i to r s  p o te n t ia te d  th e  a c t io n s  o f tiy p ta m in e  and many 

o f  i t s  analogues on th e  i s o la t e d  r a t  fundus s t r i p  p re p a ra t io n  b u t 

had  no e f f e c t  on th e  a c t io n s  of 5-hydroxy tiyp tam ine  o r  o th e r  

hydroxytiyp tam ines and sug g ested  th a t  in  i s o la te d  organs th e  mono

amine oxidase was un ab le  to  in a c t iv a te  3-bydroxy tryp tam lne  b u t  cou ld  

in a c t iv a te  try p ta m in e , 5-m ethoxytryptam ine and many o th e r  r e l a te d  

compounds. He supposed th a t  tiy p tam in e  e n te re d  th e  c e l l  whereas 

3-hydroxy tryp tam ine  and th e  o th e r  compounds co u ld  n o t do so because 

o f the  p resence  of a p o la r  hydroxyl group in  th e  m olecu le .

Chen and Chen (1933) have shown th a t  N -tr im e th y l tiy p tam in e  was 

v e ry  a c tiv e  in  r a i s in g  th e  b lood  p re s su re  of th e  d e c e re b ra te  c a t  and 

N-methyl tiy p tam in e  was l e s s  a c t iv e .

N -dim ethyl-5-hydroxy tiy p tam in e  (b u fo te n in e )  has been s tu d ie d  by 

v a rio u s  w orkers. A ccording to  Erspam er (1 9 5 4 ), th e  s tim u la n t 

a c t iv i t y  of b u fo ten in e  i s  l e s s  th an  th a t  o f 5-hydroxy tiy p ta m in e  on 

th e  r a t  u te r u s .  Gaddum and h is  a s s o c ia te s  ( 1955) have compared 

th e  a c t iv i t y  of b u fo te n in e  and c in o b u fo ten in e  w ith  t h a t  o f  5 - 

hydroxytryptam ine /
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3-hydroxy tryp tam ine  on th e  r a t  u te ru s  and on th e  gu inea  p ig  ileum  

and found th a t  they  were l e s s  a c t iv e  th an  5-h y d ro x y try p tam in e . 

Eaymond-Hamet (1943) has shown th a t  th e  p r e s s o r  e f f e c t  o f c in o 

bu f o ten in e  in  dogs was b lo ck ed  by yohim bine. I t  has been re p o r te d  

(Fabing  and Hawkins, 1956) th a t  h a l lu c in a t io n s  were caused  in  man 

by b u fo te n in e . E v a r ts ,  Landau, Freygang and M arsh a ll (1955) have 

re p o r te d  t h a t  in  th e  monkey, in tra v e n o u s  in je c t io n  o f b u fo te n in e  and 

ly s e r g ic  a c id  d ie th y lam id e  produced a syndrome c h a r a c te r is e d  by a 

decrease  o r absence o f th e  response  to  v i s u a l  s t im u l i  w ith o u t any 

g ro ss  e f f e c t  upon m uscular power. S za ra  (1956 , 1957) h as  shown t h a t  

N ,N -dim ethyl tryp tam ine  and N ,N -d ie th y ltry p ta m in e  produce p sy c h o s is 

l ik e  e f f e c t s  in  man somewhat s im ila r  to  th o se  caused  by m escaline  and 

ly s e r g ic  a c id  d ie th y lam id e . The most o u ts ta n d in g  d if fe re n c e  was in  

the  o n se t o f  symptoms. In  th e  case  o f th e  try p ta m in e  d e r iv a t iv e s ,  

the  o n se t was q u ick e r th an  when th e  o th e r  two su b s tan ces  were u sed . 

Both th e  d e r iv a tiv e s  o f try p tam in e  caused  cho re ifo rm  a th e to id  move

m ents. The p s y c h o s is - l ik e  e f f e c t  o f  th e  tiy p ta m in e  d e r iv a t iv e s  

su p p o rts  th e  id e a  t h a t  sc h iz o p h re n ia  may be th e  r e s u l t  o f abnormal 

m etabolism  o f in d o lic  compounds in  th e  boo^.

Very r e c e n t ly ,  B e r ta c c in i  and Zamboni ( I 96I ) ,  who s tu d ie d  78 

analogues o f tiy p tam in e  and 5-h y d ro x y try p tam in e , have r e p o r te d  t h a t  

5-hydroxy-N -m ethyltryptam ine was a v e ry  p o te n t s t im u la n t  compound b u t

was /



34.

was weaker than  5-hydroxytryptam ine on th e  i s o l a t e d  gu inea  p ig  

ileum  and r a t  u te r u s .

The s im p le s t t r u e  in d o le  a lk a lo id  i s  gram ine. In  1932 and 

1933, E u le r  and H ells tro m  d isco v ered  th e  p resence  o f  an in d o le  

a lk a lo id  during  an in v e s t ig a t io n  o f a lb in o  m utants o f b a r le y  and 

i s o l a t e d  i t  in  a c r y s ta l l in e  form . L a te r ,  ho7;ever, i t  was 

d e te c te d  in  norm al b a r le y  and named gram ine by E u le r , H e lls tro m  

and L ofgren (1935). T his compound was f i r s t  sy n th e s iz e d  by 

Y/ieland and Hsing (1936) who e s ta b l is h e d  th a t  i t  was 5-<il2iethyl 

am inoindole . The pharm aco log ica l p r o p e r t ie s  o f gramine were 

s tu d ie d  by Supniew ski and Serafinow na (1937) who re p o r te d  t h a t  in  

sm all doses i t  e x c ite d  th e  c e n t r a l  nervous system  (ca u s in g  c lo n ic  

convu lsions and s tim u la tio n  of th e  r e s p i r a to r y  c e n t r e ) ;  la rg e  

doses caused p a ra ly s is  in  mammals w ith  death  a p p a ren tly  due to  

r e s p i r a to r y  f a i l u r e .  There was a low ering  o f th e  b lood  p re s su re  

due to  a d e p re ssa n t a c tio n  on th e  h e a r t .  The d ep re ssan t e f f e c t  

on th e  i s o la t e d  f ro g  h e a r t  ?/as a n tag o n ised  by a tro p in e .  Very 

d i lu te  s o lu t io n s  ( l  in  20,000) produced c o n tra c t io n s  o f th e  i s o la t e d  

u te ru s  vfhich v;ere suppressed  by a tro p in e . Raymond-Hamet (1937) 

has dem onstra ted  v a r ia b le  responses to  gram ine on th e  b lo o d  p re s su re  

of the  a n a e s th e t is e d  c a t .  Pow ell and Chen (1945) showed th a t  sm all 

doses o f gramine r a i s e d  th e  b lood  p re s su re  in  th e  a n a e s th e t is e d  c a t  

b u t /
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b u t l a r g e r  doses (30 to  40 m g./kg . ) low ered i t ,  c a u s in g , how ever, a 

secondary  r i s e .  In  g e n e ra l ,  i t  s t im u la te d  smooth m usc le , b u t th e  

tonus and movements o f th e  r a b b i t  i n t e s t i n e  were red u ced  and in h ib i t e d .  

I t  a ls o  reduced th e  e f f e c t  o f a d re n a lin e  on th e  b lood  p re s s u re ,  on 

i n t e s t i n a l  movements and on c o n tra c t io n s  o f  th e  i s o l a t e d  u te r u s .

A part from th e  s y n th e tic  d e r iv a tiv e s  o f  gramine which behave as 5 -  

hydroxy try p tam in e  a n ta g o n is ts ,  o th e r s ,  in c lu d in g  3- (  p ip e r id y l- (N  ) -  

m e th y l)- in d o le  and r e la te d  compounds have proved  to  b e  o x y to c ics  

(De Jongh end Proosdij-Haxtzema, 1952). I t  has been  shown th a t  

some o f  th e  gramine d e r iv a t iv e s  p o ssess  lo c a l  a n a e s th e t ic  p ro p e r t ie s  

(Erdtm an and L ofg ren , 1937).

P harm aco log ica l a n ta g o n is ts  o f 5 -hydroxytryp tam ine

I n  a ttem p ts  to  u n d e rs tan d  th e  p re c is e  r o le  o f 5 -hydroxy tryp tam ine , 

a la rg e  number o f 5-hydroxy tryp tam ine  a n ta g o n is ts  have been sy n th e 

s iz e d  du ring  th e  p a s t  few y e a r s .  However, none o f  th e  a n ta g o n is ts  

so f a r  a v a i la b le  has been of v a lu e  in  th e  tre a tm e n t o f  p a t i e n t s  w ith  

m alignan t 5-hydroxy tryp tam ine-p roduc ing  c a rc in o id s ,  a lth o u g h  such 

compounds a re  a c t iv e  on i s o la t e d  t i s s u e  p re p a ra t io n s  where th ey  

show a h ig h  s p e c i f i c i t y  a g a in s t  5-hy d ro x y try p tam in e . Of th e  

p o te n t i a l  a n tim e ta b o li te s  o f 5-hyd roxy tryp tam ine  many have been 

sim ple s y n th e t ic  in d o le  d e r iv a t iv e s ,  u s u a l ly  d e r iv a t iv e s  o f  5 - 

hydroxy tiy p ta m in e , /
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5-hydroxy tiy p ta m in e , try p tam in e  o r  gram ine. I t  i s  o f c o n s id e ra b le  

th e o r e t i c a l  i n t e r e s t  t h a t  th e se  s y n th e tic  d e r iv a tiv e s  may show 

d i f f e r e n t  ty p es  o f a c t iv i t y  on d i f f e r e n t  p re p a ra tio n s  o r on the  

same p re p a ra tio n  when a d m in is te re d  a t  d i f f e r e n t  c o n c e n tra tio n s .

The f i r s t  s y n th e tic  a n tim e ta b o li te  was p rep a red  by W oolley and Shaw 

( 1952a) who re p o r te d  t h a t  2 -m e th y l-3 -e th y l-5 -a m in o -in d o le  was an 

a n ta g o n is t  o f  5 -hydroxytiyp tam ine on i s o la t e d  s e c tio n s  o f th e  

c a r o t id  a r t e r i e s  of sheep . W oolley and Shaw (1952b) showed th a t  

t h i s  compound, when i t  was f e d  to  dogs in  500 mg. d a ily  doses f o r  

fo u r  days, p rev en ted  th e  p re s s o r  response  to  in je c te d  5-hydroxy- 

tiy p tam in e  b u t S p ies and Stone (1952) and Page and McCubbin (1953) 

f a i l e d  to  dem onstrate  any change in  th e  b lood  p re s su re  o f hypo tensive  

p a t ie n t s  w ith  t h i s  compound. W oolley and Shaw (1953&) re p o r te d  

th a t  3 -0^ -d im eth y lam in o e th y l)-5 -am in o in d o le , l ik e  2 -m e th y l-3 -e th y l-  

3-d im ethy lam inoindole  (medmain. F ig . 4 , page 37) had bo th  5 - 

h y d ro x y tiy p tam in e -lik e  and a n ti-5 -h y d ro x y try p tam in io  a c t i v i t y  on. 

th e  i s o la te d  r a t  u te r u s .  Shaw and W oolley ( 1954) showed th a t  2 - 

m e th y l-3 -e th y l-5 -d im e th y lam in o in d o le  (medmain) was a v e ry  a c t iv e  

a n ta g o n is t  to  5 -hydroxytiyp tam ine on th e  c a r o t id  a r te r y  r in g  and 

i s o la t e d  r a t  u te r u s .  On th e  r a t  u te ru s  a t  h ig h e r  c o n c e n tra tio n s  

than  th o se  re q u ire d  to  b lo ck  th e  a c t io n  o f 5 -hyd rox y tryp tam ine , 

medmain i t s e l f  caused s t im u la tio n  and th e  s tim u la h t a c tio n  u s u a l ly  

took /
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took  th e  form o f re p e a te d  c o n tra c tio n s  which p e r s i s t e d  over a  

p e r io d  even a f t e r  re p e a te d  w ashings. Medmain, a lth o u g h  h ig h ly  

a c t iv e  on th e se  i s o la te d  t i s s u e  p re p a ra t io n s ,  was found to  be 

in cap ab le  o f p ro te c tin g  norm al dogs from th e  p re s s o r  e f f e c t  o f 3“ 

hydroxy tiy p ta m in e . Medmain a lso  caused  convu lsions in  mice when 

in je c te d  i n t  rape  r i t  one a l l y , I t  was su g g ested  th a t  th e se  con

v u ls io n s  m ight be due to  3 -h y d ro x y try p tam in e -lik e  e f f e c t s  in  th e  

c e n t r a l  nervous system . N e ith e r  3 -hydroxytryp tam ine n o r i t s  m ethyl 

e th e r  were found to  be cap ab le  of p re v e n tin g  t h i s  co n v u lsan t a c t io n .

The 3 -h y d ro x y try p ta m in e -lik e  a c tio n  o f  medmain on th e  u te ru s  was 

a n ta g o n ised  by o th e r  a n ti-3 -h y d ro x y try p tamines such as 2 -m eth y l-3 - 

e th y l - 3 -am inoindole and 2 -m e th y l-3 -e th y l-3 ”hyd ro x y in d o le . M ethyl 

medmain d id  n o t  have any s t im u la tin g  a c t io n  on th e  r a t  u te r u s .

Shaw and W oolley ( l9 5 ^ a )  re p o r te d  t h a t  2 , 3-dimeth y l- 3 - h y droxy- 

tryp tam ine  was a p o te n t a n ta g o n is t  to  th e  a c t io n  o f  3-hydroxy

tryp tam ine  on th e  i s o l a t e d  r a t  u te r u s ,  a r t e iy  r in g  and on th e  b lood  

p re s su re  o f th e  a n a e s th e t is e d  dog.

S u b s t i tu t io n  o f  m ethyl groups i n  th e  2 and 3 p o s i t io n s  in  3 - 

hydroxyt ry p t amine y ie ld e d  a n ta g o n is ts  to  3 -hyd rox y tryp tam ine , b u t sub

s t i t u t i o n  o f m ethyl groups in  th e  1 and 3 p o s it io n s  gave 3 -h y d ro x y tiy p - 

ta m in e -lik e  su b s ta n c e s . Thus, w hereas l,5 -d im e th y l-5 -h y d ro x y try p tam in e  

showed /
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showed a c o n s id e ra b le  amount o f 3“h y d ro x y try p ta m in e -lik e  a c t i v i t y  on 

the  r a t  u te ru s  and th e  b en zy l compound e x e rte d  an i r r e v e r s ib le  a n ta 

gonism on t h i s  t i s s u e ,  l - b e n z y l-2 , b-dlm ethy 1- 3-hydroxy tiyp tam ine  

(b a s ,  P ig . 4 ,  page 37) was h ig h ly  a c t iv e  a g a in s t  th e  p re s s o r  a c tio n  

of 3-hydroxytryp tam ine when fe d  to  dogs. W ilk ins (1956) re p o r te d  

t h a t  in  h y p e rte n s iv e  p a t i e n t s ,  th e  e f f e c t s  of l - b e n z y l-2 , 3-  

d lm e th y l-3-hydroxytryp tam ine were s im i la r  to  those  o f r e s e rp in e .  

W ilk ins and H o llan d er (1957) found th a t  t h i s  substance  a lo n e , o r 

in  com bination w ith  o th e r  d ru g s , reduced  to  some e x te n t the  b lood  

p re s su re  o f h y p e rte n s iv e  p a t i e n t s .

Shaw and W oolley (1956b) have shown th a t  th e  ben zy l analogue o f 

b u fo te n in , l -b e n z y l-2 , 3 -d in io th y lb u fo ten in  (BAB, F ig . 4» page 37)> 

was a p o te n t a n ta g o n is t  o f 3 -hydroxytiyp tam ine on th e  i s o la t e d  r a t  

u te ru s  and on th e  p re s s o r  e f f e c t  o f 3 -hydroxy tiyp tam ine  in  th e  dog, 

even when g iven  by th e  o r a l  ro u te . Quadbeck and Rohm (1954) > have 

re p o rte d  t h a t  th e re  was a  marked in c re a s e  in  th e  a n ta g o n is t ic  

potency when a di-m ethylam ino group was in tro d u c e d  in to  th e  3 - 

p o s i t io n  and an even g r e a te r  one when i t  was in tro d u c e d  in to  th e  

3 -p o s i t io n . The most a c t iv e  compound was 2 -m eth y l-3 -ch lo ro g ram in e . 

O ther s im p le , s y n th e tic  a n ta g o n is ts  o f 3 -hydroxytryp tam ine were 

t e s te d  by Erspam er (1955) who re p o r te d  th a t  th e  a n ti-3 -h y d ro x y -  

t  ry p t amine a c t iv i ty  o f some gramine d e r iv a t iv e s  appeared  to  be very  

conspicuous /
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oonspicuous when tested  in v itro  on the rat uterus preparation, but the 

same a c tiv ity  was n eglig ib le when tested  in  yjvo^ using the 3-hydroxy- 

tryptamine an tid iu resis te s t  in  hydrated ra ts . He suggested that 

these drugs were rapidly destroyed in  the body. Erspamer (1934a) 

and G-addum and Hameed ( 1954) have shown that gramine i t s e l f  was a 

sp ec ific  antagonist to  3-hydroxy tryptamine. G-addum, Hameed, Hathway

and Stephens ( 1955) studied a number o f synthetic indole derivatives  

for th eir  anti-3-hydro:^tiyptamine action on the iso la ted  rat uterus.

The most active compounds were 5- and 6-benzyloxygramine. The antagon- 

i s t io  ô ffeo t of these compounds to 3-hydroxytryptamine developed slowly  

and became irreversib le and the blockade could not be overcome by h i^  

doses of 3-hydroxytryptamine. They termed th is  type of antagonism 

”unsurmountable". The other drugs, for  example the gramine derivatives 

with methyl groups in  positions 1, 4 , 5 or 6 and 2-methyl-3-ethy 1-3- 

amino indole were le s s  active . The blockade which they caused, 

developed more rapidly and was reversible and surmountable. I t  was 

also reported that indole derivatives with methyl groups in  positions  

1, 4, 3, 6 or 7 , some m ethyl-3-indolylaoetonitriles and certain  carba- 

zole derivatives were feeble antagonists to 3-hydroxytryptamine. Barlow 

and Khan (1939a) have reported that other tiyptamine derivatives showed 

in low concentrations, antagonism to the 3-hy droxy tiyptamine-induced 

stimulation of the rat uterus and rat fUndus s tr ip . In higher con

centrations these compounds themselves stim ulated the t is su e . In 

continuation of the search for substances /



41.

su b s tan ces  which an tag o n ised  3 -h y d rozy tiyp tam ine  and 5-tiydroxy- 

t iy p ta m in e - l ik e  compounds, Barlow and Khan p rep a red  and

s tu d ie d  th e  a c tio n s  o f  a number o f analogues o f 5"hydro% ytiyptam ine 

and observed  th a t  3”“( 2-am in o p ro p y l)-5-b e n z y l02y in d o le  and 5- 

b en zy lo x y -3 -(2 -d im eth y la in in o e th y l) in d o le  were th e  most a c t iv e  

a n ta g o n is ts  on th e  i s o l a t e d  r a t  u te ru s  and r a t  fundus r e s p e c t iv e ly .  

A nother ana logue , however, 3 -(2 -am in o p ro p y l)-3 -h y d ro x y in d o le  showed 

a pow erfu l s t im u la n t  a c t io n  on b o th  o f th e se  t i s s u e s .  W oolley and 

Shaw (1957b) showed t h a t  dim ethylam inom ethyl te tra h y d ro c a rb a z o le  and 

tetrahydrocarbazo le-N -pheny lcarbox€ im id ine  when g iv en  in tra v e n o u s ly  

to  dogs, were q u i te  e f f e c t iv e  in  p re v e n tin g  th e  p r e s s o r  response  to  

5 -h yd roxy tiyp tam ine . W oolley and Shaw ( 1957b) and Barlow and Khan

( 1959a,b) found su b s tan ces  which an ta g o n ised  th e  e f f e c t s  o f 5 - 

hydroxytryp tam ine more th an  try p ta m in e , and t h i s  l e d  them to  su g g est 

th a t  th e r e  may be s e p a ra te  try p tam in e  and 5 -hydroxy tryp tam ine  

re c e p to r s .  However, from experim en ts on th e  gu in ea  p ig  ileu m , 

Barlow and Khan (1959c) have confirm ed  t h a t  on t h i s  t i s s u e ,  t r y p t a 

mine and 5”hydroxytryp tam ine a c t  on th e  same r e c e p to r s ,

G-yermek (1955) and Gyermek, L azar and Csak (1956) found t h a t  

th e  an ti-5 -h y d ro x y try p tam in e  p r o p e r t ie s  o f ch lo rp ro m az in e , phenergan 

and d ip a rc o l  ran  in  p a r a l l e l  w ith  t h e i r  s e d a tiv e  e f f e c t s .  B e rg e r, 

Cam pbell, H endley, Ludwig and Lynes (1957) have r e p o r te d  t h a t  c h lo r 

prom azine, /
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chlorprom azine, re s e rp in e  and h en ao ty z in e  pow erfu lly  a n tag o n ised  

c o n tra c tio n s  produced by 5-hydroxy tiyp tam ine  o r  a c e ty lc h o lin e  on 

the  i s o la te d  r a t  co lon , P h i l l ip p o t  and Dallemagne (1956) have 

shown th a t  5 -h y d ro x y try p t amine r e - e s t a b l i s h e s  neurom uscular t r a n s 

m ission  in  c a ts  when t h i s  had been b locked  by tu b o cu ra rin e  and 

suggested  th a t  tu b o c u ra rin e  m ight be an a n ta g o n is t  to  5 -bydroxy- 

t r y p t  amine.

In  a d d it io n , s e v e ra l  o f the  more complex in d o le  d e r iv a t iv e s  

have been p o s tu la te d  to  a c t  in  p a r t  a t  l e a s t ,  by in te r f e r e n c e  w ith  

th e  metabolism of 5-hydroxy try p ta m in e . Thus W oolley and Shaw 

( I 95W  and G-addum (1953b) have su g g e s te d  th a t  the  c e n t r a l  a c tio n s  

of ly s e rg ic  a c id  d ie thy lam ide  might be due to  in te r f e re n c e  w ith  th e  

fu n c tio n in g  of 5-hydroxy tryp tam ine  in  th e  b r a in  and could  r e s u l t  

from s i m i l a r i t i e s  in  th e  chem ical s t r u c tu r e  o f the  two compounds.

In  support o f t h i s  c o n te n tio n , Gaddum and Hameed (1954) and S o l le ro ,  

Page and Salm oiraghi (1956) were a b le  to  show th a t  ly s e r g ic  a c id  

d iethylam ide s p e c i f i c a l ly  an tag o n ised  th e  a c tio n s  o f 5 -hydroxy- 

tryptam ine on the  r a b b i t  e a r  and on th e  r a t  u te r u s .  On th e  gu inea 

p ig  ileum , however, ly s e r g ic  a c id  d ie th y lam id e  in  bo th  h igh  and low 

c o n cen tra tio n s  reduced  th e  response  to 5 -hydroxytryp tam ine by on ly  

50 p e r  c e n t. This f in d in g  le d  them to  su g g est th e  e x is te n c e  o f two 

se ts  /
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s e ts  o f re c e p to rs  f o r  5-hydroxy tryp tam ine  in  th e  gu inea  p ig  ileum . 

S av in i (1956) has shown th a t  in  low c o n c e n tra tio n s  ( l  /ug. p e r  m l . ) ,  

ly s e rg ic  a c id  d ie th y lam id e , 2-bromo ly s e r g ic  a c id  d ie thy lam ide  and 

ergom etrine  an tag o n ised  th e  v a s o c o n s tr ic to r  a c tio n  of 5 -hydroxy- 

tiy p tam in e  and in  h ig h e r  c o n c e n tra tio n s  th e se  drugs (e x c e p t 2-bromo- 

ly s e rg ic  a c id  d ie th y lam id e) caused d i r e c t  v a s o c o n s tr ic t io n  o f the  

b lood  v e s se ls  o f th e  p e rfu se d  r a b b i t  e a r .  C e r l e t t i  and K onzett 

( 1956) have re p o r te d  t h a t  among the  d e r iv a tiv e s  o f ly s e r g ic  a c id  

d io thy lam ide , acetj^ l and b ro m o -ly serg ic  a c id  d ie thy lam ide  were th e  

most a c t iv e  compounds. R ecen tly  fancham ps, D oepfner, Weidmann and 

C e r l e t t i  ( 196O) have shovm th a t  th e  1-m ethyl d e r iv a t iv e  o f d - ly s e rg ic  

ac id  butanolam ide (D e s e r il )  was fo u r  tim es more p o te n t th an  ly s e r g ic  

ac id  d ie thy lam ide  in  an tag o n iz in g  th e  c o n tra c tio n s  produced by 

5-hydroxytiyptam ine on th e  i s o la te d  r a t  u te r u s .  I t s  antagonism  

to  5-hydroxytryptam ine has a lso  been dem onstra ted  in  s tu d ie s  of th e  

c a rd io v a sc u la r  system . Fanchamps and h is  a s s o c ia te s  reg a rd ed  th e  

antagonism  as h ig h ly  s p e c i f i c .

R o th lin  ( 1957) has review ed in  d e t a i l  th e  r o le  o f ly s e r g ic  a c id  

d iethy lam ide and i t s  d e r iv a t iv e s  in  th e  p ro d u c tio n  o f m ental 

d is tu rb a n c e s . C onsiderab le  doubt as to  th e  v a l i d i t y  o f th e  th e o r ie s  

of ly s e r g ic  a c id  d ie thy lam ide  in te r f e re n c e  w ith  b r a in  5-hydroxy

tryp tam ine  /
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5-hydroxy tryp tam ine  has r e c e n tly  been v o ice d  and th e  view has been 

pu t fo rw ard  th a t  th e  p sy c h o lo g ic a l e f f e c t s  o f ly s e r g ic  a c id  

d ie thy lam ide  do n o t r e s u l t  from a sim ple antagonism  to  5-hydroxy- 

tr^rptam ine (Zsnowiak and Rodman, 1959). I t  has been  concluded th a t  

o th e r  d e r iv a tiv e s  o f ly s e r g ic  a c id , in c lu d in g  c e r ta in  e rg o t a lk a 

l o id s ,  have the  a b i l i t y  to  an tagon ise  c e r ta in  a c tio n s  of 5 - 

hydroxy tryp tam ine . As e a r ly  as 1952, b e fo re  th e  s u c c e s s fu l  

i s o la t io n  and i d e n t i f i c a t i o n  of 5-ky droxy try p ta m in e , Heymans, 

B ouckaert and Morales found th a t  ergotam ine a n tag o n ised  th e  vaso 

c o n s t r ic to r  a c tio n  of d e f ib r in a te d  b lo o d , an o b se rv a tio n  which can 

now be in te r p r e te d  as be ing  due to  antagonism  to  5-ky droxy try p ta m in e ,

Shaw and W oolley (1955b) found th a t  yohim bine (F ig . 5 , page 4 5 ) , 

ergotam ine (F ig . 5 , page 4 5 ) , and e rg o to x in e  a n tag o n ised  th e  e f f e c t  

of 5-bydroxytr^;"ptamine on c a ro t id  a r te r y  r in g s .  S a v in i (1956) 

re p o rte d  t h a t  ergotam ine an tagon ised  th e  c o n s t r ic to r  e f f e c t  of 

5-hydroxytryptam ine on th e  i s o la te d  r a b b i t  e a r  p re p a ra t io n .

R o th lin  ( 1957) m ain ta ined  th a t  ergom etrine  p o ssessed  a n t i - 5 -  

hydroxy try p ta m in e - lik e  p ro p e r t ie s  because when g iven  by th e  i n t r a -  

v e n tr ic u la r  ro u te ,  i t  a n tag o n ised  th e  d e p re ssa n t e f f e c t  o f 5 - 

hy droxy tryp tam ine  in  th e  same v/ay as ly s e rg ic  a c id  d ie th y lam id e .

This sim ple com parison, however, cannot be th e  f u l l  e x p la n a tio n  

because /
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because ergom etrine  i s  re p o r te d  to  have no psychogenic p ro p e r t ie s  

a t  a l l .

Erspam er ( 1953) and F in g l and Gaddum ( 1953) have dem onstra ted  

th e  a n t i - 3 ”hydroxytiyp tam ine a c t io n  o f dibenamine on th e  r a t  u te ru s  

and on th e  a n t i  d iu r e t ic  e f f e c t  o f 5“hydroxytiyp tam ine in  h y d ra ted  

r a t s .  Gaddum and Hameed (1954) found th a t  dibenamine b locked  th e  

a c tio n  o f 5 -hydroxy tiyp tam ine  on the  i s o la t e d  r a t  u te ru s  much more 

e f f e c t iv e ly  th an  on th e  i s o la t e d  r a b b i t  e a r  and gu inea  p ig  ileum . 

P u rchgo tt ( 1954) from h is  s tu d ie s  on s t r i p s  o f r a b b i t  a o r ta ,  

suggested  t h a t  dibenamine e x e r te d  i t s  b lo ck in g  a c tio n  by r e a c t in g ,  

in  an e s s e n t ia l ly  i r r e v e r s ib le  manner, w ith  th e  f r e e  re c e p to rs  

invo lved  in  th e  a c tio n  o f th e  s tim u la n t drugs, 5 -hy d roxy tryp tam ine , 

tiy p ta m in e , h is tam in e  and a c e ty lc h o lin e . A nother a n t i - a d re n a l in e  

drug, d ib en zy len e , has been shown by Gaddum and P ic  a re  H i  (1957) to  

b lock  one s e t  o f 5 -kydroxytryptam ine re c e p to rs  in  th e  gu inea  p ig  

ileum  more o r l e s s  perm anently .

The a lk a lo id s  harm aline  (P ig . 5 , page 45) and harm ine (P ig . 5^ 

page 45) a ls o  p o ssess  th e  power o f a n ta g o n is in g  th e  a c tio n s  o f 5- 

hydroxytiyptam ine (W oolley and Shaw, 1957a).

The s t r u c tu r a l  resem blance between h is ta m in e , tiy p tam in e  and 

5-hydroxy tiy p tam in e  /
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3-hydroxy tiy p tam in e  le d  R apport and K oelle  (1932) to  in v e s t ig a te  th e  

blockade o f th e  a c t io n  o f 3 -hydroxy tiyp tam ine  by u s in g  a n tih is ta m in ic  

a g e n ts . S ince th en  a number o f  w orkers have in v e s t ig a te d  th e  a n t i -  

3 -hyd roxy tiyp tam in io  a c t i v i t y  o f  many a n t ih is ta m in ic  d ru g s . For 

example, S to n e , Wenger, Ludden, S ta v o rsk i and Ross ( I 96I )  r e c e n t ly  

have re p o r te d  t h a t  l -m e th y l-4 -3 - (d ib e n z o - (a , e) c y c jilo h e p ta tr ie n y -  

l id e n e ) -p ip e r id in e  h y d ro ch lo rid e  (cy p ro h e p tad in e ) a n ta g o n ise d  th e  

p re s s o r  e f f e c t  o f 5 -hydroxytryp tam ine in  th e  a n a e s th e t is e d  "g an g lio n  

blocked" ( 0.4  mg. p e r  kg. o f  4> 5 j6 > 7 - te t r a c h lo ro -2 - (  2-dime thy  1 -  

am in o e th y l)-in d o le  b im e th o ch lo rid e ) dog. The s t im u la t io n  caused  

by 5-hydroxytiyp tam ine on th e  i s o l a t e d  r a t  u te ru s  was a ls o  an tagon

is e d  by cy p ro h ep tad in e . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  l i t t l e  o r 

no in h ib i t io n  o ccu rred  when th e  a n ta g o n is t  was p re s e n t a long  w ith  

5-hydroxy tiy p tam in e  in  th e  organ b a th . A f te r  i t s  rem oval by 

w ashing, th e  i n h ib i to iy  a c t i v i t y  g ra d u a lly  appeared  and became more 

in te n s i f i e d  w ith  each subsequen t response  to  5 -hydroxy tiyp tam ine  and 

th i s  suggested  th a t  th e  su b s tan ce  may i n t e r f e r e  w ith  th e  c o n t r a c t i l e  

mechanism in  a  n o n -s p e c if ic  manner.

The a n ta g o n is t ic  e f f e c t  o f a tro p in e  on th e  c o n tra c t io n  produced 

by 5-hydroxytiyp tam ine on th e  g u in ea  p ig  ileum  has been re p o r te d  by 

many w orkers (R o b ertso n , 1953; Rocha e S i lv a  and h is  a s s o c ia te s ,  

1953; /
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1953; Cambridge and H o lg a te , 1955; and R apport and K o e lle , 1952). 

On the  i s o la te d  g u inea  p ig  lu n g , a tro p in e  was found to  be a v e ry  

fe e b le  a n ta g o n is t  to  5 -hydroxytryptam ine (B h a tta c h a iy a , 1955)# In  

th e  a n a e s th e tise d  gu in ea  p ig  and c a t ,  a tro p in e  d im in ishes th e  

b ro n c h o c o n s tr ic to r  e f f e c t  of 5-hydroxy try p ta m in e . A lthough on th e

gu inea  p ig  ileum  a tro p in e  in  i t s  s tro n g  in h ib i to r y  a c tio n s  shows 

s im i l a r i t i e s  to  cocaine  and m orphine, on th e  s u p e r io r  c e rv ic a l  and 

in f e r i o r  m esen te ric  g a n g lia  o f th e  c a t  and in  th e  p e lv ic  nerve  

b lad d er p re p a ra tio n s  o f  th e  dog, a tro p in e  was found to  be in a c t iv e  

ag a in s t the  s tim u la n t a c t io n  of 5-hydroxytryp tam ine ( T rende lenbu rg , 

195^; Cyermek, I960; and B in d le r  and Gyermek, I 96I ) .

Two o th e r  complex in d o le  a lk a lo id s  found in  v a rio u s  sp e c ie s  of 

R auw olfia, r e s e rp in e  and resc innam ine , a re  of i n t e r e s t  in  th a t  t h e i r  

t r a n q u i l l i s in g  p r o p e r t ie s  have been p o s tu la te d  to  a r i s e  from th e  

displacem ent o f 5-hy d r  o x y tiy p t amine in  th e  b r a in  (S h o re , P ie ts  c h e r , 

Tomich, C a rls so n , Kuntzman and B ro d ie , 1957). But C a rls so n , 

Rosengren, B e r t l e r ,  and N ilsso n  (1957) and Shore and Bpodie (1957) 

have given evidence th a t  r e s e rp in e  a lso  causes a lo n g - la s t in g  

d ep le tio n  of n o ra d re n a lin e  from th e  b r a in .  C a rls  son su g g ested  

th a t  th e  la c k  of f r e e  5 -hydroxytiyp tam ine and n o ra d re n a lin e  had to  

be /



49.

be co nsidered  as the  cause of some o f  th e  pharm aco log ica l e f f e c t s  

o f r e s e rp in e .

S p e c i f ic i ty  o f a c t io n  of 3 -hydroxy tiyp tam ine  a n ta g o n is ts

The use  o f i s o la te d  organs f o r  de te rm in ing  th e  s p e c i f i c i t y  

of 5-hydroxytryp tam ine a n ta g o n is ts  i s  l im i te d  by th e  f a c t  t h a t  only 

a few s tim u la n t drugs can be te s te d  on th e  same p ie c e  o f t i s s u e ,  

from  s tu d ie s  on the  i s o la t e d  r a t  u te r u s ,  Gaddum and Hameed (1954)» 

Gaddum and h is  a s s o c ia te s  (1955) and Barlow and Khan (1959a) 

co n sid ered  t h a t  th e  a n t i - 5-hydroxy tiyp tam ine  a c tio n  was s p e c i f i c ,  

i f  no b lockade of the  s tim u la n t response o f th e  t i s s u e  to  a c e ty l

cho line  o r  ca rbacho l o ccu rred . In  experim ents on th e  i s o la t e d  

guinea p ig  ileum , h is tam in e  7/as u sed  as th e  c o n tro l  substance  

( Gaddum and h is  a s s o c ia te s ,  1955). Most o f th e  in d o le  compounds 

t e s te d  have shown e i t h e r  la c k  o f s p e c i f i c i t y  o r  have produced, 

b e s id es  antagonism  to  5-h y d ro x y tiy p tam in e , c o n tra c t io n  o f the  

u te ru s  i t s e l f .  C e r l e t t i  and D oepfner (1958) have s tu d ie d  th e  

degree o f s p e c i f i c i t y  o f d i f f e r e n t  e rg o t a lk a lo id s  on th e  i s o la te d  

r a t  u te ru s  by u s in g  5-hydroxy tiyp tam ine  and a c e ty lc h o lin e  as 

s tim u la n t d ru g s. Many o f th e  e rg o t a lk a lo id s  in v e s t ig a te d  were 

found to  be s p e c i f ic  a n ta g o n is ts  o f 5-k y d ro x y tiy p tam in e . A lthough 

a c e ty lc h o lin e  was found to  be one of th e  most p o te n t  o f th e  compounds 

which /
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which a n ta g o n ised  th e  v a s o o o n s tr io tio n  o f  th e  p e rfu s e d  h in d  le g s  o f 

th e  r a b b i t  produced  by 5-hy  droxy t iy p ta m in e , i t s  e f f e c t  was non

s p e c i f i c  (M e ie r, T ripod  and W irz , 1957). A c e ty lc h o lin e  a n ta g o n ise d  

th e  v a s o c o n s tr ic t io n  produced by a d re n a l in e , n o ra d re n a l in e , barium  

c h lo r id e  and h is ta m in e , th u s  showing no s p e c i f i c i t y  tow ards 5-  

hyciroxytryptam ine. C hlorprom azine, which was a  p o te n t a n ta g o n is t  

of 5-hyd roxy tiyp tam ine  was p o s tu la te d  t o  be n o n - s p e c i f ic ,  s in c e  i t  

a ls o  had a s tro n g  b lo ck in g  a c t io n  a g a in s t  h is tam in e  and a  l e s s  marked 

a c t io n  a g a in s t  n o ra d re n a lin e .

L y se rg ic  a c id  d ie th y lam id e  w as, how ever, more s p e c i f i c  th an  

ch lo rp rom azine  s in c e  i t  had  on ly  s l i g h t  a d re n e rg ic  b lo c k in g  and 

a n t ih is ta m in ic  a c t io n s .

T rendelenburg  (1957) and B in d le r  and Cyermek ( 196I )  re p o r te d  

t h a t  morphine and coca ine  showed c o n s id e ra b le  s p e c i f i c i t y  tow ards th e  

a c t io n  o f 5-hydroxy tiy p tam in e  on th e  s u p e r io r  c e r v ic a l  and  i n f e r i o r  

m esen te ric  g a n g lia  o f th e  c a t .  T rendelenburg  (1957) observed  th a t  

c o n tra c t io n  of th e  smooth m uscle o f th e  n i c t i t a t i n g  membrane o f  th e  

c a t  produced by 5-hy  droxy tiy p tam in e  was n o t in h ib i t e d  by m orphine. 

S im ila r ly ,  Gaddum (1957a) n o tic e d  t h a t  th e  v a s o c o n s t r ic to r  e f f e c t  on 

th e  p e rfu s e d  r a b b i t  e a r  and th e  s tim u la n t resp o n se  o f th e  i s o l a t e d  

r a t  u te ru s  produced by 5-hyd roxy tryp tam ine  were n o t  in h ib i t e d  by 

m orphine. M orphine, however, an ta g o n ised  th e  e f f e c t  o f 

5-h y d ro x y tiy p t amine on th e  M-re cep to r s  of th e  gu inea  p ig  ileum .

Gyermek /
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Cyermek ( 196I)  has reported that "in contrast to  ly serg ic  acid  

diethylamide, which seems to he a re la tiv e ly  poor and non-specific  

5-hy droxy tiyptamine antagonist at autonomic ganglia, some indole 

compounds were extremely potent and se lec tiv e  in h ib itors of 5 -  

hydroxy tiyptamine receptors in  nervous tissu e ; on iso la ted  smooth 

muscles these compounds showed only veiy  low potency".

These examples show the d ifferen t degrees of sp e c if ic ity  of 

5-hydroxytryptamine antagonists and indicate that the receptors 

for  5-hy droxy tiyptamine vaiy from organ to organ.

An antim etabolite may show strong antagonistic e ffe c ts  when 

tested  at one range of concentrations but may act in  place o f the 

metabolite at a higher range of concentrations. This situ ation  

is  seen even thou^  the te stin g  i s  done using the same organism or 

tissu e preparation and hence i t  i s  not to  be explained as being due 

to a variation  among sp ec ies. Woolley (194^) has reported fo r  

example that at d ifferen t concentrations, the para-nitrobenzyl 

ether of K -ace1yl-diiodotyrosine, a substance related  chemically 

and pharmacologically to  thyroxine, showed both thyroxine-like and 

anti-tlyroxine a c t iv iiy  on the metamoiphosis of the tadpole.

Woolley and Shaw (1955&) have reported th at 3-(l^-âimethyl- 

aminoethyl)- /
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am inoethyl) - 5-SJnino in d o le  showed b o th  p ro -  and a n t i - 5-hy  d r oxy

t i y p t  amine a c t iv i t y  on the i s o la te d  sheep c a r o t id  a r t e iy  r in g  

p re p a ra t io n . T his compound shov/ed an an ti-5 -h y d ro x y tiy p tam in e  

a c t iv i t y  a t  r e l a t i v e ly  h igh  c o n c e n tra tio n s  and 5-h y d ro x y tiy p tam in e- 

l ik e  a c t iv i t y  a t  somewhat low er c o n c e n tra tio n s . The e x h ib i t io n  of 

b o th  k inds o f a c tio n  (p ro -m e ta b o li te  and a n t i -m e ta b o l i te )  by a 

s in g le  substance  has been p re v io u s ly  observed on b a c te r i a  w ith  

compounds r e la te d  to  p a n to th en ic  a c id  (p o l la c k , 194-3)• There a re  

a number of i n te r e s t i n g  examples of t h i s  k in d  of d u a l i s t io  a c t io n  

in  connection  v/ith a n tim e ta b o li te s  o f 5-hy droxy try p ta m in e . Shaw 

and W oolley (1954-) have re p o r te d  t h a t  a t  low er c o n c e n tra tio n s , 2 - 

m ethyl-3- e t h y l - 5- (N -p y r ro l id y l) - in d o le  showed 5-hy droxy t r y p t  amine

l ik e  a c t iv i t y  on th e  i s o l a t e d  c a r o t id  a r t e iy  r in g  and a t  h ig h e r  

c o n c e n tra tio n s , t h i s  compound in h ib i te d  th e  s tim u la n t response  to  

5 -hydroxy tiyp tam ine. At c o n c e n tra tio n s  c o n s id e ra b ly  h ig h e r  th an  

those  re q u ire d  to  p rev en t 5-hydroxy tryp tam ine-induced  c o n tra c tio n s  

o f th e  i s o la te d  r a t  and gu inea  p ig  u t e r i ,  medmain ( 2-m ethy l- 3-  

e th y l-5 -d im e th y lam in o in d o le ) caused a c o n tr a c t io n .  In  c o n tr a s t  to  

t h i s ,  on th e  i s o la t e d  sheep c a r o t id  a r t e r y ,  medmain showed p u re ly  

a n t i - 5-hy  d ro x y tiy p t amine a c t iv i t y  and d id  n o t cause any c o n tra c t io n  

of the  t i s s u e .  The exposure of th e  r a t  u te ru s  to  r e l a t i v e ly  la rg e  

amounts /
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amounts o f medmain made th e  t i s s u e  in s e n s i t iv e  to  5-hy droxy tiy p ta m in e . 

These f a c t s  in d ic a te d  th a t  medmain was bound to  the  t i s s u e  i n  such 

a way th a t  i t  was n o t d isp la c e d  r e a d i ly .  Gaddum and h i s  a s s o c ia te s  

( 1955) re p o r te d  th a t  on th e  r a t  u te r u s ,  low c o n c e n tra tio n s  o f  2 - 

m ethylgram ine and gram ine m ethosu lphate  in c re a s e d  th e  s e n s i t i v i t y  

o f the  t i s s u e  to  5 -hydroxy tryp tam ine; h ig h e r  c o n c e n tra tio n s  o f 

th e se  two drugs caused  a c o n tr a c t io n  o f th e  t i s s u e .  A f te r  t h i s  

h igh  dose, th e  t i s s u e  showed p ro longed  i n s e n s i t i v i t y  to  added 5- 

hy droxy tiy p ta m in e . Tetrahydroharm an and 2-am inocarbazo le  and 3 -

am inocarbazole, however, in  c o n c e n tra tio n s  o f 10 /ug. p e r  m l. caused 

s tim u la tio n  which was n o t fo llo w ed  by i n s e n s i t i v i t y  o f  th e  t i s s u e  

to  5 -hyd roxy tiyp tam ine ; h ig h e r  c o n c e n tra tio n s  ( 2 5 / ig . p e r  m l.)  

caused no s t im u la tio n , b u t  th e  t i s s u e  e x h ib i te d  a  marked in s e n s i 

t i v i t y  to  5 -hydroxy tryp tam ine . W oolley and Shaw (1957a) re p o r te d  

th a t  3-|0'th y l-2-m e th y l-5- n i t r o in d o le  opposed th e  p re s s o r  a c t io n  o f 

5-hy d r o x y tiy p t amine on th e  a n a e s th e t is e d  dog, b u t mimicked th e  

s tim u la n t a c tio n  o f 5-hy droxy tiy p tam in e  on th e  h e a r t  o f th e  clam 

(Venus m ercenaria ) .  Many analogues o f  tiy p ta m in e  and 5-hy d r  oxy

t iy p t  amine , when t e s te d  a t  low c o n c e n tra tio n s  on th e  i s o l a t e d  r a t  

u te ru s  and r a t  fundus s t r i p  (Barlow  and Khan, 1959h) showed 

antagonism  to  th e  s t im u la n t  response  to  5-hy d ro x y tiy p t am ine. At

h ig h er c o n ce n tra tio n s  th e y  showed 5 -h y d ro x y tiy p ta m in e - lik e  a c t i v i t y .  

A fte r /
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A f te r  s t im u la tio n  w ith  th e s e  compounds, th e  p re p a ra t io n s  became 

i n s e n s i t i v e  to  5 -hydroxytryp tam ine. Barlow and Khan ( 1959b) have 

re p o r te d  th a t  3- ( 2-a m in o p ro p y l)- l-m e th y lin d o le , an analogue o f  5-  

hy d ro x y tiy p t  am ine, e x h ib i te d  very  v a r ia b le  a c t i v i t y  on th e  i s o l a t e d  

r a t  u te r u s .  At s im i la r  c o n c e n tra tio n s  i t  a n ta g o n ised  th e  s t im u la n t  

e f f e c t  o f 5-hydroxy tryp tam ine  in  one ex p erim en t; in  a n o th e r  i t  had 

a s y n e r g i s t ic  a c tio n  w ith  5-h y d ro zy try p tam in e , and in  th e  t h i r d  i t  

caused  a d i r e c t  c o n tra c t io n  of th e  t i s s u e  i t s e l f .  T h is i s  an 

eXiSmple o f th e  he te rogenous a c t iv i ty  of a s in g le  analogue o f  5-  

hycdroxytrypt amine.

from th e  examples p re v io u s ly  m entioned, i t  i s  c l e a r  t h a t  th e  

r e s u l t s  o f many pharm aco log ica l in v e s t ig a t io n s  u s in g  5-hyd roxy - 

tiy p ta m in e  and i t s  a n ta g o n is ts  have been  c h a r a c te r is e d  by th e  la c k  

of a  q u a l i t a t iv e ly  uniform  re sp o n se , b o th  betw een d i f f e r e n t  sp e c ie s  

and w ith in  th e  same s p e c ie s .

The o b se rv a tio n  th a t  c e r ta in  s u b s t i tu te d  para-am inobenzoio  

a c id  d e r iv a tiv e s  p o ssessed  b o th  growth prom oting and growth i n h ib i t in g  

p ro p e r t ie s  in  c e r ta in  b a c te r i a ,  th e  d u a l i s t i c  a c tio n s  o f c e r t a in  

muscle p a ra ly s in g  substances and th e  a b i l i t y  o f c e r t a in  p h e n y l-  

e th y lam ines p o sse ss in g  bo th  hypo tensive  and h y p e rte n s iv e  p r o p e r t ie s  

le d  A riens (1954) to  in tro d u c e  th e  concep ts  o f a f f i n i t y  and i n t r i n s i c  

a c t i v i t y .  /
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a c t iv ity . He defined the a f f in ity  as the a b ility  of a drug to  

combine with the receptor to form a drug-receptor complex and the 

in tr in s ic  a c t iv ity , as the power of the drug to  produce a b io lo g ica l  

response once the drug-receptor complex has been formed. Ariens 

( 1954) showed by a mathematical treatment o f drug-receptor in te r 

action , how these properties of a drug could be represented by two 

rational constants. Drug-receptor in teraction  was regarded as 

being mediated by a general in teraction  of f ie ld s  of force orig in 

ating both in  the drug molecule and in  the t is su e . Of these fo rces , 

the e lec tro sta tic  and van der Waal's forces played predominant r o le s ,  

and the a ff in ity  of a drug was v isu a lised  as the product of a general 

in teraction  of f ie ld s  of force while the in tr in s ic  a c t iv ity  was 

believed  to  be induced by the in teraction  of sp ec if ic  centres o f  

charge in ten sity  w ithin the general pattern of drug-receptor in te r 

action. Using the concepts of a f f in ity  and in tr in s ic  a c t iv ity .

Van Rossum and Ariens (1957) and Van Rossum, Ariens and Lins sen 

(1958) r e c la ss if ie d  d ifferen t types o f pharmacological agents 

including neuromuscular blocking substances and parasympathomimetics 

and parasympatholytic drugs.

There i s ,  however, no published information to  indicate that 

th is  approach has been extended to  cover diugs competing for 5- 

hydroxytiyptamine receptors. One considerable advantage offered  

by /
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by  an approach o f t h i s  type i s  t h a t  i t  g iv es  a  means of making a  

d i r e c t  com parison o f th e  pharm aco log ica l p r o p e r t ie s  o f b o th  

ch em ica lly  s im ila r  and d is s im i la r  m o lecu les . M oreover as c e r ta in  

compounds bo th  mimic and oppose th e  a c t io n s  o f 5-hydroxy tryp tam ine  

depending on th e  c o n c e n tra tio n  u se d , th e  a p p lic a t io n  o f th e  A rien s 

approach to  5-hydroxytryp tam ine re c e p to rs  would seem lo g ic a l .  I t  

seemed w orthw ile  th e re fo re  to  a s c e r ta in  w hether th e  concep ts o f 

A rie n s  cou ld  be a p p lie d  to  th e  study  o f 5 -hyd roxy tiyp tam ine  a n ta g o n is ts .  

T h is n e c e s s i ta te d  se c u rin g  a s u i ta b le  i s o l a t e d  smooth muscle p re p a r 

a t io n .  P re lim in a ry  s tu d ie s  u s in g  th e  i s o l a t e d  g u in ea  p ig  jejunum  

and th e  i s o l a t e d  h o rse  c a ro t id  a r te r y  s t r i p ,  in d ic a te d  t h e i r  la c k  

of s u i t a b i l i t y  b u t i t  was found th a t  th e  r a t  jejunum  was a  s u i ta b le  

i f  n o t id e a l  p re p a ra t io n . C onsequently q u a l i t a t iv e  experim ents 

were c a r r ie d  out on t h i s  p re p a ra tio n  u s in g  A riens e x p erim en ta l 

p rocedure  as d e sc rib e d  by Van Rossum and A riens (1959) f o r  th e  

study  o f p a rasy m p a th e tic  drugs.

The o b je c t o f re se a rc h

The work d e sc r ib e d  in  t h i s  p a r t  o f th e  t h e s i s  was u n d e rtak en  

in  o rd e r  to  in v e s t ig a te  th e  pharm aco log ica l p r o p e r t i e s  o f a number 

of b io lo g ic a l ly  a c t iv e  th ionaph then  compounds which were r e l a t e d  

to  in d o le  by rep lacem ent o f th e  NH group o f  th e  l a t t e r  by a 

su lphu r /
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su lp h u r atom (F ig . 6 , page 5 8 ). In  p a r t i c u l a r ,  th e  o b je c t was to  

f in d  w hether th e  th io n ap h th en  i s o s t e r e s  were more o r  l e s s  s p e c i f i c  

in  t h e i r  a c tio n s  than  th e  co rrespond ing  in d o le  compounds as t h i s  

in fo rm a tio n  might be u sed  to  o b ta in  f u r t h e r  in fo rm a tio n  as to  th e  

e x is te n c e , o r o th e rw ise , o f s p e c i f ic  r e c e p to r s  f o r  the  in d o le  

d e r iv a t iv e s .  Such a p r o je c t  seemed a l l  th e  more d e s i r a b le  i n  

view o f th e  f a c t  t h a t  th e  e x is te n c e  o f a t  l e a s t  two d i s t i n c t  

ty p es  o f 5-hydroxy tiyp tam ine  re c e p to r s  has been p o s tu la te d .

The s i t u a t io n  i s  analogous to  t h a t  p e r ta in in g  to  th e  a d re n e rg ic  

r e c e p to rs  where a lp h a , b e t a , gamma and d e l t a  ty p es have been 

p o s tu la te d  (A h lq u is t , 1948; McCutcheon and A h lq u is t ,  1959; and 

F u rc h o tt ,  1959).



58.

Ou Co
lAdoU Thlooâjbttoee

T T

y iit .  6.



C H A P T E R  I I

Pages 59 to  92



59.

C H A P T E R  I I

A. MATERIALS

Throughout t h i s  s e c tio n  of th e  t h e s i s ,  th e  names of c e r ta in  

drugs have been a b b re v ia te d . The l i s t  of drugs u se d , to g e th e r  

v;ith t h e i r  sh o rtened  names, i s  as fo llo w s : -

1. A ce ty lch o lin e  c h lo r id e ,

2. A tropine su lp h a te

3. ( - )  “A drenaline
h y d roch lo ride

4. ( - ) “Nora d re n a lin e
b i t a r t r a t e

5. H istam ine a c id  phosphate

6. ^-H ydroxytryptam ine
c re a t in in e  su lp h a te

7. Hepyramine m aleate

8. D -ly se rg ic  a c id  d ie th y l 
amide t a r t r a t e

i s  d e sc rib ed  as a c e ty lc h o l in e . 

a tro p in e , 

a d re n a l in e .

n o ra d re n a l in e .

h is ta m in e . 

5 -h y d ro x y try p t amine.

mepyramine.

ly s e r g ic  a c id  
d ie th y lam id e .
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The thionaphthen iso s te res  Investigated in  th is  section  of 

the th esis together with th e ir  structural formulae and reference 

numbers, are shown in  F igs. 7 to  10, pages 6l  to 64. The com

pounds are divided in to  four main groups.

The composition and methods of preparation of a l l  sa lin e  

solutions used, are to be found in  Appendix I ,  page 246.

The conventional abbreviations of the metric system for  

volumes and weights are used throu^out th is  th e s is .

B. EXPERIMENTAL METHODS

I .  Experiments on iso la ted  tissu e  preparations

(a) Experiments on the iso la ted  rat uterus

The rat uterus was f i r s t  used for  the assay of 5-hydroxy

tryptamine in  tissu e  extracts by Erspamer (I9 4 0 a ,b ,c ). In order to 

increase the s e n s it iv ity , Erspamer (1942, 1952) subsequently used 

ovariectomized rats which wore brought in to  oestrus by in jection  of 

oestradiol propionate. Amin, Crawford and G-addum (1954) sim pli

f ied  th is technique by using normal, v irg in , female rats weighing 

between I 60 and 200 g. in  vdiich the uterus had been brought in to  

oestrus /



Group A. Gramine -1 i ke isosteres

S '

CHg.R
•HCI

CH2NH2
S'

n

s
HI 17

OprCHa-N
CK

VI

"S'
VH

I. 3-(aminomethyl) thionaphthen.

II. 3-(dimethylaminomethyl) thionaphthen.

I ll. 3-(morpholinomethyl) thionaphthen.

IV. 3-(pyrrolid inome thyl)thionaphthen

V. 3-(piperidinomethyl) thionaphthen.
V I . 3-(2^"-methylpiperidinomethyl) thionaphthen.

VII. 3-(cyclohexylaninomethyl) thionaphthen.

Fig. 7 .

61.
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Group B. Quaternary S a lts  of
Gramine-ltke isosteres

CoCHa-R
I

CoCHa-N (083)3 ^ C H a -^  p

TUI DL

CO'%^r O Ç rÇ > r
z  n

Till, ) - ( d i m e t h y l a m i n o m e t h y l ) t h i o n a p h t h e n  m e t h l o d l d e .

I X .  ) - ( m o r p h o l l n o m e t h y l )  t h i o n a p h t h e n  m e t h l o d l d e .

I. 5- ( p y r r o l l d l n o m e t h y l )  t h i o n a p h t h e n  m e t h l o d l d e .

X I .  3- ( p i p e r i d i n o m e t h y l )  t h i o n a p h t h e n  m e t h l o d l d e .

F ig . 8.
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Group C Isosteres of 5 -hydroxy- 
Isotryptaming

"  - 1  ?
.^CHa-CH-NHa
* . HCI

H O . ^  HO,Oo5 ^  CHaCHaNHa '^^^^^ykg/^CHgCHNHa

xn xn i

X I I .  2 - ( 2  - a m i n o e t h y l  ) - 5- h y c l r o x y t h i o n a p h t h e n .

X I I I .  2 - ( 2  - a m i n o p r o p y l ) - 5- h y d r o x y t h i o n a p h t h e n .

Fifi. 9 .
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Group D, 5-amino-isogramine- (ike 
isosteres

HiN
> - C H a - R  

® 2H B r

Hal
CHa-N

CHj

CHa
ay

HgN-

C H a -N  O

XV

"‘" C O - O
XVI xvn

U V .  5 - a m ln o - 2 - (  d im e  t h y l  am in o  me t h y l )  t h i o n a p h t h e n .  

XY. 5 - a m in o - 2 - { m o r p h o l in o m e th y l )  t h i o n a p h t h e n .  

X V I. 5 - a m l n o - 2 - ( p y r r o l i d i n o m e t h y l )  t h i o n a p h t h e n .  

X V II .  5 - a m i n o - 2 - ( p i p e r i d i n o m e t h y l )  t h i o n a p h t h e n .

Fig. 10.
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o e s tru s  by the  subcutaneous in je c t io n  o f s t i l b o e s t r o l  (O .l  mg, p e r  

kg, in  a ra o h is  o i l )  24 hours p r io r  to  u se . The procedure adopted  

in  the  fo llo w in g  experim ents was based on th a t  o f Amin, Crawford and 

G-addum (1954)..

V irg in  fem ale a lb in o  r a t s  w eighing betw een léO and 200 g, were 

u sed  as th e  experim en ta l an im als. They were b rough t in to  o e s tru s  

by th e  subcutaneous in je c t io n  of s t i l b o e s t r o l  ( 0,1  mg, p e r  kg, in  

a ra c h is  o i l )  g iven 24 hours p r io r  to  u se . The n e x t day th e  r a t  

was k i l l e d  by a blow on th e  back of th e  neck and b le d  ou t from th e  

c a ro t id  a r t e r i e s .  The abdomen was opened, bo th  th e  horns and th e  

body of th e  u te ru s  were removed and p laced  in  a p e t r i  d ish  con

ta in in g  de Ja lo n * s so lu tio n  (Appendix I ,  page 246) .  A ll  f a t t y  and 

o th er ex traneous t is su e s  were c a re fu l ly  removed u s in g  f in e  s c i s s o r s .

A p iece  o f one horn o f th e  u te ru s  about 2 ,5  cm, long  was tak en  and 

a loop of c o tto n  th re a d  t i e d  on to  each end. I t  was th e n  su s

pended in  a 2 ml, organ b a th  c o n ta in in g  de Ja lo n * s s o lu t io n .  One 

end o f th e  c o tto n  th re a d  was a tta c h e d  to  a f r o n t a l  p o in t  w r i t in g  

le v e r  and the  o th e r  to  a hook f ix e d  in to  th e  base  o f  th e  b a th .

The f l u i d  in  th e  b a th  was oxygenated by p ass in g  oxygen through a 

hypodermic need le  f ix e d  in to  the  b a se . The de J a l o n *s s o lu t io n  

was passed  from a r e s e r v o i r  in to  th e  organ b a th  th rough  a s p i r a l  

g la ss  c o i l  which v/as k ep t in  an o u te r  h ea ted  w a te r  b a th  and th e  

flow /
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flow  was c o n tro l le d  by means of a sp rin g  c l i p .  P ig . 11, page 67, 

i s  a diagram o f th e  a p p a ra tu s  used  in  th e se  experim en ts. The 

tem pera tu re  was m ain ta ined  th e rm o s ta t ic a l ly  a t  29 -  0.5^C . 5 -

hydroxytryptam ine s o lu t io n  was added to  th e  b a th  a t  i n te r v a l s  o f 

th r e e  m inutes by means of a 1 ml, tu b e rc u l in  sy rin g e  and th e  con

t r a c t i o n  produced by th e  u te ru s  was reco rded  on a moving smoked 

s u r fa c e . T his re g u la r  tim e cycle  was s t r i c t l y  adhered  to  th roughout 

th e  experim ent. The 5-hydroxytryptam ine was a llow ed to  a c t f o r  

50 seconds and then  ashed out w ith  de J a lo n ’s s o lu t io n  by th e  

overflow  method f o r  about 10 to  I 5 seconds. From 5 to  10 

re p ro d u c ib le  submaximal c o n tra c tio n s  were reco rd ed  w ith  5 - 

hydroxytryptam ine b e fo re  adding th e  drug un d er in v e s t ig a t io n .

A f te r  o b ta in in g  rep ro d u c ib le  sub maximal c o n tr a c t io n s ,  th e  drug 

so lu tio n  under in v e s t ig a t io n  was added to  th e  b a th  30 seconds 

b e fo re  the  nex t a d d it io n  o f 5 -hydroxy tiyp tam ine . The c o n tra c tio n s

were allow ed to  r e tu rn  to  a c o n s tan t l e v e l  b e fo re  a  f u r th e r  

a d d itio n  of th e  drug s o lu t io n . The t o t a l  volume of 5-hydroxy- 

tryp tam ine  and of the  drug s o lu tio n  added to  th e  b a th  was n o t more 

than  0 ,2  ml, in  any one c a se .

In  th e  case o f experim ents c a r r ie d  ou t to  o b ta in  th e  dose 

r a t i o ,  the  method fo llo w ed  was e s s e n t ia l ly  th e  same as t h a t  o f 

G-addum, Hameed, Hathway and Stephens (1955 ). In  th e se  e x p e r i

ments /
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P h y s i o l o g i c a l
s a l i n e

M o d i f ie d  f r o n t a l  p o i n t  
w r i t i n g  l e v e r

P h y s i o l o g i c a l  
s a l i n e  ^

I s o l a t e d  
i n t e s t i n a l  or 
uterine segm ent

2 m l . o r  5ml.  
Organ b a t h
Solid glass---
Pin h o o k  - - - - - -

R u b b e r  ,  - 
s t o p p e r "

Glass h e a tin g  
coil WO

O u t le t -----

__C onstant temp,  
w a t e r  b a th

Hy poderm ic  n e e d l e  for  t h e  i r j t h o -  
d u c t i o n  o f  g a s e s  t o  t h e  s o l u t i o n

Diagram of the apparatus used fo r  
experiments on iso la ted  t i s s u e s ,
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experim ents the i n l e t  tube a t  th e  low er end o f th e  organ b a th  was 

connected through g la s s  h e a tin g  c o i l s  to  two r e s e r v o i r s ,  one o f  

which co n ta in ed  de J a lo n ’ s s o lu t io n ,  and th e  o th e r  a s o lu t io n  o f  

the  a n ta g o n is t  in  th e  same s o lu t io n .  A dose of from 20 to  30 ng . 

of 3 -hydroxytiyp tam ine g e n e ra lly  caused  a  s u i ta b le  c o n tra c t io n  o f  

the  r a t  u te r u s .  A dose w ith in  t h i s  range was added a t  r e g u la r  

in te r v a ls  u n t i l  a re p ro d u c ib le  submaximal resp o n se  was o b ta in e d . 

The dose was th en  a l t e r e d ,  and a dose response  curve was o b ta in e d . 

The a n ta g o n is t  was added to  one r e s e r v o i r  a t  a c o n c e n tra tio n  o f 

1 mg. p e r  l i t r e  and th i s  a n ta g o n is t-c o n ta in in g  de J a lo n ’ s s o lu t io n  

was used  to  wash ou t the  b a th  a f t e r  th e  c o n tr a c t io n  induced  by 

3 -hyd roxy tryp tam ine . When th e  e f f e c t  o f th e  5-hydroxytryp tam ine 

was d im in ish ed , th e  dose o f 3 -hydroxy tiyp tam ine  was in c re a s e d , 

u n t i l  the  resp o n se  was 30 p e r  cen t o f th e  maximum response  a t  th e  

beg inn ing  o f  th e  experim en t, o r  u n t i l  i t  became ap p aren t th a t  t h i s  

r e s u l t  cou ld  n o t be  ach ieved .

(b )  E xperim ents on th e  i s o l a t e d  r a t  fundus s t r i p

The r a t  fundus s t r i p  was f i r s t  in tro d u c e d  by Vane (1937) f o r  

the d i r e c t  a ssa y  o f low c o n c e n tra tio n s  o f 3 -hydroxytryptam ine in  

m ix tures of 3 -h y d ro x y try p tam in e , a c e ty lc h o lin e  and h is tam in e  in  

the p resen ce  o f h y o sc in e . The method d e sc r ib e d  in  th e se  e x p e ri

ments /



69.

experim ents i s  e s s e n t ia l l y  th e  same as t h a t  o f Vane (1 9 3 7 ).

R ats o f e i th e r  sex , w eighing between 200 and 400 g. were u sed  

as experim en ta l an im als. A r a t  was k i l l e d  by a blow on th e  back  of 

th e  neck , the  th r o a t  was c u t and th e  anim al was b le d  from th e  c a ro tid  

a r t e r i e s .  The abdomen was opened, th e  stomach d is s e c te d  f r e e  from 

the surround ing  abdominal v is c e ra  and removed to  a p e t r i  d ish  con

ta in in g  Tyrode’s s o lu t io n  (Appendix I ,  page 246  ) .  The t r a n s 

lu c e n t fundus of th e  stomach was i d e n t i f i e d  ( th e  j ^ l o r i c  p o r t io n  

was th ic k e r  and red d e r) and d is s e c te d  away, le a v in g  a sm a ll band 

of p y lo r ic  t i s s u e  a tta c h e d  to  a c t  as a m arker. The fundus was 

then  opened by c u tt in g  along the  l e s s e r  c u rv a tu re , washed in  

Tyrode’s s o lu t io n ,  and cu t in to  th e  form of a s t r i p  in  th e  manner 

d escribed  by Vane (1937). P ig . 12, page 70 , shows th e  r a t  

stom ach, the fundus and th e  p re p a ra tio n  o f th e  fun  d a l s t r i p .  A

p iece  o f c o tto n  th re a d  was t i e d  to  each end and th e  s t r i p  was 

g e n tly  s t r e tc h e d  as shov/n in  P ig . 12, page 70 , and any p ro tru s io n s  

and f r in g e s  o f p y lo r ic  t i s s u e  trimmed away to  g ive a  lo n g , c le a n , 

th in  s t r i p  of t i s s u e .  T his s t r i p  was suspended in  an organ b a th  

(which had an i n t e m a l  d iam ete r o f O.8 3  cm. and was 13 cm. lo n g ) .

The b a th  co n ta in e d  oxygenated Tyrode’s s o lu t io n .  One end o f th e  

co tto n  th re a d  Y/a.s a tta c h e d  to  a hook f ix e d  a t  th e  base  o f the  b a th  

and th e  o th e r  to  a f r o n ta l - p o in t  w r it in g  l e v e r .  P ig . 11, page 6 7 , 

i s  /
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B

O eso p h ag u s

Pyloric -- 
P o rtio n

D uodenum --

Cut
Port o f

Pyloric Portion

D

c.

F ig . 12.

Diagram showing th e  p re p a ra t io n  of th e  fundus 

s t r i p  o f r a t ’s stomach (A f te r  Vane, 1957)•

A -  YHiole stom ach,

B -  Fundus c u t away from th e  p y lo r ic  re g io n , b u t w ith  a sm all

band o f p y lo r ic  t i s s u e  l e f t  a tta c h e d  and th en  c u t as

shown around th e  l e s s e r  c u rv a tu re .

C -  The fundus opened in to  a p la te  o f t i s s u e .

D -  The fundus s t r i p  p u l le d  out by c o tto n  th re a d  a t ta c h e d  to
each end. The p y lo r ic  t i s s u e  and p ie c e s  o f ex traneous 

t i s s u e  then  removed.
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i s  a diagram  o f  th e  a p p a ra tu s  u sed  in  th e s e  experim en ts. The 

f l u id  in  th e  b a th  was oxygenated by p a ss in g  th e  gas th rough  a 

hypodermic n eed le  f ix e d  in to  th e  base  o f  th e  b a th .  The T yrode’ s 

s o lu t io n  was passed  from a r e s e r v o i r  in to  th e  organ b a th  th rough  

a s p i r a l  g la s s  c o i l  v/hich was kep t in  an o u te r  h e a te d  w ater b a th  

and th e  flow  was c o n tro l le d  by a sp rin g  c l i p .  The tem p era tu re  was 

m ain ta ined  th e rm o s ta t ic a l ly  a t  37 1 0 .5°C . N orm ally, th e re  was a 

slow s tead y  flow  of T yrode’ s s o lu t io n  th rough  th e  b a th ,  overflow ing  

a t  th e  to p . B efore th e  drug v/as added, t h i s  flow  was stopped  and 

when the  c o n tra c t io n  o f th e  t i s s u e  was com pleted, th e  flow  was 

r e s t a r t e d  a t  a  ra p id  r a te  and m ain ta ined  f o r  from 15  to  20 seconds 

in  o rd e r to  v/ash th e  drug ou t o f th e  b a th . The flow  was then  

reduced  to  th e  o r ig in a l  r a t e .  The t i s s u e  v/as allovæ d to  r e la x  f o r  

about one hour b e fo re  th e  s t a r t  o f th e  experim ent. The drug 

s o lu t io n  was added to  the  b a th  by means of a 1 ml. tu b e rc u lin  

sy rin g e  in  a volume no t exceeding 0 .2  m l. The movements o f  the  

muscle were reco rd ed  on a moving smoked su rfa c e  and th e  t i s s u e  was 

s t r e tc h e d  a f t e r  each c o n tra c t io n  f o r  a p e rio d  o f 60 seconds by 

b r in g in g  down the  le v e r  to  a f ix e d  le v e l  j u s t  below th e  norm al 

base  l in e  ( a  lo ad  o f 0 .5  g . w eight was used  to  s t r e tc h  th e  m u sc le ). 

Hyoscine hydrobrom ide was added ro u t in e ly  to  th e  T y ro d e 's  s o lu t io n  

in  a c o n c e n tra tio n  o f 0 .1  pg . p e r  ml. T his drug reduced  o r 

a b o lish ed  any a c e ty lc h o lin e —l ik e  e f f e c t s  and a lso  d im in ished  any 

i r r e g u l a r i t i e s  /
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i r r e g u l a r i t i e s  of the  base l in e .  The c o n tra c t io n s  induced  by 

5-hydro]qrtiyptaniine were com pleted in  about 90 seconds, th e  drug 

was th en  washed out f o r  about 20 seconds and a t  th e  same tim e th e  

t i s s u e  was s t r e tc h e d  f o r  about 60 seconds. A f u r t h e r  2^ m inutes 

were allow ed f o r  th e  t i s s u e  to  r e la x  and a com plete tim e cy c le  

took  5 m inutes. The drug so lu tio n  un d er in v e s t ig a t io n  was added 

to  th e  b a th  by means o f a 1 ml, tu b e rc u l in  sy rin g e  30  seconds 

b e fo re  th e  nex t a d d itio n  o f 5 -hydroxytryptam ine and th e  e f f e c t  

reco rd ed . The t o t a l  volume o f 5 -hydroxy tryp tam ine  s o lu t io n  

and drug s o lu t io n  was n o t more th an  0 .3  ml. in  any one c a se .

(c )  Experim ents on th e  i s o la t e d  gu inea  p ig  ileum

The guinea p ig  ileum  v/as u sed  as a t e s t  p re p a ra t io n  f o r  

h istam ine  and c e r ta in  o th e r  substances by Guggenheim and L o f f le r  

in  1 9 1 6 . The a c tio n  of 5-hydroxytryp tam ine on t h i s  t i s s u e  has 

been s tu d ie d  by Robertson (1955), Rocha e S i lv a ,  V a lle  and 

P i c a r e l l i  (1953) and Gaddum ( 1955a). The tech n iq u e  u se d  in  th e se

experim ents was based  on th a t  of Guggenheim and L o f f le r  ( I 916) .

Guinea p ig s  o f e i th e r  sex , w eighing betw een 200 and 400 g , 

were used as experim en tal an im als, A gu in ea  p ig  was f a s te d  over

n ig h t then  k i l l e d  by a blow on th e  bank o f th e  neck , th e  th r o a t  

wa.s cu t and th e  anim al b le d  from th e  c a r o t id  a r t e r i e s .  The

c-bdomen /
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abdomen was opened and th e  i le o c a e c a l  ju n c tio n  found. A p ie c e  o f 

ileum about 3 cm. long was removed from t h i s  reg io n  about 3 cm. 

proxim al to  the  i le o c a e c a l  ju n c tio n  and p la c e d  in  a p e t r i  d ish  

con ta in in g  co ld  Tyrode’s s o lu t io n  (Appendix I ,  page 246 ) .  I t  

was then  f re e d  from th e  ex traneous t i s s u e s  and th e  c o n te n ts  washed 

out by in s e r t in g  a p ip e t te  in to  th e  end away from th e  i le o c a e c a l  

ju n c tio n  and the  gut p e rfu se d  w ith T yrode’ s s o lu t io n .  The 

nesenter}- was removed from th e  gut u sin g  f in e  s c i s s o r s ,  c a re  be in g  

tafeyn n o t to  in ju r e  th e  ileum  i t s e l f .  A sm all loop of c o tto n  

th read  was sevm to  one end of the  p iece  of ileum  and a long p iece  

of c o tto n  th re a d  sevm in to  th e  o th e r  end. The c o tto n  th re a d  was 

a ttach ed  to  the  w all of th e  ileum  away from th e  s id e  to  which the  

mesentery was a tta c h e d . The gu t was suspended in  a 2 ml. organ 

bath co n ta in in g  oxygenated T yrode 's  s o lu t io n .  The long  p iece  o f 

co tton  th re a d  was a tta c h e d  to  a f r o n ta l - p o in t  w r i t in g  le v e r  and the  

o ther to  a hook f ix e d  in to  th e  base o f th e  b a th . F ig . 11, page 

67 , i s  a diagram of th e  appara tus used  in  th e se  experim en ts. The 

f lu id  in  th e  b a th  was oxygenated by p a ss in g  oxygen through a 

hypodermic needle f ix e d  in to  the  base o f th e  b a th . The Tyrode’s 

so lu tio n  was passed  from a r e s e r v o ir  in to  th e  organ b a th  through 

a s p i r a l  g la ss  c o i l  which was kep t in  an o u te r  h e a te d  w a ter b a th  

and the  flow was c o n tro l le d  by means of a sp r in g  c l i p .  The 

tem perature /
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tem pera tu re  was m ain tained  th e rm o s ta t ic a l ly  a t  37 ± 0 .5^0 . 

Spasmogens such as 5 -hydroxy tryp tam ine , a c e ty lc h o lin e  o r h is tam in e  

were added to  th e  b a th  in  s o lu tio n  by means of a 1 ml. tu b e rc u lin  

sy rin g e  a t  th re e  m inute in te r v a l s  and th e  c o n tra c tio n s  produced by 

th e  gut were reco rd ed  on a moving smoked s u r fa c e . A re g u la r  tim e 

cyc le  of th re e  m inutes was s t r i c t l y  adhered  to  th roughou t th e  

experim ent. The spasmogen was allow ed to  a c t f o r  30 seconds and 

v.as then  washed out by overflow  of T yrode’s s o lu t io n  f o r  from 10 

to I 5 seconds. From 3 to  10 rep ro d u c ib le  submaximal c o n tra c tio n s  

v/er(C reco rded  v/ith the  spasmogen b e fo re  adding the  drug under 

in v e s t ig a t io n .  The drug s o lu tio n  was th en  added to  th e  b a th  30 

seconds b e fo re  th e  n ex t a d d itio n  of spa-smogen. The c o n tra c tio n s  

were allow ed to  r e tu rn  to  a c o n stan t l e v e l  b e fo re  th e  nex t a d d it io n  

of th e  drug s o lu t io n . The t o t a l  volume o f th e  spasmogen and the  

drug s o lu t io n  was n o t more th an  0 .2  ml. in  any one c a se .

( d) Experim ents on th e  p e rfu sed  i s o la te d  r a t  h in d q u a r te rs

The method adopted v/as based  on th a t  o f Bum (1 9 5 2 ). In  

these  experim ents th e  p re s su re  a t  which th e  p h y s io lo g ic a l  f l u id  

passed  t h r o u ^  th e  b lood  v e s s e ls  was k ep t c o n s ta n t and th e  a l t e r 

a tio n s  in  the  r a te  o f ou tflow  of the  p e rfu s io n  f l u i d  v/hich were 

produced by the  drug, were reco rded  by means of T horp’s im pulse

co u n te r. /
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co u n te r. The v e s s e ls  were p e rfu se d  w ith  oxygenated L ocke’s 

s o lu tio n  (Appendix I ,  page 246 ) a t  room tem p era tu re .

A lbino r a t s  o f e i t h e r  sex v^eighing betw een I 50 and 200 g . 

were used as ex p erim en ta l an im als. The r a t  was k i l l e d  by a blow 

on th e  back o f th e  neck , th e  th r o a t  was cu t and th e  anim al b le d  out 

from th e  c a r o t id  a r t e r i e s .  The abdom inal c a v ity  was opened, th e  

rectum  and th e  i n f e r i o r  and s u p e r io r  m esen te ric  a r t e r i e s  were 

d iv id ed  betw een l ig a tu r e s .  The i n te s t i n e s  were pushed upwards 

in  (Order to  b r in g  in to  view th e  abdominal a o r ta  and th e  accompanying 

v e in . The a o r ta  was f r e e d  from th e  v e in  and su rroun d ing  f a t t y  

t i s s u e ;  a p ie c e  o f c o tto n  th re a d  was th en  p assed  around th e  a o r ta  

and a sm a ll t r a n s v e rs e  cu t made in  i t  by means o f sh a rp -p o in te d  

s c is s o r s ;  f i n a l l y  a  po ly thene  cannula  was in s e r te d  th rough  th e  

cut in to  th e  a r t e r y  and t i e d  in to  p la c e . The body w a ll  and 

v e r te b r a l  column were t r a n s e c te d  above th e  p o in t  o f c a n n u la tio n  

and the  h in d e r  p a r t  o f th e  r a t  was l a i d  upon a  c i r c l e  o f  m uslin  

a tta c h e d  to  a  w ire  loop which r e s te d  on a  g la s s  fu n n e l .  The 

r e s e r v o i r  c o n ta in in g  oxygenated L ocke 's s o lu t io n  was connected  

to  th e  po ly thene  cannu la . P ig . 15  ̂ p&gG 76 , shows th e  ap p ara tu s 

used  in  th ese  experim en ts. The r a t e  o f flow  o f th e  L ocke’s 

so lu tio n  was c o n tro l le d  by means o f an a d ju s ta b le  screw  c l i p .

The ou tflow  was le d  th rough  a f i l t e r  fu n n e l and connec ted  a c ro ss  

the  /
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the points of a drop recording assembly to a Thorp's impulse counter.

After settin g  up the preparation, a uniform outflow was obtained 

for at le a st  13 minutes before drugs were in jected . Solutions of 

3-bydroxytiyptamine, adrenaline or noradrenaline, were in jected  

into the rubber tubing by means of a 1 ml. tuberculin syringe and 

the altered rate of flow was recorded on a moving smoked surface.

A constant dose of 3-hydroxytryptamine, adrenaline or noradrenaline 

was in jected  u n til a reproducible response was obtained. Then 

the drug solution under investigation  was in jected  30 seconds before 

the next in jection  of 3-bydroxytryptamine, adrenaline or nor

adrenaline and the e ffe c t  on the rate of outflow was recorded.

I I .  Experim ents on i n t a c t  an im als

(a )  E xperim ents on th e  b lood  p re s su re  o f th e  

a n a e s th e t is e d  c a t

Cats of either sex, weighing between 2 and 3 .5  kg. were used 

as experimental animals. Anaesthesia was induced by means of 

the intraperitoneal in jection  of sodium pentobarbitone and a dose 

of 30 to 60 mg. per kg. was usually su ffic ien t to  produce 

surgical anaesthesia in  about 10 to 13 minutes.

The /
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The anaesthetised cat was placed on i t s  back upon a warm 

operating tab le , the legs were secured to  the table by means of 

strings and the head extended. The fur covering the ventral 

aspect of the neck was cut away and a longitudinal midline 

in cision  extending from the sternum below, to  the point of the 

jaw above, was made by means of a sca lp el. The fa sc ia  and the 

muscles covering the trachea were separated by blunt d issection  

and the la t te r  was freed from the surrounding t is su e . A piece 

of cotton thread was passed around the trachea and a transverse 

incision  made in  i t  by means of sc isso rs. The cut edge was 

hel{d by means of forceps and a tracheal cannula was inserted  

through the cut and tied  into place. This was done as a pre

cautionary measure to keep the oat a live  under a r t i f ic ia l  

respiration i f  th is  became necessary. The amount of a ir  

entering and leaving the cannula could be altered  by means of 

an adjustable sleeve.

The skin on the anterolateral side of the neck was carefully  

stretched by means of a blunt d issector, one of the external 

jugular veins was id en tified  and freed from the surrounding 

tissu es . A bulldog c lip  was applied to the vein on the cardiac 

end and the former was closed on the cephalic end by means of a 

cotton t i e .  A piece of cotton thread was passed around the vein  

and /
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and a small transverse cut made in the d ilated  vein by means of 

sharp-pointed ir is  sc isso r s . A glass vein cannula about 6 cm. 

long was f i l l e d  with a solution of heparin, inserted through the 

in cision  into the vein and tied  into place. The cannula was 

connected by means of rubber tubing to a graduated 50 ml. burette 

containing normal sa lin e , a l l  the a ir  having previously been 

removed from the system. The flow of the sa line was controlled  

by imeans of a spring c lip . The bulldog c lip  was taken away and 

thé observation that the sa lin e in  the burette ran free ly  in to  

the vein indicated that the cannula had been correctly inserted. 

The rubber tube in  between the cannula and the burette was used 

for in jection  of the drugs into the vein. About 1 to 2 ml. of 

a solution of heparin was in jected  into the vein to  prevent in tra- 

vascular c lo ttin g .

The carotid arteries were id en tified  and one of them freed  

from the accompanying nerves and other surrounding t is su e s . The 

artery was f ir s t  tied  o ff as near to the head as p ossib le , a b u ll

dog c lip  was applied to i t  about 3 om. d is ta l to the lig a tu re , and 

a piece of cotton thread passed around i t  midway between the 

ligature and bulldog c lip . A small transverse cut was made in  

the artery by means of sharp-pointed sc issors and an artery

cannula /
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cannula was inserted  through the cut and t ied  into place. The 

cannula was connected to the merouiy manometer, the space “between 

the mercury and the artery being filled  with heparinised normal 

saline. Before making the connection, extreme care was taken to 

displace a ll  the a ir  bubbles from the system. The pressure was 

set to about 100 mm. of mercury and the bulldog c lip  was taken 

away. The writing fla g  on one arm of the mercury manometer 

recorded the variations in blood pressure on a moving smoked 

surface.

Drugs in aqueous solution were administered to the animal by 

means of a 1 ml. tuberculin syringe, in jectin g  in to  the rubber 

tubing between the vein cannula and the burette. After each 

injection, 3 ml. of normal sa line were allowed to flow into the 

vein to wash the drug into the system.

(b) Experiments on the blood pressure of 
the anaesthetised ra t.

This technique was orig in ally  introduced by Landgrebe, 

Macauley and Waring in 1946 for the assay of vasopression. A 

modified version of the preparation was introduced by Dekanski 

in 1952 and the method used in these experiments was based upon 

that.

Albino /
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Albino rats of either sex weighing between 300 and 400 g. were 

used as experimental animals. Anaesthesia was induced by means of 

a subcutaneous in jection  of urethane. A 23 per cent ^  solution  of 

urethane in d is t i l le d  water was made, and a dose of 173 to 200 mg, 

per 100 g. body weight was usually su ffic ien t to produce surgical 

anaesthesia in about one hour.

The anaesthetised animal was placed on i t s  back upon a warmed 

rat operating table ; the legs were secured to the table by means 

of strings and the neck was extended. The skin covering the ventral 

aspect of the neck was cut away, the fa sc ia  and the muscles covering 

the trachea separated and the la t te r  was freed from the surrounding 

tissu es. A piece of cotton thread was passed around the trachea 

and a transverse incision  made in  i t  by means of a pair of i r i s  

scissors. The cut edge was held by means of forceps and a poly

thene cannula was inserted and tied  into place. This was done as 

a precautionary measure to keep the rat alive.under a r t i f ic ia l  

respiration i f  th is became necessary.

The skin on the anterolateral side of the neck was carefu lly  

stretched by means of a blunt d issector, and one of the external 

jugular veins was id en tified  and freed from the surrounding fa sc ia .

A bulldog c lip  was applied to the vein on the cardiac end and the 

vein /
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vein  was c lo sed  on th e  c ep h a lic  end by means o f  a  p ie c e  o f c o tto n  

th read . A nother p ie c e  of c o tto n  th re a d  was p assed  around th e  

vein  and a sm all t r a n s v e rs e  c u t was made in  th e  d i l a t e d  v e in  by 

means of sh a rp -p o in te d  i r i s  s c i s s o r s .  A th in  cannu la  made o f 

hard  po ly thene  tu b in g  was f i l l e d  w ith  a s o lu t io n  o f  h e p a r in  and 

in s e r te d  through th e  c u t ,  in to  th e  v e in  and t i e d  in to  p lac e  w ith  

the  p o in te d  end tow ards th e  h e a r t .  The cannu la  was connected  by 

means of rubber tu b in g  to  a g rad u a ted  5 ml. b u r e t t e  c o n ta in in g  

nGIEal s a l in e ,  a l l  th e  a i r  bubb les had  been p re v io u s ly  removed 

from the system . The flow  o f s a l in e  was c o n tr o l le d  by a sp rin g  

c l ip .  The b u lld o g  c l i p  was removed from th e  v e in  and th e  

observation  th a t  th e  s a l in e  in  th e  b u r e t t e  ran  f r e e ly  in to  th e  

v e in , in d ic a te d  th a t  th e  cannula  had been c o r r e c t ly  in s e r te d .

The rubber tube in between the cannula and the burette was used 

fo r  in jection  of the drugs. Injections were made by means of a 

1 ml, tuberculin syringe. About 0.23 to 0 .3  ml. of a solution  

of heparin was routinely in jected  into the vein at the beginning 

of each experiment to prevent intravascular c lo tt in g .

The c a r o t id  a r t e r i e s  were i d e n t i f i e d  and one o f  them f re e d  

from th e  accompanying n erves and su rround ing  t i s s u e .  The a r t e iy  

was f i r s t  t i e d  o f f  as n e a r  to  th e  head  as p o s s ib le ,  a  b u lld o g  c l i p

was /



83.

was th en  ap p lied  to  th e  a r t e iy  about 2 cm. d i s t a l  to  th e  l ig a tu r e  

and a  p iece  of c o tto n  th re a d  p assed  around th e  a r t e r y  midway 

between th e  l ig a tu r e  and th e  b u lld o g  c l i p .  A sm a ll t r a n s v e r s e  

cu t was made in  th e  a r t e r y  by means o f sharp  p o in te d  i r i s  s c i s s o r s  

and a po ly thene  cannula  f i l l e d  w ith  a s o lu t io n  of h e p a rin  was 

in s e r te d  through th e  c u t in to  th e  a r t e iy  w ith  th e  p o in te d  end 

towards th e  h e a r t  and t i e d  in to  p la c e . The cannu la  was connected  

to a manometer o f th e  type designed by Condon (1933) j th e  space 

between th e  a r te ry  and th e  mercury b e in g  f i l l e d  w ith  norm al s a l in e .  

F ig . 14, page 84, i s  a diagram  o f th e  manometer u sed  in  th e se  

experim ents. B efore making the  c o n n ec tio n , extrem e ca re  was taken  

to exclude a l l  th e  a i r  bubb les from  th e  system . The b u lld o g  c l ip  

which was a p p lie d  to  th e  a r te r y  was taken  o f f  and a w r i t in g  f l a g  

on one arm of the  mercury manometer reco rd ed  th e  b lo o d  p re s su re  on 

a moving smoked s u r fa c e ,

Drugs in  aqueous s o lu t io n  were a d m in is te re d  to  th e  an im al by 

means o f in je c t io n  in to  th e  ru b b er tu b in g  betw een the  v e in  cannu la  

and b u r e t te  u sing  a 1 ml. tu b e rc u lin  sy r in g e . Each in je c t io n  was 

fo llow ed by in fu s io n  o f 0 .2  ml. o f s a l in e  from th e  b u r e t t e .  The 

volume o f drug s o lu t io n  in je c te d  7/as n o t more th an  0 .2  m l, in  any 

one case .

(c )  /
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Aluminium w i r « -  

W ri t ing  p o i n t ^  ^

3m m  b o re  
tu b *  -

24 cm

E b o n it .  
f  lo o t

from r^aarvoir 
f i l l ^  tv/th sa/rnt

K> C J tr o t td  c a n n u la

- P u b b c r  CK R o ly thena  tubm<

F iR . 14.

Diagram of th e  manometer u sed  f o r  re c o rd in g  the  

a r t e r i a l  b lood  p re s su re  o f th e  a n a e s th e t is e d  r a t ,
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(o) Toxic e ffe c ts  on mice

Albino mice of e ith er  sex weighing 20 i  1 .0  g . , and which had 

not previously been used for experimental puiposes, were en^lpyed. 

G-roups of f iv e  mice were se lec ted . The members of one group of 

mice were in jected  in traperitoneally  with 0.75 ml. o f normal 

sa lin e  and used as con tro ls. The other groups of mice were 

in jected  with the drug so lutions at various dose le v e ls  (from 23 

to 130 mg. per k g .) . The to ta l  quantity of drug solution  was 

not more than 0.73 ml. in  any one case. The control group and 

the drug-treated groups of mice were kept in  separate cages and 

the e ffec ts  were noted fo r  about eight hours.

I I I .  Experiments on iso la ted  smooth muscle 
preparations using the Ariens technique

In order to c a n y  out experiments using the Ariens technique, 

a su itab le smooth muscle preparation was necessary which would 

give a reproducible cumulative log . concentration response to 3- 

hydrozytiyptamine. A search was therefore made for a su itable

smooth muscle preparation during which the follow ing preparations 

were tr ied . The iso la ted  guinea pig jejunum, the iso la ted  horse 

carotid artery str ip  and the iso la te d  rat jejunum. The f ir s t  

two /
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t;/o p re p a ra tio n s  were n o t s u i t a b le  f o r  rea so n s  which w i l l  become 

c le a r  l a t e r .

(a )  ( i )  The i s o l a t e d  gu inea  p ig  jejunum .

A p ie c e  o f jejunum  from 2 to  3 cm. in  le n g th  was tak en  from a 

f r e s h ly  k i l l e d  gu inea  p ig . This was mounted in  a 2 m l. organ b a th

in  th e  manner d e sc r ib e d  in  pages 12 and 73* A diagram  o f th e

appara tu s u sed  f o r  t h i s  experim ent i s  shown in  F ig . 11 , page 6 7 .

To o b ta in  a  s u i ta b le  cum ulative  log, c o n c e n tra tio n  response  curve 

fo r  5-h y d ro x y try p tam in e , th e  t i s s u e  had to  be l e f t  f o r  a lo n g  tim e 

in c o n ta c t  w ith  th e  cum ulative  log, c o n c e n tra tio n  o f 5-hydroxy

tryp tam ine  in  th e  b a th . From th i s  p re p a ra t io n  re p ro d u c ib le  

cum ulative c o n c e n tra tio n  response  curves to  5 -hydroxy tryp tam ine  

could n o t be o b ta in e d . T his was because  p ro longed  c o n ta c t w ith  

high doses of 3 -hydroxy tryp tam ine  made th e  t i s s u e  in s e n s i t iv e  to  

f u r th e r  a d d it io n s  o f 3-hydroccytryptam ine. F ig . 13, p&ge 8 7 , shows a

ty p ic a l  e x p erim en ta l t r a c in g ,  G-addum (1933&) and Rocha e S i lv a ,  

V a lle  and P i c a r e l l i  (1953) have a ls o  observed  t h i s  e f f e c t  in  th e  

i s o la te d  gu inea  p ig  ileum . F o r th e  reaso n s s t a te d  above, th e

guinea p ig  jejunum  was found no t to  be s u i ta b le  f o r  t h i s  type  o f

work.

(a )  ( i i )  Horse c a r o t id  a r te r y  s t r i p s .

Lengths o f  c a r o t id  a r t e r y  were removed from f r e s h ly  k i l l e d  

h o rses /
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j a  ’ bal 
* 32a|64a I

Pig. 15.

The iso la ted  guinea pig jejunum.

Experimental, cumulative log-dose response curves, based on the
M

A riens p ro ced u re .

At A, B, C and D, cumulative log-dose response curve
for 3-hydroxytryptamine.

Dose a  = 0.00568 /u Mo3/L .

Other doses are m ultiples of a as shown on the tracings.

At E, a single dose of 0.35632 p. Mol/L. of 3-hydroxy
tryptamine.
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horses at the slaughter house. A portion of the arteiy was freed  

from fa sc ia  and a strip  of about 4 cm. in  length and 2 mm. wide was 

made by cutting the arteiy  into a sp ira l by means of a pair of ir i s  

sc isso r s . Threads were t ied  to both ends of the segment and the 

strip  o f arteiy  set up in  a 40 ml. organ bath containing oxygenated 

Tyrode's solution (Appendix I ,  page 246) at 37 t  0.3^0. The 

thread at one end of the arteiy strip  was fixed  to  the base of 

the organ bath and the thread at the other end was attached to  

a frontal-point writing lever. The str ip  was stretched for  

approximately one hour by means of a 10 g. weight. Before the 

experiment was started, the additional weight was removed and the 

lever readjusted. The contractions were recorded on a moving 

smoked surface.

Even a fter  leaving the tissu e for more than one and a h a lf  

hours and reducing the magnification of the lev er , i t  was found 

that the t issu e  i t s e l f  contracted slowly without the addition of 

any stimulant drug. An example i s  shown in Pig. 16, page 89.

In order to avoid th is slow contraction, the weight upon the 

lever was increased and i t  was found that the response of the 

tissue to added 3-hydroxytiyptamine was now very sluggish and 

the contraction produced was not great enough to be measurable. 

Reproducible /



89.

F i£ i_ l6 .

The iso la ted  horse carotid a rte iy  str ip .

Experimental record showing spontaneous 
slow contraction of the t is su e .
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R eproducib le  cum ulative  c o n c e n tra tio n  resp o n se  cu rves f o r  3 - 

hydroxytiyp tam ine co u ld  n o t be o b ta in e d . F o r th e s e  rea so n s  t h i s  

t i s s u e  was obv iously  n o t s u i ta b le  and was th e r e f o r e  d is c a rd e d .

S t r ip s  of r a b b i t  and c a t  th o ra c ic  a o r ta e  were n o t t r i e d  

because many of th e  s t r i p s  were found to  be r e f r a c to r y  to  s tim u 

l a n t  drugs in c lu d in g  a c e ty lc h o l in e ,  3 -hydroxy tryp tam ine  and 

h is tam in e  (K irp ek a r, 1 3 3 9 )*

These d i f f i c u l t i e s  were overcome by u s in g  th e  r a t  jejunum . 

R eproducib le  cum ulative c o n c e n tra tio n -re sp o n se  curves to  3- 

hydroxytryptam ine co u ld  be o b ta in e d  from th i s  t i s s u e .

(b ) Experim ents on th e  i s o l a t e d  r a t  jejunum .

Method. The method d e sc r ib e d  i s  based  m ainly on th a t  o f 

Van Rossum and A riens (1 9 5 9 ).

A lbino r a t s  o f e i t h e r  se x , w eighing betw een I 30 and 200 g . 

were used  as ex p erim en ta l a n im a ls . A r a t  was stunned  by a blow 

on th e  head , th e  th r o a t  cu t and th e  anim al b le d  o u t. The 

abdom inal c a v ity  was opened and th e  duodenum was id e n t i f i e d .

The f i r s t  6 to  8 cm. o f sm a ll i n t e s t i n e  T/hich o r ig in a te d  from 

the  p y lo r ic  end o f th e  stom ach was d isc a rd e d  and 2 to  3 cm. o f 

jejunum ta k e n . The c o n te n ts  were washed ou t by means of a 

stream  /
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stream of Tyrode’s solution (Appendix I ,  page 246) .  The two ends 

of the jejunum were sewn with cotton thread and the t is su e  was 

mounted in  a 20 ml. organ bath through which oxygen was bubbled 

while the temperature was kept constant at 35 -  0 .5°C. (P ig . 11, 

page 67, i s  a diagram of the apparatus used). The t is su e  was 

le f t  for about one h a lf to one hour in  the bath before startin g  

the experiment. The movements of the jejunum were recorded on 

a moving smoked surface. Cumulative lo g . concentration-response 

eüivêS were obtained by adding amounts of 3-hydroxytiyptamine in  

the following sequence; a; a; 2a; e tc . A given concentration  

of 5-hydroxytiyptamine was l e f t  in  contact with the jejunum for one 

minute. This appeared to be su ff ic ie n t to give a steady sta te  of 

contraction after which the concentration was doubled by adding 

the subsequent dose. When the contraction had reached i t s  max

imum, the addition of 3-bydroxytryptamine was stopped and the drug 

was washed out for  about f iv e  to ten minutes. The t is s u e  was then 

allowed to rest for another twenty minutes. This time cycle was 

s tr ic t ly  adhered to throu^out the experiment. A fter obtaining 

reproducible cumulative log . concentration-response curves to  3- 

hydroxytryptamine, the drug solution under in vestiga tion  was added 

to the bath one minute before the next addition of the approp

ria te cumulative log. concentration dose of 3-bydroxytiyptamine.

I f  /
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I f  the height of the contraction was not d e fin ite ly  reduced, 

higher concentrations of the drug solutions were tr ied  u n til such 

time as the tissu e  fa iled  to give a further contraction to added 

5”hydroxytiyptamine. Cumulative log# dose response curves were 

p lotted  for 3-hydroxytryptamine alone and for 3-bydroxytryptamine 

in the presence of various concentrations of the drug under 

investigation .
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C H A P T E R  I I I

RESULTS

I .  (a )  E f fe c t  of the  th io n ap h th en  compounds on th e  

c o n tra c tio n s  produced by 3-hydroxy tryp tam ine  

on th e  i s o l a t e d  r a t  u t e r u s .

W ith th e  ex cep tio n  of compound V I, none o f th e  g ram in e-lik e  

iSQât'eres vzhen te s te d  a t  dose le v e ls  o f from 25 to  50 p e r  m l . , 

had any d i r e c t  s tim u la n t e f f e c t  on th e  i s o l a t e d  r a t  u te ru s .  

Compcpund VI e x h ib ite d  v a r ia b le  a c t i v i t y .  In  two experim en ts, 

s im ila r  c o n c e n tra tio n s  (50 and 100 pg . p e r  m l.)  of compound VI 

p o te n t ia te d  th e  s tim u la n t response  to  5-hyd roxy tiyp tam ine  and 

induced spontaneous a c t i v i t y  in  th e  t i s s u e .  T his cou ld  s t i l l  be 

observed a f t e r  th e  drug was washed ou t o f th e  b a th  (F ig . 17, page 

54), In  an o th e r two experim ents u s in g  s im ila r  dose le v e ls  i t  in 

com pletely  in h ib i te d  the  s tim u la n t response  to  5 -hydroxytryp tam ine 

and s t i l l  induced spontaneous a c t i v i t y  (F ig . 18 , page 95 ). At 

dose le v e ls  of from  2 .5  to  50 pg . p e r  m l . , th e  o th e r  s ix  compounds 

in  t h i s  s e r ie s  an tag o n ized  th e  s tim u la n t e f f e c t  o f from 0 .0 1  to  

0 .05  pg . p e r  ml. o f 5-b yd roxy tiyp tam ine . T rac in g s o b ta in ed  from 

f iv e  d i f f e r e n t  experim ents are  shown in  F ig s . 19 to  21, pages

96 /
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F ig . 17.

The i s o l a t e d  r a t  u te r u s .

All im l& belled c o n tra c t io n s  a re  due to  0 .025 pg . p e r  ml. o f 5 - 

hydroxy try p ta m in e .

A ddition of 5-hyd roxy tryp tam ine  was p receded  30 seconds e a r l i e r  by:

At Â  -  5 pg. p e r  ml. 3 - ( e th y Ip ip e rid in o m e th y  1 ) th ionaph then  (V l). 

At - 50 pg . p e r  ml. ” ” ” ” " ”

At SP - Spontaneous movements of th e  t i s s u e .
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F ig . 18.

The i s o la t e d  r a t  u te r u s .  

lA l  u n la b e lle d  c o n tra c t io n s  a re  due to  0 .05  pg. p e r  of 5- 

hydroxytiyp tam ine.

A ddition of 5 -h y d ro x y try p t amine was p receded  30 seconds e a r l i e r  by; 

At A^- 10 pg . p e r  ml. 3 - ( 2 -m e th y lp ip e rid in o m eth y l) th io n ap h th en  (V l)

At A .- 50 pg. H  t l

xj .t  A ^ — 1 0 0  p g .
II II
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The i s o la te d  r a t  u te ru s .

(a )  A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .01  pg. p e r ml. of 

5-hy d ro x y try p tam in e .

A ddition  of 5 -bydroxytryptam ine was preceded  30 seconds 

e a r l i e r  b y : -

At -  1 pg. p e r  ml. 3-(am inom ethyl) th ionaph then  ( l ) .

At Ag -  10 pg. " It tf

(b ) A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .05  pg* p e r  nil. of 

3-h y d ro x y try p t am ine.

A ddition  o f 5-hydroxy tryp tam ine  was p receded  30 seconds 

e a r l i e r  b y : -

At -  0 .5  pg . p e r ml. 3 -(m orpho linom ethy l)th ionaph then  ( i l l )

At A^ -  5 pg. p e r ml.
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F ifl. 20.

The i s o l a t e d  r a t  u te ru s .

A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0.025 pg . p e r  ml. of 

5-h y d roxy tryp tam ine .

A dd ition  o f 5-hydroxy tryp tam ine  v/as p receded  30 seconds e a r l i e r  by; 

At Â  -  0.025 pg. p e r  ml. 3 - (p y rro lid in o m e th y l)  th io n ap h th en  (IV)

At Ag -  0 .5  pg.

At A  ̂ -  2 .5  pg.
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F ig . 21 .

The i s o la t e d  r a t  u te ru s .

(a ) A ll u n la b e lle d  c o n tra c tio n s  are  due to  0 .05  PS* p e r  ml. of 

5-hydroxy try p tam in e .

A dd itio n  of 5-bydroxytryp tam ine was p receded  30 seconds 

e a r l i e r  by.

At 2 .5  pg . p e r  m l. 3 - ( p ip erid in o m eth y 1) th io n ap h th en  (V).

(b ) A ll u n la b e lle d  c o n tra c t io n s  a re  due to  0.025 pg . p e r  ml. o f 

5-hyd roxy tryp tam ine .

A ddition  of 5-hydroxytryp tam ine was preceded  30 seconds 

e a r l i e r  b y :-

At A^- 50 p g .p e r  ml. 3-(cyclohexylam inom ethyl) th io n ap h th en
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96 to  98.

At dose le v e ls  o f from 5 to  100 /ug. p e r  m l.,  none o f th e  

q u a te rn a ry  s a l t s  of th e  g ram in e-lik e  i s o s t e r e ^  e x e r te d  any d i r e c t  

s t im u la n t a c tio n  on the  i s o la te d  r a t  u te ru s  b u t a t  th e se  dose 

l e v e l s ,  a l l  the  compounds an tagon ized  the  s tim u la n t a c t io n s  o f 5“ 

hydroxytryptam ine (O.Ol to  0 .05 pg , p e r  m l.) .  Among the  members 

o f t h i s  group, compound V III  was th e  most p o ten t 5 -bydroxy- 

try p tam in e  a n ta g o n is t and was e f f e c t iv e  a t  dose le v e ls  o f from 

5 to  20 pg . p e r  ml. (P ig . 22, page 100); compound X was n e x t in  

o rd e r of potency (25 to  50 pg . p e r m l .) .  A ty p ic a l  t r a c in g  

o b ta in ed  from an experim ent i s  shown in  P ig . 23a ,  page 101. 

Compounds IX and XI were a c tiv e  a t  dose le v e ls  ran g in g  from 25 

to  100 pg . p e r ml. (F ig . 23b, page lO l ) .

At dose le v e ls  of from 50 to  200 pg . p e r  ml. compounds X II 

and X III  showed no d ir e c t  s tim u la n t e f f e c t s  on th e  i s o l a t e d  r a t  

u te ru s  p re p a ra t io n , bu t a t  the  same dose le v e ls  th ey  an tag o n ized  

th e  s tim u la n t a c tio n s  o f 5-hydroxytryptam ine (0 .0 2  to  O.O4 p g . P©r 

m l.) .  A ty p ic a l  t r a c in g  i s  shown in  F ig . 24, page 102.

At dose le v e ls  rang ing  from 25 to  500 pg . p e r  m l . , none o f 

the  5 -am in o -iso g ram in e-lik e  i s o s t e r e s  had any d i r e c t  s t im u la n t  

a c tio n  on the  i s o la te d  r a t  u te r u s .  A ll  an tag o n ized  th e  response  

to  /
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F ig . 22 .

The i s o la t e d  r a t  u te r u s .

A ll c o n tra c tio n s  are  due to  0 .01  pg. p e r  ml. o f 5 -h ydroxy tryp tam ine .

A ddition  of 5-hydroxytryptam ine was p receded  30 seconds e a r l i e r  by: -

At Â  -  5 pg. per ml. 3 -( dime thy  lam inom ethyl) th ionaph then  

m ethiodide ( V I I l ) .



101.

F ig . 23a . F ig . 23b.
The i s o la te d  r a t  u te r u s .

(a )  A ll  u n la b e lle d  c o n tra c tio n s  are  due to  0 .01 pg. p e r  ml. o f 

5-hydroxy try p ta m in e .

A dd ition  of 5-hydroxytryp tam ine was preceded 30 seconds 

e a r l i e r  b y : -

At -  5 pg . p e r  m l. 3 - (p y rro lid in o m e th y l) th io n ap h th en  

m ethiodide (X ).

At Ag -  10 pg . " ” ” "

At A, -  30 pg . " "

(b ) A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0.05 Pg« p e r  ml. of 

5 -hydroxy tryp tam ine .

A ddition  o f 5 -hydroxy tiyp tam ine  was preceded 30 seconds 

e a r l i e r  b y : -

At Â  -  25 pg . p e r  ml. 3 -(p ip e r id in o m e th y l)  th io n ap h th en  
m ethiodide (X l) .
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F ig . 24.

The i s o l a t e d  r a t  u te r u s .

A ll  c o n tra c tio n s  a re  due to  0 .02  yug. p e r  ml. o f 5 -hydroxy tryp tam ine .

A dd ition  of 5 -hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by:

At A .-  7 .5  ug. p e r  ml. 2 -(2 -am in o p ro p y l)-5 -h y d ro x y th io n ap h th en  
 ̂ (X I I I ) .

At A^- 15 pg. 

At A^- 25 pg. 

At A^“ 50 pg .

I I  I I  I I

II n II

II II II

II II

II II

I I  I I
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to  3-hydroxytiyptain ine (0 .0 1  to  0 .03 pg . p e r  m l . ) .  Compound XIV 

was the  most p o ten t eimong t h i s  s e r ie s  and was e f f e c t iv e  a t  dose 

le v e ls  o f from 10 to  25 pg . p e r  ml. (F ig . 25 , page 104 ) .  At 

dose l e v e ls  of from 50 to  100 pg . p e r  ml. th e  o th e r  compounds were 

a n ta g o n is tic  to  5-hydroxy try p tam in e . A iy p io a l  ex p erim en ta l

re c o rd  i s  shown in  F ig . 26 , page 105.

Dose R atio

Except f o r  compound V I, th e  dose r a t i o s  o f  th e  g ram in e -lik e  

i s o s te r e s  f o r  5 -hydroxytryptam ine were c a lc u la te d .  The dose 

r a t i o  was n o t c o n s tan t from  experim ent to  experim en t. F or 

example, the  dose r a t i o  o f compound V was 14 in  one experim ent 

and in  a n o th e r i t  was 10.

(b ) The d i r e c t  s t im u la n t e f f e c t  o f th e  th io n ap h th en  compounds 
on the  i s o la te d  r a t  fundus s t r i p  and the  e f f e c t  on the 

c o n tra c tio n s  produced by 5 -hydroxy tryp tam ine .

At dose le v e ls  o f from 1 to  2 pg . p e r  m l . , b u t w ith  the  

excep tion  o f compound I I ,  a l l  o f  the  g ram in e -lik e  i s o s t e r e s  

p o te n t ia te d  the  c o n tra c tio n s  due to  5 -hydroxytryp tam ine on th e  

i s o la te d  r a t  fundus s t r i p .  Compound I I  e x h ib i te d  v a r ia b le  

a c t iv i t y .  At dose le v e ls  of from 2 to  5 pg . p e r  m l. , i t  incom

p le te ly  i n h ib i t e d  th e  s tim u la n t response to  5 -hydroxy tryp tam ine  

in  /
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F ig . 25 .

The i s o la te d  r a t  u te ru s .

A ll c o n tra c t io n s  a re  due to  0 .05  pg . p e r  ml. o f 5-hydroxytryptam ine,

A d d itio n  of 5-hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by:-

At Â  -  10 pg . p e r  ml. 5-am ino-2-(dim ethylam inom ethyl)

th io n a p h th en . (XIV) .

At Ag -  25 pg .
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Fig. 26 .
The i s o l a t e d  r a t  u te ru s .

A ll c o n tra c tio n s  a re  due to  0 .01  pg . p e r  ml. o f 5"hydroxy tiyp tam ine.

A ddition of 5-hydroxytryptam ine was preceded 30 seconds e a r l i e r  by: -  

At Â  -  25  pg. p e r  ml. 5-Q'°iiuo-2-(morpholin ome th y l )  th ionaph then  (XV) 

At Ag- 50 pg.

At A^- 75 pg.
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in  two experim ents. A t a dose le v e l  o f from 5 to  20 pg. p e r  m l, , 

t h i s  compound e x h ib ite d  a d i r e c t  s tim u la n t a c tio n  in  a t h i r d  

experim ent (F ig . 27, page 107 ). However, in  a fo u r th  experim ent 

a t  a dose l e v e l  of 1 to  2 pg. p e r  m l. , i t  p o te n t ia te d  the  

s tim u la n t a c tio n  o f 5 -bydroxytryptam ine. At dose le v e ls  o f from

1 to  5 pg. p e r  ml* compounds I I I ,  IV, V and VI e x h ib i te d  a  d i r e c t  

s tim u la n t a c t io n  on the  i s o la te d  r a t  fundus s t r i p  (F ig . 28 , 

page 108). Compound I  was a very  weak s tim u la n t a t  t h i s  dose 

le v e l  b u t p o te n t ia te d  the  s tim u la n t response to  5-bydroxy- 

tryp ta ra ine  (F ig . 29, page 109) and a t  th e  same dose l e v e l ,  compound 

V II d id  n o t cause any s tim u la tio n  b u t p o te n t ia te d  th e  e f f e c t  o f  5- 

hydroxytryp tam ine. A ty p ic a l  t r a c in g  i s  shown in  F ig . 30, page

110.

At dose le v e ls  o f from 10 to  100 pg . p e r  ml. th e  compounds of 

Croup B e x h ib ite d  a d i r e c t  s tim u la n t a c tio n  upon th e  i s o la te d  r a t  

fundus s t r i p .  The most p o te n t compounds were V I I I  and X ( a t  dose 

le v e ls  of from 5 to  200 pg. p e r m l . ) . A ty p ic a l  t r a c in g  i s  shown 

in  F ig . 31 , page 111. Next in  o rd er o f potency was compound X I, 

Y/hich was e f f e c t iv e  a t  dose le v e ls  of from 40 to  80 pg . p e r  ml. 

(P ig . 32 , page 112). Compound IX was v e ry  weak, causing  stim u

la t io n  of th e  t i s s u e  a t  dose le v e ls  of from 100 to  200 pg . p e r  ml. 

A ll th e  compounds in  t h i s  group p o te n t ia te d  th e  s tim u la n t response  

to  /
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F ig . 27

The i s o l a t e d  r a t  fundus s t r i p ,

At -  E f fe c t  of 0 .2  ng. p e r  ml, 5 -hydroxytryptam ine. 

C ontro l.At C

At B

At —

At B, -

--i.t B ■ —
4

E f fe c t  of 5 pg. p e r  ml. 3-(dim ethylam inom ethyl)
th ionaph then  ( l l ) .

10 pg. ”

15 pg. ” " ”

2 0  p g .  "
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' -k

A"t A-, —

At

28.

The i s o l a t e d  r a t  fundus s t r i p .

-  E ffe c t of 0 .1 ng. p e r  ml . 5 -hy d roxy tiyp tam ine .

Ag -  " 0 .2 ng. tt tl

0 .3 ng. tf ft

\  -  " 0 , 4 ng. ft tt

- s  -  " 0 . 5 ng. M ft

-  " 1 pg* t f 3 - ( p iperid inom e th y 1 ) th  ionaphth  en
(V).

-  " 1 . 5 pg. » It II

B3 -  " 2 . 5 pg. If ft II

" 3 pg. II tl II

Addition of 5-hydroxytiyptam ine (O . l  ng. p e r  m l.)  was preceded 30 

seconds e a r l i e r  b y : -

At P -  1 . 5  pg. pe r  ml. 3 - (p ip e r id in o m e th y l)  th io n a p h th en .
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P ig . 29 .

I s o la te d  r a t  fundus s t r i p .

At A, -  E f fe c t  of 0 .02 ng. p e r ml. b -hydroxytiyptam ine,

0.03 ng . ” "

" 0 .0 4  ng. " "

” 0.05 ng . ” "

" 0.06 ng . " "

Lt -

At A, -

%
ut Ar- “

At C -  C o n tro l.

At -  E f fe c t  o f 1 pg . p e r  ml. 3-(sm inom ethyl) th ionaph then  ( l )  

At Bg -  " 2 pg . ” " "

At " 4 pg . " ” "

A dd ition  of 5-hydroxy tryp tam ine  (0 .0 3  ng . p e r  m l.)  was preceded 

30 seconds e a r l i e r  b y : -

At P -  1 pg. p e r  ml. 3 - ( aminom ethyl) th io n ap h th en .
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At Ag -

At A^ - 

At -

F ig . ;0

The i s o l a t e d  r a t  fundus s t r i p .

At Â  -  e f f e c t  of 0.02 ng. p e r  ml. 5-hydroxytryptam ine

0 . 0 4  ng.

" 0 .0 6  ng. " "

pg 3 -(cyclohexylam inom ethyl) 

th ionaph then  ( V I l ) .

At C -  C o n tro l .

A dd it ion  of 3-hydroxy^tryptaraine (0 .02  ng. p e r  m l.)  was preceded 

30  seconds e a r l i e r  h y : -

At P -  1 pg . p e r  ml. 3 "(cyclohexylam inom ethyl) th io n ap h th en .



111.

The i s o l a t e d  r a t  fundus s t r i p .

At Â  -  e f f e c t  of 0.02 ng. p e r  ml. 5-hydroxytiyptam ine

At -

At A^ -

0 . 0 4  ng. 

0 .0 6  ng.

At C -  C o n tro l .

At -  e f f e c t  o f  1 pg. p e r  ml. 3 - (p y r ro l id in o m e th y l ) thionaphthen
m ethiodide (x) .

5 pg.At Bg -

At -

At B, -  
4

7 pg. 

5 pg.

A ddition  o f  5“hydrcxytryptam ine (O.O4  ng. p e r  m l.)  was preceded 

30 seconds e a r l i e r  b y :-

At P -  1 pg. p e r  ml. 3- (p y r ro l id in o m e th y l)  th ionaph then  metiioiide,
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F ig . 32 .

The i s o la te d  r a t  fundus s t r i p .

At Â  -  E f fe c t of 0.2 ng.

At Ag - 0.4  ng.

At A, -  " 0.8  ng .

At - 4 pg.

At Bg - 10 pg.

At B, -  " 20 pg .

At B, -  ” 
4

40 pg.

3- (p ip e r id in o m e th y l)  th io n ap h th en  
m eth iod ide (X l) .

A dd ition  of 5-hydroxytryp tam ine (0 .2  ng. p e r  m l.) was p receded  

30 seconds e a r l i e r  h y :-

At P -  4 pg. p e r ml, 5- (p ip e r id in o m e th y l)  th io n a p h th e n  m ethiodide
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5-hydroxytryp tam ine, Compounds X and XI were e f f e c t iv e  a t  dose 

le v e ls  of from 1 to  4 pg. p e r ml. (F ig s .  31 , 32 , pages 111 , 112); 

and a t  the same dose l e v e ls ,  compounds T i l l  and IX caused  a  v e iy  

s l i g h t  p o te n t ia t io n  of th e  response to  5 -hydroxy tiyp tam ine  (F ig . 

33 , page I I 4 ) .

At dose le v e ls  of from 40 to  50 pg . p e r  m l. , compound X II 

had no d i r e c t  s tim u la n t e f f e c t  on th e  i s o la t e d  r a t  fundus s t r i p .

At th e  same dose le v e l  th i s  compound in h ib i te d  the  response  to  

5-hydroxytryptam ine (0 .2  ng. p e r  m l .) .  A ty p ic a l  t r a c in g  o f one 

such experim ent i s  shown in  F ig . 34, page 115. A t dose le v e ls  

o f from 0 .1  to  20 pg. p e r m l.,  compound X III  caused  pow erfu l 

c o n tra c tio n s  of th e  t i s s u e  and g r e a t ly  in c re a se d  th e  muscle to n e . 

The t is s u e  d id  n o t re la x  to  the  o r ig in a l  le n g th  even a f t e r  i t  

had been l e f t  in  the  b a th  f o r  more th an  1^ hours and washed w ith  

Tyrode*s so lu tio n  a t  in te r v a l s  o f 5 m inutes (F ig . 3 5 , page I I 6) .

V/ith th e  excep tion  of compound XT, a l l  o f  th e  compounds o f 

Group D, a t  dose le v e ls  o f from 20 to  100 pg . p e r  m l . , caused 

d i r e c t  s t im u la tio n  o f the  r a t  fundus s t r i p .  At dose le v e ls  of 

from 1 to  2 pg . p e r m l., compounds XIT, XVI and XVII p o te n t ia te d  

th e  s tim u lan t response to  5-hydroxy tryp tam ine  (F ig .  36 , page 117). 

At doses of up to  80 pg . p e r  m l. , compound XV showed no s tim u la n t 

e f f e c t  /
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The i s o la te d  r a t  fundus s t r i p .

At -  E f fe c t  of 0 .02 ng. p e r  ml. 5 -hydroxytryptam ine 

" 0.04  ng. ” ”

" 0.06 ng. " •’

At C -  C o n tro l,

At A^ - 

At A^ -

At -  E f fe c t  o f 1 pg. p e r ml. 3-(m orpholinom ethyl) th io n ap h th en

m ethiodide (IX ).

40 pg.

At - " 100 pg. ”

A ddition  of 5-^ydroxytryptam ine (0 .0 2  ng. p e r  m l.)  was preceded 

30 seconds e a r l i e r  b y :-

At P -  1 pg , p e r ml. 3 -(m orpholinom ethyl) th ionaph th en  m ethiodide
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F ig . 5 4 .

The i s o la te d  r a t  fundus s t r i p .

A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  0 .2  ng. p e r  ml. o f 5- 

hydroxy tryp tam ine .

A d d itio n  o f 5-hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by: 

At -  10 pg . per ml. 2- ( 2-a m in o e th y l) -5-hydroxy th ionaph then  (X Il)

At Bg -  20 pg.

At B^ -  40 pg.
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Fig. 55.

At A1

At B.

The iso la ted  rat fundus str ip

E ffect of 1 ng. per ml. 5-hydroxytiyptamine.

» 0 .1 /u g . per ml. 2-<2-aminopropyl)-5-hydroxy-
thionaphthen (X IIl).
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At -  

At Bg -

F ig . 36 .

The i s o l a t e d  r a t  fundus s t r i p .

(a )  At A -  E f fe c t  of 0 .2  ng. p e r  ml. 5 -hydroxytryp tam ine.

At B -  ” 1 pg, p e r  ml, 5 - a^ in o -2 -(p y rro lid in o m e:h y  1 )
th io n ap h th en  (XVl).

II 20 pg. ” ” ”

" 100 pg. "

A dd ition  o f 5-hydroxytryp tam ine (0 .2  ng. p e r  m l.) was preceded 

30 seconds e a r l i e r  b y : -

At P -  1 p g .p e r  ml, 5-am ino-2-(p y rro lid in o m e th y l) th io n a p h th e n .

(b ) At Â  -  E f fe c t  of 0 .2  ng. p e r  ml. 5-h y d ro x y try p tam in e .

At Ag -  E f fe c t  o f 0.4  ng. " ”

At A  ̂ -  ” 0 .6  ng. " ”

At B -  " 2 pg. p e r  ml, 5-a-m ino-2-(dim ethylam inom ethyl)
th io n a p h th e n  (XIV) .

A dd ition  of 5-hy d ro x y try p t amine ( 0 .2  ng. p e r  m l.)  was preceded

30 seconds e a r l i e r  b y :-
At P -  2 pg. p e r  ml. 5 -am ino-2 -(d im ethy lam inom ethy l) th ionaphthen .



118.

e ffec t  on the rat fundua str ip  but at th is  dose le v e l i t  inhib ited  

the contraction produced by 5-hydraxytzyptamine per m l.).

A ty p ica l tracing i s  shown in  P ig. 37, page 119.

(0) Isolated  guinea pig ileum

(1) The direct stim ulant e f fe c t  of the thionaphthen 

compounds te s ted , end

( i i )  The e ffec ts  o f ly serg ic  acid  diethylamide, mepyremine, 

and atropine on the contractions produced by the 

thionaphthen compounds.

Among the gr amine-like iso s te r e s , compounds I  and I I I ,  at 

dose le v e ls  of from 100 to  500/ug. per m l., had no d irect stimulant 

e ffe c ts  on the iso la ted  guinea pig ileum. The other compounds in  

th is  group had a d irect stimulant e ffec t  at dose le v e ls  of from 25 

to  200/Ug. per ml. and caused contractions of varying degrees of  

in ten sity . In many cases, measurable, and reproducible responses 

could not be obtained and frequently the response to  a second and 

higher dose of the drug was considerably le s s  than that to the 

f i r s t  (P ig . 38, page 1 2 0 ). When contractions of reasonable and 

measurable h e i^ t  were obtained, the e ffe c ts  o f ly serg ic  acid  

diethylamide, mepyramine and atropine were tr ied  on the con

tractions /
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F ig . 31

The i s o la t e d  r a t  fundus s t r i p .

A ll  c o n tra c tio n s  are  due to  1 pg . p e r  ml. of 5-h yd roxy tiyp ta in ine . 

A dd ition  of 5~hydroxytryptam ine was p receded  30 seconds e a r l i e r  by;

At B. -  20 pg. p e r  ml. 3-am ino-2-(m orpholinom ethyl) th io n ap h th en
(XV).

At Bg -  40 pg.

At B, -  80 pg.
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F ig . 3 8 .

The i s o la te d  gu inea  p ig  
ileum .

A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .01  pg . p e r  ml. of h i s ta mi ne.

A dd ition  o f h is tam in e  was preceded  30 seconds e a r l i e r  b y :-

At Â  -  0 .5  pg . p e r  ml. 3 - ( dime thylaminome t h y l ) th io n ap h th en  ( l l ) .

At -  E f f e c t  o f 25 pg . p e r  ml. 3 -(d im ethylam inom ethyl)
th io n a p h th en .

At Bg -  ”

At B. -  "

At -  "

At -  "

50 fig. "

100 ng. "

200 pg . "

500 pg . "
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c o n tra c t io n s  produced by  th e  th io n ap h th en  compounds. The con

t r a c t io n s  produced by compound I I  (5  to  25 pg , p e r  m l.)  were 

an tag o n ized  by 0 .5  pg . p e r  m l. o f a tro p in e  and 0 .5  pg. p e r  ml. 

o f  mepyramine (F ig . 39 , a  and b , page 122). The c o n tra c tio n s  

produced by compound V (10 to  50 p g . p e r  m l.)  were in h ib i te d  by 

50 pg . p e r  ml, o f mepyramine. A tro p in e  and ly s e r g ic  a c id  

d ie thy lam ide  d id  no t i n h i b i t  the  c o n tra c tio n s  produced by th i s  

compound. H igher c o n c e n tra tio n s  o f ly s e r g ic  a c id  d ie th y lam id e  

(2 .5  to  5 Pg. p e r  m l.) had a d i r e c t  s t im u la n t e f f e c t  on th e  

i s o l a t e d  g u inea  p ig  ileum  (F ig s . 40 , 41 , pages 123, 1 2 4 ).

The compounds in  Group B had a d i r e c t  s t im u la n t a c t io n  on 

th e  i s o la t e d  gu inea  p ig  ileum . Compounds V II I  and X were th e  

most p o te n t , causing  c o n tra c tio n s  a t  dose l e v e ls  o f from 1 to  4 

p g . p e r  ml. Next in  o rd e r of po tency  came compounds IX and XI 

which were e f f e c t iv e  a t  dose l e v e ls  o f from 10 to  50 pg- p e r  ml. 

The c o n tra c tio n s  produced by compounds in  t h i s  group were a n ta 

gon ized  com plete ly  by a tro p in e  ( 0 .5  to  50 pg . p e r  m l.)  and by 

mepyramine (25 to  50 p g . p e r  m l.) .  T rac in g s o b ta in e d  from 

th re e  d i f f e r e n t  experim ents a re  shown in  F ig s .  42 to  4 4 a , pages 

125 to  127. A t dose le v e ls  ran g in g  betw een 0 .001  and 0 .5  p g . 

p e r  ml. ly s e r g ic  a c id  d ie thy lam ide  d id  n o t a n ta g o n iz e , o r 

in co m p le te ly  /
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W' ..'V
t t

Cz C2

F ig . 3 9 a . F ig . 39b.

The i s o l a t e d  gu inea  p ig  ileum .

(a )  At -  E f f e c t  o f 5 pg . p e r  ml. 3“ (dim ethylam inom ethyl)

th io n ap h th en  ( l l ) .

At M -  E f fe c t  o f 0.5  pg . p e r  ml. mepyramine fo llow ed  30

seconds l a t e r  by 3 pg. p e r  ml, 3 -(d im ethy lam ino-
m ethy l) th  i  onaphth en.

(b ) At C2 -  E f f e c t  o f 25 pg . p e r  ml. 3-(d im ethylam inom ethyl)

th io n ap h th en .

At A -  E f fe c t  o f 0.5  pg. p e r  ml. a tro p in e  fo llow ed  30
seconds l a t e r  by 25 pg . p e r  ml. 3 “ (dim ethylam ino

m ethyl) th io n a p h th en .
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F ig- 4-0

The i s o la te d  gu inea  p ig  ileum ,

A ll u n la b e lle d  c o n tra c t io n s  a re  due to  50 pg . p e r  ml. 3"'(prp®r* 

id inom ethy l) th io n ap h th en  (v) .

A ddition  of 3 -(p ip e r id in o m e th y l)  th io n ap h th en  was p receded  30 

seconds e a r l i e r  by : -

At A -  50 pg. p e r  ml. a t ro p in e .

At M -  50 pg. p e r  ml. mepyramine.
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F ig . 41.

The i s o la t e d  guinea p ig  ileum .

A ll  u n ia h e lle d  c o n tra c tio n s  a re  due to  10 pg. p e r  ml. of 3 - 

(p ip e r id in o m e th y l)  th io n ap h th en  (v) .

A d d itio n  o f 3-(p ip e r id in o m e th y l)  th io n ap h th en  was p receded  30 

seconds e a r l i e r  b y :-

At L -  0 .05  pg . p e r ml, ly s e rg ic  a c id  d ie th y lam id e .

At -  e f f e c t  of 2 .5  pg. p e r  ml. ly s e rg ic  a c id  d ie th y lam id e .

At L, 3 pg.
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F ig . 4 2 .

The i s o l a t e d  gu inea  p ig  ileum ,

A ll  u n la b e lle d  c o n tra c t io n s  a re  due to  2 .5  ug. p e r ml. o f 3 - 

(dim ethylam inom ethyl) th io n ap h th en  m ethiodide (V I I l ) .

A d d itio n  of t h i s  compound was p receded  30 seconds e a r l i e r  by: 

At M -  25 pg . p e r  ml. o f mepyramine.
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F M . 43 .

The i s o la t e d  gu inea  p ig  ileum .

A ll  c o n tra c tio n s  a re  due to  25 pg . p e r  ml, o f 3“ (m orpholinom ethyl) 

th io n ap h th en  m ethiodide (IX ).

A dd ition  o f 3-(m orpholinom ethyl) th ionaph then  m ethiodide was 

p receded  30 seconds e a r l i e r  b y :-

At A -  25 pg . p e r  ml. a tro p in e
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Fig-.- 44a F ig . 44b.

The i s o la t e d  guinea p ig  ileum .

(a ) A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  5 pg. p e r  ml. of 3“ 

(p y rro lid in o m e th y l)  th ionaph then  m ethiodide (x)

At M -  E f f e c t  of 25 pg. p e r  ml. mepyramine, fo llov /ed  30 

seconds l a t e r  by 5 pg. p e r ml. 3 - (p y rro lid in o m e th y l)  

th io n ap h th en  m eth iod ide .

(b ) A ll c o n tra c tio n s  a re  due to  5 pg . p e r ml. o f 3 - ( p y r ro l id in o -  

m ethyl) th io n ap h th en  m ethiodide (X ).

A dd ition  of th is  compound was preceded 30 seconds e a r l i e r  by 

At -  0 .5  pg. p e r  ml. ly s e r g ic  ac id  d ie th y lam id e .

it  L, 5 pg.
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incom plete ly  an tagonized , the  c o n tr a c t io n s  produced by th ese  com

pounds (F ig s .  44h, 43, pages 127, 129 ) .  At h ig h e r  c o n ce n tra t io n s  

(3  to  1 0 /ug. per m l.)  l y s e r g ic  a c id  d ie thy lam ide  i t s e l f  caused a 

c o n tra c t io n  of the  t i s s u e  and d id  n o t  induce a f u r t h e r  i n h ib i t i o n .

At dose le v e ls  o f from 10 to  20 /ig . p e r m l. ,  compound X III  

had a s l ig h t  d i r e c t  s tim u la n t e f f e c t  on th e  i s o la t e d  guinea p ig  

ileum . In  some experim en ts, compound X II , a t  a dose le v e l  of 

50 /ug. p e r m l., e x e rte d  a s l i g h t  s t im u la n t e f f e c t .  In  o th e rs  

a t  dose le v e ls  of up to  100 /ig . p e r m l . , i t  had no s tim u la n t 

e f f e c t s .  The c o n tra c tio n s  were n o t re p ro d u c ib le  and n o t m easur

ab le  and 30 antagonism by ly s e rg ic  a c id  d ie th y la m id e , mepyramine 

and a tro p in e  was not in v e s tig a te d .

Among the  5“Sm ino-isogram ine-like i s o s t e r e s ,  compound XV had 

no d i r e c t  s tim u la n t e f f e c t  on the gu inea  p ig  ileum . At dose 

le v e ls  of from 200 to  500 /ug. p e r m l.,  compounds XIV, XVI and 

XVII had very  s l ig h t  s tim u la n t e f f e c ts  on t h i s  t i s s u e .  The 

c o n tra c tio n s  produced were n o t m easurable and n o t re p ro d u c ib le  

find th e re fo re  the  e f f e c ts  o f ly s e rg ic  a c id  d ie th y lam id e , mepyramine 

and a tro p in e  upon the  c o n tra c tio n s  produced by th e s e  compounds v^ere 

n o t in v e s tig a te d .

( i i i )  E f fe c t o f the  th ionaph then  compounds on th e  

c o n tra c tio n s  /
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Fig. 43.

The i s o la te d  gu inea  p ig  ileum .

A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  23 pg . p e r  ml. of 3“ 

(p ip e rid in o m e th y l)  th io n ap h th en  m ethiodide (X l) .

A dd itio n  of t h i s  compound was p receded  30 seconds e a r l i e r  by: 

At -  0.03 pg . p e r  ml. ly s e r g ic  a c id  d ie th y lam id e .

At -  0 .3  pg . p e r  ml. " " "
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o o n trao tio n s  •produced by 5 -hydroxy tryp tam ine .

Except in  th e  case o f compound V I, a l l  th e  compounds in  Group A 

in h ib i te d  the  s tim u la n t e f f e c t s  o f 3“hydroxy tiyp tam ine  on th e  

i s o la te d  gu inea  p ig  ileum . The most p o te n t y;ere compounds I  and 

I I I  which, a t  dose le v e ls  o f from 2 to  5 pg . p e r  m l . , com plete ly  

in h ib i te d  th e  s tim u la n t response to  3-hydroxytryp tam ine (O .O l to  

0 .3  pg . p e r  m l.) .  T y p ica l t ra c in g s  from two experim ents a re  

shown in  F ig s . if6, 49a, pages 131, 134. At dose le v e ls  rang ing  

from 1 to  4  pg. p e r  m l. compounds I I  and V in co m p le te ly  in h ib i te d  

the  s tim u la n t response  to  3-hydroxytr^’p tam in e . At h ig h e r  concen

t r a t io n s  th an  t h i s , th e re  was no f u r th e r  in h ib i t io n  b u t a d i r e c t  

s tim u lan t e f f e c t  was seen (F ig . 47 , page 132 ). At dose le v e ls  

of from 1 to  2 pg. p e r  ml. compound IV caused  an incom plete  (10 

to  20 p er c en t)  in h ib i t io n  of the  s tim u la n t e f f e c t  of 3-hydroxy- 

tiyp tam ine  and a t  h ig h e r  c o n c e n tra tio n s  (3  to  30 p g . p e r  m l.)  i t  

caused th e  t i s s u e  to  c o n tr a c t .  The c o n tra c tio n s  were n o t 

rep ro d u c ib le  and th e  s tim u la n t response  to  a  second and h ig h e r  

dose o f th e  drug was c o n s id e ra b ly  le s s  th an  th a t  to  th e  f i r s t  

(F ig . 48 , page 133). In  one experim ent, how ever, a t  a dose 

le v e l  of 30 pg. p e r  ml. no d i r e c t  s tim u la n t e f f e c t  was produced 

by th is  compound on th e  i s o la te d  gu inea  p ig  ileum . At th e  same 

dose /
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F ig . 46 .

The i s o la t e d  gu inea  p ig  ileum .

A ll c o n tra c tio n s  a re  due to  0 .03  pg . p e r  ml. of 3 -hyd roxy tiyp ta jn ine . 

A dd ition  of 3-hydroxytryptam ine was preceded  30 seconds e a r l i e r  b y ;-

At Â  -  0 . 3  pg. p e r  ml. 3 -(m orpholinom ethyl) th ionaph then  ( i l l ) .

At Ag -  0 .6  pg . ” *’ ”

At A- 1 p g .
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F ig. 47

The i s o l a t e d  g u in ea  p ig  ileum .

A ll  u n la b e l le d  c o n tra c t io n s  a re  due to  0 .0 2 yug. p e r  m l. of 5* 

hydroxy try p ta m in e .

A d d itio n  o f 5 -hydroxy tiyp tam ine  was p reced ed  30 seconds e a r l i e r  by: 

At -  0 . 1 /Ug. p e r m l. 3- (p ip e r id in o m e th y l)  th io n ap h th en  (v)

At Ag -  0 .2  /Ug. p e r  m l. " ** ”

At A^ -  1 /Ug. p e r  m l. ” ” "

At A^ -  2 /Ug. p e r  m l. ” ”

At -  E f f e c t  o f 1 /ug. p e r  m l. 3 -(p ip ® rid in o m eth y l) th ionaphtlhen .

” 2 /Ug. p e r  m l. " m «

” 3 Ms* per ml. ” h w

At B^ -

At B  ̂ -
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P ig. 48

The i s o l a t e d  g u in ea  p ig  ileum .

A ll u n la b e l le d  c o n tr a c t io n s  a re  due to  0 .0 2 5 /ug. p e r  ml. o f 

5 -h y d ro x y try p tam in e .

A d d itio n  o f 5 -bydroxy tryp tam ine  was p reced ed  30 seconds e a r l i e r  

by;

At Â  -  1 /ug. p e r  m l. 3 - (p y r ro lid in o m e th y l)  th io n a p h th en  ( IV ) .

At -  E f f e c t  o f  5 ;u g . p e r  m l. 3 - (p y rro lid in o m e th y l)  th io n ap h th en . 

” 10 /ug. ” ” " "

” 5 0 /ug. « « » "

At Bg -

At B  ̂ -
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A, 32:' 4

P ig . 4 9 .

The i s o la te d  gu inea  p ig  ileum .

(a )  A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  0 ,1  pg . p e r  ml. 3 - 

hy d r  ox y try p t am ine.

A dd ition  of 3 -hydroxytryp tam ine was p receded  30 seconds 

e a r l i e r  b y :-

At Â  -  1 pg. p e r ml. 3-(am inom ethyl) th io n ap h th en  ( l ) .

At Ag -  1 .3  pg. ”

At A. -  2 .3  pg . "

At A^ -  3 pg.

(b ) A ll  c o n tra c tio n s  a re  due to  0 .3  pg . ml. 3 -hydroxy tiyp tam ine. 

A d d itio n  of 3“hydroxy tryp tam ine  was p receded  30 seconds e a r l i e r

by: -

-  10 pg . p e r  ml. 3 - ( p y rro lid in o m eth y  1 ) th io n ap h th en  (IV ). 

At Ag -  30 pg . "
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dose le v e l  i t  com pletely  in h ib i te d  th e  s tim u la n t response  to  0 ,3  

pg . p e r  ml. of 3-hydroxy tiy p tam in e  (F ig , 49b, page 134). Compound 

V II was th e  weakest a n ta g o n is t  to  3 -hydroxy tiyp tam ine  and a t  dose 

le v e ls  o f from 10 to  20 pg . p e r m l., i t  in co m p le te ly  in h ib i te d  th e  

s tim u la n t response to  3 -hydroxy tiyp tam ine . At dose le v e ls  o f 1 

to  2 pg . p e r m l,, compound VI d id  n o t i n h ib i t  th e  s tim u la n t e f f e c t s  

o f  3-hydroxytiyptam ine (O.Ol to  0 .3  pg . p e r m l.)  b u t in c re a se d  th e  

e f f e c t  of 3 -hydroxytiyptam ine and the  tone o f th e  muscle was a ls o  

in c re a s e d . This in c re a s e d  tone  was v e ry  p e r s i s t e n t  and rem ained 

even a f t e r  th e  t is s u e  was washed s e v e ra l  tim es w ith  Tyro d e 's 

so lu tio n  (F ig . 30, page 1^6 ).

At dose le v e ls  o f from 0 .1  to  4  pg . p e r  m l . , compounds IX and 

X d id  no t in h ib i t  th e  c o n tra c tio n s  produced by 3-hydroxytryptam ine 

(O .O l to  0 .3  pg . pe r m l.)  and a t  h ig h e r  c o n c e n tra tio n s , they  

e x e r te d  a d i r e c t  s tim u la n t e f f e c t  upon th e  i s o l a t e d  gu inea  p ig  

ileum  (F ig , 31, page 137). At dose le v e ls  o f from 0 ,1  to  4  pg . 

p e r  m l, , however, compounds V III  and XI p a r t i a l l y  in h ib i te d  th e  

s tim u la n t response produced by 0.03  to  0 .1  pg . p e r  m l. o f 3 - 

hydroxytiyptam ine (Figs. 32, 32a, pages 138, 139).

At dose le v e ls  o f from 20 to  40 pg . p e r  m l . , compound XII 

in h ib i te d  th e  c o n tra c tio n s  produced by 3 - h y d r o x y  t r y p t  amine (F ig .

53, /
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F ig . 30.

The i s o la te d  gu inea  p ig  ileum ,

A ll  u n la b e lle d  c o n tra c t io n s  a re  due to  0 .1  pg . p e r ml. o f 3- 

hy droxy try p ta m in e .

A d d itio n  o f 3-hydroxy tiy p tam in e  v/as p reced ed  30 seconds e a r l i e r  by

At A. -  1 pg. p e r  ml. 3 -(2 -m e th y lp ip e rid in o m e th y l)  th ionaph then
(V I) .

At -  E f fe c t  of 30 pg. p e r  ml. 3 -(2 -m e th y lp ip e rid in o m e th y l)

th io n ap h th en .
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(a )

F ig . 51.

The i s o la t e d  gu inea p ig  ileum .

A ll  u n la b e l le d  c o n tra c tio n s  a re  due to  0 .5  pg . p e r ml. o f 
5-hy droxy t r y p t  am ine.

A d d itio n  o f 5 -hydroxytiyp tam ine was preceded 30 seconds 
e a r l i e r  b y :-

At A. -  1 pg . p e r  ml. 3-(m orpholinom ethyl) th ionaph then
m ethiodide (IX ).

At Ag -  2 .5  pg. "
At A -  5 pg.
At B. -  E f fe c t  o f 20 pg. p e r  ml. 3-(m orpholinom ethyl)

th ionaph then  m eth iod ide .
At -  
At B. -

30 pg.
40 pg.

(b) A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  0 .1  pg. p e r  ml. of 
5-hydroxy tiy p ta m in e .

A d d itio n  o f 5 -hydroxytryptam ine was p receded  30 seconds 
e a r l i e r  by : -

m ethiodide (X ).
II »

p e r  ml. 3 -(p y rro lid in o m e  
th ionaph then  m eth iod ide .

At 1̂ —0 .1  pg. p e r ml.

At A2 - 1 pg. If

At - E f fe c t of 2 pg.

At - II 2 . 5 pg.
At B3 - II 3 pg.
At - II 3 . 5 pg.
At B5 - II 4 pg.
At ®6 - II 4 . 5 pg.
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F ig . 32 .

The i s o la t e d  gu inea  p ig  ileum .

A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .05  pg. p e r  ml. o f 3- 

hydroxy t iy p ta m in e ,

A dd ition  o f 5 -hydroxytryptam ine was p receded  30 seconds e a r l i e r  by:

At Â  -  1 pg . p e r ml, 3-( dim ethylam inom ethyl) th io naph then
m ethiodide ( V I I l ) .

At -  E f fe c t  o f 2 pg. p e r  ml. 3 - ( dim ethylam inom ethyl)
th io n ap h th en  m eth iod ide .

At B/

At B.

3 pg'

At B
4

” 3.3  pg.

" 4 pg.
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139.

32a.

The i s o la t e d  gu inea  p ig  ileum .

A ll u n la b e lle d  c o n tra c tio n s  are  due to  0 .05  pg. p e r  ml, of 5" 

hydroxy tryp tam ine ,

A d d itio n  of 5-hydroxytryp tam ine was p receded  50 seconds e a r l i e r  b y : -

At A. -  0 ,5  pg . p e r  ml. 3~ (p ip e rid in o m eth y l)  th io n ap h th en  m ethiodide
(X I).

At A  ̂ -  1 |ag.

At A, -  2 pg. " " ”

At A^ -  4  pg.

At A. -  15 pg.

At B. -  E f fe c t  o f 30 pg . p e r  ml, 3 -(p ip e r id in o m e th y l)  th ionaph then

At -

At B. -

At B. — 4

40 pg . '*

50 pg . ”

60 pg .  "

m eth iod ide .
It
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F ig . 3 1 .

The i s o la t e d  gu inea p ig  ileum,

A ll u n la b e l le d  c o n tra c tio n s  a re  due to  0 .015 pg. p e r ml. of 5- 

hy droxy t  ly  p t  am in  e .

A dd ition  of 5 -hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by:

At A -  40 pg . p e r ml. 2 -(2 -am in o e th y l)  5-hydroxyth ionaphthen  (X Il)

At Ap -  80 pg. p e r  ml. "

fo llow ed  30 seconds l a t e r  by 0.015 pg. p e r  ml. 5-hydrox;^^tiyptamine(HU ,
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3 3 f page 140) .  At a dose le v e l of l/ctg* per m l., compound XIII 

did not in h ib it the stimulant response to 5-hydrozytiyptamine. 

Higher concentrations (10 to  30/ug. per m l.) exerted a s lig h t ,  

d irect stimulant e f fe c t . A fter the drug was washed cut from the 

bath, the response to  the next dose o f 3-bydroxytiyptamine was

le s s  than the control one (F ig . 54» page 142).

At dose le v e ls  ranging from 100 to 250>ug. per m l., a l l  the 

compounds in  Group D, completely or incompletely in h ib ited  the

stimulant response to  5-hydroxytiyptamine (O.Ol to  0.5/Ug. per

m l.). At 500yug. per m l., they did not cause any further in h i

b itio n  of the stimulant response to  5-hydroxytryptamine but 

exerted a s lig h t , d irect stimulant e ffe c t  on the iso la ted  guinea 

pig ileum (F igs. 55 to  57, pages 143 to 145).

( iv )  E ffects o f thionaphthen compounds on 
the contraction produced by histamine.

A ll the compounds in  Group A completely or incompletely 

inh ib ited  the response of the iso la ted  guinea pig ileum to  h ista 

mine (0.001 to 0 .1 /ug. per m l.). The most potent was compound 

17 which was e ffec tiv e  at dose le v e ls  of from 0.03 to  1 / ig .  per 

ml. (F ig . 58, page I46) .  Compounds I I  and V were active  at dose 

le v e ls  of from 0 .1  to  1 yug. per ml. (F ig . 59, page 147). Next 

in  /



F ig .

The i s o la t e d  gu inea p ig  ileum .

142.

♦  • t  ♦  
B2 ,ht ht

A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .02  pg . p e r  ml. of 5- 

hy d roxy tryp tam ine .

A dd ition  of 5-hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by:

At Â  -  0 .2  pg. p e r  ml. 2- ( 2-am inop ropy l)-5 -hydroxy th ionaph then
( X I I I ) .

At -  E f fe c t  o f 10 pg. p e r  ml. 2 -(2 -am in o p ro p y l)-5 -h y d ro x y -
th ionaph then .

At Bg -  "

At HT -  "

50 pg .

0 .02  pg. p e r  ml. 5-hydroxy try p tam in e
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F ig . 33.

The i s o la t e d  gu inea  p ig  ileum .

A ll u n la b e lle d  c o n tra c tio n s  a re  due to  0 .05  pg . p e r ml. of 5- 

hy droxy try p ta m in e .

A dd ition  of 5-hydroxytryptarnine was p receded  30 seconds e a r l i e r  by;

At Â  -  100 pg. p e r ml. 5-am ino-2-(dim ethylam inom ethyl)
th ionaph then  (XIV).

At Ag -  200 pg . ” " " '•

At A, -  E f fe c t  of 500 pg. p e r  ml. 5-am ino-2-(dim ethylam inom ethyl)
th io n ap h th en . 

fo llo w ed  30 seconds l a t e r  by 0 .05  pg . p e r  ml. 5-

hydroxy tryp tam ine  (H T) ,
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F ig . 5 6 .

The i s o la te d  gu inea p ig  ileum .

A ll c o n tra c tio n s  a re  due to  0 .075 pg* p e r  ml. of 5-hy d ro x y tryp tam ine , 

A dd ition  of 5-hydroxytryptam ine was p receded  30 seconds e a r l i e r  by: -

” 5 pg. p e r  ml, 5-em ino-2-(m orpholinom ethyl) th ionaph then
(XV).

At Ag -  10 pg. 

At A, -  50 pg. 

At A^ -  100 pg. 

At Ac -  200 pg.
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F ig . 37.

The i s o la t e d  gu inea p ig  ileum .

A ll c o n tra c t io n s  a re  due to  0 .3  pg . p e r  ml. o f 3-hydroxy try p ta m in e . 

A dd ition  o f 3-hydroxytryp tam ine was p receded  30 seconds e a r l i e r  by: 

At Â  -  ICO ug . p e r  ml. 5-am ino-2- (p y rro lid in o m e th y l)  th ionaph then
 ̂ (:ovi)

At Ag -  230 pg .

At B -  E f f e c t  o f 1 mg. p e r  ml. 3-am ino-2- (p y rro lid in o m e th y l)
 ̂ th io n ap h th en .
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F ig ..  3 8 .

The i s o l a t e d  gu inea p ig  ileum,

A ll c o n tra c tio n s  a re  due to  0 ,01  pg. p e r ml. of h is ta m in e . 

A dd ition  o f h is tam in e  was preceded  30 seconds e a r l i e r  b y : -

At Â  -  0 .01  pg. p e r  ml. 3-(p y rro lid in o m e th y l)  th io n ap h th en  (IV )

At Ag -  0 .02 pg.

At Â  - 0.04 pg.
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F ig . 39

The i s o la t e d  gu inea  p ig  ileum .

A ll  u n la h e lle d  c o n tra c t io n s  a re  due to  0 .01 pg . p e r  ml. o f h is tam in e . 

A d d itio n  of h is tam in e  was p receded  30 seconds e a r l i e r  "by: -

At Â  -  0 .1  p g . p e r  m l. 3 -(p ip e r id in o m e th y l)  th ionaph then  (V ).

At -  E f fe c t  of 20 pg . p e r ml. 3-(p ip e r id in o m e th y l)  th io n ap h th en .
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in  o rder of po tency  was compound VI ( a t  1 to  2 pg. p e r  m l.)  ; 

compound I I I  a t  dose le v e ls  o f from 5 to  20 p g . p e r  m l. a ls o  

in h ib i te d  the s tim u la n t response  to  h is tam in e  (F ig . 60, page 1 49 ). 

At dose le v e ls  of from 3 to  20 pg . p e r  m l. , compound V II incom

p le te ly  in h ib i te d  th e  s tim u la n t response to  h is tam in e  and a t  

h ig h e r  c o n c e n tra tio n s , i t  e x e r te d  a d i r e c t  s tim u la n t e f f e c t  on 

th e  t i s s u e .  Compound I  was a v e ry  weak a n ta g o n is t  ( a t  dose 

le v e ls  of from 30 to  100 pg . p e r  m l.) of th e  s tim u la n t response  

to  histam ine*

The qu a te rn ary  s a l t s  o f th e  g ram in e-lik e  i s o s t e r e s  com plete ly  

o r incom pletely  in h ib i te d  th e  s tim u la n t response to  h is tam in e  

(O.OOl to  0 .1  pg. p e r  m l.)  on th e  i s o la t e d  gu inea  p ig  ileum* 

Compound X ( a t  dose le v e ls  o f from 0 .03  to  1 p g . p e r  m l.)  was 

the  most p o te n t (F ig . 6l ,  page 130); n e x t in  o rd e r  o f po tency  were 

compounds V III  and XI (O .O l to  0 .3  pg* p e r  m l.) (F ig . 62, page 131) ; 

and compound IX was e f f e c t iv e  a t  dose le v e ls  of from 1 to  4  pg . 

p e r  ml. At h ig h e r  c o n c e n tra tio n s  th an  t h i s ,  th e re  was no f u r th e r  

in h ib i t io n  o f th e  s tim u la n t response  to  h is tam in e  b u t  in s te a d  a 

d i r e c t  s tim u la n t e f f e c t  was observed  (F ig . 63, page 132).

At a dose le v e l  o f 10 pg . p e r  m l. , compound X II in co m p le te ly  

o r com pletely  in h ib i te d  th e  s tim u la n t response o f  th e  i s o l a t e d

guinea /
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Fig; » 60.

The i s o la te d  gu inea  p ig  ileum .

A l l  u n la b e lle d  c o n tra c tio n s  a re  due to  0 .01  pg . p e r  m l. h is ta m in e .

A d d it io n  o f  h is ta m in e  was p reced ed  30 secon d s e a r l i e r  b y : -  

A t A  ̂ -  2 .3  p g . p e r m l. 3 -(m o rp h o lin o m eth y l) th io n a p h th en  ( i l l ) .

At Ag -  3 p g . p e r  m l. ” ”

A t -  E f fe c t  o f 23 pg . p e r  ml, 3 -(m o rp h o lin o m eth y l)th io n ap h th en .
ti »t

At Bg -

At B  ̂ -

100 pg. p e r  ml. 

300 pg . p e r  nil.
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F ig . 61.

The i s o la te d  gu inea p ig  ileum .

A ll  u n la b e lle d  c o n tra c tio n s  are  due to  0 .03  pg . p e r ml. o f  h istam ine. 

A d d itio n  of h is tam in e  was preceded 30 seconds e a r l i e r  b y : -

At Â  -  0 .3  pg. p e r  ml. of 3 -(p y rro lid in o m e th y l)  th ionaph then

m ethiodide (x) .
At -  E f fe c t  o f 1 pg. p e r  ml, of 3 -(p y rro lid in o m e th y l)

th io n ap h th en  m eth iod ide .

At B  ̂ -  

At B, -

1 .3  p g .

2 pg .
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t  I

F ig . 62.

The i s o l a t e d  gu inea  p ig  ileum .

A ll  u n la b e lle d  c o n tra c t io n s  a re  due to  0 .03  pg . p e r  ml. of h is tam in e .

A d d itio n  o f  h is ta m in e  was p reced ed  30  seco n d s e a r l i e r  b y : -

A t A. -  0 .1  p g . p er  m l. 3 - (p lp e r id in o m e th y l)  th io n a p h th en  m eth iod id e  
 ̂ (X I).

At Ag -  0 .5  p g .
A t -  E f f e c t  o f  1 p g . p e r  m l. 3 - (p ip e r id in o m e th y l)  th ion ap h th enm eth iod ide,

tf

At B^ -  

At B^ -

10 pg .

25 pg .

It
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f t t
B \ B2 B2

F ig . 63.

The i s o la te d  gu inea  p ig  ileum .

A ll u n la b e lle d  c o n tra c t io n s  a re  due to  0 .15  pg. p e r  ml. h is tam in e . 

A dd ition  of h is tam in e  was p receded  30 seconds e a r l i e r  b y :-

At A. -  0 .2  pg. p e r  ml. 3 -(n iorpholinom ethyl) th ion aph then
m ethiodide (IX ).

At Ag -  0 .4  pg.

At A, -  1 pg.

At B. -  E f fe c t  o f 10 pg . p e r  ml. 3 -(m orpholinom ethyl) th ionaph then
m eth iod ide .

At B. -  " 15 pg.
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gu inea  p ig  ileum  to  0 .001 /ug. p e r  ml, o f h is ta m in e . At a h ig h e r  

c o n c e n tra tio n  (50 vug. p e r  m l ,) i t  caused  a d i r e c t  c o n tra c t io n  of* 

th e  t i s s u e  and a t  t h i s  l e v e l ,  h istam ine  had no s tim u la n t e f f e c t  

(F ig . 64a , page 154). Compound X III  a t  dose le v e ls  o f from 2 t o  

4 p g . p e r  ml, in co m p le te ly  in h ib i te d  th e  s t im u la n t  response to  

0 .0 1 /ig . p e r  ml, of h is tam in e  and a t  1 0 /ug. p e r  ml. caused  a 

s l i g h t ,  d i r e c t  s tim u la n t e f f e c t .  The c o n tra c tio n s  were n o t 

re p ro d u c ib le  and the  s tim u la n t response to  a second h ig h e r  dose 

of th e  drug was c o n s id e ra b ly  le s s  th an  to  th e  f i r s t  (P ig . 65, 

page 155) .

The compounds of Croup D in h ib i te d  th e  s tim u la n t response  

of th e  i s o la te d  gu inea  p ig  ileum  to  h is tam in e  (0 .001  to  0 .1 / ig .  

p e r  m l .) .  Compound XIV was th e  most p o te n t ,  a c t in g  a t  dose l e v e ls  

of from 20 to  5 0 /ug. p e r ml; compounds XV and XVII were a c t iv e  a t  

doses of 1 0 0 /ug. p e r  ml. and a t  h ig h e r  c o n c e n tra tio n s  ( 500 /ug. p e r 

m l.) they  caused a s l i g h t  c o n tra c t io n  o f the  t i s s u e  (F ig . 66, 

page 156) .  At dose le v e ls  of from 100 to  500/ug . p e r  m l.,  

compound XVI in h ib i te d  th e  s tim u la n t response  to  0 .01  /ug . p e r  ml, 

o f h is ta m in e .

(v ) E f fe c ts  o f the th io n ap h th en  compounds on th e  

c o n tra c t io n  produced by a c e ty lc h o l in e .

A ll /
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F ig . 64a . F ig . 64b .

The i s o la te d  gu inea  p ig  ileum  ,

(a )  A ll u n la b e lle d  c o n tra c tio n s  are  due to  0.003 pg. p e r  ml. of 

h is ta m in e .

A ddition  of h is tam in e  was p receded  30 seconds e a r l i e r  b y : -

At A. -  2 pg. p e r  ml. 2 -(2 -am in o e th y l) -5 -hydroxy th ionaph then  
■' (X II ) ,

At Ag -  10 pg . "

At A -  50 pg . " "

(b ) a lll  u n la b e lle d  c o n tra c tio n s  a re  due to  0.003 pg . p e r ml. of 

a c e ty lc h o l in e .

A dd ition  o f a c e ty lc h o lin e  was preceded  30 seconds e a r l i e r  by: 

At Â  -  20 pg . p e r  ml. 2 -(2 -am in o e th y l)-5 -h y d ro x y th io n ap h th en , 

At Ag -  50 pg. ”

At A. - 100 pg. "
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The i s o la te d  gu inea  p ig  ileum .

.All u n la b e lle d  c o n tra c tio n s  a re  due to  0 .1  pg. p e r  ml, o f h is tam in e . 

A dd ition  of h is tam in e  was p receded  30 seconds e a r l i e r  b y : -

At Â  -  1 pg. p e r  ml. 2 -(2 -am in o p ro p y l)-5 -h y d ro x y th io n ap h th en  (X II l) . 

At A^ -  2 pg . ” ”

At A  ̂ -  4 pg.

At B -  E f fe c t  o f 6 pg. p e r  ml. 2 -(2 -am in o p ro p y l) -5 -h y d ro x y -
' th io n ap h th en .

At -

At B̂  -

20 p g . 

100 p g .
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F ig . 66.

The i s o la te d  gu in ea  p ig  ileum .

A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  0 .025 pg . p e r  ml. of 

h is ta m in e .

A ddition  of h is tam in e  was p receded  30 seconds e a r l i e r  b y : -

At A. -  25 pg . p e r  ml. 5 "am in o -2 -(p ip erid in o m eth y l) th io n ap h th en(X V II).

At A^ -  50 pg . " "

At A, -  100 pg . " "

At A^ -  E f fe c t  o f  500 pg. p e r  ml. ” ”



137.

A l l  th e  g ram in e -lik e  i s o s t e r e s  com plete ly  o r in co m p le te ly  

in h ib i te d  th e  s t im u la n t response  o f th e  i s o la te d  gu inea  p ig  ileum  

to  a c e ty lc h o lin e  (O.Ol to  0 .5  pg . p e r  m l.) .  Compound V was th e  

most p o ten t and a t  dose le v e ls  of from 5 to  10 pg . p e r  ml. 

in h ib i te d  the  s tim u la n t  response  to  a c e ty lc h o lin e . Compound I I I  

was very  weak and was e f f e c t iv e  a t  dose le v e ls  o f from 50 to  500 

pg. p e r  ml. (F ig . 67a, page 158). Compound I  was a c tiv e  a t  dose 

le v e ls  o f from 10 to  20 pg . p e r  ml. Next in  o rd e r  of potency  

came compound 17 which in h ib i te d  the  s tim u la n t e f f e c t  o f a c e ty l 

ch o lin e  a t  a dose l e v e l  of 100 pg. p e r  ml. (F ig . 67b, page 158 ). 

At dose le v e ls  of from 5 to  50 pg. p e r  m l. , compounds I I  and V II 

com pletely  or in co m p le te ly  in h ib i te d  th e  s tim u la n t response  to  

a c e ty lc h o lin e  (F ig . 68, page 159). At dose le v e ls  o f from 10 tc 

20 pg. p e r  ml, compound VI d id  n o t i n h ib i t  a t  a l l ,  o r  incom pletely  

in h ib i te d  (10 to  20 p e r  cen t in h ib i t io n )  th e  s t im u la n t  response 

to  a c e ty lc h o lin e  and, a t  h ig h e r  c o n c e n tra tio n s  (25  to  50 pg . p e r  

m l.) i t  caused a d i r e c t  c o n tra c t io n  of th e  t i s s u e  (F ig . 69» 

page l6 0 ) .

W ith th e  ex cep tio n  o f compound V I I I , th e  compounds of G roups 

in co m p le te ly  in h ib i te d  the  s tim u la n t response o f th e  i s o la te d  

gu inea p ig  ileum  to  a c e ty lc h o lin e  (0 ,0 1  to  0 .5  pg . P®r m l .) .  A: 

dose /
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F ig . 67.

The i s o la t e d  gu inea  p ig  ileum .

(a )  A ll  u n la b e lle d  c o n tra c tio n s  a re  due to  0 .02 pg . p e r  ml. o f 

a c e ty lc h o lin e .
A ddition  of a c e ty lc h o lin e  was p receded  30 seconds e a r l i e r  by : - 

At Â  -  5 pg. p e r  ml. 3 -(  morpholinome th y l )  th io n ap h th en  ( i l l ) ,

At Ag -  10 pg. "

At A  ̂ -  20 p g . "

At A^ -  50 pg. "

At A . -  100 p g . ” '•

(b ) A ll u n la b e lle d  c o n tra c tio n s  a re  due to  O.O5 pg . p e r  ml, o f  

a c e ty lc h o lin e .

A ddition  of a c e ty lc h o lin e  v/as p reced ed  30 seconds e a r l i e r  by : 

At A,j -  5 pg. p e r  m l. 3 - (p y r ro lid in o m e th y l)  th io n ap h th en  (TV) .  

At Ag -  10 pg . " ” ”

At A. -  50 pg. ”

At A^ -  100 p g . ”
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F ig . 68.

The i s o la te d  guinea p ig  ileum .

A ll u n la b e l le d  c o n tra c tio n s  a re  due to  0 .005 pg. p e r ml. o f a c e ty l 

c h o lin e .

A d d itio n  of a c e ty lc h o lin e  was p receded  50 seconds e a r l i e r  by 

At Â  -  8 pg . p e r  ml. 5-(d im ethylam inom ethyl) th io n ap h th en  ( l l ) .

At Ag -  15 pg . "

At B. -  E f fe c t  o f  30 pg. p e r  ml. 3- (dim ethylam inom ethyl)
' th io n ap h th en .

At B^ -  

At -

” 50 pg.

" 100 pg .
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F ig . 69.

The i s o la t e d  gu inea  p ig  ileum .

A ll u n la b e lle d  c o n tra c t io n s  a re  due to  0 .02 pg. p e r  ml. of a c e ty l 

c h o lin e .

A d d itio n  of a c e ty lc h o lin e  was p receded  30 seconds e a r l i e r  b y :-  

At Â  — 10 pg. p e r  ml. 3—( 2—m eth y lp ip e rid in o m eth y l) th io n ap h th en

At B -  E f fe c t  o f 25 pg. p e r  ml. 3- ( 2-m eth y lp ip e rid in o m eth y l)
1 th io n ap h th en .
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dose le v e ls  o f from 1 to  2 .5  pg. p e r  ml. compound V II I  d id  n o t  show 

any antagonism  to  a c e ty lc h o lin e . At h ig h e r  c o n ce n tra tio n s  th a n  

t h i s ,  i t  caused  a d i r e c t  c o n tra c tio n  o f the  t i s s u e .  At dose 

le v e ls  o f from 1 to  2 .5  pg . p e r  ml. compound X (F ig . 70 , page 1 6 2 ), 

a t  dose le v e ls  of from 1 to  5 pg . p e r  ml. compound X I, and a t  dose 

le v e ls  o f from 5 to  10 pg . p e r  ml. compound IX in co m p le te ly  

in h ib i te d  th e  s tim u la n t response to  a c e ty lc h o lin e . At h ig h e r  

c o n c e n tra tio n s  th an  th e s e , th ese  compounds caused  a d i r e c t  con

t r a c t i o n  of th e  t i s s u e .

At dose le v e ls  of from 5 to  25 pg . p e r  ml. compounds X II and 

X III  p a r t i a l l y  o r com pletely  in h ib i te d  th e  s tim u la n t response  of 

th e  guinea p ig  ileum  to  a c e ty lc h o lin e  (O.Ol to  0 .5  pg . p e r  m l .) .

At a h ig h e r  c o n c e n tra tio n  (50 Pg. p e r  m l.)  th ey  caused  a d i r e c t  

c o n tra c tio n  of the  t i s s u e  and th e re  was no f u r th e r  in h ib i t io n  of 

th e  s tim u la n t response to  a c e ty lc h o lin e  (F ig . 71» pege 163).

At dose le v e ls  of from 200 to  400 pg . p e r  m l. compound XV 

com pletely  in h ib i te d  th e  s tim u la n t response  o f th e  guinea p ig  

iLeum to  a c e ty lc h o lin e  (F ig . 72» page I 64) .  At dose le v e ls  of 

from 200 to  500 pg. p e r  m l. , compounds XIV, XVI and XVII 

incom plete ly  in h ib i te d  th e  s tim u la n t response  to  a c e ty lc h o lin e .

At h ig h e r  co n cen tra tio n s  than  t h i s ,  th e re  was no f u r t h e r  in h ib i t io n ,  

b u t /
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F ig . 70 .

The i s o la te d  gu in ea  p ig  ileum .

A l l  u n la b e l le d  c o n tra c tio n s  a re  due to  0 .003 pg. p e r  ml. o f a c e ty l 

c h o lin e .

A d d itio n  of a c e ty lc h o lin e  was p receded  30 seconds e a r l i e r  by : -

sr ml. 3” (p y rro lid in o m e th y l)  th ionaph then
m ethiodide (X ).

At 4  -
0 .3  pg .

At 1 pg-

At 2 .5  pg .

At ^10- E f fe c t

At A - E f fe c t

5 pg . p e r  ml. 3 -(^p y rro lid in o m eth y l; th ionapntner
m eth iodide.

At A -  E f fe c t  o f 0 .3  pg . p e r  ml. o f a tro p in e  fo llo w ed  30 seconds
l a t e r  by 3 pg . p e r ml. 3 - ( p y rro lid in o m e th y l) th io n ap h th en

m eth iod ide .
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g jg . 1 \ '

The i s o la t e d  guinea p ig

At A. -  4- PS*

th ionaph then .
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t
As

F ia .  72.

The i s o la t e d  gu inea  p ig  ileum .

A ll c o n tra c t io n s  a re  due to  0 .005 pg* p e r  ml. o f a c e ty lc h o lin e . 

A dd ition  of a c e ty lc h o lin e  was p receded  30 seconds e a r l i e r  by : -  

At Â  -  2 .5  |ag. p e r  ml. 5-& m ino-2-(m orpholinom ethyl) th ionaph then

At Ag -  25 |ig.

At A, -  50 pg.

At A^ -  100 pg.

At Â  -  200 pg.
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b u t in s te a d  th ese  compounds caused  a s l i g h t  c o n tra c t io n  o f the  

t i s s u e  (F ig . 73, page 1 66 ).

(d ) E f fe c t  o f th e  th io n a p h th en  compounds on 

th e  i s o l a t e d ,  p e rfu s e d  r a t  h in d q u a r te r s

At dose le v e ls  o f  from 0 .1  to  0 .5  mg. none o f th e  g ra m in e -lik e  

i s o s te r e s  e x e rte d  a v a s o c o n s t r ic to r  o r  v a s o d i la to r  e f f e c t  in  th e  

i s o la te d  p e rfu se d  r a t  h in d q u a r te r s .  At th e  same dose l e v e l s ,  

they  in h ib i te d  th e  v a s o c o n s t r ic to r  re sp o n ses  to  a d re n a lin e  o r  to  

n o rad re n a lin e  (O .l  to  2 p g .)  b u t  th e re  were q u a n t i ta t iv e  d i f f e r 

ences. Compound I I I  was w eakest in  t h i s  r e s p e c t .  A t th e  same 

dose le v e ls  (0 ,1  to  0 .5  mg.) compounds VI and V II d id  n o t i n h i b i t  

th e  v a s o c o n s tr ic tio n  due to  5 -hydroxy tiyp tam ine  (0 .1  to  2 p g . ) .  

Compounds I ,  IV and V w ere, how ever, e f f e c t iv e  and compounds I I  

and I I I  had s l i g h t  a n ta g o n is t ic  e f f e c t s .  T rac ings o b ta in e d  from 

e ig h t d i f f e r e n t  experim ents a re  shown in  F ig s .  74 to  76 , pages 167 

to  169.

The q u a te rn a ry  s a l t s  o f th e  g ra m in e -lik e  i s o s t e r e s ,  a t  dose 

le v e ls  of from 0 .1  to  0 .5  mg. had no v a s o d i la to r  o r v a s o c o n s t r ic to r  

e f f e c t s .  At th e  same dose l e v e l s ,  antagonism  to  5 -hydroxy tiyp tam ine  

was n o t e x h ib ite d  by compounds V II I  and DC. Compounds X and XI 

incom plete ly  o r com plete ly  a n ta g o n ise d  th e  v a s o c o n s tr ic to r  e f f e c t s  o f 

5 -hydroxytryptam ine /
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The i s o l a t e d  g u in ea  p ig  ile u m .

A l l  u n la b e l le d  c o n tr a c t io n s  are due to  0 .0 0 5  pg* P^r m l. o f  

a c e t y lc h o l in e .

A d d itio n  o f  a c e t y lc h o l in e  was p reced ed  50 seco n d s e a r l i e r  b y : -  

At Â  -  15 p g . p er  m l. 5 -a m in o -2 - ( p ip e r id in o m e th y l)  th io n ^ h t h e n

At A^ -  50 pg .

At A  ̂ -  50 pg . "

At B -  E f f e c t  o f  250 P-g. p er  m l. 5 -a m in o -2 - (p ip e r id in o m e th y l
1 th io n ap h th en .
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F ig . _ 24 .

P e rfu s io n  of th e  i s o la te d  r a t  h in d q u a r te rs .

A re d u c tio n  in  the  h e ig h t of th e  v e r t i c a l  l in e s  in d ic a te s  vaso 

c o n s t r ic t io n .

(a )  At ÏÏT -  E f fe c t  o f 2 pg . 5 -hydroxytryp tam ine.
At Cg -  E f fe c t  of 0 .1  mg. 3-(dim ethylam inom ethyl) th io 

naphthen ( l l ) ,  fo llow ed  50 seconds l a t e r  by 2 pg . 

5 -hydroxy tryp tam ine .

(b ) At A -  E f fe c t  o f 2 pg . a d re n a lin e .
At Cp -  E f fe c t  o f 0 .1  mg. 5-(dim ethylam inom ethyl) th io 

naphthen fo llow ed  50 seconds l a t e r  by 2 p g . a d re n a lin e .

(o ) At N
At C,

E f fe c t  of 2 pg . n o ra d re n a lin e .
f f e c t  of 0 .1  mg. 5-(dim ethylam inom ethyl) th io 

naphthen folloT /ed 50 seconds l a t e r  by 2 p g . n o r

a d re n a lin e .
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F ig" 15-

P ei'fu sion  of th e  i s o la te d  r a t  h in d q u a r te r s ,

A re d u c tio n  in  th e  h e ig h t o f th e  v e r t i c a l  l in e s  in d ic a te s v a s o -  

c o n s t r ic t io n .

Upper t r a c in g .

At HT -  E f fe c t  of 2 p g . 5 -hydroxy tryp tam ine .
At C -  E f fe c t  of 0 .2  mg. 5 -(p y rro lid in o m e th y l) th io n ap h th en  (IV) 

^  fo llow ed  30 seconds l a t e r  by 2 pg . of 5-hydrox}'"tryptam ine.

Lower t r a c in g

(a )  At A -  E ffe c t  o f 2 pg . a d re n a lin e .
A t C -  E ffe c t of 0 .1  mg. 3-(p y  rro lid in o m e  th y l)  th io n ap h th en

follow ed 30 seconds l a t e r  by 2 pg . a d re n a lin e .

(b ) At N -  E ffe c t o f 2 pg . n o ra d re n a lin e .
At C -  E ffe c t o f 0 .1  mg. 3- (p y rro lid in o m e th y l)  th ionaph then

follov^ed 30 seconds l a t e r  by 2 p g . n o ra d re n a lin e .
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Ilk

F ig . 76 .

P e rfu s io n  o f th e  i s o la te d  r a t  h in d q u a r te rs .

A re d u c tio n  of the  h e ig h t o f the  v e r t i c a l  l in e s  in d ic a te s  vaso

c o n s t r ic t io n .

(a )  At A 

At C7

(b )  At HT

At Gy

E ffe c t of 1 .5  pg. a d re n a lin e .

E f fe c t  of 0 .1  mg. 3 -(cyclohexylam inom ethyl) th io 

naphthen (V II) fo llow ed  30 seconds l a t e r  by 1 .5  pg . 

a d re n a lin e .

E ffe c t of 1 .5  pg . 5 -bydroxytryp taJn ine.

E ffe c t  of 0 .1  mg. 3- ( cyclohexylam inom ethyl) th io 

naphthen fo llow ed  30 seconds l a t e r  by 1 .5  Pg* 

5 -hydroxy tryp tam ine .



170.

5-hydroxytryptainine (O .l  to  2 U g .) . Antagonism to  a d re n a lin e  and 

n o rad re n a lin e  was caused by compounds T i l l  and X (P ig . 77 , page 

171) .  At th e  same dose l e v e l s ,  compounds IX and XI com plete ly  o r  

incom plete ly  an tagon ized  th e  v a s o c o n s t r ic to r  responses to  a d re n a lin e  

and n o rad re n a lin e  on t h i s  p re p a ra t io n  (P ig . 78 , page 172).

At dose le v e ls  o f from  0 .1  to  0.5  mg. compounds X II and X III  

e x h ib ite d  s l i g h t  o r no antagonism  tb  th e  v a s o c o n s tr ic to r  e f f e c t s  

produced by 5 -hydroxy tryp tam ine , a d re n a lin e  and n o ra d re n a lin e  

( 0.1  to  2 p g .)  on th e  i s o la t e d ,  p e rfu sed  r a t  h in d q u a r te rs  (P ig s .

79, 80, pages 175, 174). They had no d i r e c t  v a s o d i la to r  o r 

v a s o c o n s tr ic to r  e f f e c t s  upon t h i s  t i s s u e .

At dose le v e ls  o f from 0 .1  to  0 .5  m g., none o f th e  5-am ino- 

iso g ra m in e -lik e  i s o s te r e s  in h ib i te d  th e  v a s o c o n s t r ic to r  e f f e c t s  

o f 5-hydroxytryptam ine and th ey  had no d i r e c t  v a s o c o n s tr ic to r  

o r d i l a to r  e f f e c t s .  At th e  same dose l e v e l s ,  th ey  d id  n o t 

i n h ib i t  o r in co m p le te ly  in h ib i te d  th e  v a s o c o n s tr ic to r  e f f e c ts  

caused by a d re n a lin e  o r n o rad re n a lin e  (P ig s . 81, 82, pages 175,

176) .

I I .  /
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iilik&jll&yH
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F ig - 77.

P e rfu s io n  o f  the  i s o la te d  r a t  h in d q u a r te r s .

A re d u c tio n  in  th e  h e ig h t of th e  v e r t i c a l  l in e s  in d ic a te s  vaso

c o n s t r ic t io n .

(a )  At A -  E f fe c t  of 1 .5  pg . of a d re n a lin e .

At E f fe c t  of 0 .5  mg. o f 3- (p y rro lid in o m e th y l)  t h io 

naphthen m ethiodide (X) fo llo w ed  30 seconds l a t e r  

by 1 .5  pg . a d re n a lin e .

(b ) At N -  E f fe c t  o f 2 pg . n o ra d re n a lin e .

At E f fe c t  o f 0 .5  mg. 3 -(p y rro lid in o m e th y l)  th ionaph then

m ethiodide fo llow ed  30 seconds l a t e r  by 2 pg . o f 

n o ra d re n a lin e .
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F ie .  78 .

P e rfu sio n  of th e  i s o l a t e d  r a t  h in d q u a r te r s .

A red u c tio n  in  the h e ig h t o f the  v e r t i c a l  l in e s  in d ic a te s  v a so 

c o n s tr ic t io n .

At HT -  E ffe c t of 1 .5  pg. 5 -hydroxy tryp tam ine .

At K -  E ffe c t of 2 pg . n o ra d re n a lin e .

At -  E f fe c t  of 0 .5  mg. 3 -(p ip e r id in o m e th y l)  th io n a p h th en

m ethiodide (X l) fo llow ed  30 seconds l a t e r  by 1 .5  pg . 

of 5 -bydroxytryptam ine o r by 2 pig. o f n o ra d re n a lin e .
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II k l H p r n
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F ie . 79.

P e rfu s io n  of the  i s o la t e d  r a t  h in d q u a r te rs .

A re d u c tio n  in  th e  h e ig h t o f th e  v e r t i c a l  l in e s  in d ic a te s  vaso 

c o n s t r ic t io n .

At A -  E f fe c t  o f 0 .2  pg . a d re n a lin e .

At 0^2 " E f fe c t  of 0 .1  mg. 2 -(2 -am in o e th y l)-5 -h y d ro x y th io n ap h th en  

(X II) fo llow ed  30 seconds l a t e r  by 0 .2  p g . a d re n a lin e .
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f t
C ifA

Fjg> 8 0 ,

P e r fu s io n  o f  th e  i s o l a t e d  r a t  h in d q u a r te rs *

A re d u c t io n  i n  th e  h ig h t  o f  th e  v e r t i c a l  l i n e s  in d ic a t e s  vaso 

c o n s t r i c t i o n .

(a )  At A -  e f f e c t  o f  0 .5  p g . o f  a d r e n a l in e .

At e f f e c t  o f  0 .2  mg. 2 -(2 * -a m in o p ro p y l)-  5 -b y d ro x y -

th io n a p h th e n  fo llo w ed  30 seconds l a t e r  by 0 .5  p g . 

o f  a d re n a l in e .

(b) At HT -  e f f e c t  o f  0 .5  p g . 5 -h y d ro x y try p ta m in e .

At G^^f e f f e c t  o f  0 .25  mg. 2 -(2 -i-am in o p ro p y l)-5 -h y d ro x y -

th io n a p h th e n  (X III)  fo llo w ed  30 seconds l a t e r  by 

0 .5  p g . o f  5 -h y d ro x y try p ta m in e .
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S
a

C,4 h t 30 "

P ic. 81.

Perfusion of the iso la ted  rat hindquarters.

A reduction in  height o f the v er tic a l lin es  ind icates vaso

constriction .

(a) At A -  E ffect o f 0 .5  Aig. adrenaline.

E ffect o f 0 .5  mg. 5-amino-2-( dimethylaminomethyl) 

thionaphthen followed 30 seconds la te r  by 0 .5  Ag# 

adrenaline.

At C14

(b) At HT -  

-

E ffect o f 0 .5 yug. 5-hydroxytryptamine.

E ffect o f 0.2 mg. 5-amino-2-(dimethylaminomethyl) 

thionaphthen (XIV) followed 30 seconds la ter  by 

0.5  vug. 5-hydroxytryptamine.
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f t
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m

F ig . 82.

P e rfu s io n  of the  i s o l a t e d  r a t  h in d q u a r te r s .

A re d u c tio n  in  h e ig h t of v e r t i c a l  l in e s  in d ic a te s  v a s o c o n s tr ic tio n .

( a )  At HT -  E f fe c t  o f 1 .5  pg . 5 -hydroxy tryp tam ine .
At -  E f fe c t  of 0 .5  mg. 5-amin<^(py rro lid in o m e  th y l)  t h io 

naphthen (XVl) fo llow ed  30 seconds l a t e r  hy 1 .5  PS* 

5-hydroxy t iy p t  am ine.

(h ) At A -  E f fe c t  o f 1 pg . a d re n a lin e .
At -  E f fe c t  o f 0 .5  mg. 5-am ino-2-(py  rro lid inom e th y l)

th ionaph then  fo llow ed  30 seconds l a t e r  by 1 Pg. 

a d re n a lin e .

(c )  At N -  E f fe c t  o f 3 pg. n o ra d re n a lin e .
At -  E f fe c t  of 0 .2  mg. 5 -am in o -2 -(p y rro lid in o m eth y l)

th ionaph then  fo llow ed  30 seconds l a t e r  by 3 Pê* 
n o ra d re n a lin e .
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I I .  E f fe c ts  o f th e  th io n a p h th en  compounds 
in  i n t a c t  anim als

( a )  E f fe c ts  on th e  b lo o d  p re s su re  o f th e  a n a e s th e t iz e d  c a t .

At dose le v e ls  o f from 1 to  5 mg. p e r  kg. a l l  o f th e  g r  amine-  

l ik e  i s o s te r e s  caused  a f a l l  in  th e  b lo o d  p re s su re  o f th e  an aes

th e t iz e d  c a t ,  b u t  d id  n o t an tagon ize  th e  p re s s o r  e f f e c t s  o f  

a d re n a lin e  (P ig s .  83, 84, pages 178, 1 7 9 ).

At dose le v e ls  o f from 1 to  2 mg. p e r  k g . ,  a l l  th e  q u a te rn a ry  

s a l t s  o f the  g ram in e -lik e  i s o s t e r e s  caused  a s l i g h t  b u t d e f in i te  

r i s e  in  th e  l e v e l  of th e  c a t  b lood  p re s su re  (P ig . 83, page I 80) .

At dose le v e ls  o f from 0 .1  to  1 mg. p e r  k g . , compounds X II 

and X III  had a  d i r e c t  p re s s o r  e f f e c t  on th e  c a t  and t h i s  e f f e c t  

was re v e rse d  by th e  p rev io u s  a d m in is tra t io n  of 1 .3  mg. p e r  kg. o f 

2-N-m-hydroxypheny 1 -p -1o lud inom ethylim idaz o lin e  ( phentolam ine ) 

(F ig . 86, page I 8I ) .

At dose le v e ls  o f from 1 to  2 mg. p e r  k g . , none o f  th e  

compounds in  Group D had any d i r e c t  p re s s o r  o r  d e p re sso r  e f f e c t s  

on th e  b lood p re s su re  le v e l  of th e  a n a e s th e t iz e d  c a t .

(b ) E f fe c t  on th e  b lood  p re s su re  o f  th e  a n a e s th e t iz e d  r a t .

At /
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150

F ig . 83.

Record o f th e  c a r o t id  a r t e r i a l  b lood  p re s su re  o f a p en to b arb ito n e  

a n a e s th e tiz e d  c a t .

At S -  E f fe c t  o f 3 ml. norm al s a l in e .

'5

At A -  E f f e c t  o f 2 pg . p e r  kg. a d re n a lin e .

At C -  E f fe c t  of 1 mg. p e r  kg. 3 -(p ip e r id in o m e th y l)  th io n ap h th en
(V ).

Drugs adm inistered intravenously,
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t t
s  A

t t
C6 A

F ig . 84.

Record o f the  c a r o t id  a r t e r i a l  b lood  p re s su re  o f a p en to b a rb ito n e ' 

a n a e s th e tiz e d  c a t .

At S -  E f fe c t  of 3 ml. norm al s a l in e .

At A -  E f fe c t  o f 2 .3  Pg. p e r kg. a d re n a lin e .

At -  E f fe c t  o f 1 mg. p e r  kg. 3 -(2 -m e th y lp ip e rid in o m e th y l)
D

th ionaph then  (V l) .

Drugs administered intravenously.
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83.

Upper t r a c in g  -  Record o f th e  c a ro t id  a r t e r i a l  b lood  p re s su re  of

a p e n to b a rb ito n e -a n a e s th e tiz e d  c a t .

Lower t r a c in g  -  Record o f the  r e s p i r a to r y  movements o f the  same ca t.

At S -  E f fe c t  o f 3 ml, norm al s a l in e .

At E f fe c t  o f 1 mg. p e r  kg. 3 -(p y rro lid in o m e th y l)  th io naph then

m eth iod ide (X ).

Drugs administered intravenously.
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F ig . 86.

Record of the  c a r o t id  a r t e r i a l  b lood  p re s su re  o f a p e n to b a rb ito n e -  

a n a e s th e tiz e d  c a t .

At A -  1 pg. p e r  kg. a d re n a lin e .

At N -  1 ,5  Pg. p e r  kg. n o ra d re n a lin e .

At -  0 .1  mg, p e r  kg. 2 - ( 2 -am inopropy l)-5 -hydroxy th ionaph then  (X I I I )

At R -  1 ,5  mg. p e r  kg. 2-N -m -hydroxyphenyl-p-to ludinom etliy l-

im id azo lin e  (p h en to lam in e ).

Drugs ad m in is te red  in tra v e n o u s ly .
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At dose le v e ls  o f  from 0 .3 . to  1 .5  mg. p e r  kg , a l l  o f the  

compounds in  Group A caused  a sharp  f a l l  in  th e  b lo o d  p re ssu re  of 

th e  u re th a n e -a n a e s th e tiz e d  r a t .  Compounds I  and I I I  were o f  low 

potency and caused only a s l i g h t  f a l l  in  th e  b lood  p re s su re  le v e l .  

At th e  same dose l e v e l s ,  none o f th e  compounds in  t h i s  s e r ie s  

an tagon ized  th e  p re s s o r  e f f e c t s  produced by a d re n a lin e  o r  n o r-  

a d re n e lin e  ( 0 .3  to  3 .0  p g . p e r  k g .)  (F ig s . 87 to  9 0 , pages 183 to  

1 6 6 ) .

At dose l e v e ls  of 0 .3  to  1 .5  mg. p e r  kg. a l l  th e  q u a te rn ary  

s a l t s  o f th e  g ram in e-lik e  i s o s te r e s  caused e i t h e r  a s l i g h t  f a l l  

o r a s l ig h t  r i s e  in  th e  b lood  p re s su re  le v e l  and th e re  was very  

s l ig h t  o r no antagonism  to  th e  p re s s o r  response  to  a d re n a lin e  

(0 ,3  to  3 .0  pg . p e r  k g .)  (F ig s . 9 1 , 92, pages 1 8 7 , 1 8 8 ) .

At dose l e v e l s  o f from 0 .3  to  1 .5  mg. p er  k g . ,  compounds 

X II and X III  cau sed  a r i s e  in  th e  l e v e l  o f  th e  b lo o d  p r e ssu r e  o f  

th e  a n a e s th e t iz e d  r a t  and d id  n o t a n ta g o n ize  th e  p r e s s o r  e f f e c t  

o f  a d r e n a lin e  ( F ig .  9 3 , P&ge 1 8 9 ) .

At dose l e v e l s  o f from 0 .3  to  1 .5  mg. p e r  k g . ,  a l l  th e  

compounds in  Group D cau sed  a s l i g h t  r i s e  in  th e  b lo o d  p r e ssu r e  

l e v e l  o f  th e  r a t ,  b u t d id  n o t  a n ta g o n ize  th e  p r e s s o r  e f f e c t  o f  

a d ren a lin e  /
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F ig . 87 .

Record of the c a ro t id  a r t e r i a l  b lood  p re s su re  of a u rethane- 

a n a e s th e tiz e d  r a t .

At A -  E ffe c t o f A pg . p e r  kg. a d re n a l in e .

At Cc -  E ffe c t  o f O.if mg. p e r  kg. 3 -(p ipeid .d inom ethy l) 

th ionaph then  (v) .

Drugs administered intravenously.
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F ig . 88.

Record of the  c a ro t id  a r t e r i a l  b lood  p re s su re  o f a u re th a n e ' 

a n a e s th e tiz e d  r a t .

At N -  E ffe c t  of 7.5  p g . p e r  kg. n o ra d re n a lin e .

At Cr -  E f fe c t  o f 0.3 mg. p e r  kg. 3 -(p ip e r id in o m e th y l)
5

th io n ap h th en  (v) .

Drugs administered intravenously.
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80 - t
N

P ig . 89.

Record of th e  c a ro t id  a r t e r i a l  b lood  p re s su re  o f a u re th a n e - 

a n a e s th e tiz e d  r a t .

At N -  E f fe c t  o f 4 pg . p e r  kg. n o ra d re n a lin e .

At Cx -  E ffe c t of 0 .4  mg. p e r  kg. 3 -(2 -m e th y lp ip e rid in o m e th y l)  

th ionaph then  (V l) .

At A -  E ffe c t of 4 pg* p e r  kg. a d re n a lin e .

Drugs ad m in iste red  in tra v e n o u s ly .
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F ig . 90.

Record o f the  c a ro t id  a r t e r i a l  b lo o d  p re s su re  o f a u re th a n e -  

a n a e s th e tiz e d  r a t .

At A -  

At S -

At -

E f fe c t  of 2 pg . p e r  kg. a d re n a lin e .

E f fe c t  o f 0 .2  ml. norm al s a l in e .

E f fe c t  of 0 .8  mg. p e r  kg. 3-(cyclohexylam inom ethyl) 

th ionaph then  ( V I l ) .

Drugs a d m in is te red  in tra v e n o u s ly .
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F ig . 91.

Record of the  c a r o t id  a r t e r i a l  b lood  p re s su re  o f a u re th a n e -  

a n a e s th e tiz e d  r a t .

At N -  E f fe c t  of 3 Pg* p e r  kg. n o ra d re n a lin e .

At A -  " 2 pg . p e r  kg. a d re n a lin e .

At S -  ” 0 .2  ml. norm al s a l in e .

At Cg - 0 .4  mg. p e r  kg. 3-(dim ethylam inom ethyl) 

th io n ap h th en  m eth iodide ( V I I l ) .

Drugs administered intravenously.
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Fi&. 92.

Record of th e  c a ro t id  a r t e r i a l  b lood  p re s su re  o f a u rethane- 

a n a e s th e tiz e d  r a t .

At A -  E f fe c t  o f 2 pg. p e r  kg. a d re n a lin e .

At N -  " 4  Pg. p e r  kg. n o ra d re n a lin e .

At S -  ” 0 .2  ml, of norm al s a l in e .

At C11
0 .4  mg. p e r  kg. 3 - (p ip e r id in o m e th y l) 

th ionaph then  m ethiodide (X l) .

Drugs administered intravenously.
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F ig .  9 3 .

Record o f  th e  c a r o t id  a r t e r i a l  b lood p re s s u re  o f  a  u re th an e- 

a n a e s th e t iz e d  r a t .

At A -  E f fe c t  o f  0 .6  p.g. p e r  k g . a d re n a l in e .

At S -  ” 0 .2  m l. norm al s a l i n e .

At " 0 .3  mg. p e r  k g . 2 -(2 * -a m in o p ro p y l)-5 -

h y d ro x y th io n a p h th e n (X III ) .

Drugs adm inistered in tr a v en o u sly .
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a d re n a lin e  ( 0.3  to  3*0 p g . p e r  k g .)  (F ig s .  94 to  96, pages I 9I  to

193) .

( o) Toxic e f f e c t s  on mice

At dose le v e ls  o f up to  I 30 mg. p e r  kg. g iven  by i n t r a -  

p e r i to n e a l  in j e c t i o n ,  none o f  th e  g ram in e -lik e  i s o s t e r e s  

(Group a )  had any a p p aren t to x ic  e f f e c t s .

Compounds V I I I ,  X and XI in  Group B produced to x ic  e f f e c t s .  

W ith in  30 m inutes o f i n j e c t i o n  th e r e  was hyperpnoea fo llo w ed  by 

severe  to n ic  co n v u ls iv e  movements a f t e r  which th e  mice d ie d . The 

LD 30 o f compound XI was 51*5 mg. p e r  kg . ; o f compound X 

62.3 mg. p e r  k g . ,  and o f oompoundvru 67.3  mg. p e r  kg. The 

r e s u l t s  a re  shown n u m e ric a lly  in  T able  1 , page 194, and graph

i c a l l y  in  P ig s .  97 to  99, pages 193 to  197. At dose le v e ls  o f 

up to  130 mg. p e r  k g . , compound IX showed no ap p aren t to x ic  

e f f e c t s  in  m ice.

At dose le v e ls  o f up to  130 mg. p e r  kg. g iven  by i n t r a -  

p e r i to n e a l  i n je c t i o n ,  none of th e  compounds in  Groups C and D 

showed any ap p a ren t to x ic  e f f e c t s  in  m ice.
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150

125

100

F ig .  9 4 .

Record o f  th e  c a r o t id  a r t e r i a l  b lood p re s s u re  o f u re th a n e -  

a n a e s th e t iz e d  r a t .

At A -  E f fe c t  o f  6 p.g. p e r  k g . a d r e n a l in e .

At S -  " 0 .2  m l. norm al s a l i n e .

At " 0 .4  mg. p e r kg . 5 -a m in o -2 -(d im e th y l-

am inom ethyl) th io n a p h th e n  (X IV ). 

Drugs a d m in is te re d  in tra v e n o u s ly .
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F ig . 93.

Record o f th e  c a ro t id  a r t e r i a l  b lood  p re s su re  of a urethane- 

a n a e s th e tiz e d  r a t .

At A -  

At 8 -

At

E f fe c t  o f  8 p g . p e r  kg. a d re n a lin e .

*’ 0 .2  ml. norm al s a l in e .

" 0 .8  mg. p e r  kg , 3 -8 n in o -2 -
(m orpholinom ethyl) th io n ap h th en  (XV).

Drugs adm inistered intravenously ,
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M  t t f t 
50  L A A S  Cn A 

3 0 "

F ig . 96.

Record of th e  c a r o t id  a r t e r i a l  b lood  p re s su re  o f a u re th a n e -  

a n a e s th e tiz e d  r a t .

(a )  At A -  E f fe c t  o f 0 .3  pg . p e r  kg. a d re n a lin e .

At S -  E f fe c t  o f 0 .2  ml. norm al s a l in e .

At 0̂  ̂ -  E f fe c t  o f 0 .6  mg. p e r  kg. 3-e-niino-2-

(p y rro lid in o m e th y l)  th io n ap h th en  (XVl).

(b ) At A -  E f fe c t  o f 0 .3  pg . p e r  kg. a d re n a l in e .

At S -  E f fe c t  o f  0 .2  ml. norm al s a l in e .

At -  E f fe c t  of 0 .6  mg. p e r  kg. 3“*e.mino-2-

(p ip e rid in o m e th y l)  th io n ap h th en  (X V Il).

Drugs adm inistered intravenously.
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TABLE 1.

MORTALITY IN MICE

Dose o f drug 
mg, p e r  kg.

p e rcen tag e  m o r ta l i ty

Compound V II I Compound X Compound XI

23 0 20 0

30 20 40 40

73 60 60 80

100 100 80 100

123 - 100 -
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100

3- (d im c th y ijm in o m e th y l)  
th io n a p h th e n  m e th io d id e

VTIT

25

25 SO ICO75 125
D ose in m g / k g

F ig . 97.
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3 -^py r  roi id i n o m e th y  0  
th io n a p h th e n  m e t h io d i d e

50

755 025 ICO 125O
D o se  in  m g /k g

Fig. 98.
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CH) |-
3-^^piperidinom«thyl) 
thionaphthen m ethiodide

XT

s
c
8

25 50 75 fOO 125
D o se  i n  m g /k g

PlK. 99.
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I I I .  R e s u lts  o f experim ents w ith  th e  th io n ap h th en  compounds 

on th e  i s o l a t e d  r a t  .jejunum usings: A riens* te c h n iq u e .

W ith the e x ce p tio n  o f compound X, which was a v a i la b le  in  

q u a n t i t i e s  s u f f i c i e n t  f o r  one only ex perim en t, a l l  were t e s te d  

on more th a n  two in d iv id u a l  p re p a ra t io n s . T y p ica l experim en ta l 

t r a c in g s  a re  shown in  R ig s . 100 to  105, pages 201 to  206, and 

g ra p h ic a l  re p re s e n ta t io n s  o f  some of th e  ex p erim en ta l t r a c in g s  

a re  g iven  in  R ig s . 106 to  112, pages 207 to  213.

Rrom th e  r e s u l t s  i t  i s  d i f f i c u l t  to  say i f  th e  antagonism  

e x h ib i te d  by th e s e  compounds i s  e i t h e r  co m p e titiv e  o r non

c o m p e titiv e . I f  th e  compound under in v e s t ig a t io n  caused  no 

c o n tra c t io n  o f th e  i s o l a t e d  r a t  jejunum , th e  cum ulative log# 

do se-resp o n se  cu rv es  f o r  ^-hydroxytr^^ptam ine in  th e  p resence  of 

v a rio u s  c o n c e n tra tio n s  of th e  compound were s h i f t e d  a long  th e  

a b s c is s a  and th e  h e ig h t of the  maximum response  was red u ced , 

i t  was c o n s id e re d  t h a t  th e  drug under t e s t  e x h ib i te d  a p u re ly  

n o n -co m p e titiv e  type  of an tagonism . B u t, i f  th e  compound 

caused  a c o n tr a c t io n  of th e  t i s s u e ;  th e  cum ulative  lo g ,c o n 

c e n tr a t io n  curve  f o r  5 -hydroxy tiyp tam ine  in  th e  p resence  of 

v a rio u s  c o n c e n tra tio n s  o f th e  drug under t e s t  was s h i f t e d  a long  

th e  a b s c is s a  and th e  h e ig h t  o f th e  maximum response  red u ced , 

i t  /
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i t  was c o n s id e re d  th a t  th e  compound e x h ib i te d  an a g o n is t ic  a c tio n  

and a ls o  produced a n o n -co m p e titiv e  b lo c k . I t  i s  i n t e r e s t i n g  to  

n o te  t h a t  a t  low c o n c e n tra tio n s , some o f th e  compounds them selves 

caused  a  c o n tr a c t io n  o f th e  i s o l a t e d  r a t  jejunum  b u t ,  as th e  

c o n c e n tra tio n s  v/ere in c re a s e d , th e  h e ig h t  o f th e  c o n tra c tio n s  

was d e c rea se d  (P ig s .  101, 107, pages 202, 2 08 ).

Compounds I I ,  I I I  and V II in  Croup A, V I I I  and X in  Croup B, 

a l l  th e  compounds in  Croup C and compound XV in  Croup D e x h ib i te d  

a p u re ly  n o n -co m p e titiv e  ty p e  o f antagonism  tow ards 5-hydroxy- 

tryp tam ine  when t e s t e d  on th e  i s o l a t e d  r a t  jejunum .

Compounds I  and VI in  Croup A, XI in  Croup B, and XIV, XVI 

and XVII in  Croup D e x h ib i te d  bo th  a g o n is t ic  p ro p e r t ie s  and a 

n o n -co m p e titiv e  type  o f antagonism . Compounds IV and V in  

Croup A showed, however, v a r ia b le  a c t i v i t y .  Compound V e x h ib ite d  

a p u re ly  n o n -co m p e titiv e  antagonism  in  two d i f f e r e n t  experim ents 

b u t in  a n o th e r  two experim en ts i t  showed b o th  a g o n is t ic  

p ro p e r t ie s  and n o n -co m p e titiv e  antagonism . Compound IX cou ld  

n o t be a ss ig n e d  to  any p a r t i c u l a r  c a te g o ry . I t  i s  c le a r  from 

th e  graph (F ig . 108, page 209) th a t  a t  a c o n c e n tra tio n  of 

13. 92 /u M o l./L .,  i t  d isp la c e d  th e  cum ulative  lo g  dose-response  

curve f o r  5”kydroxy tryp tam ine  along th e  a b s c is s a  and th e  maximum 

h e ig h t /
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h e igh t was a ls o  reduced , in d ic a t in g  a n o n -co m p e titiv e  b lo c k . At 

h ig h er c o n c e n tra tio n s  (139*2/1  t lo l . /L .  and 1392/1  M o l./L .) ,  a lthough  

th e  cum ulative lo g  dose response  curves were d isp la c e d  a lo n g  the  

a b sc is sa , th e  maximum h e ig h t  was in c re a s e d  and n o t reduced .
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P ig . 100.

The i s o l a t e d  r a t  .ie.junum

E x p erim en ta l, cum ulative lo g  dose-response  c u rv e s , based  on the  

A riens p ro ced u re , f o r  5“bydroxytiyp tam ine a lone (A) , and in  th e  

p resence  of 2*5 P M ol./L . ( b ) ,  25 p  M ol./L . ( c )  and 125*3 p- M ol./L . 

(D) ,  r e s p e c t iv e ly  o f 3-(am inom ethyl) th io n ap h th en  ( l ) .

Dose a = O.OO568 p M ol./L . O ther doses a re  m u ltip le s  o f a ,

as shown on the  t r a c in g s .
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F ig . 101.

The i s o la t e d  r a t  jejunum .

E x p erim en ta l, cum ulative lo g  dose-response  c u rv e s , based  on th e  

A riens p ro ced u re , f o r  5 -bydroxy tiyp tam ine  alone (A) , and in  the  

p resence  of 1 .869 p M ol./L . ( b) ,  3*738 p  M ol./L , ( c ) ,  7*47^ p  

M ol./L . ( d ) ,  1 4 .9 5 2 /u M ol./L . (E) and 29 .904 p  M ol./L . ( f )  

re s p e c t iv e ly  o f ) - (p ip e r id in o m e th y l)  th io n ap h th en  ( v ) .

Dose a = O.OO568 p  M ol./L . O ther doses a re  m u ltip le s  o f

a , as shown on th e  t r a c in g s .



203.

Jl 4096a 
2040 a 
24a

!a
a/ 2 8 a

J8l92i
4046a

1024a

F ig . 102.

The i s o la t e d  r a t  jejunum .

E xperim en ta l, cumul active lo g  d o se-response  c u rv e s , b ased  on the  

A riens p ro ced u re , f o r  5-hydroxytryp tam ine a lone  (A),  and in  the  

p resence of 13 .9  p M ol./L . ( B ) , 139*2 p M ol./L . ( c ) ,  and 1392 p 

M ol./L . ( d) r e s p e c t iv e ly  o f 3 -(m orpholinom ethyl) th io n ap h th en  

m ethiodide ( IX) .

Dose a = 0 «005^8 p M ol./L . O ther doses a re  m u lt ip le s  of

a , as shown on th e  t r a c in g s .
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F ig . 103.

The i s o la te d  r a t  jejunum .

E xperim ental, cum ulative log  dose-response  c u rv e s , based  on th e  

A riens p rocedu re , f o r  5 -hydroxytryptam ine a lone  (A) , and in  the 

presence of 13*9 P M ol./L . (b ) , 278 .4  p  M ol./L , ( c ) ,  and 1392 p 

M ol./L. (d) r e s p e c t iv e ly  of 3 -(p y rro lid in o m e th y l)  th ionaph then  

m ethiodide (X).

Dose a = 0.00568 p  M ol./L . O ther doses a re  m u ltip le s  o f a ,

as shown on th e  t r a c in g s .
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la

F ig . 104.

The i s o la te d  r a t  jejunum .

E x p erim en ta l, cum ulative log  dose-response  c u rv e s , based  on th e  

A riens p ro ced u re , f o r  5 -hydroxytryptam ine a lone (A and D ), and 

in  th e  p resence  of 13 .9  p M ol./L . ( b ) ,  278 .4  p M ol./L . ( c ) ,  and 

1392 p  M ol./L. (d ) re s p e c t iv e ly  o f 2 - ( 2 ' -am in o e th y l)-5 -h y d ro x y - 

th ionaph then  ( X I l ) .

Dose a = O.OO568 p  M ol./L . O ther doses a re  m u ltip le s  o f a ,

as shovm on the  t r a c in g s .
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A
3 0 "

p l 6 a
'8 a

F ig .  1 0 3 .

The i s o l a t e d  r a t  jejunum .

E xperim en ta l, cu m u la tiv e  lo g  d o se -r e sp o n se  c u r v e s , b a sed  on th e  

A riens p ro ced u re , f o r  3 -b yd roxytryp tam in e a lo n e  (A and D ), and 

in  the p resen ce  o f  1 2 .6 9  p M o l./L . (B) and 1 2 6 .9  p M o l./L . ( c )  

r e s p e c t iv e ly  o f  3 -a m in o -2 - ( p y r r o lid in o m e th y l) th io n a p h th en  (XVl) 

Dose a = O.OO3 6 8  p M o l./L . O ther d o ses  are m u lt ip le s  o f  a ,

as shovm on th e  t r a c in g s .
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100

c  5 0

Log d o s e

F ig . 106.

The i s o l a t e d  r a t  jejunum .

Cum u lative lo g  dose response  curves f o r  5-hydroxytryptam ine a lone  

(o -o -o )  and in  the  p resen ce  o f 2 ,5  p M ol,/L , ( • - • - • ) ,  2^ .0  p. Mol,/L. 

(x -x -x )  and 125*3 p- M ol,/L . ( a - 4 ta )  r e s p e c t iv e ly  o f 5"(am inom ethyl) 

th ionaph then  ( l ) .
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too
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II
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F ig . 107.

The i s o la te d  r a t  jejunum .

Cum u lative lo g  dose-response  curves f o r  5 -hydroxytiyp tam ine alone 

(o -o -o )  and in  th e  p resence  o f 1 .8 6 9 /u M ol./L . ( • - • - © ) ,  3*738 Ai 

M ol./L . ( x -x -x ) ,  7 . 476 /u M ol./L . (O-Q-0) ,  14*952/U M ol./L . 

and 29. 904/1 M ol./L . (o -a -a )  r e s p e c t iv e ly  o f 3 - (p ip e^ id in o m eth y l) 

th ionaph then  (v).
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100

3 - (m o rpho l i n o m e th y l  ) 
t h i o n a p h t h e n  m e th io d id e
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F l^ . 108.

The i s o la t e d  r a t  jejunum .

Cum u lative lo g  dose response  cu rves f o r  5 -hydroxy tiyp tam ine  a lone  

(o -o -o )  and in  th e  p resence  o f 1 3 .9 /1  M ol./L . ( • - « - • ) ,  139*2/ i  

M ol./L . (x -x -x )  and 1392/u M ol./L . (A-4-A) r e s p e c t iv e ly  o f 3 - 

(m orpholinom ethyl) th io n ap h th en  m eth iod ide (IX ).
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KM

3 -  (’p y rro lid ih o m e th y l)  
th io n a p h th e n  m e th io d id e

o*

Log d o se

F lg . 109*

The i s o la te d  r a t  jejunum .

Cum u lative lo g  dose-resp o n se  cu rves f o r  5 -tiydroxytryptam ine a lone  

(o -o -o )  and in  th e  p resence  o f  1 3 . 9 Mol. /L.  ( # - o - e ) ,  278 ,4 /u  

M ol./L . (o -o -o )  and 1392/1 M ol./L . (x -x -x )  r e s p e c t iv e ly  o f 3 -  

(py rro lid in o m eth y l) th io n ap h th en  m ethii?^ide (X) •
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lOOr

HO

2-^2-am i no«thyl)
- 5  - h y d r o x y  t h  io r v a  p h t h e n

xir

Log d o s e

110.

The iso la ted  rat jejunum.

Cumulative log  dose-response curves for 5"hydro3cytiyptamine alone 

(o-o-o) and in  the presence of 2.176 ja Mol./L. (o -e -o ) and 

21.76 ju Mol./L. (e -e -e )  respectively  of 2-(2*am inoethyl)-5- 

hydroxythionaphthen ( H i ) .
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Log d ose

gijs;. 111.

The i s o la t e d  r a t  jejunum .

Cum u lative lo g  dose-response  curves f o r  5“hydroxytryp tam ine a lo ie  

(o -o -o )  and in  th e  p resence  o f 1 * 3 3 Mol. /L.  (o -o -© ), 6 .75  

/ I  M ol./L . ( • - • - © ) ,  15571 M ol./L . (x -x -x )  and 675/1 M ol./L . ( â - i - ^ )  

r e s p e c t iv e ly  of 3“ am ino-2-(dim ethylam inom ethyl) th io n ap h th en  (XEV).
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100

5 -a rn fn o  -2 -^pyrro lid ino- 
m e th y l)  th io n a p h tk e n  /

Tvr /

50

T3 2 1O 2
Log dose

112.

The i s o l a t e d  r a t  jejunum*

Cum u lative lo g  dose-response  cu rv es  f o r  ^^hydroxytiyptam ine a lone 

(o -o -o )  and in  th e  p resence  o f  12 .69  M ol./L . (© -o-o) and 126.9  

f i  M ol./L . (x -x -x )  r e s p e c t iv e ly  o f 5 -a Jn in o -2 -(p y rro lid in o n e th y l)  

th ionaph then  (X V l).
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D I S C U S S I O N

S ubstances o f d iv e rse  chem ical com position  a re  capable  o f 

p re v e n tin g  o r  a n ta g o n iz in g  th e  pharm aco log ica l a c tio n s  o f 

hydroxy tryp tam ine  b o th  in  v i t r o  and in  v iv o . These in c lu d e  

ly s e r g ic  a c id  d ie th y lam id e , ch lo rp rom azine , dibenam ine, 

r e s e r p in e ,  a tro p in e  and m orphine. A lthough th e  e x ac t 

p h y s io lo g ic a l  r o le  o f ^ -hydroxytryp tam ine i t s e l f  has no t been 

c lea rly "  e s ta b l is h e d ,  5 -hydroxy tryp tam ine  a n ta g o n is ts  are  o f 

pharm aco log ica l i n t e r e s t  f o r  s e v e ra l  re a so n s . F i r s t l y ,  they  

a re  of va lue  in  d is t in g u is h in g  ^-hydroxy tryp tam ine  from o th e r  

a c t iv e  su b stan ces p re s e n t  in  t i s s u e  e x t r a c ts  such as h is tam in e  

and a c e ty lc h o lin e . Secondly , th e y  may c o n tr ib u te  to  e x is t in g  

knowledge o f th e  mechanism of th e  a c t io n  o f ^-hydroxy tryp tam ine  

as w e ll as o f drugs b e lie v e d  to  a c t  by th e  l ib e r a t i o n  o f t h i s  

compound from i t s  b in d in g  s i t e s ,  e . g . ,  r e s e rp in e . T h ird ly , 

th ey  may be of p o te n t i a l  v a lu e  in  th e  p re v e n tio n  o r tre a tm e n t 

of d ise a se s  a s s o c ia te d  w ith  an excess o f 5 -hydroxy tryp tam ine  in  

th e  body ( e . g . ,  m alignan t c a rc in o id  tum ours).

P re se n t-d a y  knowledge concern ing  th e  mode of a c t io n  of 5“ 

hydroxy tiyp tam ine  has been  o b ta in e d , to  a la rg e  e x te n t ,  by means 

o f /
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of 5“hydroxy tryp tam ine  a n ta g o n is ts  and by u s in g  i s o l a t e d  t i s s u e  

p re p a ra t io n s  such as the  r a t  u te ru s  and th e  gu inea  p ig  ileum .

From th e  r e s u l t s  o f s tu d ie s  of t h i s  k in d , i t  has been  p o s tu la te d  

t h a t  two types o f 5“hydroxytryp tam ine re c e p to rs  e x i s t  in  th e  

gu in ea  p ig  ileum , namely the  and re c e p to rs  ( G-addum and 

P i c a r e l l i ,  1957) &nd th e s e  have been d i f f e r e n t i a t e d  by th e  use  

of th e  5-h2/d roxy tiyp tam ine  a n ta g o n is ts ,  namely m orphine, a tro p in e  

and methadone on th e  one hand and d ib en z y le n e , ly s e r g ic  a c id  

d ie th y lam id e  and 5“benzyloxygram ine on th e  o th e r .  I n  a d d it io n  

to  the  p o s s ib le  e x is te n c e  of more th an  one ty p e  o f s p e c i f i c  

re c e p to r  fo r  5 -hydroxy tryp tam ine  in  th e  same t i s s u e ,  v a r ia t io n s  

in  th e  e f f e c t s  o f 5 -hydroxy tryp tam ine  i t s e l f  on th e  same t i s s u e  

must a ls o  be c o n sid e re d . Thus G-addum (1955&) snd  Rocha e S i lv a  

and h i s  a s s o c ia te s  (1953) have shown t h a t ,  in  low c o n c e n tra t io n s , 

5“hy droxy t  ry p t amine s t im u la te s  th e  i s o la t e d  g u in ea  p ig  ileum  and 

a t  h ig h e r  c o n c e n tra t io n s ,  causes a u to in h ib i t io n .  F u rth e rm o re , 

th e  n a tu re  of th e  antagonism  o f c e r t a in  su b s tan ces to  5-hydroxy- 

try p tam in e  has f u r th e r  com plica ted  th e  p ic tu re  s in c e  th e s e  com

pounds n o t only  an tag o n ize  th e  a c tio n s  of 5 -hydroxy tryp tam ine  

i t s e l f ,  b u t them selves produce a g o n is t ic  e f f e c t s  (W oolley and 

Shaw, 1953a; Shaw and W oolley, 1954; G-addum and h i s  a s s o c ia te s ,  

1955; /
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1955; and Barlow and Khan, 1959a and b ) .

The p ic tu r e  i s  f u r th e r  com plica ted  s in c e  many in d o le  

d e r iv a t iv e s ,  in  a d d it io n  to  a n ta g o n iz in g  th e  a c t io n s  o f 5 - 

h yd ro x y try p tam in e , a re  a ls o  cap ab le  of a n ta g o n iz in g  th e  a c tio n s  

o f  o th e r  pharm aco log ica l a g e n ts . For exam ple, G-addum and 

Hameed (1954) observed  t h a t  on th e  i s o la t e d  r a t  u te r u s ,  gu in ea  

p ig  ileum  and on th e  b lo o d  v e s s e ls  o f th e  p e rfu se d  r a b b i t  e a r ,  

many e rg o t a lk a lo id s  an tag o n ized  bo th  5-hydroxy tryp tam ine  and 

a d re n a l in e . I t  has been  re p o r te d  th a t  5 -benzyloxy-N ’ ,N -d im ethy l- 

try p tam in e  an tag o n izes  th e  s tim u la n t a c tio n s  of 5 -h y d ro x y tiy p tam in e , 

h is tam in e  and a c e ty lc h o lin e  on th e  i s o la t e d  g u in ea  p ig  ileum , 

a lth o u g h  i t s  a n t ih is ta m in ic  and a n tim u sc a rin io  a c t i v i t i e s  were 

l e s s  th an  i t s  a n ti-5 -h y d ro x y try p ta m in ic  e f f e c t s  (B arlow  and Khan, 

19590) .  O ther in d o le  d e r iv a t iv e s  such as 3 -(2 -d ib u ty la m in o e th y l)  

in d o le  e x h ib i t  synergism  w ith  b o th  5 -hydroxy tiyp tam ine  and a c e ty l 

c h o lin e  on th e  i s o l a t e d  gu inea  p ig  ileum  (Barlow  and Khan, 1959&).

A s im i la r  p a t t e r n  o f n o n - s e le c t iv i ty  has emerged from th e  

p re s e n t  study  o f a  group o f th io n ap h th en  d e r iv a t iv e s  in  v;hich th e  

-NH- group of the  in d o le  n uc leus has been re p la c e d  by a su lp h u r 

atom. For exam ple, w ith  th e  e x cep tio n  o f compound V I, a l l  th e  

members of Group A were found to  an tag o n ize  th e  s t im u la n t  a c tio n  

o f /
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o f  5 -hyd roxy tryp tam ine  on the  i s o la t e d  r a t  u te r u s .  On th e  i s o l a t e d  

r a t  fundus s t r i p ,  how ever, many o f th e  compounds ( in c lu d in g  compound 

VI ) were found  to  p o te n t ia te  th e  s tim u la n t response  to  5 -hydroxy- 

t iy p ta m in e . In  a s e r i e s  o f fo u r  se p a ra te  ex p erim en ts , compound V I, 

in  i d e n t i c a l  b a th  c o n c e n tra t io n s ,  was found in  two c a se s  to  e x h ib i t  

incom plete  antagonism  to  5 -hydroxytryp tam ine and in  th e  o th e r  two 

experim en ts to  p o te n t ia te  th e  5 -hyd roxy tryp tam ine-induced  con

t r a c t i o n s  o f th e  i s o l a t e d  r a t  u te ru s  (F ig s ,  17, 18, pages 94, 9 5 ).

I t  i s  o f i n t e r e s t ,  t h a t  a s im ila r  v a r i a b i l i t y  has b een  re p o r te d  

u s in g  5 -(3m inop ropy l)-1  -m ethyl in d o le  (Barlow  and Khan, 1959b).

In  a d d it io n  to  t h e i r  f a i l u r e  to  produce a uniform  pharm aco log ica l 

response  in  v a r io u s  t i s s u e  p re p a ra t io n s ,  th e  th io n ap h th en  compounds 

in v e s t ig a te d  were found to  be more p o te n t in  a n ta g o n iz in g  the  

s tim u la n t  re sp o n se s  to  h is tam in e  th a n  th o se  to  5-hydroxytryp tam ine 

o r to  a c e ty lc h o l in e  on th e  i s o l a t e d  gu inea  p ig  ileum . At h ig h e r  

c o n c e n tra tio n s  th a n  th o se  re q u ire d  t o  an tagon ize  th e  s tim u la n t 

re sp o n ses  to  th e s e  spasm ogens, th e  compounds them selves caused 

c o n tra c t io n s  of th e  t i s s u e  which were p a r t l y  o r  com plete ly  

in h ib i te d  by ly s e r g ic  a c id  d ie th y la m id e , mepyramine o r a tro p in e .

Due to  t h e i r  la c k  o f s e l e c t i v i t y ,  i t  i s  d i f f i c u l t  to  in te r p r e t  

th e  p r e c is e  mechanism o f a c t io n  o f th e  th io n ap h th en  compounds 

in v e s t ig a te d .  M oreover, th e  d e r iv a tio n  o f s t r u c tu r e —a c tio n  

r e la t io n s h ip s  /
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r e la t io n s h ip s  i s  i t s e l f  com p lica ted  and b e s e t  by many h azard s ( i n g ,  

1959 and R e id , I9 6 0 ) . In  s p i te  o f  th e se  d i f f i c u l t i e s ,  how ever, an 

a ttem p t has been made to  in v e s t ig a te  th e  mode o f a c t io n  o f th e  

compounds s tu d ie d  u s in g  c o n v en tio n a l and o th e r  pharm aco log ica l 

te c h n iq u e s .

The sy n th e s is  of compounds b e a r in g  an i s o s t e r i c  r e la t io n s h ip  

to  an e x is t in g  drug i s  now one of th e  a ccep ted  approaches to  th e  

d e s ig n  of nev; d ru g s. A lthough th e  a p p l ic a t io n  of t h i s  concept 

has n o t been  e n t i r e ly  su c c e s s fu l  in  p roducing  drugs w ith  more 

d e s i r a b le  pharm aco log ica l p r o p e r t ie s  th an  th e  p a re n t compounds, 

some s u c c e s s fu l  a ttem p ts  have been re p o r te d  among th e  th io p h en  

and th io n ap h th en  d e r iv a t iv e s .  Thus Crook and Davies (1937) have 

shovm t h a t  th io n a p h th e n -3 -a c e tic  a c id  p o sse sse s  p la n t  grow th- 

prom oting a c t i v i t y  s im ila r  to  th a t  of i t s  n a tu r a l ly  o c c u rr in g  

i s o s t e r e ,  in d o le - 3 - a c e t ic  a c id , a lthough  i t  i s  l e s s  p o te n t .  

5 -M e th y l-4 ,7 -th io n ap h th en q u in o n e , which i s  i s o s t e r i c  w ith  2 - 

m ethy l-1 ,4 -uaph thaqu inone  (m enadione) has weak v ita m in  K -lik e  

a c t i v i t y  ( T a r b e l l ,  Fukushima and Dam, 1943); the  p r e s s o r  a c t iv i t y  

offi -2 - th ie n y le th y la m in e  has been shown to  be s im ila r  to  t h a t  of 

-pheny le thy lam ine  in  th e  s p in a l  c a t  ( T a in te r ,  1930) and/) -2 -  

th ie n y liso p ro p y la m in e , an i s o s t e r e  o f/3 -p h en y liso p ro p y lam in e  

( amphetamine) ,  /
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( amphetamine), i s  as potent as amphetamine in  raising the blood 

pressure of the anaesthetized dog (A llés and Feigen, 1941). On the 

other hand, th is  approach has fa ile d  in  some oases. For example,

2 .2 -b is -(2 * -th ien y l)-1 ,1 ,1^trichloroethane which i s  iso s te r ic  with

2.2-bis-(p-ohlorophenyl)-1,1 ,1-triohloroethane (DDT) was found to be 

in active against the house f ly  ( P r i l l ,  Qynerholm and H arzell, 1946).

The influence of isosterism  as applied to a group of th io 

naphthen compounds has been assessed in  th is  th e s is . The com

pounds involved were I I I , 7  and VI in  Group A, which are the 

iso steres  of 3-(morpholinomethyl) indole, 3-(piperidinomethyl) 

indole and jJ“(2*-metbylpiperidinomethyl) indole resp ectively , and 

compound XII in  Group C which i s  iso s te r ic  with 2-(2*-aminoethyl)- 

5-hydroxyindole. The phaimacology of the indole derivatives has 

already been reported (De Jong and Van Proosdij-^artzema, 1952 and 

Bartaccini and Zamboni, I 96I ) .  The structural formulae and the 

pharmacological properties of the indole derivatives and of the 

Gorrespending thionaphthen compounds are shown in  F ig . 113» page 

220, and summarised in  Table 2 , page 221. A comparative study 

on the iso la ted  rat uterus, guinea pig ileum, blood pressure of 

the anaesthetized cat and ra t, blood v esse ls  of the perfused 

rat hindquarters and the e f fe c t  of the in jection  of the com

pounds in to  mice revealed that the introduction of a sulphur 

atom in  place of the -OT- group in  the indole molecule brou^t 

about /
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C d -C H , 1O
(morpholinomethyl) thionaphthen ( I I I )

-C H ,— M

3 -(piperidinomethyl) thlonajbthen (V)

-C h -,— M

3-(2-methylpiperldlnomethyl) 
thionaphthen (VI)

C H j -C H j —N H ,

2 -(2-aminoethyl)-5-hydroxythlonaphthen 
(XII)

" - " O

3-(mor#iollnomethyl ) Indole

CH3—H

3 -(piperidinomethyl)indole

•C H -— N

3-(2-methylplperldlnomethyl) 
Indole

C CHt“N H-

2-(2-am lnoethyl )-5-hvdro5rylnrtolp

PiK. 113 .
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about a g e n e ra l re d u c tio n  in  th e  s tim u la n t p r o p e r t i e s .  Thus, w h ile  

3 -(m orpho linom ethy l) in d o le ,  3“ (p ip e r id in o m e th y l)  in d o le  and 3 - (2 * -  

m e th y lp ip e rid in o m eth y l)  in d o le  e x h ib i te d  a pow erfu l s tim u la n t  a c t io n  

on the  i s o l a t e d  r a t  u te r u s ,  caused  c o n s t r ic t io n  o f th e  b lo o d  v e s s e ls  

of th e  p e rfu se d  i s o l a t e d  r a t  h in d q u a r te r s  and produced to x ic  symptoms 

in  m ice, th e  co rrespond ing  th io n a p h th en  i s o s te r e s  e x h ib ite d  no 

s t im u la n t  p r o p e r t ie s  on th e  i s o l a t e d  r a t  u te r u s ,  caused  no vaso

c o n s t r ic t io n  in  th e  p e rfu se d  r a t  h indquai* ters and d id  n o t produce 

any to x ic  e f f e c t s  in  mice when in je c te d  in t r a p e r i t o n e a l l y .

The change in  th e  a c t i v i t y  from m ainly  a g o n is t ic  ( in d o le -  

c o n ta in in g  compounds) to  m ainly a n ta g o n is t ic  ( th io n a p h th e n  com

pounds) p r o p e r t ie s  may be view ed as a re d u c tio n  in  th e  i n t e n s i t y  

o f th e  s p e c i f ic  f i e l d s  o f fo rc e s  betw een th e  drug m olecule and th e  

re c e p to rs  ( i . e . ,  th e  i n t r i n s i c  a c t i v i t y )  which a re  b e lie v e d  to  

i n i t i a t e  th e  b io lo g ic a l  re sp o n se . The in c re a s e d  s iz e  of th e  

su lp h u r atom as compared w ith  th e  n i tro g e n  atom may b r in g  about 

£ji in c re a s e d  d i s t r ib u t io n  of c a t io n ic  charges and consequen tly  a 

re d u c tio n  in  the  deg ree  of charge i n t e n s i t y  a v a i la b le  f o r  drug- 

r e c e p to r  complex fo rm a tio n  and t h i s  in  tu rn  would be expec ted  to  

d ecrease  the  a b i l i t y  o f the  su lp h u r-c o n ta in in g  compounds to  evoke 

a p o s i t iv e  b io lo g ic a l  re sp o n se , i . e . ,  a  s tim u la n t  a c t io n . A 

q u a n t i ta t iv e  measure o f t h i s  e f f e c t  ( th e  i n t r i n s i c  a c t iv i t y )  T/as 

n o t /
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n o t however o b ta in a b le  because o f th e  v a r i a b i l i t y  of the response  

o f th e  i s o la t e d  r a t  jejunum  tow ards th e  th io n a p h th en  compounds and 

th e  f a i l u r e  of experim ents u s in g  o th e r  t i s s u e s .  The g r e a te r  

a v a i l a b i l i t y  o f p e le c t ro n s  f o r  bonding in  th e  n i tro g e n  atom as 

compared w ith  the  su lp h u r atom, m i ^ t  a ls o  be ex p ec ted  to  con

t r i b u t e  tow ards a g r e a te r  degree o f d ru g -re c e p to r  i n te r a c t io n .

I t  may be concluded th a t  in  th e  case  of th e  th io n ap h th en  

i s o s t e r e s ,  i s o s t e r i c  rep lacem ent has produced compounds p o sse s s in g  

s l i g h t  o r  no s tim u la n t p ro p e r t ie s  when compared w ith  t h e i r  p a re n t  

compounds. In  o th e r  words, the  two groups o f  compounds a re  

q u a l i t a t iv e ly  and q u a n t i t a t iv e ly  d i s s im i la r  in  t h e i r  pharmaco

lo g ic a l  p r o p e r t ie s  which in d ic a te s  t h a t  th e  a p p lic a t io n  of 

is o s te r is m  to  th e  th io n ap h th en  compounds has f a i l e d  to  produce 

compounds o f s im i la r  b io lo g ic a l  a c t i v i t y .

The compounds com prising  G-roup A a re  a ls o  o f i n t e r e s t  as 

a n ta g o n is ts  to  3 -h y d ro x y try p tam in e , h is tam in e  and a c e ty lc h o lin e  

on the  gu inea  p ig  ileum . They re p re s e n t  a s e r i e s  o f compounds 

c lo s e ly  r e l a te d  to  gramine and some o f i t s  d e r iv a t iv e s .  Hence 

t h e i r  g e n e ra l pharm aco log ica l p r o p e r t ie s  m ight be expec ted  to  

resem ble th o se  of th e  gramine s e r i e s .  Gramine i t s e l f ,  in  keeping  

w ith  o th e r  in d o le - d e r iv a t iv e s ,  e x h ib i ts  th e  t y p ic a l  v a r i a b i l i t y  in  

pharm aco log ica l /  -
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p h arm aco lo g ica l a c t i v i t y  c h a r a c t e r i s t i c  of drugs o f t h i s  c la s s .  

Thus i t  has been re p o r te d  to  p o ssess  co n v u lsan t a c t i v i t y  and p a ra 

sympathomimetic a c tio n s  (Supniew/ski and Serafinow na, 1937) and 

a n t i - a d r e n a l in e  a c tio n s  on th e  b lood  p re s su re  of the  a n a e s th e t is e d  

c a t  and on c e r ta in  smooth m uscle p re p a ra tio n s  (Pov/ell and Chen, 

1949) .  M oreover, i t  has been  shovm to  e x h ib i t  bo th  3-hydroxy-  

t i y p t  a m in e -lik e  and a n ti-3 -h y d ro x y tiy p ta m in e  p ro p e r t ie s  (P o w ell, 

Swanson and Chen, 1955; G-addum and Hameed, 1954; Gaddum and h is  

a s s o c ia te s ,  1955; E rspam er, 1 9 5 3 1954a; and B e r ta c c in i  and 

Zamboni, I 961) -  f u r th e r  i l l u s t r a t i o n s  o f i t s  m u l t ip l i c i ty  o f 

a c t io n s .

W ith th e  e x ce p tio n  o f compounds I  and I I I  in  Group A, the  

o th e r  compounds s tu d ie d  showed v e ry  weak s tim u la n t p ro p e r t ie s  on 

th e  i s o la t e d  gu inea  p ig  ileu m , a lth o u g h  in  many cases re p ro d u c ib le  

and m easurable responses cou ld  no t be o b ta in e d . F re q u e n tly  the  

response  to  a second and h ig h e r  dose o f th e  d rug  was c o n s id e ra b ly  

l e s s  th an  th a t  to  th e  f i r s t  (F ig s .  3 8 , 4 8 , pages 120, 133)*

T his type  o f a c t i v i t y  may be due to  a u to in h ib i t io n ,  i . e . ,  th e  drug 

appears to  be d e p re ss in g , in h ib i t in g  o r  a n tag o n iz in g  i t s  own 

s tim u la n t a c t io n .  When a la rg e  dose of th e  drug i s  added to  a 

b a th  c o n ta in in g  a p iec e  of i s o l a t e d  gu inea  p ig  ileum  i t  produces 

a  s tim u la n t a c t io n ,  a f t e r  which th e  t i s s u e  becomes in s e n s i t iv e  to  

f u r t h e r  /
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f u r t h e r  a d d it io n s . This phenomenon may be due to  th e  e x h au s tio n , 

d i r e c t l y  o r i n d i r e c t l y ,  by th e  d rug  of t i s s u e  s to r e s  o f e s s e n t ia l  

m e ta b o lite s  which may b r in g  about th e  s tim u la n t  a c t io n .  A l te r 

n a t iv e ly ,  compounds producing  a u to in h ib i t io n  may i n t e r a c t  s im u l

ta n e o u s ly  w ith  two d i f f e r e n t  ty p es  o f re c e p to rs  and p o ssess  th e re fo re  

m u ltip le  a c t io n s  -  behaving  as a g o n is ts  a t  low er c o n c e n tra tio n s  and 

as a n ta g o n is ts  a t  h ig h e r  c o n c e n tra tio n s . • T h is k in d  o f d u a l 

b eh av io u r has been re p o r te d  by A rie n s , Van Possum and Sim onis 

( 1557) among some a lk y l  trimethylammonium s a l t s  on th e  i s o l a t e d  

fro g  re c tu s  abdom inis m uscle. A u to in h ib i t io n  has been  p re v io u s ly  

observed  by many w orkers u s in g  5 -h y d ro x y try p tam in e , a c e ty lc h o lin e  

and h is tam in e  on th e  i s o l a t e d  gu inea  p ig  ileum . F or exam ple,

Gaddum (1953a) and Rocha e S i lv a  and h is  a s s o c ia te s  (1953) 

observed  th a t  la rg e  doses of 5 -hydroxy tryp tam ine  were c a p a b le , when 

l e f t  in  c o n ta c t w ith  th e  i s o l a t e d  gu inea  p ig  ileu m , o f a b o lish in g  

the  s t im u la n t e f f e c t s  of subsequent doses o f 5 -hyd roxy tryp tam ine . 

R e c e n tly , Paton  ( I 96I )  has in tro d u c e d  th e  term  "des e n s i t iz a t io n "  

to  d e sc r ib e  t h i s  type  o f a c t iv i t y  which ta k e s  p la c e  when i s o la te d  

gu inea  p ig  ileum  i s  exposed to  h igh  doses o f a c e ty lc h o lin e  o r 

h is ta m in e . He p o in te d  out th a t  d e s e n s i t i z a t io n  was n o t th e  

p ro p e rty  o f s p e c i f i c  r e c e p to rs  because  f o r  example a f t e r  a la rg e  

dose o f a c e ty lc h o l in e ,  th e  responses to  b o th  h is ta m in e  and 

a c e ty lc h o lin e  /
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a c e ty lc h o lin e  were reduced . The same type  o f response  has been 

observed  w ith  compound I I  (F ig . 38 , page 120 ), which no t only  

e x h ib i te d  a u to in h ib i t io n ,  b u t a ls o  reduced th e  resp o n se  o f th e  

t i s s u e  to  added h is ta m in e . P aton  ( I 96I )  su g g ested  th a t  the  lo s s  

o f i n t r a c e l l u l a r  po tassium  was re sp o n s ib le  f o r  des e n s i t i z a t i o n .

The n a tu re  of the  s tim u la n t p r o p e r t ie s  of the  th io n ap h th en  

compounds has been in v e s t ig a te d  by a ttem p tin g  to  an tag o n ize  the 

s tim u la n t resp o n ses  to  them by u s in g  ly s e r g ic  a c id  d ie th y lam id e , 

mepyramine and a tro p in e . From th e  r e s u l t s  o b ta in e d , however, i t  

i s  v e ry  d i f f i c u l t  to  say w hether th e se  compounds a re  3 -hydroxy- 

t ry p ta m in e - l ik e , h is ta m in e - l ik e  o r a c e ty lc h o l in e - l ik e .

The n a tu re  o f th e  s tim u la n t a c tio n  o f th e  th io n ap h th en  com

pounds becomes more u n d e rs tan d a b le  when th e  mode o f a c tio n  of 3- 

hyd roxy tryp tam ine , h is tam in e  and a c e ty lc h o lin e  and t h e i r  antagonism  

by ly s e r g ic  a c id  d ie th y lam id e , mepyramine and a tro p in e  re s p e c t iv e ly  

on th e  i s o l a t e d  gu inea  p ig  ileum  are  c o n s id e re d . I t  has been  

proposed by Rocha e S i lv a  and h is  a s s o c ia te s  (1953) t h a t  in  th e  

gu inea  p ig  ileum, th e re  e x i s t  s p e c i f ic  5-hydroxytryp tam ine re c e p to rs  

which a re  d i s t i n c t  from th o se  f o r  h is tam in e  and a c e ty lc h o lin e .

These w orkers a ls o  sug g ested  th a t  5 -hydroxytryp tam ine a c te d  on 

th e  p o s t-g a n g lio n ic  c h o lin e rg ic  f i b r e s  o f th e  in tra m u ra l  nervous 

system . /
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system . A lthough mepyramine and a tro p in e  a re  s p e c i f i c  in  

a n ta g o n iz in g  th e  c o n tra c t io n s  produced by h is tam in e  o r a c e ty l 

c h o lin e  r e s p e c t iv e ly ,  th e  form er su b stan ces a t  h ig h e r  concen

t r a t i o n s  a ls o  i n h ib i t  th e  c o n tra c t io n s  caused  by 5 -hydroxytryp tam ine 

on th e  i s o la t e d  gu inea  p ig  ileum . R obertson  (1953) c o n s id e rs , 

how ever, t h a t  a tro p in e  reduces m arkedly th e  s tim u la n t response  to  

5-hydroxyti^rptam ine in  c o n c e n tra tio n s  which a ls o  e f f e c t  the  response  

of a c e ty lc h o lin e  w h ile  o th e rs  r e p o r t  t h a t  c o n c e n tra tio n s  which 

a b o lis h  th e  e f f e c t  of a c e ty lc h o lin e  and ca rb ach o l have b u t l i t t l e  

e f f e c t  upon s tim u la n t  resp o n ses to  5 -hydroxy tryp tam ine  (Gaddum, 

I 953&; and Gaddum and Hameed, 1954) • I t  has been  re p o r te d  th a t  

mepyramine a b o lish e d  the  .s tim u la n t e f f e c t  of h is ta m in e  in  doses 

t h a t  have s l i g h t  o r no e f f e c t  on th e  s tim u la n t resp onse  to  5- 

hydroxytryp tam ine ( Gaddum and Hameed, 1954)*

From F ig s . 3 9 a , b , page 122, i t  i s  d i f f i c u l t  to  say w hether 

th e  compound I I  has any h is ta m in e - l ik e  o r  a c e ty lc h o l in e - l ik e  

p r o p e r t ie s .  F u rtherm ore , s in c e  t h i s  compound a n tag o n ized  th e  

c o n tra c t io n s  produced by h is ta m in e , a c e ty lc h o lin e  and 5-hydroxy

try p ta m in e , doubt i s  c a s t  on th e  assum ption t h a t  s p e c i f ic  re c e p to rs  

f o r  5 -hydroxy tiyp tam ine  e x i s t  in  th e  gu in ea  p ig  ileum .

The in tro d u c tio n  o f a p ip e rid in o m e th y l group in  th e  

th io n ap h th en  m olecule (compound V) l e d  to  the  appearance o f a 

d i f f e r e n t  /
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d i f f e r e n t  type of a c t i v i t y .  S ince  only mepyramine, b u t n o t 

a tro p in e  o r  ly s e r g ic  a c id  d ie thy lam ide  in h ib i t e d  the  c o n tra c t io n  

produced  by compound Y, i t  may be su g g ested  t h a t  i t  resem bled  

h is ta m in e . I t  i s  i n t e r e s t i n g ,  however, t h a t  t h i s  compound 

com plete ly  in h ib i te d  th e  s t im u la n t  resp o n ses  to  5 -hydroxy tryp tam ine  

o r  a c e ty lc h o lin e  and e x h ib i te d  an incom plete  i n h ib i t io n  o f  th e  

s tim u la n t response  to  h is ta m in e  on th e  g u in ea  p ig  ileum . W ith 

such v a r ia b le  a c t i v i t y ,  i t  i s  d i f f i c u l t  to  o b ta in  any evidence o f 

a s t r u c tu r e - a c t i v i t y  r e la t io n s h ip  o r o f an a c t io n  upon a s p e c i f i c  

r e c e p to r .

The c o n s is te n t  la c k  of a c t iv i t y  o f compound VI tow ards th e  

e f f e c t s  of 5 -hydroxytryp tam ine on th e  g u in ea  p ig  ileum , r a t  

h in d q u a r te r s ,  and to  some e x te n t ,  on th e  r a t  u te r u s ,  may however 

be due to  th e  p resen ce  o f th e  2 *-m e th y lp ip e rid in o m eth y l group in  

th e  th io n ap h th en  m olecu le .

In  c o n tr a s t  to  th e  a n ti-5 -h y d ro x y try p tam in e  a c t iv i t y  of th e  

th io n ap h th en  compounds on th e  i s o l a t e d  g u in ea  p ig  ileum , r a t  u te ru s  

and r a t  h in d q u a r te r s ,  th e  p o te n t ia t io n  o f th e  5 -hydroxytryp tam ine 

c o n tra c t io n  on th e  i s o la t e d  r a t  fundus s t r i p s  i s  i n t e r e s t i n g .

T his may be ex p la in ed  in  s e v e ra l  ways. F i r s t l y ,  th e  th io n a p h th en  

compounds, vfhen added to  the  organ b a th  c o n ta in in g  th e  i s o la t e d  

r a t  fundus s t r i p ,  may re le a s e  q u a n t i t ie s  o f 5 -hydroxy tryp tam ine  

from /
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from  th e  t i s s u e  s to r e s  which may n o t he s u f f i c i e n t l y  la rg e  to  cause 

any c o n tra c t io n  on t h e i r  own, b u t when s u f f i c i e n t  q u a n t i t ie s  o f  5 - 

hydroxy t r y p t  amine a re  added, th e  sm a ll q u a n ti ty  th a t  i s  l i b e r a t e d  

may be enough to  cause p o te n t ia t io n  o f th e  e f f e c t s  o f th e  added 

5 -hydroxy tryp tam ine , S econdly , th e  th io n a p h th en  compounds may 

r e le a s e  a n o th e r  s tim u la n t substance  ( e .g .  po tassium  io n s o r 

b rad y k in in )  which may enhance th e  a c t io n  o f 5 -hyd ro xy tryp tam ine . 

T h ird ly , th e  p resen ce  o f the  compound may in c re a s e  the  s e n s i t i v i t y  

o f r e c e p to rs  f o r  5 -hydroxy tryp tam ine  th u s  p roducing  an in c re a s e d  

re sp o n se . F o u r th ly , the  th io n ap h th en  compounds, in  th e  p resen ce  

o f 5“hy droxy t r y p t  amine, on the  r a t  fundus s t r i p  may p r e f e r e n t i a l l y  

occupy th e  s i t e s  of lo s s  o r a c c e p to r  s i t e s  as in d ic a te d  by 

C a v a l l i to  (1959 ). S ince th e  a c c e p to r  s i t e s  a re  now occupied  (by 

the  th io n ap h th en  compounds) th e  5 -hydroxy tryp tam ine  added m ight 

conce ivab ly  g a in  p r e f e r e n t i a l  access  to  th e  h y p o th e t ic a l  r e c e p to r  

s i t e s  th u s  p roducing  a p o s i t iv e  b io lo g ic a l  response  g r e a te r  th an  

th a t  p roduced in  th e  absence o f th e  th io n a p h th en  compounds.

I t  i s  known t h a t  tiy p tam in e  i s  l e s s  p o te n t th a n  5-hydroxy- 

try p tam in e  in  p roducing  c o n tra c t io n s  o f  th e  i s o la t e d  r a t  fundus 

s t r i p .  Vane (1959) has re p o r te d  t h a t  th e  r a t  fundus c o n ta in s  a 

monoamine ox idase  w hich, in  hom ogenates, was ab le  to  in a c t iv a te  

bo th  try p tam in e  and 5 -hydroxy tryp tam ine  to  about th e  same d eg ree .

Vane /
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Vane (1959) has shown th a t  monoamine ox idase  i n h ib i to r s  p o te n t ia te d  

th e  a c tio n  o f try p tam in e  b u t n o t th e  a c t io n  o f 5 -hydroxy tryp tam ine  

on th e  i s o la te d  r a t  fundus s t r i p  and su g g ested  t h a t ,  due to  i t s  

p o la r  hydroxyl g roup , 5 -hydroxytryp tam ine does n o t e n te r  th e  c e l l .

I f  i t  i s  supposed th a t  5-hydroxytryp tam ine does n o t e n te r  the  c e l l  

(Vane, 1959), th e  p o te n t ia t in g  e f f e c t  o f th e  th io n ap h th en  compounds 

upon 5 -hydroxytryp tam ine cannot be due to  th e  b lockade o f  the  a c tio n  

of monoamine ox idase  which i s  found i n t r a c e l l u l a r l y  i n  th e  r a t  

fundus s t r i p  and w hich , when b locked  by ip r o n ia z id ,  does n o t  cause 

any in c re a se d  response  to  th e  s ta n d a rd  dose of 5 -hyd roxy tryp tam ine . 

Barlow ( I 96I )  h a s , however, su g g ested  t h a t  th e  amine ox idase  of th e  

r a t  fundus appears to  be a m ix ture  of a t  l e a s t  two ty p es  o f enzyme, 

one of which has a h ig h e r  a f f i n i t y  f o r  5 -hydroxy tryp tam ine  th an  the  

o th e r . I t  may be th e  case  t h a t  th e  th io n ap h th en  compounds produce 

t h e i r  p o te n t ia t in g  a c t io n  by v i r tu e  o f t h e i r  a b i l i t y  to  b lo c k  th i s  

enzyme.

Although th e  compounds of Group A caused a sharp  f a l l  in  the  

b lood p re ssu re  l e v e l  o f the  a n a e s th e t iz e d  c a t  o r r a t  which was n o t 

an tagon ized  by a d re n a lin e  o r n o ra d re n a l in e , th e se  compounds 

e x h ib ite d  antagonism  to  the  v a s o c o n s t r ic to r  e f f e c t s  o f a d re n a lin e  

o r n o rad re n a lin e  on i s o la t e d  t i s s u e  p re p a ra t io n s .  I n  th e  i s o la t e d  

r a t  h in d q u a r te r s ,  th e  lo s s  o f neu rogen ic  v a s c u la r  tone  may be 

re sp o n s ib le  /
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re s p o n s ib le  f o r  tlie  la c k  o f a d i r e c t  v a s o d i la to r  e f f e c t .

The q u a te rn a ry  ammonium b a ses  ( Group B) seemed worthy of 

ph arm aco log ica l study  in  view of th e  b io lo g ic a l  p ro p e r t ie s  o f 

gram ine m ethesu lphate  and c in o b u fo te n in e . M oreover, a number

o f q u a te rn a ry  ammonium compounds of d iv e rse  chem ical s t r u c tu r e  

in c lu d in g  c e r ta in  th io n ap h th en  d e r iv a t iv e s ,  e . g . ,  th e  methobromide 

of th e  2 -d ie th y la m in o e th y l e s t e r  o f c y c lo p e n ty l(2 - th ie n y l)  g ly c o lic  

a c id ,  e x e r t  c h o lin o ly t ic  a c t iv i t y  on th e  i s o l a t e d  r a b b i t  ileum  

(Luduena and L ands, 1954). T his q u a te rn a ry  e s t e r  on in tra v en o u s  

i n j e c t i o n ,  a ls o  produced to x ic  symptoms in  mice (LD 50, l6  m g ./k g .), 

Luduena and Lands concluded t h a t  q u a te rn a ry  ammonium compounds 

p o sse sse d  g r e a te r  c h o l in o ly t ic  a c t i v i t y  th an  th e  co rrespond ing  

t e r t i a r y  am ines. On t h i s  b a s i s ,  co n s id e rin g  th e  f a c t  t h a t  th e  

g ram in e -lik e  i s o s t e r e s  p o ssess  a t r o p in e - l ik e  p r o p e r t i e s ,  on th e  

i s o l a t e d  gu inea  p ig  ileu m , one m ight expec t t h a t  the  co rrespond ing  

q u a te rn a ry  s a l t s  would p o ssess  an enhanced degree of c h o l in o ly t ic  

a c t i v i t y .  In  f a c t  the  q u a te rn a ry  s a l t s  were found  to  be l e s s  

p o te n t in  t h i s  re s p e c t  th an  th e  co rrespond ing  p a re n t  compounds.

Gaddum and h is  a s s o c ia te s  (1933) observed  t h a t  in  low con

c e n tr a t io n s  , gramine m ethosu lphate  made th e  i s o l a t e d  r a t  u te ru s  

more s e n s i t iv e  to  5-h.ydroxytryptam ine b u t  h ig h e r  c o n c e n tra tio n s  

produced i n i t i a l l y  pow erfu l c o n tra c tio n s  o f th e  t i s s u e ,  a f t e r  

which /



232.

which i t  became I n s e n s i t iv e  to  5 -hyd roxy tryp tam ine . On th e  o th e r  

hand, c in o b u f o ten in e  was observed  to  mimic th e  a c t io n  o f  5-hydroxy

try p tam in e  on b o th  th e  i s o l a t e d  r a t  u te ru s  and th e  gu in ea  p ig  

ileum  b u t i t  was l e s s  p o te n t  th an  5 -hydroxytryp tam ine i t s e l f .

The s t im u la n t resp o n se  o f the  gu inea  p ig  ileum  to  c in o b u fo ten in e  

Y/as d im in ished  in  th e  p resence  of excess o f 5 -hydroxy tryp tam ine  

o r  by hexaméthonium. Hence th e s e  w orkers suggested  t h a t  c in o - 

b u fo te n in e  a c te d  on b o th  5-hydroxy tryp tam ine  and n i c o t in ic  

r e c e p to r s ,  C inobufo ten ine  i s  one h a l f  as a c t iv e  as 5-hydroxy

try p tam in e  g iv in g  a q u a l i t a t iv e ly  s im i la r  response  on th e  b lo o d  

p re s su re  of th e  a n a e s th e t is e d  dog. I n  th e  case of th e  c a t ,  

hov/ever, i t  produced a p re s s o r  response  in  c o n tr a s t  to  the  

d e p re sso r  e f f e c t  o f 5 -hydroxytryp tam ine (Page and McCubbin, 1953, 

and Pow ell, Swanson and Chen, 1955)* A lthough c in o b u fo ten in e  

was found to  be tv/enty tim es more p o te n t  th an  5 -hydroxy tryp tam ine  

on the  i s o la t e d  r a b b i t  ileum , v e ry  low c o n c e n tra tio n s  o f th e  fo rm er 

an tagon ized  th e  s tim u la n t response  to  5 -hydroxy tryp tam ine  on the  

same t i s s u e .  In  c o n tr a s t  to  th e  s t im u la n t  response  to  5- 

hy d roxy tryp tam ine , on th e  c a t  u te ru s  in  s i t u , c inob u f o ten in e  had 

a r e la x a n t  a c t io n  on the  same t i s s u e  (P o w ell, Swanson and Chen, 

1955) .  Thus c in o b u fo ten in e  has m u lt ip le  pharm aco log ica l a c t io n s .

The compounds of Group B com prise a s e r i e s  o f g ra m in e -lik e  

i s o s t e r e s  /
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i s o s t e r e s  in  which th e  n itro g e n  has been q u a te m iz e d . The i n t r o 

d u c tio n  of q u a te rn a ry  n itro g e n  in  th e  m olecule has produced changes 

in  p h arm aco lo g ica l a c t i v i t y  such as an o v e r a l l  r e d u c tio n  in  th e  

a n ta g o n is t ic  p ro p e r t ie s  and th e  emergence o f a g o n is t ic - s t im u la n t  

a c t i v i t y  when compared w ith  th e  t e r t i a r y  am ines. The g r e a te r  

io n iz a t io n  o f q u a te rn a ry  compounds may cause th e  fo rm atio n  o f 

s tro n g  e l e c t r o s t a t i c  bonds w ith  th e  r e c e p to r 's  a n io n ic  groups and 

t h i s  may enhance th e  s tim u la n t p r o p e r t ie s  o f th e  q u a te rn a ry  com

pounds when compared to  th e  co rrespond ing  t e r t i a r y  am ines.

A lthough th e  q u a te rn iz a t io n  o f th e  g ra m in e -lik e  i s o s t e r e s  

( Group B) d id  n o t cause much a l t e r a t i o n  in  th e  b io lo g ic a l  a c t i v i t y  

upon th e  i s o la t e d  r a t  u te r u s ,  r a t  fundus s t r i p  and w ith  r e s p e c t  to  

a n tih is ta m in ic  p ro p e r t ie s  on th e  gu inea  p ig  ileu m , th e re  was a 

c o n s id e ra b le  change in  t h e i r  a n ti-5 -h y d ro x y try p ta m in ic  and a n t i -  

m u scarin ic  a c t i v i t y  and an in c re a s e  in  th e  s tim u la n t p r o p e r t ie s  

of th e se  compounds on th e  i s o l a t e d  gu inea  p ig  ileum . (F ig s .  ^1,

52, pages 137, 138) .  Thus 3-(m orpho linom ethy l) th io n ap h th en  

m ethiodide (IX ) d id  n o t an tag o n ize  th e  s tim u la n t response  to  3 - 

hydroxytryp tam ine b u t caused a c o n tra c t io n  of th e  t i s s u e  w hereas 

the  co rrespond ing  t e r t i a r y  am ine, 3- ( m orpholinom ethyl) th io n a p h th en  

( I I I )  com plete ly  an tag o n ized  th e  s tim u la n t response  to  3-hydroxy-  

tryp tam ine  and d id  n o t induce any s t im u la n t  e f f e c t .  Compounds V III  

and /
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and X d id  n o t an tagon ize  the  s tim u la n t resp o n se  to  5-hydroxy

try p tam in e  on th e  guinea p ig  ileum . On th e  o th e r  hand, i n t r o 

d u c tio n  of a p ip e rid in o m e th y l group in  th e  th io n ap h th en  m olecule 

(compound X I) le d  to  th e  appearance of antagonism  tow ards 5- 

hyd roxy tryp tam ine , h is tam in e  and a c e ty lc h o lin e  on th e  same t i s s u e .  

A lthough the  q u a te rn a ry  compounds caused  c o n tra c t io n  o f th e  gu inea  

p ig  ileu m , even la rg e  doses of th e se  compounds d id  n o t produce any 

a u to in h ib i t in g  p r o p e r t ie s  l ik e  th e  t e r t i a r y  amines ( Group A)

(F ig s . 51 , 52, 52a, pages 157 to  139). Compound V I I I  d id  n o t 

e x h ib i t  a n tim u sc a rin io  a c t iv i ty *  S ince ly s e r g ic  a c id  d ie thy lam ide  

d id  n o t an tag o n ize  th e  s tim u la n t  response  to  compounds V I I I  and X 

on th e  i s o la t e d  gu inea  p ig  ileum , i t  can p robab ly  be concluded th a t  

th e se  compounds had no 5 -h y d ro x y try p tam in e -lik e  a c t i v i t y .  On th e  

o th e r  hand, th e  s tim u la n t e f f e c t  due to  the  q u a te rn a ry  gram ine-  

l i k e  i s o s t e r e s  v/as an tagon ized  by a tro p in e  o r mepyramine, 

in d ic a t in g  a c e ty lc h o l in e - l ik e  o r h is ta m in e - l ik e  p r o p e r t i e s .

These o b se rv a tio n s  in d ic a te  t h a t  q u a te rn iz a t io n  ten d s  to  d e s tro y  

the  5-hydroxy t r y p t  am in e-lik e  and a n ti-5 -h y d ro x y try p tam in e  

p r o p e r t i e s .  In  c o n tr a s t  to  the  t e r t i a r y  am ines, th e  q u a te rn a ry  

compounds e x h ib i te d  a p re s s o r  e f f e c t  on th e  b lood  p re s su re  le v e l  

of th e  a n a e s th e t is e d  c a t  and r a t  and produced to x ic  e f f e c t s  in

m ice.

The /
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The compounds o f Group C are  n o t s t r i c t l y  th e  i s o s t e r e s  of 

5-hy droxy tiy p tam in e  no r i t s  homologues s in c e  they  in c o rp o ra te  an 

is o m é r is a tio n  of the  s id e  cha in  in  the  2- p o s i t io n .  Such isom ér

i s a t i o n  by i t s e l f  can produce a n t im e ta b o l i te s .  F o r exam ple, 

K ornfe ld  (1951) observed  th a t  iso try p to p h a n  in  a d i lu t io n  of 

1 to  100 caused com plete in h ib i t io n  o f the  growth o f S trep to co ccu s  

v ir id a n s  in  th e  p resen ce  o f a 1 to  40p 00 d i lu t io n  of tiyp)tophan, 

5-H ydroxyiso tryp tophan  i s  claim ed to  have some " n e u ro -p h y s io lo g ic a l 

p ro p ertie s* ' (G eigy , 1958. B r i t i s h  P a te n t ,  804, 237). O ther in d o le  

compounds which p o ssess  th e  s id e  ch a in  in  th e  2- p o s i t io n ,  have been 

re p o r te d . These in c lu d e  5 -h y d ro x y iso try p tam in e . I t  i s  known 

th a t  la c k  of an -CH- group as in  try p tam in e  i s  accom panied by a 

s tro n g  re d u c tio n  in  b io lo g ic a l  a c t i v i t y  when compared w ith  5-  

h ydroxy tryp tam ine . R ecen tly  B e r ta c c in i  and Zamboni ( 196I )  have 

re p o r te d  the  s tim u la n t a c t i v i t y  of c e r ta in  d e r iv a t iv e s  o f 

tryp tam ine  and 5-hy  droxy tiy p tam in e  on the  i s o l a t e d  r a t  u te r u s ,  

th e  gu inea  p ig  ileum  and r a b b i t  e a r  p re p a ra t io n s . They observed 

th a t  s h i f t in g  th e  s id e  cha in  from p o s i t io n  3 to  p o s i t io n  2 produced 

compounds w ith  decreased  b io lo g ic a l  a c t i v i t y .  I t  i s  i n te r e s t i n g  

to  n o te , however, t h a t  th e  re d u c tio n  of s t im u la n t  a c t i v i t y  

observed in  5 -h y d roxy iso tryp tam ine  was more conspicuous th an  th a t  

in  i t s  analogue lac k in g  th e  hydroxy l group. Thus B e r ta c c in i  and 

Zamboni ( I 96I )  found th a t  iso try p ta m in e  appeared  to  be more p o te n t 

than  /
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than 5-hydroxytiyptamine.

Among the members of Group C, oosgpound XII i s  the iso stere  o f  

^-hydrozyisotiyptaadne in  irtiioh a sulphur atom has been introduced 

in  place of the -MH- group. The structural formulae of these 

compounds are shown in  F ig. 113, page 220. Although Bertaccini 

and Zamboni ( 196I)  have reported that 2-(2*-am inoethyl)-3- 

hydroxyindole possesses a s lig h t stimulant action ( le s s  than one 

thousandth part of that of 3-bydroocytiyptamine) on the iso la ted  

rat u terus, i t s  iso s te re , compound XII did not exh ib it any 

stimulant properties on th is  t is su e . This again supports the 

view that the introduction of a sulphur atom in  place of an -NH- 

group decreases the stimulant properties o f the drug. Among th is  

group, compound XIII i s  of in terest on account o f i t s  a n ti-3 '  

hydroxytiyptaminio properties on the iso la ted  guinea pig ileum.

Thus low concentrations of th is  compound did not antagonize 5* 

hydroxytryptamine. Higher concentrations of th is  drug given 

alone, exhibited autoinhibition and th is  was unspecific because 

i t  not only inhib ited  i t s  own stimulant action but a lso  made the 

t issu e  in sen sitiv e  to added ^-hydroxytryptamine. An explanation 

for th is  type of a c tiv ity  has already been given in  pages 228 and 

229. I t  i s  apparent from the r e su lts , that the introduction of 

the aminoethyl group into the 2-position  in  the 3-hydroxythio- 

naphthen /
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3 -hydroxy th ionaph then  m olecule ( t o  produce compound X Il)  gave a 

compound which in h ib i te d  the  s tim u la n t response  to  3 -hydroxy- 

tr^^ptamine on the  i s o la te d  r a t  fundus s t r i p  whereas th e  in tro d u c tio n  

of 2*-am inoprcpyl fu n c tio n  gave a compound which caused  a pow erfu l 

c o n tra c t io n  of th e  same t i s s u e  and g r e a t ly  in c re a s e d  th e  muscle 

to n e . I t  i s  v e ry  d i f f i c u l t  to  e x p la in  the mode o f a c tio n  o f 

th e se  compounds on th e  t i s s u e .  The p re s s o r  a c t i v i t y  of th e se  

compounds cou ld  be seen bo th  in  the  a n a e s th e t is e d  and s p in a l  c a t ,  

and th i s  may be due to  a sympathomimetic a c t io n  s in c e  phento lam ine 

reduced  th e  p re s s o r  e f f e c t s  o f a d re n a l in e , n o ra d re n a lin e  and a lso  

of compound X II (F ig . 86, page i B l ) .

The compounds in  the  l a s t  Group ( d ) a ls o  show th e  isom eric  

s h i f t  of th e  s id e  chain  in to  th e  2 -p o s i t io n  and in  a d d it io n  

p o ssess  a 3-s.mino fu n c tio n  which in  th e  in d o le  s e r ie s  prom otes 

an a n ta g o n is t ic  a c tio n  tow ards 3“hy droopy t r y p t  amine (V/oolley and 

Shavf, 1932a; Shaw and W oolley, 1954; and E rspam er, 1955).

The i s o s t e r i c  s h i f t  o f th e  s id e  chain  in to  th e  2 -p o s i t io n  

and th e  in tro d u c tio n  o f a 3-amiino group in to  th e  th io n ap h th en  

m olecule produced compounds p o sse ss in g  very  weak a n ta g o n is t ic  

p ro p e r t ie s  tow ards 5-hydroxytiyptam iine, h is tam in e  and a c e ty l 

c h o lin e . These compounds d id  n o t an tagon ize  th e  v a s o c o n s tr ic t io n  

produced by 5 -hyd roxy tryp tam ine , s.lthough th ey  in co m p le te ly  

in h ib i te d  /
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inhibited  the response to adrenaline or noradrenaline on the 

iso la ted  perfused rat hindquarters. Decreased b io lo g ica l a c tiv ity  

among analogues of tiyptamine has been reported idien the side chain 

was sh ifted  from the 3 to  the 2 position  (Bertaocini and Zamboni, 

1961) , The only in teresting  compound in  th is  group i s  compound 

XV which inh ib ited  the stimulant response to  3-bydrozytryptamine 

on the iso la ted  rat fundus s tr ip , whereas the others potentiated  

the e ffe c t  of 5~hydroxytiyptamine. An explanation for th is  

potentiation has already been suggested (pages 228 and 229).

I t  i s  d if f ic u lt  to account fo r  the antagonism shown by 

compound XV to  the stimulant response to  5"hydroxytiyptamine on 

the iso la ted  rat fundus s tr ip . I t  i s  tenq^ting to relate th is  

a c tiv ity  to  the moip*holinomethyl group in  the 2-position  since  

compound I I I  of Group A, which possesses a sim ilar group in  the 

3 -p osition , potentiated the stimulant response to 3-hydroxy- 

' tryptamine on the same t is su e . The presence, however, of an 

amino group in  the 3*position in  compound XV cannot be ignored 

and, since i t  has been shown (Bertaccini and Zamboni, I96I) that 

the introduction of a 3-&mino group in to  the 5-hydroxytiyptamine 

molecule, reduced the stimulant properties of th is  compound, 

the 3-amino group may also  contribute to the antagonism shown.

Prom the resu lts of experiments using the more conventional 

techniques, /
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te c h n iq u e s , i t  i s  r a th e r  d i f f i c u l t  to  say w hether th e  th io n ap h th en  

compounds in v e s t ig a te d  a re  3-hydroxy t r y p ta m in e - l ik e ,  h is ta m in e - l ik e ,  

a c e ty lc h o l in e - l ik e  o r  a d re n a l in e - l ik e  o r ,  w hether th e y  a re  3 - 

hydroxytiyp tam ine a n ta g o n is ts ,  a n t i - h is ta m in ic ,  a n ti-m u s c a r in ic  o r 

a d re n e rg ic  b lo c k e rs . Prom th e  r e s u l t s ,  i t  i s  a p p a ren t t h a t  

rep lacem ent of the  n itro g e n  atom o f the  in d o le  r in g  system  by the  

l a r g e r  su lp h u r atom does n o t in c re a s e  th e  s e l e c t i v i t y  f o r  th e  

h y p o th e tic a l  3 -hydroxytryp tam ine r e c e p to r s .  M oreover, s h i f t in g  

the  s id e  chain  from  th e  3 to  th e  2 p o s i t io n  and th e  in tro d u c tio n  

o f an amino fu n c tio n  in to  th e  3 p o s i t io n  decreased  th e  b io lo g ic a l  

a c t i v i t y  of th e  compounds. F u rtherm ore , th e  dose r a t i o  v a lu e s  

f o r  3“hydroxytryptam ine v a r ie d  g r e a t ly  from one experim ent to  

8,nother. Due to  t h i s  la c k  of s e l e c t i v i t y ,  and a lso  because th e  

compounds d id  n o t form a r e g u la r  s e r i e s ,  no c o r r e l a t io n  betw een 

the  chem ical s t r u c tu r e  and b io lo g ic a l  a c t i v i i y  cou ld  be o b ta in e d .

In  view o f th e se  d i f f i c u l t i e s  and due to  th e  p a ra d o x ic a l e f f e c t s  

of th ese  compounds, an a ttem p t was made to  in v e s t ig a te  the  type  

of antagonism  produced by th e  th io n ap h th en  compounds tow ards 3 - 

hydroxy tryp tam ine . This approach was b a sed  on th e  work o f Van

Rossum and A riens (1939) which has been d e s c r ib e d  in  pages 34 to  

36 of t h i s  t h e s i s .  A lthough t h i s  method of approach does n o t 

a f fo rd  a f u l l  e x p la n a tio n  o f the  p re c is e  mode of a c t io n  of th e  

th ionaph then  /
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thionaphthen compounds in vestigated , i t  gives some idea of the lype 

of antagonism exhibited by these cosq)oands towards 5-hydroxy- 

txyptamine-induced contractions on the iso la ted  rat jejunum.

The resu lts  obtained using Ariens* experimental procedure 

show that certain compounds ( l ,  VI, XI, XIV, XVI and XVII) possess 

some agon istic  properties and show non-competitive antagonism but 

the majority o f them have only an a f f in ity ,  exhib iting a purely 

non-competitive antagonism. The t is su e s  showed a variable  

response to the thionaphthen compounds in vestigated . For 

example, oonq>ound V in  two d ifferen t experiments exhibited a 

purely non-competitive antagonism but in  the other experiments, 

i t  showed an agonistic action and non-competitive antagonism. 

Moreover, the shape and slope o f the cumulative lo g . dose-response 

curves for compound H  could not be explained on the b asis of 

Ariens* approach (F ig . 108, page 209)# The non-competitive 

antagonism, the variable response o f the t is su e  and the evidence 

from the resu lts  using the c la s s ic  experimental procedures 

suggest that the thionaphthen compounds are u n selective  in  th e ir  

pharmacological properties.

Although there i s  some in d irect evidence fo r  the presence 

of 5”hydroxytiyptamine receptors which are d is t in c t  from those

of /
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o f  a d r e n a lin e , h is ta m in e , a c e t y lc h o l in e ,  h ra d y k in in  and o x y to c in  

(R ocha e S i l v a  and h is  a s s o c i a t e s ,  1953; M eier , T rip od  and W irz , 

1957; and Gaddum and P i  care H i ,  1 9 5 7 ) ,  th e  n a tu re  o f  th e s e  has 

n o t b een  p i c t o r i a l l y  r e p r e se n te d  as has th o se  f o r  m u sca r in e , 

m orphine or  a c e t y lc h o l in e .  Due to  th e  n o n - s e l e c t i v i t y  o f  th e  

th io n a p h th en  compounds as shovm in  th e  p o s s e s s io n  o f  b o th  a g o n is t i c  

and a n t a g o n is t ic  p r o p e r t ie s  tow ards th e  a c t io n s  o f  5 -k y d ro x y -  

tr^T-ptamine, a c e t y lc h o l in e , h is ta m in e , a d r e n a lin e  and n o r a d r e n a lin e ,  

and 0.1 so due to  th e i n a b i l i t y  t o  c o r r e la t e  th e  s t r u c tu r e  w ith  

b i o l o g i c a l  a c t i v i t y ,  i t  i s  d i f f i c u l t  to  su g g e s t  any h y p o t h e t ic a l  

s tr u c tu r e  f o r  th e  5-h yd roxytryp tam in e r e c e p to r  or in d e e d  to  say  

a n y th in g  in  supp ort o f  i t s  e x i s t e n c e .  The p o s s i b i l i t y ,  hov/ever, 

th a t  5 -h yd roxytryp tam in e  p a r t ly ,  or  in  some organs p red o m in a n tly , 

a c ts  upon r e c e p to r s  s e n s i t i v e  t o  th e  b e t t e r  e s t a b l i s h e d  n eu ro 

tr a n s m it te r  su b sta n ce s  cannot b e e x c lu d e d . The f a c t  th a t  many 

c h e m ic a lly  d is s im i la r  m o le c u le s  a n ta g o n iz e  th e  a c t io n s  o f 5 -  

hyd roxytryp tam in e does n ot supp ort the a,ssum ption th a t  5 -  

h yd roxytryp tsjn in e  has w e l l - c h a r a c t e r i s e d ,  un iform  r e c e p to r  s i t e s .  

T h is means th a t  th e r e  may be no s p e c i f i c  5“^ y d ro x y tiy p ta m in e  

r e c e p to r s  and i f  t h i s  i s  t r u e ,  i t  i s  d i f f i c u l t  to  a s s ig n  a r o le  

to  5 -h yd roxytryp tam in e in  th e  fu n c t io n  o f smooth m u sc le .

The a p p lic a t io n  o f  th e  co n cep t o f  b io i s o s t e r i s m  w ith  

r e s p e c t  /
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re s p e c t  to  th e  th io n ap h th en  compounds s tu d ie d  has so f a r  f a i l e d  to  

produce compounds of s im ila r  b io lo g ic a l  a c t i v i t y  and a lso  i n d i 

c a te s  th a i  th e  th io n ap h th en  compounds in v e s t ig a te d  in  t h i s  th e s i s  

were u n s e le c t iv e  in  t h e i r  pharm aco log ica l a c t io n s  when compared 

to  th e  r e l a te d  in d o le  compounds.



SUMMARY 

Patees 2A3 to  245.
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S U M M A R Y

In  th e  in tro d u c to ry  c h a p te r  a rev iew  i s  p re se n te d  o f th e  

l i t e r a t u r e  b e a r in g  upon th e  pharm acology of some b io lo g ic a l ly  

a c t iv e  in d o lic  compounds and in  p a r t i c u l a r  5 -h y d ro x y try p tam in e . 

There i s  in  a d d it io n  a s h o r t  h i s t o r i c a l  account o f th e  d i s 

covery and id e n t i f i c a t i o n  o f 5 -kydroxy tryp tam ine . A d is c u s s io n  

of th e  r e c e p to r  th e o ry  o f drug a c t io n  and i t s  b e a r in g  upon th e  

a c tio n  o f 5 -kydroxy tr^p tam ine  and i t s  a n ta g o n is ts  i s  in c lu d e d .

In  C hap ter I I ,  th e  m a te r ia ls  and th e  ex p e rim en ta l tec h n iq u e s  

used  to  in v e s t ig a te  the  p h a rm aco lo g ica l p r o p e r t ie s  of a number of 

th io n ap h th en  d e r iv a t iv e s  b e a r in g  an i s o s t e r i c  r e la t io n s h ip  to  

gramine and 5-hydroxy tryp tam ine  a re  d e sc r ib e d . The r e s u l t s  

o f th e se  experim ents a re  a ls o  in c lu d e d . A method based  upon 

th a t  d e sc r ib e d  by Van Rossum and A riens (1959) to  in v e s t ig a te  

d ru g -re c e p to r  in te r a c t io n  was a ls o  employed, use  be ing  made of 

the  i s o l a t e d  r a t  jejunum  as a t e s t  p re p a ra t io n .

The compounds in v e s t ig a te d  were found to  be u n s e le c tiv e  in  

t h e i r  p h arm aco log ica l a c t io n s  and many o f them n o t only  an tag o n ized  

5 -hyd roxy tryp tam ine , h is tam in e  and a c e ty lc h o lin e  on th e  i s o l a t e d  

gu inea  p ig  ileum  b u t a t  h ig h e r  c o n c e n tra tio n s , th ey  them selves 

e x li ib ite d  /
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exhibited a stimolant aotion on th is  t is s u e . This stimulant 

response was partly or completely antagonized by ly serg ic  acid  

diethylamide, mepyramine and atropine. On the iso la te d  rat 

uterus, a l l  of the coitqpoands investigated  antagonized the 

stimulant response to  5-bydroxytryptamine and did not produce any 

stimulant action . On the other hand, using the rat fundus s tr ip ,  

many of the compounds potentiated the actions o f 3-hydroxy- 

tiyptamine.

The gramine-like i s  os teres (Group Â) reduced the blood 

pressure le v e l of the anaesthetized cat or rat Tdiereas quatemazy 

sa lts  of gramine-like iso s te re s , iso steres  of 3-bydroxyiso- 

tiyptamine and 3-amino-isogramine-like iso steres  (GroupsB, 0 and 

D) caused no change or a r is e ,  in  the blood pressure le v e l .

None of the compounds in vestigated  influenced the pressor 

response to adrenaline or noradrenaline. On the other hand, 

many of the thionaphthen compounds antagonized the vasocon

s tr ic tio n  caused by adrenaline, noradrena li ne or 5-bydroxy- 

tiyptamine on the iso la ted  perfused rat hindquarters.

The compounds of Group B were to x ic  when in jected  into

mice.

The resu lts obtained using Ariens experimental procedure

indicated /
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in d ic a te d  th a t  many o f th e  compounds e x h ib i te d  a  p u re ly  non

co m p e titiv e  antagonism  to  ^-hydroxj^tryptam ine and th a t  some 

showed bo th  a g o n is t ic  p ro p e r t ie s  and n o n -co m p e titiv e  antagonism .

From the  r e s u l t s  (C hap ter I I I )  i t  i s  a p p aren t t h a t  th e  

a p p lic a t io n  o f th e  concept o f b io is o s te r is m  w ith  r e s p e c t  to  the  

th io n ap h th en  d e r iv a t iv e s  s tu d ie d  has f a i l e d  to  produce compounds 

o f s im ila r  b io lo g ic a l  a c t i v i t y  and a ls o  in d ic a te s  t h a t  th e  

th io n ap h th en  compounds in v e s t ig a te d  in  t h i s  t h e s i s  were 

u n s e le c tiv e  in  t h e i r  pharm aco log ica l a c t io n s  yjhen compared to  

th e  r e l a te d  in d o le  compounds.
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A P P E N D I X  I

In  Table 3 (page 246a) are given the formulae of the sa line  

solutions used in  the experimental work described in  th is  th e s is . 

A ll the chemicals used were of "Analar” quality and only g lass  

d is t i l le d  water was used. In some cases, aqueous stock 

solutions of certain sa lts  were prepared to  f a c i l i t a t e  the 

rapid preparation of a sa lin e solu tion . With the exception 

of sodium bicarbonate so lu tion , these stock solutions could 

be used for about two weeks a fter  th e ir  preparation. Sodium 

bicarbonate stock solution was fresh ly  prepared eveiy three or 

four days. Glucose was added as the so lid  to each batch of 

aaline so lu tion .
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TABLE 5

Formulae of Physiological Saline Solutions

Salts  
(g . per l i t r e )

Tyrode * s 
Solution

Locke * 3 
Solution

de Jalon*s 
Solution

Sodium
chloride 8.0 9.0 9.0

Potassium
chloride 0.2 0.42 0.42

Calcium
chloride

anhydro-Tts
0.2 0.24 0.06

Sodium
hydrogen
phosphate
dihydrate

0.05 - -

Sodium
bicarbonate 1.0 0.5 0.5

Magnesium
chloride 0.1 - -

Glucose 2.0 1.0 1.0
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A P P E N D I X  n

The mug ole relaxant actions of certain  v o la t ile  

anaesthetics, tetrahydrofuran, ethylene g lycol 

dimethyl ether and nitrous oxide in  the spinal ca t.

INTRODUCTION

Although the use of d iethyl ether as an anaesthetic agent 

dates from I 842, i t  was not u n til 1914 that Auer and Meltzer 

demonstrated i t s  peripheral depressant action upon neuromuscular 

transmission. When administered to dogs, d iethyl ether decreased 

the height of the contraction of the gastrocnemius muscle produced 

by in d irect e le c tr ic a l stim ulation v ia  the s c ia t ic  nerve and i t  was 

suggested by these workers that diethyl ether acted on the motor 

end plate in  a manner sim ilar to  curare. The peripheral depressant 

action of ether upon neuromuscular transmission has been confirmed 

by many workers. Thus Githens and Meltzer (1914a-) observed the 

ir r ita b i l ity  of the phrenic nerve and the diaphragm to be reduced 

during diethyl ether anaesthesia and were of the opinion that the 

cessation of respiration during d iethyl ether anaesthesia was 

partly due to  a peripheral action. Poulsen and Secher (1949) 

reported /
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re p o r te d  t h a t  th e  p e r ip h e ra l  a c t io n  o f d ie th y l  e th e r  was lo c a te d  a t  

the  motor end p l a t e .  Secher (1 9 3 ic ) ,  u s in g  th e  i s o l a t e d  r a t  

p h ren ic  nerve-diaphragm  muscle p re p a ra t io n , suggested  however t h a t  

d ie th y l  e th e r  in f lu e n c e d  th e  neurom uscular ju n c tio n  in  a d e f in i t e  

o rd e r  o f e f f e c t ,  nam ely, th e  m otor end p l a t e ,  th en  th e  m otor nerve 

end f i n a l ly  the  m uscle c e l l .  He concluded th a t  in  a n a e s th e t ic  

c o n c e n tra tio n s , d ie th y l  e th e r  a c te d  c h ie f ly  on th e  m otor end p l a t e .  

The mode of a c t io n  o f d ie th y l  e th e r  a t  th e  neurom uscular ju n c t io n ,  

on motor nerve f i b r e s ,  gang lion  and muscle c e l l s  and i t s  e f f e c t  on 

a c e ty lc h o lin e  and a n t ic h o l in e s te ra s e s  has been s tu d ie d  by many 

vforkers u s in g  i s o la t e d  t i s s u e  p re p a ra tio n s  and i n t a c t  an im als , b u t 

th e  p re c is e  n a tu re  o f th e  mechanism by which e th e r  produces 

r e la x a t io n  o f s k e le t a l  muscle i s  n o t f u l l y  u n d ers to o d .

E f fe c ts  o f d ie th y l  e th e r  upon th e
a c tio n s  o f a c e ty lc h o l in e .

I t  was observed (S im onart and S im onart, 1934) th a t  c o n tra c t io n s  

o f the c a t  gastrocnem ius m u s c le - s c ia t ic  nerve  p re p a ra t io n  induced  

by in trav en o u s in je c t io n  of a c e ty lc h o lin e  cou ld  no lo n g e r  be 

e l i c i t e d  du ring  d ie th y l  e th e r  a n a e s th e s ia . I n  c o n tr a s t  to  t h i s ,  

Brovm, D ale and P e ldberg  (1936) found th a t  d ie th y l  e th e r  a n a e s th e s ia  

d id  no t d ecrease  c o n tra c tio n s  of th e  gastrocnem ius m uscle e l i c i t e d  

by /
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by i n t r a - a r t e r i a l  in je c t io n  o f a c e ty lc h o lin e  in  s p in a l  c a t s .  Gross 

and C u llen  (1 9 4 3 ), in  experim ents u s in g  th e  gastrocnem ius m uscle- 

s c i a t i c  nerve p re p a ra t io n  of th e  dog found t h a t  d ie th y l  e th e r  was 

capab le  of i n h ib i t in g  the  c o n tra c tio n s  due bo th  to  i n t r a - a r t e r i a l  

i n je c t i o n  of a c e ty lc h o lin e  and to  in d i r e c t  s t im u la tio n  of the 

muscle v ia  th e  s c i a t i c  n e rv e . In  c o n tr a s t  to  t h i s ,  E t t in g e r ,

Brovm and Meg i l l  ( 194I )  observed t h a t  d ie th y l  e th e r  p o te n t ia te d  

th e  s tim u la n t a c t io n  of a c e ty lc h o lin e  on th e  i s o l a t e d  f ro g  re c tu s  

abdom inis m uscle. A lthough Torda (1943b) observed  t h a t  the  

s e n s i t i v i t y  o f th e  i s o la t e d  fro g  r e c tu s  abdom inis muscle to  

a c e ty lc h o lin e  was in c re a se d  by low c o n c e n tra tio n s  of d ie th y l  e th e r  

and ch loroform , she a ls o  dem onstra ted  th a t  h ig h e r  c o n c e n tra tio n s  of 

d ie th y l  e th e r  o r  ch loroform  in h ib i te d  th e  s tim u la n t a c t io n  of 

a c e ty lc h o lin e  o r th a t  they  them selves e x e r te d  a s tim u la n t e f f e c t  on 

t h i s  p re p a ra tio n .

The in f lu e n c e  o f d ie th y l  e th e r  on

c h o lin e s te ra s e  a c t i v i t y .

The in flu e n c e  o f d ie th y l  e th e r  on c h o lin e s te ra s e  a c t i v i t y  has 

a lso  been in v e s t ig a te d ,  bu t once again  th e  r e s u l t s  a re  c o n tra -  

d ic to iy .  I t  has been re p o r te d  (A d ria n i and R o v en stin e , 1941) 

th a t  d ie th y l  e th e r  a n a e s th e s ia  does n o t i n h ib i t  th e  a c t i v i t y  of 

human /
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human serum c h o l in e s t e r a s e .  M iquel ( 1 9 4 6 ) o b serv ed  th a t  a t  

a n a e s th e t ic  c o n c e n tr a t io n s , n e i t h e r  d ie t h y l  e th e r  n or  ch loro form  

in h ib it e d  c a t  serum c h o l in e s t e r a s e  bu t in  c o n c e n tr a t io n s  h ig h e r  

than th o se  fou n d  in  th e  b lo o d  d u rin g  deep s u r g ic a l  a n a e s t h e s ia ,  

both  drugs in h ib i t e d  serum c h o l in e s t e r a s e  in  v i t r o . B em heim  and 

Bem heim  (1936) showed th a t  th e  a c t i v i t y  o f  dog and r a t  b r a in  

c h o l in e s te r a s e  was in h ib i t e d  by d ie t h y l  e th e r  and by ch lo ro fo rm . 

E tt in g e r ,  Brown and M e g il l  ( 1 9 4 1 ) s u g g e s te d  th a t  th e  d ie t h y l  

e t h e r - p o t e n t ia t io n  o f  th e  a c e t y lc h o l in e - s t im u la t io n  o f  th e  i s o l a t e d  

fr o g  r e c tu s  m uscle was due to  a n t ic h o l in e s t e r a s e  a c t i v i t y .  Torda 

(19430') u se d  a ch em ica l method f o r  e s t im a t in g  th e  c h o l in e s t e r a s e  

a c t i v i t y  o f  ground c a t  m uscle and fou nd  t h a t  b o th  d ie t h y l  e th e r  

and ch loroform  had a n t ic h o l in e s t e r a s e  a c t i v i t y .  G a sz a r r in i ( 1 9 3 4 ) 

h a s , how ever, r e p o r te d  th a t  d ie t h y l  e th e r  a n a e s th e s ia  in c r e a s e d  th e  

h e p a tic  and serum c h o l in e s te r a s e  l e v e l s  in  th e  r a t .

The mechanism o f  th e  p e r ip h e r a l  a c t io n  o f  d ie t h y l  e th e r  has  

been s tu d ie d  on in t a c t  anim als and i s o l a t e d  t i s s u e  p r e p a r a tio n s  by  

the u se  o f a n t ic h o l in e s t e r a s e s .  Sim onart and Sim onart (1 9 3 4 ), f o r  

exam ple, o b serv ed  th a t  in  th e  c a t ,  e s e r in e  p o t e n t ia t e d  th e  con

t r a c t io n  o f  th e gastrocn em iu s m uscle to  in j e c t e d  a c e t y lc h o l in e  

during d ie t h y l  e th e r  a n a e s th e s ia . A lthough Brown and h is  

a s s o c ia t e s  /
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associa tes (1936) found that eserine increased the contraction of 

the gastrocnemius muscle induced by ind irect stim ulation v ia  the 

s c ia t ic  nerve, they could not demonstrate th is  e f fe c t  during 

d ieth y l ether anaesthesia. Gross and Cullen (1943), however, 

using d iethyl ether or cyclopropane-anaesthetised dogs to in v e s t i

gate the e f fe c ts  o f neostigmine on the contraction of the gastroc

nemius muscle induced by in d irect stim ulation, found that neo

stigmine could increase the magnitude of the muscular contraction  

which the anaesthetics had reduced. Sim ilar e f fe c ts  were observed 

by Poulsen and Secher (1949) using neostigmine in  rabb its. A lthou^  

both Naess (1950c) and Secher (1951b), confirmed the e f fe c t  of neo

stigmine using the flexor  digitorum longus muscle of the rabbit and 

iso la ted  rat phrenic nerve-diaphragm preparations, they a lso  observed 

that h i^ e r  concentrations of neostigmine potentiated the neuro

muscular block produced by d iethyl ether and therefore suggested 

that d ie t ty l  ether and tubocurarine acted by d ifferen t mechanisms.

The e ffe c ts  of diethyl ether and other
anaesthetics upon nerve fib res and ganglia.

The e ffe c ts  of d iethyl ether on nerve fib res  and ganglia have 

also been studied. Forbes, McIntosh and Sefton (1916) recorded 

the action p oten tia ls o f motor nerves during d iethyl ether 

anaesthesia. They observed that the action poten tia ls remained

unchanged /
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unchanged a t  c o n c e n tr a t io n s  o f  d ie t h y l  e th e r  w hich w ere deep enough  

t o  cau se  c e s s a t io n  o f  r e s p ir a t io n .  On th e  o th e r  hand, W right 

( 1 9 4 7 ) d em on strated  th a t  d i l u t e  d ie t h y l  e th e r  vapour d e p o la r is e d  

th e p e r o n e a l and t i b i a l  n erv es  o f  c a t s  and r a b b it s  and th a t  th e  

a c t io n  p o t e n t ia l  was  d ec re a sed . He a ls o  o b serv ed  th a t  c o n c e n tr a te d  

d ie t h y l  e th e r  vapour produced no d e p o la r is a t io n  o f  th e  n e r v e s  and 

su g g e s te d  th a t  d ie t h y l  e th e r  c o u ld  b lo c k  th e  co n d u ctio n  n o t  o n ly  

as a r e s u l t  o f  d e p o la r is a .t io n , b u t a ls o  by a c t in g  d i r e c t ly  on th e  

co n d u ctin g  m echanism. H ein b eck er  and B a r t le y  (1 9 4 0 ) o b serv ed  th a t  

d ie t h y l  e th e r  red u ced  th e  am p litud e and th e  a rea  o f  th e  a c t io n  

p o t e n t ia l  o f  fr o g  n e iv e s  and n o ted  a ls o  th a t  i t  b lo c k e d  nerve  

co n d u ctio n . Van H arreveId  (1 9 4 7 ) r ep o rted  t h a t  d ie t h y l  e th e r  

cau sed  a uniform  d e p o la r is a t io n  o f  th e  e n t ir e  neuron in  th e  s p in a l  

cord  o f  c a t s .  I t  has been  dem on strated  th a t  d ie t h y l  e th e r  and 

ch loroform  a t  a n a e s th e t ic  c o n c e n tr a t io n s , d e p r e sse d  s y n a p t ic  t r a n s 

m is s io n  in  th e  c a t  (K oladay and L arrab ee , 1 9 51; and L arrabee and 

P o s te m a k , 1 9 5 2 ) . U sin g  th e  c a t  s t e l l a t e  g a n g lio n  in  s i t u ,

Hermann and L ofstrom  ( 1 9 5 5 ) dem on strated  th a t  d ie t h y l  e th e r  and 

tu b o cu ra r in e  had a d ep ressa n t e f f e c t  on g a n g l io n ic  tr a n s m is s io n .  

A lthough cyclop rop an e  had a Tveak d e p r e ssa n t a c t io n ,  i t s  e f f e c t s  

v a r ie d  from anim al to  anim al and a ls o  from one a d m in is tr a t io n  to  

an oth er  in  th e  same an im al.

E f f e c t s  /
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E f f e c t s  o f  d ie t h y l  e th e r  on s t r i a t e d  m u scle c e l l s .

N aess (1 9 5 0 1 ) in v e s t ig a t e d  th e changes in  th e  a c t io n  p o t e n t i a l  

o f  s t r i a t e d  m uscle under d ie t h y l  e th e r  a n a e s th e s ia  and fou n d  th a t  

th e am p litu d e y/as red u ced . The r e d u c t io n  o f  am p litu d e was more 

pronounced a t  h ig h e r  fr e q u e n c ie s  o f  s t im u la t io n .

E f f e c t  o f  d ie t h y l  e th e r  and o th er

v o l a t i l e  a n a e s th e t ic s  on p o ta ss iu m .

I t  h as b een  o b served  (T o rd a , 1944) th a t  d ie t h y l  e th e r  a t

a n a e s th e t ic  c o n c e n tr a t io n s  in c r e a s e d , and in  h ig h e r  c o n c e n tr a t io n s ,

d e crea sed  th e  r e sp o n se s  o f  s t r i a t e d  m uscle t o  p o ta ss iu m . She

a ls o  rep o rted  t h a t  b o th  low  and h ig h  c o n c e n tr a t io n s  o f  ch loro form
/

in c r e a s e d  th e  m uscle resp o n ses  to  p o ta ss iu m . L ork ov io  (1 9 5 9 )  

o b serv ed  th a t  th e  resp o n se  o f  th e  r e c tu s  abdom inis m u scle o f  th e  

f r o g  t o  p o ta ssiu m  io n s  was in  two p h a se s , nam ely th e  tv; i t  oh f ib r e  

and slow  f ib r e  r e a c t io n s .  He r e p o r te d  th a t  d ie t h y l  e th e r  d e p r e sse d  

th e  tw itc h  f i b r e  r e a c t io n ,  w h ile  th e  slow  f ib r e  r e a c t io n  o f  th e  

m uscle t o  p o ta ss iu m  v;as in c r e a s e d .

I t  has b een  shovm th a t  d ie t h y l  e th e r  d e c r e a se s  th e  serum  

c o n c e n tr a t io n  o f  p o ta ssiu m  in  dogs (Gerschm an and M aren zi, 1933)*

On th e  o th er  hand, K ier sz  ( 194-8) o b served  th a t  d u rin g  th e  

e x c it a t o r y  s ta g e  o f  d ie t h y l  e th e r  a n a e s th e s ia ,  th e r e  ?/as an 

in c r e a s e d  /
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Inoreased serum oonoentration of potassium In dogs. This was 

followed by a decrease during the next hour. Davson and Reiner 

( 1942) have shown, however, that there was an increased potassium 

content in  the oat erythrocytes during d iethyl ether anaesthesia. 

Recently Mir (1962), using potassium-42, has observed that d iethyl 

ether caused a marked increase in  the release and a decrease in  the 

uptake of potassium ions by iso la ted  str ip s o f rat diaphragm and iso 

lated  frog sartorius muscles. I t  has a lso  been reported (Mir, 1962) 

that concentrations of d iethyl ether idiich were su ff ic ie n t  to cause 

inh ib ition  of neuromuscular transmission in  the rat phrenic nerve- 

diaphragm preparation and in  the cat gastrocnemius muscle preparation, 

were capable of causing an increase in  the release of potassium.

E ffect of d iethyl ether, chloroform, halothane. 
cyclonropane and nitrous oxide on the neuro
muscular block produced by tubocurarine.

With the introduction of curare as an adjunct to anaesthesia 

(G riffith  and Johnson, 1942) a synergism was found to  e x is t  between 

diethyl ether and curare. The nature of the peripheral muscle 

relaxant action of d iethyl ether alone, and together with non- 

depolarising agents such as tubocurarine, has been studied by a 

number of workers (Cullen, 1944; Schallek, 1946; Pick and 

Richards, 1947; Watland, Long, P ittin g er  and Cullen, 1957;

Naess, /
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Naess, 1950a,'b; and Secher, 1951a,b). Thus Cullen (1944) reported 

that tubocurarine was more e ffec tiv e  as a muscular relaxant in  com

bination with d iethyl ether than in  combination with other inhalation  

anaesthetics such as cyclopropane and nitrous oxide. Schallek ( 1946) 

investigated  the action p oten tia l of rat sk e le ta l muscle during 

d iethyl ether anaesthesia and found that d iethyl ether potentiated  

the e ffec t  o f tubocurarine. Pick and Richards (1947) attributed  

the potentiating e f fe c t  of d iethyl ether upon curare in  mice to a 

central curare action rather than a peripheral one. From 

experiments upon d iethyl ether-induced neuromuscvilar block in  the 

rabbit digitorum longus m uscle-sciatic nerve preparation, Naess 

(1950b) found that d iethy l ether potentiated the e f fe c t  o f curare, 

Secher (1951&), using the iso la te d  rat phrenic nerve-diaphragm 

muscle preparation, suggested that d iethyl ether and tubocurarine 

had additive e ffe c ts  and did not show potentiation . I t  has been 

observed that in  the rabbit, d iethyl ether anaesthesia reduced the 

height of the contraction of the gastrocnemius muscle induced both 

by ind irect sin g le  shocks and tetan ic  s t i mulation  v ia  the s c ia t ic  

nerve and i t  has a lso  been shown that d iethy l ether potentiated  

neuromuscular block produced by tubocurarine (Watland and h is 

assoc ia tes, 1957)*

The mode of the peripheral depressant aotioa of chloroform

on /
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on neurom u scular tr a n sm is s io n  and i t s  s y n e r g e s t ic  a c t io n  w ith  

tu b o cu ra r in e  has b een  in v e s t ig a t e d  by  many w orkers b u t th e  r e s u l t s  

are c o n tr a d ic to r y . In  c o n tr a s t  t o  G ith en s and M eltze r  (1 9 1 4 b ) who 

o b serv ed  no change in  the i r r i t a b i l i t y  o f  m otor n e r v es  during  

ch loro form  a n a e s th e s ia ,  N aess (1 9 5 0 a ) ,  u s in g  th e  f l e x o r  d ig ito ru m  

lo n g u s  m u s c le - s c ia t ic  nerve p r e p a r a t io n  o f  th e  r a b b it ,  r e p o r te d  

th a t  deep ch loro form  a n a e s th e s ia  red u ced  th e  m agnitude o f  m uscular  

c o n tr a c t io n s  in d u ced  by in d ir e c t  s t im u la t io n  v ia  th e  s c i a t i c  n e r v e .

I t  has b een  shown (T orda, 1943b) th a t  ch loro form  c a u ses  a c o n tr a c t io n  

o f  th e  i s o l a t e d  f r o g  r e c tu s  abdom inis m u sc le . S ech er  (l951d .) fou n d  

th a t  ch loroform  i n i t i a l l y  in c r e a s e d  th e  m uscular c o n tr a c t io n  due to  

in d ir e c t  s t im u la t io n  v ia  th e  p h ren ic  nerve and th en  red u ced  i t .  

W atland and h i s  a s s o c ia t e s  (1 9 5 7 ) have r e p o r te d  th a t  i n  th e  r a b b it ,  

deep ch loroform  a n a e s th e s ia  in c r e a s e d  th e  h e ig h t  o f  th e  g a s tr o c 

nem ius m uscle c o n tr a c t io n . I t  has b een  shown by many w orkers th a t  

ch loroform  in c r e a s e d  neurom uscular b lo c k  produced by tu b o c u r a r in e  

(N a e s s , 1950a; S e c h e r , 1951d; and W atland and h is  a s s o c i a t e s ,  1 9 5 7 ). 

On th e  o th er  han d , Lang, Kimura and Unna (1 9 5 1  ) c o u ld  n o t  dem on strate  

any syn erg ism  betv;een ch loro form  and tu b o c u r a r in e .

Few in v e s t ig a t io n s  have b een  made upon th e  e f f e c t s  o f  c y c lo 

propane, h a lo th a n e  end n it r o u s  o x id e  on neurom u scu lar tr a n s m is s io n  

or on t h e i r  e f f e c t s  on th e  neurom u scular b lo c k  produced  by tu b o 

c u r a r in e . /
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tu b o c u r a r in e . I t  i s  known th a t  cy c lop rop an e in c r e a s e s  th e  magni

tude o f  th e  m u scu lar c o n tr a c t io n  in  r esp o n se  t o  in d ir e c t  s in g le  

s t im u la t io n  (W atland and h i s  a s s o c i a t e s ,  1957) &ud a l s o  th a t  i t  

p o t e n t ia t e s  th e  a c t io n  o f  tu b o cu ra r in e  on neurom u scu lar tr a n sm iss io n ,  

I t  has b een  shovm th a t  a com b in ation  o f  tu b o c u r a r in e  w ith  c y c lo 

propane in c r e a s e d  th e  p a r a ly s is  and th e  d ea th  r a te  in  m ice over  th a t  

o b serv ed  w ith  cyclop rop an e a lo n e  (Lang and h i s  a s s o c i a t e s ,  1951)• 

A lth ough  h a lo th a n e  showed no s i g n i f i c a n t  e f f e c t  on neurom uscular  

t r a n s m is s io n , i t  p o t e n t ia t e d  th e  a c t io n  o f  tu b o c u r a r in e  (W atland  

and h i s  a s s o c i a t e s ,  1957; and B u m , E p s te in ,  E eig a n  and P at on ,

1 9 5 7 ) .  N itr o u s  o x id e  d id  n o t have any d em on strab le  e f f e c t  on 

neurom uscular tr a n sm is s io n  and d id  n o t p o t e n t ia t e  th e  a c t io n  o f  

tu b o cu ra r in e  (N a e s s , 1 9 5 0 a ).

D ie th y l  e th e r  and some r e la t e d

compounds -  a n a e s th e t ic  p r o p e r t ie s .

D ie th y l e th e r  has been  in  c l i n i c a l  u se  f o r  o v er  a cen tu ry  and 

i s  c o n s id e r e d  by th e  m a jo r ity  o f  a n a e s t h e t i s t s  t o  be th e  s a f e s t  o f  

th e  v o l a t i l e  a n a e s th e t ic  a g e n t s .  O ther v o l a t i l e  a l ip h a t i c  e th e r s  

and c e r t a in  h a lo g en a ted  hydrocarbons have a l s o  b een  u se d  and t h e i r  

a n a e s th e t ic  p r o p e r t ie s  have in e v i t a b ly  b een  compared v /ith  th o se  o f  

d ie t h y l  e th e r  (iC rantz, C arr, M usser and S au erw ald , 1947; S ad ove, 

1','yant and C le tc h e r , 1955; K ran ta , C arr, Lu and B e l l ,  1953;

Dundee /
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Dundee, L inde and D r ip p s, 1957; Dundee and D r ip p s , 1957; and 

R a v en to s , 1 9 5 6 ). T able 3 ,  page 3 0 2 , shows th e  s t r u c t u r a l  fo rm u la e , 

th e  p h y s ic a l  c o n s ta n ts  and compares th e  a n a e s th e t ic  p r o p e r t ie s  o f  

c e r ta in  v o l a t i l e  e th e r s  and some h a lo g e n a te d  h yd rocarb on s.

I t  has b een  rep o r ted  tha.t when t e s t e d  in  v a r io u s  s p e c ie s  o f  

a n im a ls , n -p r o p y l m ethyl e th e r  and e t h y l  v in y l  e th e r  were more 

p o te n t in  t h e i r  a n a e s th e t ic  p r o p e r t ie s  th an  th e  s t r u c t u r a l ly  

r e la t e d  d ie t h y l  e th e r  (K ra n tz , E van s, C arr and K ib le r , 1946; and 

K rantz, C arr, M usser and Sau erw ald , 1 9 4 7 )-  The m argin o f  s a f e t y  

o f  e t h y l  v in y l  e th e r  was  found t o  be s l i g h t l y  g r e a t e r  th an  th a t  o f  

d ie t h y l  e th e r  (K rantz and h i s  a s s o c i a t e s ,  1 9 4 7 )- E th y l v in y l  

e th e r  h as b een  u sed  c l i n i c a l l y  and th e  a n a e s th e t ic  p r o p e r t ie s  o f  

t h i s  compound have been  compared y;ith  d ie t h y l  e th e r  and d iv in y l  

e th e r  ( S ad ove, Wyant and C le tc h e r ,  1955) &nd i t  was o b serv ed  th a t  

a lth ou gh  th e  in d u c tio n  o f  a n a e s th e s ia  and the r ec o v e ry  were more 

ra p id  v ;ith  d iv in y l  e th e r  and e th y l  v i n y l  e th e r  than  v /ith  d ie t h y l  

e th e r ,  th e  m uscular r e la x a t io n  was p o o r .

H a logen ated  compounds.

In  th e  p a s t  few  y e a r s  th e r e  has a r is e n  a c o n s id e r a b le  in t e r e s t  

in  th e  u se  o f  v o l a t i l e  f lu o r in a t e d  hydrocarbons f o r  a n a e s th e t ic  

p u rp o ses . One o f  th e  more im p ortan t o f  th e s e  i s  t r i f lu o r o e t h y l  

v in y l  /
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v in y l  e th e r  ( ”]?luorem ar’' ) .

T r i f lu o r o e th y l  v in y l  e th e r  i s  app rox im ate ly  e q u ip o te n t v d th  

d ie th y l  e th e r  in  dogs and monkeys (iC rantz, C arr and B e l l ,  1933).

I t  has been used  c l i n i c a l l y  f o r  v a r io u s  t^gies o f  s u r g i c a l  o p e ra tio n s  

b u t  i t  was found to  p o sse ss  p o o r m uscle r e la x a n t  a c t i v i t y ,  a  poor 

m argin o f  s a f e ty  and a r e s p i r a to iy  d e p re ssa n t a c t io n  (Dundee, L inde 

and D rip p s , 1937; P a rk , T r u i t t  and ICrantz, 1937; and Dundee and 

D rip p s , 1937).

The a n a e s th e t ic  e f f e c t s  o f t r ic h lo r o e th y le n e , a n o th e r  h a lo 

g en a ted  hyd rocarbon , ha,ve been  rev iew ed  by A tk inson  ( I 96O) who con

c luded  th a t  t h i s  su b stan ce  was l e s s  p o te n t  th a n  d ie th y l  e t h e r ,  

p o sse sse d  p o o re r  m uscular r e la x a n t  p r o p e r t ie s  and a ls o  p o sse sse d  a 

re  spirant o iy  d e p re ssan t a c t io n .  T h is compound i s  n o ta b le ,  however, 

f o r  i t s  p o te n t a n a lg e s ic  a c t io n  and i s  u se d  in  m idw ifery  f o r  t h i s  

p u rp o se .

/
Raventos (1936) s tu d ie d  a  s e r i e s  o f f lu o r in a te d  hydrocarbons 

and observed  t h a t  in  ex p erim en ta l an im a ls , 1 ,1 ,1 - t r i f l u o r o - 2 -  

b ro m o -2 -ch lo ro th an e  (h a lo th a n e , f lu o th a n e )  was a more p o te n t  

a n a e s th e t ic  th an  d ie th y l  e th e r  o r ch lo ro fo rm . A lthough ch lo ro fo rm  

i s  a more p o te n t  a n a e s th e t ic  th an  e th e r ,  th e re  has been  c o n s id e ra b le  

o b je c t io n  to  i t s  u se  because  of i t s  a lleged , c a rd io to x ic  a c t io n .  

C h loroform  and h a lo th a n e . have been  compared d i r e c t l y  by means of 

a /
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a b l in d  te c h n iq u e . I t  has been found th a t  th e  a n a e s th e t ic  p o ten cy , 

changes in  th e  b lo o d  p r e s s u r e ,  p u lse  r a t e  and r e s p i r a t io n  and the  

in c id e n c e  o f c o m p lica tio n s  du ring  a n a e s th e s ia  were s im i la r  w ith  

r e s p e c t  to  bo th  drugs (B am forth , S ie b e c k e r , S teinhaw s and O rth ,

i 960) .

The s tu d ie s  d e sc r ib e d  in  t h i s  s e c t io n  of th e  th e s i s  were 

c a r r ie d  o u t to  in v e s t ig a te  th e  e f f e c t s  o f a  group o f v o l a t i l e  

a l i p h a t i c  e th e r s , c e r t a in  v o l a t i l e  h a lo g e n a te d  hy d ro carb o n s, 

n i t r o u s  oxide and cyclopropane on th e  c o n tra c tio n s  o f th e  g a s tro c 

nemius m uscle induced  by in d i r e c t  s t im u la t io n  v ia  th e  s c i a t i c  nerve 

i n  th e  s p in a l  c a t .  An in v e s t ig a t io n  has a ls o  been  made o f th e  

e f f e c t s  o f th e se  compounds on th e  neurom uscu lar b lo c k  induced  by 

tu b o c u ra r in e  in  th e  s p in a l  c a t .
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A T E R I A L S

The follow ing drugs were used in  the in v estig a tio n  which is  

described in  th is  sectio n  of the th e s is

(+ ) -  Tubocurarine which i s  

D iethyl ether  

M ethyl-n-propyl ether  

Di-n-proKsrl ether  

D i-isopropyl ether  

N -butyl methyl ether  

H -butyl eth y l eth er  

E thyl v in y l ether  

D ivinyl ether

described as tubocurarine.

A lly l e th y l ether

Ethylene g ly co l 
dimethyl eth er

Tetrahydrofuran

T richloroethylene

Halothane

Chloroform

Cyclopropane

N itrous oxide



METHOD 

Pages 306 to  3 1 i
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M E T H O D

Cats of e ith er sex , w e ir in g  between 2 .0  and 4 .0  k g ., were 

anaesthetised by means o f in tra-p eritoneal in jection  of "üiio- 

pentone sodium. Fresh solutions of th is  drug (50 mg. per ml.) 

were employed fo r  each experiment and a dose of 50 mg ./k g . was 

usually adequate fo r  the production o f surgical anaesthesia in  

10 to 20 minutes. Simultaneously, 1 mg./kg. of atropine sulphate 

solu tion  in  water fo r  in jectio n  was administered to  minimise any 

respiratozy d istress caused by excess secretion  o f mucus in  the 

respiratory passages.

The anaesthetised cat was la id  on i t s  back upon a warmed 

operating table and the leg s  and head secured by means of str in gs. 

The fur and the skin covering the region between the upper part o f  

the sternum and the apex of the mandible were removed. The 

fa sc ia  covering the trachea was divided in  the m id-line and the 

trachea freed from the surrounding t is su e  by blunt d issection .

A blunt aneuiysm needle oariying a piece of strong thread was passed 

between the muscles of the neck and around the trachea. By means 

o f a sca lp e l, a transverse in c is ion  was made in  the trachea and 

holding the cut edge by means of forceps, a tracheal cannula was 

in serted  and tied  in to  p lace. The tracheal cannula could b.e 

connected /
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co n n ec ted  by ru b b er tu b in g  to  an " Id e a l"  r e s p i r a t io n  pump p ro v id in g  

a r t i f i c i a l  r e s p i r a t i o n ,  w h ile  th e  amount o f  a i r  e n te r in g  and le a v in g  

th e  can n u la  co u ld  be c o n tr o l le d  by means o f an a d ju s ta b le  s le e v e .

The common c a r o t id  a r t e r y  on each s id e  o f  th e  t r a c h e a  was 

th en  d is s e c te d ,  f r e e d  from accompanying vagosym pathetic  f i b r e s  

and o th e r  t i s s u e s ,  an d  t i e d  as n e a r  to  th e  head  as p o s s ib le .

The c a t  was th e n  tu rn e d  over on to  i t s  v e n t r a l  s id e ,  th e  le g s  

a g a in  se cu re d  and th e  neck  su p p o rte d  on a  wooden b lo c k  in  which 

th e re  was a narrow  groove to  keep th e  . t r a c h e a l  c an n u la  in  p o s i t io n .  

The head  o f th e  an im al was l e f t  f r e e  and u n se c u re d . The f u r  and 

th e  sk in  c o v erin g  th e  back  o f  th e  neck were removed and , by means 

o f  a  s c a lp e l ,  a  m id - lin e  in c i s io n  was made e x te n d in g  from  th e  

p o s i t io n  o f th e  foram en magnum to  the  l e v e l  o f  th e  t h i r d  o r 

f o u r th  c e r v ic a l  v e r te b r a .  U sing  r e t r a c t o r s  and d iv id in g  th e  

m uscles co v erin g  th e  v e r t e b r a l  column by means o f b lu n t  d i s s e c t io n ,  

th e  f i r s t ,  second and t h i r d  c e r v ic a l  v e r te b ra e  were f r e e d  and 

exposed . A s tro n g  l in e n  th r e a d  was p a sse d  around th e  v e r t e b r a l  

column a t  a  p o in t  betw een th e  second and t h i r d  c e r v ic a l  v e r te b ra e  

and t i e d  v e iy  f i r m ly .  T h is com pressed th e  v e r t e b r a l  a r t e r i e s  and 

red u ced  subsequen t haem orrhage. The v e r t e b r a l  column vms th e n  

t r a n s e c te d  by means o f bone fo rc e p s  a t  th e  p o s i t io n  o f th e  second

c e r v i c a l  /
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c e r v ic a l  v e r te b ra .  Due to  th e  p re v io u s  com pression o f th e  

v e r t e b r a l  a r t e r i e s ,  b le e d in g  a t  t h i s  s ta g e  of th e  experim ent was 

n o t ex ce ss iv e  and was f u r t h e r  reduced  by th e  a p p lic a t io n  a t  t h e . 

p o in t  o f t r a n s e c t io n  o f  th e  v e r t e b r a l  colum n,of c o tto n  wool swabs 

soalced in  h o t norm al s a l in e .  A probe 3 to  \  mm. in  d iam ete r was 

i n s e r te d  through th e  foram en magnum in to  th e  s lo i l l  a t  the  p o in t  o f 

t r a n s e c t io n  o f the  v e r t e b r a l  column and th e  b r a in  d e s tro y e d . The 

probe was wdthdrawn and p l a s t i c i n e  u sed  to  p lu g  th e  foram en magnum 

to  p rev e n t f u r th e r  lo s s  o f  b lo o d . The slcin ov e r th e  back  o f th e  

neck was sewn by means o f s tro n g  th re a d  and th e  anim al ag a in  tu rn e d  

on i t s  back .

The sk in  o f th e  a n te r o la t e r a l  p a r t  o f the  neck  was removed and 

th e  e x te rn a l  ju g u la r  v e in  exposed on one s id e  and f r e e d  from f a s c i a  

and surround ing  t i s s u e .  A c o tto n  th re a d  was t i e d  around  th e  

c e p h a lic  end and a  b u lld o g  c l i p  was p u t on to  th e  c a rd ia c  a s p e c t .

A sm a ll t ra n s v e rs e  in c i s io n  was made in  th e  d i l a t e d  v e s s e l  by 

means o f sh a rp -p o in te d  i r i s  s c i s s o r s .  A v e in  cannu la  was f i l l e d  

w ith  a  s o lu t io n  o f h e p a r in  and th e  p o in te d  end in s e r te d  in to  th e  

v e in  tow ards th e  h e a r t  and secu red  by means o f c o tto n  th re a d  t i e d  

around th e  v e in . The cannu la  was connected  by ru b b e r tu b in g  to  

a  50 m l. b u r e t te  c o n ta in in g  norm al s a l in e  s o lu t io n ,  ta k in g  care  

to  /



309.

to  remove a l l  a i r  b u b b les  in  th e  system . The b u lld o g  c l i p  was 

removed and a sm a ll volume o f norm al s a l in e  from th e  b u r e t te  

a llo w ed  to  flow  th rough  th e  v e in  in to  th e  c i r c u la t io n  to  ensure  

f r e e  f lo w . A b u lld o g  c l i p  was now p la c e d  on th e  c a rd ia c  a sp e c t 

o f  one of th e  l i g a t e d  common c a r o t id  a r t e r i e s  and a th re a d  p assed  

around  th e  a r t e r y .  A sm a ll t r a n s v e r s e  in c i s io n  was made in  th e  

a r t e iy  by means o f s h a rp -p o in te d  i r i s  s c i s s o r s  and th e  p o in te d  

end o f a p o ly th en e  cannu la  f i l l e d  w ith  a  s o lu t io n  o f  h e p a r in  was 

in s e r te d  tow ards th e  h e a r t  and se c u re d . The cannu la  was connec ted  

by lu b b e r tu b in g  to  a m ercury manometer and th e  system , f r e e d  from 

a i r ,  f i l l e d  w ith  h e p a r in iz e d  norm al s a l in e .  The p re s s u re  in  the  

manometer was r a i s e d  to  ap p ro x im ate ly  80 mm. o f m ercury , th e  

b u lld o g  c l i p  removed and th e  sy stem  a llow ed  to  e q u i l i b r a t e .  A 

w r i t in g  f l a g  on one arm of th e  manometer re c o rd e d  th e  b lo o d  

p re s s u re  on a moving smoked s u r f a c e .

One le g  was th en  p re p a re d  f o r  i n d i r e c t  s t im u la t io n  o f th e  

gastrocnem ius m uscle v i a  th e  s c i a t i c  n e rv e . The le g  was h e ld  

\7i t h  i t s  long æ cis p e rp e n d ic u la r  to  th e  o p e ra tin g  t a b le  and f ix e d  

r i g i d l y  by means o f two clajnps ( F ig .  114, P&ge 309a) one a t  the  

loieo j o i n t  and th e  o th e r  a t  th e  a n k le . The s k in  over th e  A c h il le s  

tendon  was cu t away and th e  tendon  f r e e d  from  su rro u n d in g  t i s s u e .

A s tro n g  l in e n  th re a d  was t i e d  around th e  tendon  n e a r  to  i t s  

i n s e r t i o n .  /
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I

■- Î  ;

P i e .  114 .

E x p erim en ta l " s e t  up" o f a  s p in a l  c a t  f o r  th e  re c o rd in g  

o f th e  c o n tr a c t io n s  o f th e  g astro cn em iu s m uscle induced  

by i n d i r e c t  s t im u la t io n  v i a  th e  s c i a t i c  n e rv e .

11
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in ser tio n . Another longer thread was sewn through the tendon 

proximal to  the f i r s t  and t ie d  firm ly . The tendon was then severed  

between the threads. The long thread attached to  the A ch illes  

tendon was led  over pulleys to  the le v er  of a Brown-S chus te r  myo

graph, the w riting point o f which was adjusted to  record the con

traction s on a moving smoked surface. The fur and the skin covering 

the dorsal aspect of the lower part of the t h i ^  were cut away and 

the hamstring muscles separated by blunt d issection  exposing the 

s c ia t ic  nerve. A p a ir  of sh ielded  electrodes was f ix ed  in  place 

around the nerve and stim ulation by square impulses carried out, 

using a Bobbie Mclnnes stim ulator a t a frequency o f 6 to  8 per 

minute, a t 10 to  25 v o l t s ,  the pulse width being 2 .0  to  3*0 msec.

The tension placed upon the muscle varied  between 0 .2  and 0 .5  kg. 

but in  any one experiment the ten sion , v o lta g e , frequency and 

pulse width remained constant throughout.

Solutions of drugs in  normal sa lin e  were in jected  by means 

of a 1 ml. tuberculin syringe in to  a rubber tube connecting the  

burette and the jugular vein  cannula. 3 ml. o f sa lin e  were run 

in  from  the burette a fte r  each in jec tio n  of drug, to  ensure that  

a l l  the drug, properly mixed in  normal s a lin e , had entered the 

c ircu la tio n .

The /
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The apparatus used to  d eliver  certain  standard vapour mixtures 

of v o la t i le  liq u id s in  oxygen was e s se n t ia lly  that of Koohman (1912) 

as modified by Raventos (1953). A diagrammatic sketch, not drawn 

to  s c a le , i s  shown in  P ig . 115, page 311a.

The apparatus con sisted  e s s e n t ia lly  of a vaporisation chamber ( l )  

composed of a large b o ilin g  tube 1 ^  diameter by 9” long maintained 

at the b o ilin g  point o f the v o la t i le  liq u id  under t e s t  by means of 

a water bath. The open end of the b o ilin g  tube was firm ly sealed  

by a rubber stopper through which passed two g la ss tubes -f" diameter 

and one cap illary  ^  shown in  P ig . 115, page 311a. One of the g lass  

tubes was surrounded by a g la ss  jacket enclosing a vacuum and 

reached almost to  the bottom of the chamber. This tube allowed  

oxygen at a predetermined, constant, metered rate to  be introduced 

in to  the chamber. The v o la t i le  liq u id  under t e s t  was forced in to  

the chamber at a steady contro lled  rate th rou ^  the ca p illa ry  tube 

( 2 ) ,  i t  now f e l l  on the g lass jacket where i t  was vaporised and 

the resu ltin g  vapour, together with the oxygen passed out of the 

chamber v ia  the second g lass tube. The v o la t i le  liq u id  i t s e l f  

was contained in  a cy lin d rica l g la ss  v e s s e l (3 ) connected by means 

of a cap illary  tube which protruded approximately in to  the upper 

part of the v e sse l as shown in  P ig . 115, page 311a. Mercury was 

forced /
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Fused
AnhydrousCaClx

Airway g

j  a rt. resp. pump n i l

anim al

S o l id  C O x

B aly th en e  
b a g

M ixture of 
gases

Slow injection apparatus

F I s .  115

Diagram  (n o t  to  s c a le )  o f a p p a ra tu s  u se d  t o  a d m in is te r  

Icnovm c o n c e n tra t io n s  o f a n a e s th e t ic  v a p o u rs , i n  oxygen, 

to  th e  s p in a l  c a t .

See d e s c r ip t io n  i n  th e  t e x t ,  pages 311 to  314 f o r  key 

to  th e  numbered p ie c e s  o f a p p a ra tu s .
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f o rc e d  in to  th e  v e s s e l  th ro u g h  th e  c a p illa i^ ^  tu b e  a t  a c o n s ta n t ,  

p r.edetom iined  r a t e  by moans o f a  P a lm e r 's  slow  i n j e c t i o n  a p p a ra tu s  

(if) and d is p la c e d  an e q u a l volume o f v o l a t i l e  l i q u i d  in to  th e  

v a p o r is a t io n  cham ber. The v e s s e l  c o u ld  be em p tied  by means o f  a  

s to p c o ck  a t  th e  bo ttom .

The o u t l e t  o f th e  v a p o r i s a t io n  cham ber was co n n ec ted  th ro u g h  

a  ro to m e te r , which c o n t r o l le d  th e  r a t e  o f  flo w  o f  m i^cture, to  a 

p o ly th e n e  bag of ap p ro x im a te ly  15 l i t r e s  c a p a c i ty .  The mouth 

o f  th e  bag  was se c u re d  a round  a  l a r g e  ru b b e r  s to p p e r  by means o f 

a  j u b i l e e  c l i p  th rough  v/hich p a sse d  an i n l e t  and  an o u t l e t  tu b e . 

The vapou r m ix tu re  was s to re d  in  t h i s  b ag . B oth  th e  o u t l e t  and 

i n l e t  co u ld  bo c lo s e d  to  th e  o u t s id e ,  s e a l in g  o f f  th e  bag  and 

p re v e n t in g  th e  escape o f  v ap o u r to  th e  a tm osphere . The o u t l e t  

tu b e  from  th e  p o ly th en e  bag  was co n n ec ted  by  means o f  ru b b e r  

tu b in g  to  th e  i n l e t  of an " Id e a l"  r e s p i r a t i o n  pump ( 5 ) .  By 

t h i s  m eans, th e  an im al u n d e r  a r t i f i c i a l  r e s p i r a t i o n  was made to  

b r e a th e  th e  gaseous m ix tu re  o f loiovm. co m p o sitio n  and when th e  

pump was d isc o n n e c te d  from  th e  sy s tem , th e  an im al b re a th e d  

a tm o sp h e ric  a i r .

"When th e  vapour m ix tu re  u n d e r  t e s t  was b e in g  a d m in is te re d  to  

th e  a n im a l, th e  vapour c o n te n ts  o f th e  bag were pumped th ro u g h  

th e  /
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th e  i n l e t  v a lv e  o f a doub le  r e s p i r a t i o n  v a lv e  chamber (A irw ay) (6 ) 

to  th e  t r a c h e a l  c a n n u la , th e  s le e v e  o f w hich was co m p le te ly  c lo s e d  

tind th e  e id ia led  vapour p a s se d  th ro u g h  th e  o u t l e t  v a lv e  o f th e  a invay  

to  a d ry ing  column (7 )  o f  anhydrous ca lc iu m  c h lo r id e  as sho\m  in  

th e  P ig .  115 , page ,3118'* Prom t h i s ,  th e  d ry  vapours p a s se d  th ro u g h  

a g la s s  c o i l  (8 ) su rro u n d e d  by  s o l i d  carbon  d io x id e  where th e  

vap o u r condensed and th e  l i q u i d  v;an re c o v e re d .

PROCEDURE

A s ta n d a rd  amount o f  tu b o c u ra r in e  i n  w a te r  f o r  i n j e c t i o n  was 

i n j e c t e d  i n to  th e  an im al v i a  th e  e x te r n a l  ju g u la r  v e in ,  th e  s c i a t i c  

n e rv e  was s t im u la te d  e l e c t r i c a l l y  and c o n tr a c t io n s  o f  th e  g a s t r o c 

nem ius m uscle e l i c i t e d ,  a,s p re v io u s ly  d e s c r ib e d . Vihen th e  re sp o n se  

o f th e  m uscle had r e tu rn e d  to  n o rm al, th e  p ro c e s s  was re p e a te d  

u n t i l  two c o n sec u tiv e  doses o f  tu b o c u ra r in e  p ro d u ced  a p p ro x im a te ly  

th e  same q u a n t i t a t iv e  e f f e c t .  The dose chosen  was t h a t  w hich 

w ould produce 20 to  50/^ m u scu la r r e l a x a t io n .  T h is  to o k  s e v e r a l  

h o u rs  to  accom plish . LTien th e  re sp o n se  to  tu b o c u ra r in e  had th u s  

b een  s t a b i l i z e d ,  th e  gaseous m ix tu re  was a d m in is te re d  in  th e  

fo l lo w in g  m anner. The bag  was f i l l e d  w ith  th e  gaseous m ix tu re  

u n d e r  t e s t  and th e  o u t l e t  tu b e  from  i t  co n n ec ted  to  th e  " Id e a l"  

r e s p i r a t i o n  pump. The ru b b e r  tu b in g  c o n n ec tin g  th e  pump to  th e  

t r a c h e a l  /
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t r a c h e a l  cannu la  was d isc o n n e c te d  from  th e  l a t t e r  and reco n n ec ted  

to  th e  i n l e t  va lve  o f  a double r e s p i r a t io n  v a lv e  chamber (Airway) 

( 6 ) .  The s leev e  o f th e  can n u la  was th en  c lo se d . The tra c h e a ,l  

c an n u la  v;as meanwhile connec ted  to  th e  m iddle arm of th e  a invay  (6 )  

as shown in  F ig . 115, page 3 l i a  w h ile  th e  o u t l e t  v a lv e  of th e  

a ir r /a y  was connected  to  th e  d ry in g  tow er. T h is p ro ced u re  vfo,s 

c a r r i e d  out as q u ic k ly  as p o s s ib le  to  p re v e n t r e s p i r a to r y  c o lla p s e  

due to  the  in te r r u p t io n  o f  the  flow  o f gas to  th e  an im al.

The gas m ixture was a-dm in istered  f o r  abou t te n  m inu tes and 

th e n  the  same dose o f tu b o c u ra r in e  ag a in  g iv en . The a d m in is t r a t io n  

o f  th e  m ix tu re  v/as co n tin u ed  f o r  a f u r t h e r  f iv e  m in u te s . The pump 

was th en  d isco n n ec ted  from  th e  p o ly th e n e  b a g , th e  a i i \ ;a y  c o n n ec tio n  

removed from th e  t r a c h e a l  cannu la  and th e  ru b b e r tu b in g  jo in in g  th e  

pump to  th e  a irrray  d isc o n n e c te d  from  th e  l a t t e r  and re -c o n n e c te d  

to  th e  t r a c h e a l  c an n u la . The s le e v e  o f th e  t r a c h e a l  c a m u la  was 

th e n  a d ju s te d  to  p e rm it a  s u f f i c i e n t  r e s p i r a to r y  e x c u rs io n  to  ta lie  

p la c e .

The cy c le  o f ev en ts  cou ld  th e n  be re p e a te d  u s in g  d i f f e r e n t  

c o n c e n tra tio n s  of vapour. I n  each  c a s e , how ever, i t  was e s s e n t i a l  

to  s t a b i l i s e  th e  response  o f th e  an im al to  tu b o c u ra r in e  b e fo re  

a d m in is te r in g  th e  m ix tu re .

The /
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The concentration of the vapour mixture was ca lcu lated  from 

the gas laws. The volume o f vapour produced from a certa in  volume 

o f v o la t ile  liq u id  was ca lcu lated  using the follow ing form ula:-

V X S.Gr. X 22 .4  = L itre vapour/min. at S.T.P.M.W.

where V i s  the volume o f a liq u id  vaporizec/m inute, S.G-. the 

s p e c if ic  gravity and M. ¥ .  the molecular weight of the compound.

Let the slow in jec tio n  apparatus d e liv er  0.192 ml. o f  d iethyl 

ether per minute, and l e t  the percentage of d ieth y l ether vapour 

required be 5 lii oxygen.

Specim en C a lc u la t io n ; -  

D ie th y l e th e r

s. G. = 0 .713 , M. W. = 74 .12 , V. = 0.192 m l./m in.
Room temperature = 27°C.

Substituting in  the above formula: —
0.192 X 0.713 ^ 22 .4  ̂  273 _ 747.3  _ 1000

74.12 ^ 1 ̂  300 ^ TàO 1

s  37.03 ml# o f d ieth y l vapour produced in  one minute.

Now, l e t  r  be the volume o f oxygen required per minute,

% X
Wo 3 7 .03

or, X » 703.57 ml. o f oxygen required per minute.



RESULTS

Pages 316 to  327
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R E S U L T S

The resu lts  o f a ser ie s  o f experiments with a group of 

v o la t i le  ethers, some v o la t i le  halogenated hydrocarbons, cyclo

propane and nitrous oxide upon the h e i^ t  of contraction o f the 

gastrocnemius muscle of the sp inal cat in  response to in d irect  

stim ulation v ia  the s c ia t ic  nerve and the e f fe c ts  of these com

pounds on the neuromuscular block induced by tubocurarine on the 

same preparation are shown in  Table 4 , page 317# Some -typical 

experimental records are shown in  F igs. 116 to 122, pages 318 to  

324.

On the basis o f th e ir  chemical structure, the compounds 

in vestigated  have been divided in to  f iv e  groups. The resu lts  

are presented under two main headings; namely, "the e ffe c t  o f the 

compounds studied on the contractions of the gastrocnemius muscle 

in  response to  indirect stim ulation v ia  the s c ia t ic  nerve and 

th e ir  actions on the neuromuscular block produced by tubocurarine,

With the exception of "the halogenated hydrocarbons |  cyclo

propane, nitrous oxide, tetrahydrofuran and ethylene g lyco l 

dimethyl ether, a l l  the compounds in vestigated  caused muscle 

relaxation . This varied in  intensi"ty from animal to  animal.

I .  /
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121,

Contraotion of the gastrocnemius muscle o f the spinal cat 

induced by in d irect stim ulation v ia  the s c ia t ic  nerve. 

Contractions downwards.

At A, 50 per kg. tubocurarine.

At G, y/v chloroform vapour in  oxygen. 

Tubocurarine administered intravenously.
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ll './ i ;  : ,111/1111

ill

Fig. 122

Contraotion of the gastrocnemius muscle of the spina l cat 

induced by indirect stimulation v ia  the sc ia tic  nerve. 

Contractions downwards.

At A, 75 /ig . per kg. tubocurarine.

At TH, lOjS ^/v tetrahydrofuran vapour in  oxygen.

At THw, tetrahydrofuran vapour in oxygen withdrawn. 

Tubocurarine administered intravenously.
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I .  E ffect on the magnitude of the
contraction of the /scastrocnemius muscle.

(a ) V o la tile , a lip h a tic , saturated mono ethera.

Among the v o la t ile , a lip h a tic , saturated mono ethers studied, 

di^-isopropyl ether was the most potent and at concentrations of  

5^ ^/v in  oxygen i t  caused a complete ab olition  of the contraction  

of the gastrocnemius muscle induced by in d irect stim ulation v ia  

the s c ia t ic  nerve. N-butyl ethyl ether at concentrations ranging 

from 5 to  40% ^/v in  oxygen in  one experiment caused no reduction 

in  the height of muscular contraction, # i i l e  in  another two experi

ments, a concentration of 5% ^/v in  oxygen caused a reduction. A 

sim ilar variable e f fe c t  was observed with n -b u ^ l methyl ether and 

methyl-n-propyl ether. D iethyl ether up to 5% y /v  in  oxygen did 

not a ffect the h e i^ t  of the muscular contraotion but at concen

trations between 15 and 20% y /v  in  oxygen, i t  caused a reduction 

in  twitch h e i^ t .

(b) V o la tile , a lip h a tic , unsaturated mono ethers.

A ll the v o la t i le ,  a lip h a tic , unsaturated mono ethers studied, 

at concentrations ranging from 2 .5  to  20% ^/v in  oxygen caused 

l i t t l e  or no reduction in  the h e i^ t  o f contraction of the gastroc

nemius muscle in  response to in d irect stim ulation v ia  the sc ia tic  

nerve /
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nerve (Fig. 120, page 322).

(o) Halogenated hydrocarbons.

In a l l  cases, the halogenated, v o la t ile  hydrocarbons at con

centrations ranging from 1 .5  to  10% iu  oxygen s lig h tly  

increased the magnitude of contraction of the gastrocnemius muscle 

induced by indirect stim ulation v ia  the s c ia t ic  nerve. P ig. 121, 

page 323, represents an experimental record of th is  type using 

chloroform at a concentration of 2*% ^/v in  oxygen.

(d) Tetrahydrofuran and ethylene 
glyco l dimethyl ether.

At concentrations ranging from 5 to  20% y /v  in  oxygen, tetra 

hydrofuran and ethylene g lycol dimethyl ether did not a lte r  the 

height of contraction of the gastrocnemius muscle induced by 

in d irect stim ulation v ia  the s c ia t ic  nerve. An experimental 

record of a typ ica l experiment using tetrahydrofuran is  shown in  

Fig. 122, page 324#

(e) Cyclopropane and nitrous oxide

Cyclopropane (a t 10% ^/v in  oxygen) and nitrous oxide (a t  

80% ^/v in  oxygen) caused no change in  the height of contraction  

of the gastrocnemius muscle in  response to  ind irect stim ulation  

v ia  the s c ia t ic  nerve.

I I .  /
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I I ,  E ffect op the neurocnisoular block  
prodaoed by tubocurarine.

With the exception of tetrahydrofuran and ethylene g lyco l 

dimethyl ether (P ig, 122, page 324) a l l  the saturated and unsaturated 

ethers, the halogenated hydrocarbons, cyclopropane and nitrous cocide 

potentiated the neuromuscular block produced by tubocurarine. This 

appeared to  be independent of th e ir  a b ility  to cause muscular 

relaxation when used alone. Thus, for  example, ethyl v in y l ether, 

cyclopropane and nitrous oxide did not cause muscular relaxation  

but a l l  the three substances potentiated the action o f tubocurarine 

(Table 4 , page 317), At a concentration which did not possess any 

muscle relaxant a c t iv ity , some of the compounds in vestigated  

potentiated the neuromuscular block produced by tubocurarine.

For example, although diethyl ether and n-butyl methyl ether at 

concentrations of 1.5% and ^  ^ v  in  oxygen respectively  caused no 

change in  the height of muscular contraction; of the gastrocnemius 

muscle in  response to  ind irect stim ulation v ia  the s c ia t ic  nerve, 

these compounds potentiated the action of tubocurarine (Table 4 , 

page 317) ,  I t  i s  in terestin g  to note that a lth ou ^  the halogenated 

hydrocarbons s lig h t ly  increased the magnitude of the musculeir con

tractions of the gastrocnemius muscle induced by in d irect stimu

la tio n  v ia  the s c ia t ic  nerve, they potentiated the neuromuscular 

block produced by tubocurarine.



OONCLÜSIOH 

Pages 328 to  332



328,

OONGLÏT8ION

With the exception of tetrahydrofuran and ethylene g lyco l 

dimethyl ether, a l l  the compounds reported in  the present in v e s t i

gation potentiated the neuromuscular block produced by tubocurarine# 

Thus, while tubocurarine at a dose of 75 jUg# per kg* con sistently  

produced an approximately 33 per oent reduction in  the height of 

the muscular contraction, the p a ra lle l administration and presence 

in  the blood of d iethyl ether (Fig* H 6 , page 518) completely 

abolished the response of the muscle. Furthermore, many of the 

compounds investigated  themselves produced muscle relaxant actions 

when used alone. I t  would be incorrect to  ascribe the muscle 

relaxant actions to  the presence o f the ether-oxygen function alone, 

since tetrahydrofuran and ethylene g lyco l dimethyl ether, which 

possess the ether-oxygen function do not appear to  possess th is  

property. The role of th is  ether-oxygen lin k  in  muscle relaxant 

compounds can therefore be only an au xilliaxy  one, modifying the 

degree of pharmacological a c tiv ity  of the molecule as a whole. By 

means of Ariens* approach to drug receptor in teraction , i t  has been 

observed (Van Eos sum and Ariens, 1959, and Muir, 1962) that the 

ether-oxygen lin k  in a lip h atic  b is -  and polyonium polymethylene 

compounds modified the a ff in ity  ( i . e . ,  the a b ility  of the drug to  

form /
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form th e  d rug  r e c e p to r  complex o f  th e  compounds r a t h e r  th a n  th e  

i n t r i n s i c  a c t i v i t y .  B ovet, B o v e t- N it t i ,  G uarino and Fusco (1948) 

have a ls o  r e p o r te d  t h a t  th e  p re se n c e  o f  oxygen i n  c e r t a in  p h e n o lic  

e th e r s  p lay ed  no s ig n i f i c a n t  r o l e  i n  t h e i r  m uscle r e la x a n t  a c t i v i t y .

There a r e  m oreover q u a l i t a t iv e  p h a rm aco lo g ica l d i f f e r e n c e s  betw een 

te t r a h y d ro fu ra n  and e th y le n e  g ly c o l  d im eth y l e th e r  on th e  one hand, 

and th e  o th e r  v o l a t i l e  su b s ta n c e s  s tu d ie d  on th e  o th e r ,w h ic h  cannot 

be a t t r i b u t e d  to  th e  absence o r  p re sen c e  o f  an e th e r-o x y g en  l i n k .

I t  i s  in d eed  most l i k e l y  t h a t  an accum ulation  o f  c irc u m sta n ce s  may 

in f lu e n c e  th e  ty p e , i n t e n s i t y  and d u ra t io n  o f  m uscle r e la x a n t  

a c t i v i t y  o f  a  compound (F o ld e s , 1959 and C a v a l l i to ,  1 9 5 9 ), Among 

th e s e ,  an optimum o i l /w a te r  s o l u b i l i t y  r a t i o  must be ta k e n  in to  account 

( C a v a l l i to ,  1 9 5 9 ). In  g e n e ra l ,  compounds w ith  a  h ig h  w a te r s o l u b i l i t y  

p o sse s s  low m uscu lar a c t i v i t y .  The re v e r s e  i s ,  how ever, n o t alw ays 

t r u e .  I t  seems t h a t  th e  m uscle r e la x a n t  a c t i v i t y  o f  v o l a t i l e  a n a e s th e t ic s  

does n o t p a r a l l e l  th e  o i l /w a te r  s o l u b i l i t y .  For exam ple, th e  o i l /w a te r  

s o l u b i l i t i e s  o f e th y l  v in y l  e th e r  and d iv in y l  e th e r  a re  15 tim e s  

g r e a te r  th a n  t h a t  o f  d ie th y l  e th e r ,  b u t th e y  p o sse s s  poor m uscle 

r e la x a n t  p r o p e r t i e s .  A lthough th e  o i l /w a te r  s o l u b i l i t i e s  o f  ch lo ro fo rm  

and h a lo th a n e  a re  30 tim e s  and 100 tim e s  g r e a te r  th a n  t h a t  o f  d i e th y l  

e th e r  r e s p e c t iv e ly ,  th e s e  compounds a re  e q u ip o te n t w ith  d i e th y l  e th e r  

w ith /
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w ith  r e s p e c t  to  m uscle r e la x a n t  p r o p e r t i e s .  A nother example i s  seen 

w ith  t r i f l u o r o e t h y l  v in y l  e th e r  which i s  a poor m uscle r e la x a n t  

a lth o u g h  i t s  o i l /w a te r  s o l u b i l i t y  r a t i o  i s  ap p ro x im ate ly  th e  same a s  

t h a t  o f  ch lo ro fo rm .

The p o te n t ia t in g  a c t io n s  o f  th e  compounds s tu d ie d  on th e  m uscle 

r e la x a n t  a c t io n  o f  tu b o c u ra r in e  appeared  to  be in d ep en d en t o f  t h e i r  

" d i r e c t " m uscle r e la x a n t  p r o p e r t i e s .  Thus e th y l  v in y l  e th e r ,  cy c lo 

propane and n i t r o u s  o x id e , v iiich  had no m uscle r e la x a n t  a c t io n s  when 

used  a lo n e , p o te n t ia te d  th e  a c t io n  o f  tu b o c u ra r in e . The a b i l i t y  o f 

c e r t a in  compounds, them se lv es w ith o u t any m uscle re la x em t p r o p e r t i e s ,  

to  i n t e n s i f y  th e  a c t io n  o f  tu b o c u ra r in e  and o th e r  neurom uscu lar 

b lo ck in g  ag en ts  h as  been a t t r i b u t e d  to  t h e i r  p r e f e r e n t i a l  a d so rp tio n  

a t  s i t e s  o f  l o s s ,  th e re b y  e n ab lin g  th e  a c t iv e  compounds to  g a in  e a s ie r  

a c c e ss  to  th e  a c t iv e  r e c e p to r  s i t e s .  In  t h i s  way, th e  d eg ree  o f  lo s s  

a t  in a c t iv e  r e c e p to r  s i t e s  by th e  p h a rm a co lo g ica lly  a c t iv e  compounds 

i s  m inim ised and th u s  th e  d rug  e f f e c t s  a re  i n t e n s i f i e d .  T his view 

has found ex p erim en ta l su p p o rt u s in g  hexafluo ren ium  in  com bination  

w ith  l i p o p h i l i c  su b s ta n c es  such as d ibenzy lam ine , d i e th y l  e th e r  and 

p e n to b a rb ito n e  ( C a v a l l i to ,  Arrowood and 0 * D ell, 1958 arid C a v a l l i to ,  

1959). The c h lo rh y d ra te  o f /3 -d ie th y la m in o e th y ld ip h e n y lp ro p y la c e ta te  

(SKF 525-A) a ls o  p o te n t i a t e s  th e  a c t io n  o f  décaméthonium , tu b o c u ra r in e  

and g a llam in e  by th e  same mechanism (B ovet, B o v e t- N it t i ,  B e t ts c h a r t  

a n d /
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and ScognÊLmiglio, 1956). However, i t  h as  been observed  t h a t  

a n a e s th e t ic  a g e n ts  such a s  d i e th y l  e th e r ,  ch lo ro fo rm  and h a lo th a n e  

in c re a s e  th e  po tassium  r e le a s e  from s k e l e t a l  m uscle p re p a ra t io n s  

(M ir, 1962) .  The p o te n t ia t in g  a c t io n  o f  s e v e ra l  o f  th e  compounds 

in v e s t ig a te d  in  t h i s  t h e s i s  on tu b o c u ra r in e , may be due to  a  h ig h  

lo c a l  c o n c e n tra tio n  o f  p o tassiu m  cau sin g  an in te n s e  and p e r s i s t e n t  

d e p o la r iz a t io n  s u f f i c i e n t  to  overcome th e  e f f e c t s  o f  th e  tu b o c u ra r in e . 

I t  may th e n  e x e r t  a d e p o la r iz in g  b lo ck  o f  i t s  own. I t  may a ls o  be 

th e  c ase  t h a t  th e  lo s s  o f  la r g e  q u a n t i t i e s  o f  p o tassium  from th e  

c e l l  may cause p a r a ly s i s  ( o r in a c t iv a t io n  ) o f  th e  c e l l u l a r  con

t r a c t i l e  m echanism. A f u r th e r  p o s s i b i l i t y  i s  t h a t  th e  p o tassiu m  

lo s s  induced  by th e s e  v o l a t i l e  su b s ta n c e s  may re n d e r  more e asy  th e  

a c c e ss  o f  tu b o c u ra r in e  to  th e  a c t iv e  r e c e p to r  s i t e s .

The r e s u l t s  o f  th e  p r e s e n t  in v e s t ig a t io n  a re  in co m p le te  and 

ex p erim en ts  a re  be ing  co n tin u ed  i n  an a tte m p t to  c o n tr ib u te  more 

in fo rm a tio n  on th e  mode o f  a c t io n  a t  th e  neurom uscular ju n c t io n  

o f  th e  compounds s tu d ie d .  I t  i s  th e r e f o re  d i f f i c u l t ,  w ith  th e  

l im i te d  in fo rm a tio n  a v a i la b le ,  to  say  much more.

I n v e s t ig a t io n s  a re  b e in g  co n tin u ed  i n  o rd e r  to  e s t im a te  

th e  c o n c e n tra t io n  o f  th e  v o l a t i l e  su b s ta n c e s  in  th e  b lood a t  

v a r io u s /



332,

v a r io u s  tim e  in te r v a l s  d u rin g  th e  a d m in is tr a t io n  o f  th e  vapours i n  

oxygen# By c o r r e la t in g  th e  b lood c o n c e n tra tio n  o f  th e s e  su b s ta n c e s  

w ith  th e  neurom uscular b lo ck in g  a c t i v i t y  i t  i s  hoped to  d e f in e  more 

c le a r ly  t h e i r  a c t io n s .
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T h is  t h e s i s  d e s c r ib e s  an i n v e s t i g a t i o n  o f  th e  p h a rm a co lo g ica l 

p r o p e r t i e s  o f  a  s e r i e s  o f  th io n a p h th e n  compounds and th e  e f f e c t s  o f  

c e r t a i n  v o l a t i l e  su b s ta n c e s  on th e  m uscle  r e l a x a n t  a c t io n s  o f  tu b o c u r a r in e .

The th io n a p h th e n  compounds a re  th e  i s o s t e r e s  o f  gram ine and i t s  

an a lo g u es  d i f f e r i n g  i n  th e  rep la ce m e n t o f  -NH- by a  su lp h u r  atom .

These compounds f a l l  l o g i c a l l y  in to  f o u r  g ro u p s :-  

Group A. G ra m in e -lik e  i s o s t e r e s .

Group B. Q u a te rn a ry  g ra m in e - lik e  i s o s t e r e s .

Group C. I s o s t e r e s  o f  5 -h y d ro x y iso try p ta m in e .

Group D. 5-a m in o - is o g ra m in e - l ik e  i s o s t e r e s .

The work was u n d e rta k e n  to  i n v e s t i g a t e  w hether o r  n o t  th e  th io n a p h th e i 

compounds were more o r  l e s s  s p e c i f i c  i n  t h e i r  a c t io n s  th a n  th e  corresponding  

in d o le  compounds a s  t h i s  in fo rm a tio n  m igh t be u sed  to  o b ta in  f u r t h e r  

in fo rm a tio n  on th e  e x is te n c e ,  o r  o th e rw is e , o f  s p e c i f i c  r e c e p to r s  f o r  

th e  in d o le  d e r i v a t i v e s .

E x p e rim e n ts /
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E xperim en ts were c a r r i e d  o u t u s in g  i s o l a t e d  smooth m uscle 

p r e p a r a t io n s  and i n t a c t  an im als*  An a d d i t i o n a l  s tu d y  was a l s o  made 

u s in g  AriSns* te c h n iq u e .

E x p e rim e n ta l ev id en ce  su g g e s ts  t h a t  th e  th io n a p h th e n  compounds 

in v e s t ig a te d  were u n s e le c t iv e  in  t h e i r  p h a rm a c o lo g ic a l a c t io n s  and 

many o f  them n o t o n ly  a n ta g o n iz e d  5 -h y d ro x y try p ta m in e , h is ta m in e  and 

a c e ty lc h o l in e  on th e  i s o l a t e d  g u in ea  p ig  ileum  b u t a t  h ig h e r  concen

t r a t i o n s ,  th e y  th em se lv e s  e x h ib i te d  a  s t im u la n t  a c t io n  on t h i s  t i s s u e .  

T h is s t im u la n t  re s p o n se  was p a r t l y  o r  c o m p le te ly  a n ta g o n iz e d  by ly s e r g ic -  

a c id  d ie th y la m id e , a t r o p in e  and m epyram ine. In  c o n t r a s t  to  th e  a n t i -  

5 -h y d ro x y try p ta m in e  p r o p e r t i e s  on th e  i s o l a t e d  g u in ea  p ig  ile u m , r a t  

u t e r u s  and i s o l a t e d  p e rfu s e d  r a t  h e a d q u a r te r s ,  many o f  th e  th io n a p h th e n  

compounds p o te n t i a t e d  th e  a c t io n s  o f  5 -h y d ro x y try p tam in e  on th e  i s o l a t e d  

r a t  fundus s t r i p .  The g ra m in e - l ik e  i s o s t e r e s  (Group A) red u ced  th e  

b lood  p re s s u re  l e v e l  o f  th e  a n a e s th e t iz e d  c a t  o r  r a t  w hereas th e  

q u a te rn a ry  s a l t s  o f  th e  g ra m in e - lik e  i s o s t e r e s ,  th e  i s o s t e r e s  o f  5 -  

h y d ro x y iso try p ta m in e  and th e  $ -a m in o - is o g ra m in e - lik e  i s o s t e r e s  (G roups 

B, C and D) caused  no change, o r a  r i s e  i n  th e  b lood  p r e s s u r e  l e v e l .

None o f  th e  compounds in v e s t ig a te d  in f lu e n c e d  th e  p r e s s o r  re sp o n se  t o  

a d re n a l in e  o r  n o r a d r e n a l in e .  On th e  o th e r  hand , many o f  th e  compounds 

a n ta g o n iz e d  th e  v a s o c o n s t r ic t io n  caused  by  a d re n a l in e ,  n o ra d re n a l in e  

o r  5 -h y d ro x y try p ta m in e  on th e  i s o l a t e d  p e rfu s e d  r a t  h in d q u a r te r s .  The
II

r e s u l t s  o b ta in e d  u s in g  A riens* e x p e r im e n ta l p ro ced u re  in d ic a te d  t h a t  

many/
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many o f  th e  compounds e x h ib i te d  a  p u r e ly  n o n -c o m p e tit iv e  an tagon ism  

to  5 -h y d ro x y try p tam in e*

From th e  d a ta  p re s e n te d ,  i t  was concluded  t h a t  th e  a p p l i c a t io n  

o f  th e  co n cep t o f  b io is o s te r i s m  w ith  r e s p e c t  to  th e  th io n a p h th e n  

compounds s tu d ie d  h a s  f a i l e d  t o  p roduce  d e r iv a t iv e s  o f  s im i la r  b io lo g ic a l  

a c t i v i t y  and a ls o  i n d ic a t e s  t h a t  th e  th io n a p h th e n  compounds i n v e s t ig a te d  

i n  t h i s  t h e s i s  w ere u n s e le c t iv e  i n  t h e i r  p h a rm a c o lo g ic a l a c t io n s  when 

compared to  th e  r e l a t e d  in d o l i c  compounds.

S tu d ie s  o f  th e  e f f e c t s  o f  a  group  o f  v o l a t i l e  l i q u i d  a n a e s th e t i c s  

and o f  n i t r o u s  o x id e  upon th e  m uscle  r e l a x a n t  a c t io n s  o f  tu b o c u ra r in e  

were made u s in g  th e  s p in a l  c a t .  A known c o n c e n tr a t io n  o f  th e  vapour 

i n  oxygen was a d m in is te re d  to  th e  an im al and th e  e f f e c t  on th e  h e ig h t  

o f  c o n tr a c t io n  o f  th e  g a s tro cn e m iu s  m uscle  b o th  i n  th e  absence  and i n  

th e  p re se n c e  o f  tu b o c u ra r in e  was o b se rv e d .

I t  was concluded  t h a t ,  w ith  th e  e x c e p tio n  o f  t e t r a h y d r o f u r a n  

and e th y le n e  g ly c o l  d im e th y l e th e r ,  a l l  th e  compounds p o te n t i a t e d  th e  

n eu ro m u scu la r b lo ck  produced  by tu b o c u r a r in e .  Some e x h ib i te d  a  m uscle 

r e la x a n t  a c t io n  th e m se lv e s . D i- is o p ro p y l  e th e r  was th e  m ost p o te n t  

i n  t h i s  r e s p e c t .  The p o te n t i a t in g  a c t io n  on tu b o c u ra r in e  was 

in d ep e n d en t o f  th e  m uscle r e la x a n t  a c t i o n .  Thus, a lth o u g h  th e  h a lo g e n a te d  

h y d ro ca rb o n s s l i g h t l y  in c re a s e d  th e  m agn itude  o f  th e  m u scu la r c o n tr a c t io n ,  

th e y  p o te n t i a t e d  th e  n eu ro m u scu lar b lo c k  p roduced  by tu b o c u r a r in e .  The 

p o te n t i a t in g  a c t io n  was n o t  c o n s id e re d  to  be due to  th e  p re s e n c e  o f  

th e  e th e r  oxygen l i n k  o r  r e l a t e d  to  th e  o i l / w a t e r  s o l u b i l i t y  r a t i o .  The 

e f f e c t /
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e f f e c t  can m ost l o g i c a l l y  be a t t r i b u t e d  to  t h e i r  p r e f e r e n t i a l  

a d s o r p t io n  a t  s i t e s  o f  l o s s  th u s  e n a b lin g  tu b o c u ra r in e  t o  g a in  

g r e a t e r  a c c e s s  to  th e  a c t iv e  r e c e p to r  s i t e s .  I t  was a l s o  su g g e s te d  

t h a t  th e  l o s s  o f  i n t r a c e l l u l a r  p o ta ss iu m  m igh t be a  c o n t r ib u t in g  

f a c t o r .


