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ABSTRACT 

The e f f e c t s of sympathomimetic agonis ts and t h e i r an tagon is ts 

have been s tud ied i n the r a t , u s i n g both conscious animals and an 

i s o l a t e d stomach- p r e p a r a t i o n . Sympathomimetics have been repor ted 

to i n h i b i t g a s t r i c ac id s e c r e t i o n i n v i vo but i t i s not known i f 

t h e i r i n h i b i t o r y e f f e c t i s due to a d i r e c t a c t i o n on the g a s t r i c 

mucosa. 

P e n t a g a s t r i n - s t i m u l a t e d ac id s e c r e t i o n was i n h i b i t e d by 

i s o p r e n a l i n e i n the Heidenhain pouch r a t . Th is i n h i b i t i o n was 

antagonised by p r o p r a n o l o l , p r a c t o l o l (a ^ - s e l e c t i v e adrenoceptor 

a n t a g o n i s t ) and butoxamine ( ^ - s e l e c t i v e ) . The acid response to 

p e n t a g a s t r i n was u n a f f e c t e d by p r a c t o l o l and butoxamine but was 

p o t e n t i a t e d by p r o p r a n o l o l . Th is con f i rms and extends o ther f i n d i n g s 

i n the conscious r a t and dog. 

In the r a t i s o l a t e d stomach, ^ -adrenoceptor agonis ts 

( i s o p r e n a l i n e , salmefamol and sa lbu tamo l ) and no rad rena l i ne s t i m u l a t e d 

ac id s e c r e t i o n i n a c o n c e n t r a t i o n dependent manner. Th is s t i m u l a t i n g 

e f f e c t was i n h i b i t e d by the n o n - s e l e c t i v e g-adrenoceptor an tagon is ts 

p r o p r a n o l o l , t i m o l o l and p i n d o l o l . P r a c t o l o l and butoxamine antagonised 

the e f f e c t of no rad rena l i ne but had no e f f e c t on i s o p r e n a l i n e or 

salmefamol s t i m u l a t e d ac id s e c r e t i o n . Metiamide and a t r o p i n e , a t 

concen t ra t i ons which i n h i b i t r e s p e c t i v e l y , h i s tamine- and bethanechol -

s t imu la ted s e c r e t i o n i n t h i s p repara t ions had no e f f e c t on the a c t i o n 

of i s o p r e n a l i n e or sa lmefamol . 

The a -adrenocep to r agon is ts pheny lephr ine and methoxamine had 

no e f f e c t on ac id s e c r e t i o n . P e n t a g a s t r i n - and be thanecho l - s t imu la ted 

s e c r e t i o n were a lso u n a f f e c t e d by pheny leph r i ne , suggest ing t h a t 

a -ad renocep to rs are not d i r e c t l y invo lved i n the r e g u l a t i o n of ac id 

s e c r e t i o n i n the r a t i s o l a t e d stomach. 



These r e s u l t s suggest t h a t the r a t i s o l a t e d stomach conta ins 

g-adrenoceptors which,when a c t i v a t e d , lead to ac id s e c r e t i o n by a 

mechanism independent of c h o l i n e r g i c or h is tamine ^ - r e c e p t o r s . Th is 

f u r t h e r suggests t h a t the i n h i b i t o r y e f f e c t of 3-adrenoceptor 

agonis ts i n v i v o must be an i n d i r e c t a c t i o n mediated by some o ther 

agent capable of i n h i b i t i n g the d i r e c t e f f e c t of ^ -adrenoceptor 

agon is ts i n the stomach. 
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CHAPTER 1 

INTRODUCTION: THE CONTROL OF ACID SECRETION 



The r e g u l a t i o n of g a s t r i c ac id s e c r e t i o n i s one o f the most 

complex p h y s i o l o g i c a l processes i n the body. The c o n t r o l o f ac id 

s e c r e t i o n i s mediated by chemical messengers which a r r i v e a t the 

t a r g e t , t he p a r i e t a l c e l l , by one of t h r e e modes: n e u r o c r i n e , 

p a r a c r i n e or e n d o c r i n e . N e u r o c r i n e t r a n s m i s s i o n spans the very 
evA.ro e f-f e c W 

s h o r t d i s t a n c e o f the ^ A C ^ I O and n e u r o c r i n e e f f e c t s can 

d i r e c t l y a c t i v a t e the p a r i e t a l c e l l t o sec re te ac id by re l ease o f 

a c e t y l c h o l i n e f r o m p o s t g a n g l i o n i c f i b r e s . P a r a c r i n e t r a n s m i s s i o n 

occurs by d i f f u s i o n o f t he chemical messenger th rough the i n t e r -

c e l l u l a r space . f rom t h e c e l l o f o r i g i n t o i t s t a r g e t . The concept 

o f p a r a c r i n e s e c r e t i o n and i t s r o l e i n ac id s e c r e t i o n remains 

h y p o t h e t i c a l , bu t t h e r e i s l i t t l e doubt t h a t l o c a l l y secre ted 

h i s tam ine has a ma jo r e f f e c t on p a r i e t a l c e l l f u n c t i o n . Endocr ine 

t r a n s m i s s i o n occurs v i a t h e c i r c u l a t i o n . G a s t r i n i s the on ly 

hormone known to s t i m u l a t e the p a r i e t a l c e l l under p h y s i o l o g i c a l 

c o n d i t i o n s . Thus , the t h r e e ma jo r secretagogues which are g e n e r a l l y 

regarded as being o f p h y s i o l o g i c a l impor tance are h i s t a m i n e , g a s t r i n 

and a c e t y l c h o l i n e . These secre tagogues have been shown to be 

e f f e c t i v e i n both i n v i t r o and i n v i v o s tud ies i n many s p e c i e s , 

i n c l u d i n g man. 

1.1 H is tamine 

H is tamine i s p r e s e n t i n l a r g e q u a n t i t i e s i n mammalian and 

human g a s t r i c mucosa ( T r o i d l , 1975 ) . I t appeared i n the upper g a s t r o -

i n t e s t i n a l t r a c t a t t he same p o i n t i n the p h y l o g e n e t i c t r e e t h a t 

the a b i l i t y t o s e c r e t e ac i d was acqu i red ( R e i t e , 1972) . E a r l y s t u d i e s 

on h i s t a m i n e showed i t t o be a p o t e n t s t i m u l a n t o f ac id s e c r e t i o n 

(Keeton e t a l . ,1920; P o p i e l s k i , 19.20) and subsequent s t u d i e s have 

shown t h a t h i s t a m i n e acts a t W^ recep to r s i n t he g a s t r i c mucosa 

(B lack e t a l . , 1972 ) . There i s , however , some disagreement 
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concerning the c e l l u l a r l o c a l i s a t i o n of h i s tamine . In man, 

r a b b i t , c a t , dog, p ig and hamster , Hakanson and co-workers 

(1969, 1970) repor ted t h a t g a s t r i c mucosal h is tamine was s to red on l y 

i n mast c e l l s . G a s t r i c h i s t a m i n o c y t e s , a l though m o r p h o l o g i c a l l y 

i n d i s t i n g u i s h a b l e f rom mast c e l l s seem to be p h y s i o l o g i c a l l y 

d i s t i n c t f rom p e r i v a s c u l a r mast c e l l s . Pe r i vascu la r mast c e l l 

h is tamine but not g a s t r i c mucosal h is tamine i s re leased by compound 

48/80 and by a n t i g e n - a n t i b o d y reac t i ons (Lorenz e t a l . , 1 9 6 9 ) . I n 

the r a t and the mouse the m a j o r i t y of the h is tamine i n the g a s t r i c 

mucosa i s found a t the base of t he g a s t r i c glands (Thunberg, 1967; 

Kim and G l i c k 1968; Hakanson 1970) . Hakanson (1970) repor ted t h a t 

i n the r a t h is tamine i s p resen t i n e n t e r o c h r o m a f f i n - l i k e c e l l s 

a l though P e n t i l l a and Hinoven ( 1 9 6 9 ) claimed t h a t the h is tamine was 

s to red i n b a s a l l y loca ted p a r i e t a l c e l l s . 

1.2 G a s t r i n 

Gas t r i n i s the pep t i de hormone most c l e a r l y i d e n t i f i e d as an 

impor tan t s t i m u l a n t of g a s t r i c ac id s e c r e t i o n . The p r i n c i p a l 

source of g a s t r i n i s the mucosa of the p y l o r i c gland area. G a s t r i n 

i s apparen t l y synthes ised by the G - c e l l s which are most abundant i n 

the m i d - p o r t i o n o f the p y l o r i c g lands,and can be i d e n t i f i e d by 

immuno-histochemical techniques as we l l as by t h e i r t y p i c a l 

appearance i n e l e c t r o n m ic roscopy . (So l c i a e t al. , 1975) . G - c e l l s 

show cy top lasmic g r a n u l e s , i n which the hormone a l ready formed i s 

s to red and then re leased upon s t i m u l a t i o n . The two main b i o l o g i c a l l y 

a c t i v e forms of g a s t r i n i n the p y l o r i c gland mucosa' are l i t t l e 

g a s t r i n and b ig g a s t r i n (Walsh 1977) . The potency of G-17 i s s i x 

to e i g h t t imes t h a t of G-34 and i t seems t h a t G-17 i s the p r i n c i p a l 

b i o l o g i c a l l y a c t i v e fo rm of g a s t r i n i n the c i r c u l a t i o n . Both G-17 
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and G-34 e x i s t i n su lphated and non-sulphated forms but su l pha t i on 

does not a f f e c t ac id s t i m u l a t i n g a c t i v i t y . A l l mechanisms of 

g a s t r i n re lease appear to opera te through chemicals which act 

d i r e c t l y on G - c e l l s , such as pept ides and amino acids i n contact 

w i t h the g a s t r i c mucosa. The s p e c i f i c amino acids t ha t are the 

most po ten t g a s t r i n r e l ease rs are t r yp tophan and pheny la lan ine and 

these amino ac ids are the most po ten t s t imu lan ts of ac id s e c r e t i o n 

(Byrne e t a l . ,1977) . There i s evidence however t h a t c e r t a i n amino 

acids have ac id s t i m u l a t i n g e f f e c t s independent of c i r c u l a t i n g 

g a s t r i n l e v e l s . 

G a s t r i n re lease i s suppressed by a c i d i f i c a t i o n o f the cen t ra l 

mucosa, an apparent example of a nega t i ve feedback r e l a t i o n s h i p 

between g a s t r i n re lease and g a s t r i c ac id s e c r e t i o n . Conversely 

h y p o c h l o r h y d r i a o r a c h l o r h y d r i a have been assoc iated w i t h e l e v a t i o n 

of the f a s t i n g g a s t r i n l eve l and increased capac i t y t o re lease 

g a s t r i n i n response to s t i m u l i such as f ood . 

1.3 A c e t y l c h o l i n e 

Vagal re lease of g a s t r i n i s mediated by a c e t y l c h o l i n e , the 

t h i r d major secre tagogue, which i s re leased by the pos tsynap t i c 

nerve endings of the parasympathe t i c nervous system i n the g a s t r i c 

mucosa. The nerves t h a t i n n e r v a t e the g a s t r i c glands are pos t -

g a n g l i o n i c f i b r e s t h a t o r i g i n a t e i n gang l i a located i n submucosal 

and muscular l aye rs of the stomach. The neuronal path can be 

a c t i v a t e d both by vagal e f f e r e n t f i b r e s and by loca l r e f l e x arcs 

w i t h i n the wa l l of the stomach (Grossman 1967, 1978) . Thus the 

c h o l i n e r g i c i n t r a m u r a l or vago-vagal r e f l e x e s both re lease 

a c e t y l c h o l i n e which e i t h e r d i r e c t l y s t imu la tes the p a r i e t a l c e l l s , 

or s t i m u l a t e s the G - c e l l s t o re lease g a s t r i n . The e f f e c t s mediated 
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by the vagal e f f e r e n t s and l o c a l r e f l e x arcs are i n h i b i t e d by 

muscar in ic c h o l i n e r g i c an tagon i s t s such as a t r o p i n e . The view 

t h a t the p o s t g a n g l i o n i c neuronal pathway u t i l i s e s c h o l i n e r g i c 

t r a n s m i t t e r s i s supported by r e p o r t s t h a t exogenous cho l inomimet i c 

drugs produce the same maximal response i n l a b o r a t o r y animals as 

vagal s t i m u l a t i o n , g a s t r i n o r h i s t am ine . In man»however*there i s 

a sma l le r response to cho l i nomimet i cs (Roland et a l . , 1975). 

These observa t ions i n man may r e f l e c t c h o l i n e r g i c i n h i b i t o r y 

pathways or n o n - c h o l i n e r g i c vagal e f f e r e n t f i b r e s . 

Vagal re lease of g a s t r i n i n man a lso appears to be less 

impor tan t than i n o ther species ( e . g . dogs and r a t s ) . In the 

dog vagal e x c i t a t i o n by sham feed ing or i n s u l i n 

causes re lease of g a s t r i n t h a t i s abol ished by vagotomy and 

blocked by a t r o p i n e (Tepperman e t a l . , 1972', Csendes e t a l . , 

1972). Also i n the dog, t o p i c a l a p p l i c a t i o n of a c e t y l c h o l i n e 

to the a n t r a l mucosa s t i m u l a t e s g a s t r i n re lease (Robertson et a l . , 

1950) but systemic a d m i n i s t r a t i o n of cho l inomimet ics i s on ly 

weakly e f f e c t i v e ( S j o d i n and Nelson 1973). In man, the ex is tence 

of a c h o l i n e r g i c mechanism f o r g a s t r i n re lease has not y e t been 

e s t a b l i s h e d , e i t h e r by showing t h a t cho l inomimet ics re lease g a s t r i n 

or by showing t h a t a t r o p i n e b locks some forms of g a s t r i n r e l ease . 

In f a c t a t r o p i n e , i n man, enhances r a t h e r than i n h i b i t s g a s t r i n 

re lease i n response to f eed ing and i n s u l i n , even when i n t r a g a s t r i c 

pH i s kept a t a constant l e v e l . The serum g a s t r i n response to 

i n s u l i n hypoglycaemia i n humans i s mainta ined a f t e r vagotomy 

(Chr is tensen e t a l . , 1 9 7 6 ) , and t h e r e i s evidence t h a t t h i s form of 

g a s t r i n re lease i s mediated by c i r c u l a t i n g ad rena l i ne (Chr is tensen 

and S t a d i l 1976) . The ques t i on remains as to whether the vagal 

re lease of g a s t r i n i n man i s n o n - c h o l i n e r g i c or c h o l i n e r g i c , but 

a t r o p i n e r e s i s t a n t . 
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1.4 Other Poss ib le P h y s i o l o g i c a l Regulatory Agents 

There are numerous endogenous agents which have been f o u n d , 

under exper imenta l c o n d i t i o n s , to i n h i b i t ac id s e c r e t i o n i n va r i ous 

spec ies . Those t h a t a re p r e s e n t w i t h i n the g a s t r i c mucosa may a c t 

as p a r a c r i n e messengers whereas o the r agents which are re leased i n t o 

the blood stream f r o m o the r areas o f the g a s t r o i n t e s t i n a l t r a c t 

such as the duodenum would a c t as endocr ine messengers. P o t e n t i a l 

i n h i b i t o r s t h a t have been found i n g a s t r i c mucosa are somatos ta t i n 

( K o n t u r e k , 1976,* Pearse e t a l . , 1977 ) , the p ros tag land ins ( R o b e r t , 

1976; Main and W h i t t l e l 9 7 6 ) , g lucagon (Pearse e t a l , 1977, Konturek 

e t a l . ,1975) , dopamine ( V a l e n z u e l a , 1976) , and 5HT ( J a f f e e t a l . , 

1977) . 

Vasoact ive i n t e s t i n a l pep t i de (VIP) has been l o c a l i s e d to 
/ 

nerve t e r m i n a l s i n the g a s t r i c mucosa and has been proposed as a 

p o t e n t i a l i n h i b i t o r y n e u r o t r a n s m i t t e r w i t h neu roc r i ne ac t ions 

(Pearse e t a l . , 1 9 7 7 ) . 

The presence o f f a t i n the duodenum has been shown to i n h i b i t 

ac id s e c r e t i o n i n man. Th i s f a t - i n d u c e d i n h i b i t i o n o f g a s t r i c 

s e c r e t i o n i s u s u a l l y regarded as an endocr ine mechanism s ince t h i s 

can be e l i c i t e d in vaga l ly -dene rva ted canine pouches. There are 

severa l l i k e l y candidates f o r t h i s f u n c t i o n . Somatos ta t in ( K o n t u r e k , 

1976) , 5HT ( J a f f e e t a ! . , 1 9 7 7 ) and GIP (Pedersen e t a l . , 1 9 7 2 ) have 

a l l been proposed as med ia to rs of f a t induced i n h i b i t i o n o f ac id 

s e c r e t i o n . Neuro tens in has a lso been shown to be re leased by o l e i c 

ac id f r om the duodenum i n man ( K i h l e t al . , 1980) . CCK has been shown 

to be re leased by f a t i n the duodenum, but t h i s hormone cannot be 

s o l e l y r e s p o n s i b l e f o r i n h i b i t i o n by f a t » s i n c e f a t i n the duodenum 

i n h i b i t s the Heidenhain pouch response to h i s t a m i n e , an e f f e c t 

which cannot be reproduced by CCK (Kon tu rek , 1979) . 
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Several of these pept ides present i n the gut a l s o i n h i b i t 

g a s t r i n r e l e a s e . Soma tos ta t i n , which i s present i n the p y l o r i c 

mucosa has been shown to be a po ten t i n h i b i t o r of g a s t r i n re lease 

(Vat n et a l . , 1977; Phi l i p e t a l . , 1 9 7 7 ) . I t i s thought t ha t i t 

may mediate g a s t r i n r e l e a s e by a loca l a c t i o n on g a s t r i n c e l l s . 

G a s t r i n s e c r e t i n g (G) c e l l s and somatos ta t i n s e c r e t i n g (D) c e l l s 

are loca ted i n a n t r a l mucosa at v a r i a b l e d istances f rom each o the r 

i n d i f f e r e n t species (Alumets et a l . , 1977s He l s t aed le r et a l . , 1 9 7 7 ; 

Larsson e t a l . , 1 9 7 9 ) . In r a t and man somatos ta t in s e c r e t i n g c e l l s 

extend d e n d r i t i c l i k e cy top lasmic processes t h a t are i n c lose 

appos i t i on w i t h g a s t r i n s e c r e t i n g c e l l s (Larsson et a l . ,1979) . 

S a f f o u r i and co workers (1980) have hypothesised t h a t endogenous 

g a s t r i c somatos ta t i n s e c r e t i o n exe r t s a cont inuous r e s t r a i n t on 

basal g a s t r i c s e c r e t i o n and t h a t s t i m u l a t i o n of g a s t r i n s e c r e t i o n 

by c h o l i n e r g i c agents i s mediated, i n p a r t , by i n h i b i t i o n of 

soma tos ta t i n . 

In c o n c l u s i o n , the obse rva t i on t h a t the s e c r e t i o n o f ac id 

increases a f t e r food i n g e s t i o n and is v i r t u a l l y abo l i shed dur ing 

the i n t e r d i g e s t i v e pe r i od forms a basis f o r the theory t h a t g a s t r i c 

s e c r e t i o n depends on the i n t e r p l a y o f many s t i m u l a t o r y i n f l u e n c e s 

which a r i s e w i t h i n the c e n t r a l nervous system, the stomach and the 

i n t e s t i n e s , a n d t h a t i n h i b i t o r y and s t i m u l a t o r y processes occur and 

i n t e r a c t c o n t i n u o u s l y . 

1.5 Interdependence o f the Ac t ions of Secretagogues 

The r e l a t i o n s h i p between h is tamine and the o ther two 

secretagogues has been of i n t e r e s t to g a s t r o e n t e r o l o g i e s f o r 

many years and the i n t e r a c t i o n of these secretagogues i s s t i l l 
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a c o n t r o v e r s i a l t o p i c . For many years the main obs tac le t o 

i n v e s t i g a t i o n of t h i s problem was the lack of a s p e c i f i c an tagon i s t 

of the e f f e c t of h is tamine on g a s t r i c s e c r e t i o n . The d iscovery 

t h a t t h i s e f f e c t was mediated v i a a second type of h is tamine 

r e c e p t o r , the H^ r e c e p t o r , and the development of s p e c i f i c h^ 

an tagon is ts such as c i m e t i d i n e (Brimblecombe e t a l . , 1 9 7 5 ) gave 

i n v e s t i g a t o r s a too l w i t h which t o s tudy the r o l e o f h is tamine i n 

g a s t r i c s e c r e t i o n . No s p e c i f i c g a s t r i n an tagon is t has been 

developed,which a lso h inde rs the study of secretagogue i n t e r -

dependence. 

W^ an tagon is t s can b lock h i s tamine s t imu la ted g a s t r i c 

s e c r e t i o n i n a l l species s t u d i e d i n c l u d i n g man (Brimblecombe and 

Parsons, 1977) . However, the s e c r e t o r y response to g a s t r i n i s 

a lso e f f e c t i v e l y blocked by H2 a n t a g o n i s t s , as are a l l o ther 

sec re to r y s t i m u l a n t s i n v i v o , such as s t a b l e cho l i ne e s t e r s , 

2-deoxyglucose and food . Since c i m e t i d i n e i s a s p e c i f i c an tagon i s t 

a t H£ recep to rs the r o l e o f h i s tam ine i n g a s t r i c s e c r e t i o n i s 

c l e a r l y i m p o r t a n t . 

Two major t h e o r i e s have been proposed to e x p l a i n the r o l e 

of h is tamine i n secretagogue i n t e r a c t i o n s . Code (1965) , among 

o t h e r s , proposed the "common media tor hypothes is" based on t h a t 

i n i t i a l l y put fo reward by Mcintosh (1938) . This claims t ha t 

secretagogues, o the r than h i s tam ine i t s e l f , do no t act d i r e c t l y 

on the p a r i e t a l c e l l but v i a the re lease of endogenous h i s t a m i n e . 

Observat ions such as those on the re lease o f h is tamine i n t o the 

g a s t r i c j u i c e du r i ng vagal s t i m u l a t i o n (Mc in tosh , 1938) and 

h is tamine tu rnove r s t ud ies (Kahlson e t a l , 1964') culminated i n 

t h i s h y p o t h e s i s . This t heo ry does n o t , however, e x p l a i n why 

metiamide i s unable to i n h i b i t a c e t y l c h o l i n e induced acid 
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s e c r e t i o n i n v i t r o (Bunce e t a l , 1976) , a l though the responses t o 

h is tamine and g a s t r i n are i n h i b i t e d . Rangachari (1979) , using the 

i s o l a t e d p r imate g a s t r i c mucosa, has conf i rmed t h a t the s e c r e t o r y 

responses to h is tamine and p e n t a g a s t r i n are i n h i b i t e d by metiamide 

but t h a t those t o a c e t y l c h o l i n e are r e s i s t a n t . Th is would suggest 

t ha t t he re are W^ and a c e t y l c h o l i n e recep to rs on the p a r i e t a l c e l l , 

but t h a t g a s t r i n acts i n d i r e c t l y v i a endogenous h i s tamine . 

In an a t tempt to demonstrate separate recep to rs f o r the t h r e e 

major secretagogues on the p a r i e t a l c e l l the i s o l a t e d p a r i e t a l 

c e l l and i s o l a t e d g a s t r i c g land p repa ra t i ons were developed ( S o i l . , 

1978, Be rg l i ndh 1979). G a s t r i c ac id s e c r e t i o n cannot be measured 

d i r e c t l y i n these p r e p a r a t i o n s as f o r i n v i t r o and i n v i v o 

p r e p a r a t i o n s , however the r a t e o f oxygen consumption and the 

accumulat ion o f the weak base aminopyr ine by the c e l l s were cons idered 

to r e f l e c t p a r i e t a l c e l l f u n c t i o n . Whi le these p repara t i ons have 

an advantage over ijri v i v o and i_n v i t r o s tud ies i n t h a t drugs have 

d i r e c t access to r e c e p t o r s , the i n t e r p r e t a t i o n o f r e s u l t s must be 

made w i t h two r e s e r v a t i o n s . F i r s t l y , the i s o l a t e d p a r i e t a l c e l l 

i s f a r removed f rom i t s normal r e g u l a t o r y phys io l og i ca l env i ronment . 

Secondly , the s e p a r a t i o n procedures requ i red may a l t e r or des t roy 

r e c e p t o r s . The v a l i d i t y o f us ing aminopyr ine uptake as a d i r e c t 

measure o f ac id s e c r e t i o n has a l s o been quest ioned s ince the 

p a r i e t a l c e l l may become s a t u r a t e d w i t h aminopyr ine a t a p o i n t where 

maximum s e c r e t o r y capac i t y has not been reached. However, i s o l a t e d 

p a r i e t a l c e l l s tud ies have been h e l p f u l i n the i n v e s t i g a t i o n o f 

secretagogue i n t e r a c t i o n . 
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Recent ly So i l ( 1978 ) , using i s o l a t e d canine p a r i e t a l c e l l s 

has demonstrated a response to g a s t r i n t ha t i s r e f r a c t o r y to 

i n h i b i t i o n by H2 r ecep to r an tagon i s t s ,and Parsons e t a1»(1980) 

have prov ided evidence f o r a small but s i g n i f i c a n t p a r t of the 

s e c r e t o r y response to g a s t r i n which is independent of an 

invo lvement of h i s tam ine . Grossman and Konturek (1974) proposed 

a second theory known as the " i n t e r a c t i n g recep to r hypothes is" 

which suggests t h a t h i s t a m i n e , g a s t r i n and c h o l i n e r g i c agents each 

act d i r e c t l y on s p e c i f i c r ecep to r s a t the p a r i e t a l c e l l i t s e l f . 

So i l (1978) has demonstrated t h a t d i s t i n c t recep to rs f o r h i s t a m i n e , 

a c e t y l c h o l i n e and g a s t r i n e x i s t on the i s o l a t e d canine p a r i e t a l c e l l s 

and t h a t p o t e n t i a t i n g i n t e r a c t i o n s occur between h is tamine and 

a c e t y l c h o l i n e , h is tamine and g a s t r i n , but not between a c e t y l c h o l i n e 

and g a s t r i n . He has m o d i f i e d Grossman's hypothes is and suggests 

t ha t the constant t h resho ld background o f h is tamine i n v i vo serves 

to p o t e n t i a t e the e f f e c t o f the o ther two secretagogues. The 

apparent n o n - s p e c i f i c i t y of H2 b lockers i n v ivo is exp la ined by 

the a b o l i t i o n o f the p o t e n t i a t i n g e f f e c t s of h is tamine on g a s t r i n 

or a c e t y l c h o l i n e . 

Al though the re i s , i n ba lance , more f a v o u r a b l e evidence f o r 

separate recep to rs f o r h i s tam ine and a c e t y l c h o l i n e and probably 

g a s t r i n the con t roversy s t i l l remains unreso lved. 

1.6 I n t r a c e l l u l a r Media tors of Secretagogue Ac t i on 

There i s s t rong evidence t h a t c y c l i c 3 '5 ' adenosine 

monophosphate (cAMP) i s an i n t r a c e l l u l a r mediator of g a s t r i c ac id 

s e c r e t i o n i n amphibian g a s t r i c mucosa. Nakajima and co workers (1971) 

found t h a t p e n t a g a s t r i n and h is tamine were s t i m u l a t o r s of adeny la te 

cyc lase . Exogenously app l i ed cAMP was found to s t i m u l a t e H+ and Cl" 
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t r a n s p o r t ( H a r r i s and Alonso 1965) . Furthermore phosphodiesterase 

i n h i b i t o r s such as methyl xan th ines produced an inc rease i n the 

mucosal content of cAMP which preceded the s e c r e t o r y response. 

( H a r r i e s e t a l . , 1969) . 

In the mammal the re i s c o n f l i c t i n g evidence as to the 

involvement of cAMP i n the r e g u l a t i o n of ac id s e c r e t i o n . Studies 

i n v i vo have shown t h a t , i n the r a t , s t i m u l a t i o n by p e n t a g a s t r i n , 

h is tamine or c h o l i n e r g i c agents i s accompanied by an increase i n 

mucosal cAMP content (Ruo f f and Sewing 1973, 1974; Domsthke e t al •» 

1972) . In the dog, i n v i v o , t h e r e have been . repor ts t h a t none of 

the major secretagogues s t i m u l a t e g a s t r i c mucosal cAMP (Mao e t a l . , 

(1973; Tague e t a l . , 1977) . However, Bieck e t a 1., (1973) have 

found t h a t h is tamine d id i n c r e a s e the cAMP content o f canine g a s t r i c 

mucosa. The i n t e r p r e t a t i o n of i n v i v o s tud ies on cAMP l e v e l s has 

r e c e n t l y been quest ioned by Ruof f (1977) who repor ted a rap id 

postmortem r i s e i n g a s t r i c mucosal cAMP i n the r a t . This was 

blocked by p r o p r a n o l o l . Adrenalectomy prevented the post mortem 

r i s e i n cAMP, t h e r e f o r e i t seems l i k e l y t h a t , i n v i v o , c i r c u l a t i n g 

ad rena l i ne can cause a r i s e i n g a s t r i c mucosal cAMP, and f o r t h i s 

reason i n t e r p r e t a t i o n of i n v i vo r e s u l t s must be made w i t h t h i s 

f a c t i n mind. 

T h e r e f o r e , i n v i t r o s t u d i e s would seem p r e f e r a b l e f o r 

i n v e s t i g a t i n g i n t r a c e l l u l a r med ia tors of ac id s e c r e t i o n . S t i m u l a t i o n 

o f g a s t r i c s e c r e t i o n by db cAMP has been repor ted i n the r a t 

i s o l a t e d stomach (Bunce e t a l . , 1 9 7 6 ) , and the r a b b i t i s o l a t e d mucosa 

(Fromm, Schwartz and Q u i j a n o , 1975) . Phosphodiesterase i n h i b i t o r s 

a l so s t i m u l a t e ac id s e c r e t i o n i n the r a b b i t i s o l a t e d mucosa (Fromm 

e t a l . , 1975) and i n the guinea p i g i s o l a t e d stomach (Hoi ton & Spencer, 

1975) . Fur the rmore , i n the guinea p ig a mucosal adeny la te cyc lase 
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has been shown to be s t i m u l a t e d by h is tamine ( P e r r i e r and L a s t e r , 

1970). Th is was conf i rmed by Can f i e l d e t a l . ^1977) who found t h a t 

h is tamine s t i m u l a t e d both ac id s e c r e t i o n and cAMP f o r m a t i o n i n the 

guinea p ig i s o l a t e d stomach. 

Broken c e l l p r e p a r a t i o n s have a lso been used to study cAMP 

and g a s t r i c ac id s e c r e t i o n . His tamine has been shown to inc rease 

adeny la te cyc lase a c t i v i t y i n guinea p ig broken c e l l p repara t ions 

( P e r r i e r and L a s t e r , 1970) and dog c e l l p repa ra t i ons (Dozois e t a l . , 

1977) , a l though t h i s r e s u l t was not obtained by Thompson's group 

(1977 a) i n the dog. Thompson and co workers (1977 b) have a lso 

repor ted t h a t h is tamine d id not a c t i v a t e adeny la te cyc lase f rom 

the r a t g a s t r i c mucosa broken c e l l p repa ra t i on a l though other 

workers such as McNei l l and Verma (1974) showed h is tamine a c t i v a t i o n 

of r a t broken c e l l adenyl c y c l a s e . 

Many workers have f a i l e d to show t h a t secretagogues other 

than h is tamine a f f e c t adeny la te cyc lase a c t i v i t y i n mammalian g a s t r i c 

mucosa in v i t r o . However, r e c e n t l y there has been a r e p o r t of a 

g a s t r i n s e n s i t i v e adenyl cyc lase i n r a t by Lewin and h is assoc ia tes 

(1976, 1977) a l though t h i s enzyme p repa ra t i on i s not a f f e c t e d by 

h i s tam ine . The f a i l u r e o f o the r secretagogues t o s t i m u l a t e cAMP 

i n v i t r o may be i n t e r p r e t e d i n severa l ways. The g a s t r i n and 

a c e t y l c h o l i n e recep to rs may be damaged by the homogenisation and 

c e n t r i f u g a t i o n , however i t seems u n l i k e l y t h a t h is tamine recep to rs 

would escape u n a f f e c t e d . Fur thermore g a s t r i c plasma membranes 
3 

prepared f rom r a t f u n d i c mucosa b ind H - l a b e l l e d g a s t r i n (Lewin e t 

a l , 1977) which shows t h a t g a s t r i n receptors a re s t i l l p resent but 

not n e c e s s a r i l y v i a b l e . Second ly , g a s t r i n and a c e t y l c h o l i n e may 

ac t v i a a d i f f e r e n t i n t r a c e l l u l a r mediator such as calc ium i o n s . 
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A l t e r a t i o n of ca lc ium f l u x e s across the plasma membrane or 

a l t e r a t i o n i n the membrane con ten t of c e l l u l a r ca lc ium may play 

a r o l e i n the responses t o carbachol and g a s t r i n , a l though the 

r o l e of ca lc ium i n the c o n t r o l of g a s t r i c s e c r e t i o n i s not f u l l y 

understood. In some r e p o r t s removal of calc ium has no e f f e c t on 

the ac id response to g a s t r i n (Bunce, Honey and Parsons, 1979) 

w h i l e i n o the rs the response i s p o t e n t i a t e d (Main and Pearce, 

1977). or d im in ished (Black and Welch, 1977) . Bunce e t a l . ,M979) 

have shown t h a t the ac id response t o a c e t y l c h o l i n e was dependant 

on the e x t r a c e l l u l a r ca lc ium concen t ra t i on i n the r a t i s o l a t e d 

stomach a l though t h i s c o n t r a s t s w i t h the r e s u l t s of Main and Pearce 

(1977 b) using methachol ine i n the r a t g a s t r i c mucosa p r e p a r a t i o n . 

Fur ther suppor t of the view t h a t c h o l i n e r g i c s t i m u l a t i o n does not 

u t i l i s e c y c l i c nuc leo t i des as i n t r a c e l l u l a r mediators comes f rom 

the observa t ion t h a t bethanechol d id not s t i m u l a t e e i t h e r cAMP 

or cGMP i n the guinea p ig i s o l a t e d stomach ( C a n f i e l d e t al. , 1979) . 

The use of the i s o l a t e d p a r i e t a l c e l l p r e p a r a t i o n has been 

of he lp i n s t udy i ng the problem o f i n t r a c e l l u l a r mediators o f 

ac id s e c r e t i o n . In the canine i s o l a t e d p a r i e t a l c e l l p r e p a r a t i o n 

h is tamine but not carbachol or g a s t r i n s t imu la ted cAMP produc t ion 

(So i l and W o l l i n , 1977) . In c e l l sepa ra t i on exper iments t h i s 

e f f e c t of h is tamine was l o c a l i s e d to the p a r i e t a l c e l l i t s e l f . 

The dose-response r e l a t i o n f o r h i s tam ine s t i m u l a t i o n o f cAMP 

p roduc t i on c o r r e l a t e d c l o s e l y w i t h h is tamine s t i m u l a t i o n of the 

p a r i e t a l c e l l ac id s e c r e t o r y mechanisms (as i nd i ca ted by 

s t i m u l a t i o n o f both oxygen uptake and amidopyr ine accumu la t i on . ) 

Phosphodiesterase i n h i b i t o r s such as IBMX produced s i m i l a r 

p o t e n t i a t i o n o f h is tamine s t i m u l a t i o n o f amidopyr ine uptake and 

h is tamine s t i m u l a t i o n o f cAMP p r o d u c t i o n . In c o n t r a s t , 
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Ray, Jacobson and Thompson (1977) repor ted t h a t h i s t a m i n e , 

p e n t a g a s t r i n and carbachol do not a l t e r cAMP leve l s i n i s o l a t e d 

r a t p a r i e t a l c e l l s . 

In summary, i t seems p o s s i b l e t h a t cAMP i s the i n t r a c e l l u l a r 

mediator f o r h is tamine s t i m u l a t e d acid s e c r e t i o n , a l though some 

r e p o r t s do not s u b s t a n t i a t e t h i s . There i s no s o l i d candidate 

y e t f o r a c e t y l c h o l i n e or g a s t r i n s t i m u l a t e d s e c r e t i o n , however 

calc ium may be i nvo l ved i n the pathway of a c e t y l c h o l i n e s t imu la ted 

s e c r e t i o n . 
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CHAPTER 2 

INTRODUCTION: THE ACTION OF SYMPATHOMIMETIC DRUGS 

AND THEIR ANTAGONISTS ON 

GASTRIC ACID SECRETION 
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2.1 I n t r o d u c t i o n 

The e f f e c t s of catecholamines on g a s t r i c s e c r e t i o n have 

been s tud ied s ince e x t r a c t s of the adrenal medul la were f i r s t used 

a t the beg inn ing of t h i s c e n t u r y . However, the ac t i ons of 

sympathomimetic drugs on g a s t r i c ac id s e c r e t i o n i s s t i l l a mat ter 

of some c o n t r o v e r s y . S i m i l a r l y , a l though i t i s g e n e r a l l y agreed 

t h a t sec t i on of the sympathe t i c nerves to the stomach increases 

ac id ou tpu t and t h a t e l e c t r i c a l s t i m u l a t i o n of these nerves reduces 

i t , the poss ib l e p h y s i o l o g i c a l r o l e of the sympathet ic nervous 

system i n g a s t r i c s e c r e t i o n i s not f u l l y unders tood. 

The l i t e r a t u r e on the a c t i o n o f sympathomimetic drugs on 

ac id s e c r e t i o n con ta ins many c o n t r a d i c t i o n s . In 1951 Code 

summarised the s i t u a t i o n i n the f o l l o w i n g way: "The overwhelming 

impress ion der ived f rom a rev iew of the l i t e r a t u r e dea l ing w i t h 

the e f f e c t of ep ineph r i ne on g a s t r i c s e c r e t i o n i s t h a t i t does 

not have an impo r tan t a c t i o n on the sec re to r y process. In some 

tes t s i t increased g a s t r i c s e c r e t i o n , i n o thers i t decreased 

s e c r e t i o n and i n s t i l l o thers i t had no e f f e c t . A sys temat ic 

search has not been made of i t s e f f e c t on the e x c i t a b i l i t y of t he 

mucosa to o ther s t i m u l i bu t such changes as have been observed when 

i t has been g iven w i t h o the r s t i m u l i have been small and v a r i a b l e . " 

By 1965 i t was e s t a b l i s h e d t h a t t he e f f e c t of catecholamines on 

g a s t r i c s e c r e t i o n was r a t h e r l a r g e r than had been o r i g i n a l l y 

supposed but the re was s t i l l cons ide rab le con fus ion as to what 

e f f e c t they had. Jacobson (1965) w r i t e s "Catecholamines have been 

among the most w i d e l y s tud ied vasoac t i ve substances. The i n f l u e n c e 

of ep ineph r ine and n o r e p i n e p h r i n e on g a s t r i c s e c r e t i o n has rece ived 

much a t t e n t i o n . The ac t i ons of these agents on both s e c r e t i o n and 

blood f l o w t o the stomach a re s t i l l a matter o f some cons ide rab le 

c o n t r o v e r s y . " However, t o d a t e , the predominant view i s t h a t 

sympathomimetics have an a n t i - s e c r e t o r y a c t i o n i n v i vo ( H o l t o n , 1973), 
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The w ide l y c o n t r a d i c t o r y r e p o r t s on catecholamine ac t ions 

on g a s t r i c s e c r e t i o n may be accounted f o r by d i f f e r e n c e s of s p e c i e s , 

drug dosage, r ou te of a d m i n i s t r a t i o n , and d i f f e r e n t exper imenta l 

p rocedures , such as the use of anaesthesia or vagotomised an ima ls . 

The s i t u a t i o n i s f u r t h e r compl ica ted by the e f f e c t s of these drugs 

on the ca rd i ovascu la r system and the interdependence of s e c r e t i o n 

and blood f l o w to the mucosa. 

The more recen t a v a i l a b i l i t y of both s y n t h e t i c agonis ts and 

an tagon is ts showing a s e l e c t i v e p r o f i l e o f a c t i v i t y a t adrenoceptors 

has a l lowed some c l a r i f i c a t i o n o f t h i s s i t u a t i o n and the a v a i l a b l e 

i n f o r m a t i o n may be c o n v e n i e n t l y considered under t h ree headings: 

1. The e f f e c t s o f n a t u r a l l y occu r ing catecholamines on g a s t r i c 

ac id s e c r e t i o n . 

2. The e f f e c t s of 3 -ad renocep to r agon is ts on g a s t r i c ac id 

s e c r e t i o n . 

3. The e f f e c t s of 3 -ad renocep to r an tagon is ts alone on 

g a s t r i c ac id s e c r e t i o n . 

I t now seems l i k e l y t h a t the mechanism of a c t i o n of the i n h i b i t i o n 

o f ac id s e c r e t i o n by the n a t u r a l l y occur ing catecholamines may be 

secondary to the r e d u c t i o n o f g a s t r i c mucosal blood f low which 

they cause (Sanders, 1976) . However, i n recent years many s t u d i e s 

have been c a r r i e d out on the e f f e c t s of 3 -ad renocep to r agon is ts 

on ac id s e c r e t i o n i n v i v o . There have been repo r t s of a s t i m u l a t i o n 

of a c i d , an i n h i b i t i o n or no e f f e c t a t a l l . I f these drugs are 

i n h i b i t o r y , as the main body of evidence suggests, t h e i r mechanism 

of a c t i o n cannot be exp la ined by an e f f e c t on blood f l o w s ince 
i 

3 - a d r e n o c e p t o r agon is ts have a v a s o d i l a t o r a c t i o n . These t o p i c s 

w i l l be discussed b e l o w . 
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However, i t w i l l be use fu l t o f i r s t consider some general 

c h a r a c t e r i s t i c s of g a s t r i c mucosal blood f l o w , sympathet ic 

i n n e r v a t i o n of the g a s t r i c mucosa, and the c l a s s i f i c a t i o n of 

adrenoceptors i n t o a and 3 t y p e s . 

2.2 Alpha and Beta Receptors 

The framework f o r our p resen t understanding of ad rene rg i c 

responses i s based on the dual r ecep to r theory o f A h l q u i s t 0 9 4 8 ) 

which was conceived to e x p l a i n the q u a n t i t a t i v e d i f f e r e n c e s i n 

response to catecholamines. The c l a s s i f i c a t i o n of adrenoceptors 

i n t o ct and 3 types i s now w e l l accepted and h i g h l y s e l e c t i v e 

agon is ts and an tagon is ts of a and 3 recep to rs are known. The 

l a rge body of evidence a l l o w i n g pharmacological c l a s s i f i c a t i o n 

o f adrenoceptors has c rea ted an i l l u s i o n of t h e i r morpholog ica l 

r e a l i t y , however a l though the na tu re and l o c a l i s a t i o n of a 

and 3 - adrenocep to rs are s t i l l unknown, a s t rong i m p l i c a t i o n of 

f u n c t i o n a l l y and m o r p h o l o g i c a l l y d i s t i n c t , we l l d e f i n e d , s t a t i c 

membrane s t r u c t u r e s has been i n h e r e n t i n many s t u d i e s . In the 

past few years a more dynamic image of recep to rs w i t h molecu lar 

p l a s t i c i t y has emerged. Kunos (1976) suggested t h a t the balance 

of the two forms of r ecep to r may be impor tan t i n the r e g u l a t i o n 

of t i s s u e responsiveness t o va r i ous s t i m u l i under d i f f e r e n t 

p h y s i o l o g i c a l and p a t h o l o g i c a l c o n d i t i o n s . 

The ex i s tence of d i s t i n c t 3-adrenoceptor : recep to r subtypes 

was f i r s t pos tu la ted by Lands and co workers (1967) . The 

c l a s s i f i c a t i o n of ^ ( c a r d i a c ) , and 32 ( b ronch ia l and v a s c u l a r ) 

recep to rs was based on the rank order of potency of a se r i es of 

drugs e l i c i t i n g pharmacologica l responses. 
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There i s now ev idence t h a t t he re are a lso a - a d r e n e r g i c 

recep to r sub types . The te rm ot-j and c^ had o r i g i n a l l y been 

proposed as synonyms f o r the post and p resynap t i c a - r e c e p t o r s 

(Langer , 1974). P r e s y n a p t i c a - r e c e p t o r s occur a t a l l no rad rene rg i c 

t e r m i n a l s where they have been sought . I t soon became c lea r t h a t 

the p r e s y n a p t i c a - r e c e p t o r s d i f f e r e d f rom the c l a s s i c a l p o s t s y n a p t i c 

recep to r i n t h e i r s e n s i t i v i t y to d rugs . More r e c e n t l y t he re has 

been evidence f o r the e x i s t e n c e o f s i m i l a r recep to rs to the a^ 

t ype o the r than on n o r a d r e n e r g i c neurones, f o r i ns tance i n 

c h o l i n e r g i c neurones where a 2 - r e c e p t o r s mediate i n h i b i t i o n of 

a c e t y l c h o l i n e r e l e a s e (Drew, 1978) . Th is has made i t necessary 

to use the p r e f i x e s of a^ and a^ s o l e l y f o r recep to rs w i t h 

d i f f e r e n t s e n s i t i v i t i e s t o d r u g s , regard less of l o c a t i o n or 

f u n c t i o n (S ta rke and Langer , 1979) . 

Wi th the d i s t i n c t i o n between a and 3mreceptors, i t became 

c l e a r t h a t n o r a d r e n a l i n e ac ts ma in l y on a - r e c e p t o r s , i s o p r e n a l i n e 

main ly on p r e c e p t o r s and t h a t a d r e n a l i n e acts on both r e c e p t o r s , 

^ - a d r e n e r g i c r ecep to r s have app rox ima te l y the same a f f i n i t y f o r 

ad rena l i ne and n o r a d r e n a l i n e , whereas § 2 * " r e c e P t o r s ^ a v e a g r e a t e r 

a f f i n i t y f o r a d r e n a l i n e than n o r a d r e n a l i n e (Minneman and M o l i n o f f , 

1980). 

These c l a s s i f i c a t i o n s have , however, been developed f o r 

recep to rs i n o ther systems than t h a t i n t h i s s tudy ,and i t may be 

t h a t h y p o t h e t i c a l r ecep to r s i n the g a s t r i c mucosa w i l l not 

n e c e s s a r i l y f a l l i n t o any o f t h e es tab l i shed c a t e g o r i e s . 
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2.3 The G a s t r i c C i r c u l a t i o n 

When i n t e r p r e t i n g the e f f e c t of a drug on g a s t r i c acid 

s e c r e t i o n i n v i vo i t i s necessary to take account of any i n f l u e n c e 

i t may have on blood f l o w w i t h i n the g a s t r i c mucosa. Al though 

the re i s evidence t h a t g a s t r i c s e c r e t i o n can be supported by an 

anaerobic mechanism (McQuar r ie & Vennes, 1969) any l o n g - l a s t i n g 

energy consuming process depends t o a l a rge ex ten t on an 

adequate supply of s u b s t r a t e s and maintenance of a s u i t a b l e 

environment which can on ly occur d u r i n g s u f f i c i e n t c a p i l l a r y 

blood f l o w . I t i s we l l e s t a b l i s h e d t ha t g a s t r i c mucosal blood 

f l o w and g a s t r i c s e c r e t i o n are l i n k e d (Swan and Jacobson, 1967; 

Bynum and Oacobson, 1971) . An inc rease i n g a s t r i c s e c r e t i o n i s 

always accompanied by an i nc rease i n mucosal blood f l o w . However, 

blood f l ow does not i t s e l f cause g a s t r i c s e c r e t i o n (Xowley and 

Code, 1969) a l though i t can i nc rease s e c r e t i o n i f t h i s has been 

l i m i t e d by an inadequate blood s u p p l y . 

Blood vessels i n p a r a l l e l w i t h the mucosal c a p i l l a r i e s 

have been recognised f o r some y e a r s . In 1951 Barlow and co 

workers descr ibed submucosal a r t e r i ovenous anastomoses i n the 

human stomach, and on the bas is o f g lass microsphere i n j e c t i o n 

s tud ies Walder (1952) concluded t h a t these shunts play a major 

r o l e i n the con t ro l o f g a s t r i c mucosal blood f l o w . N o r m a l l y , 

shunt r es i s t ance i s h igher than mucosal a r t e r i o l a r r es i s t ance and 

most of the blood f l o w s through the mucosa. In the presence of 

agents or s t i m u l i which c o n s t r i c t the a r t e r i o l e s mucosal a r t e r i o l a r 

r e s i s t a n c e increases and more b lood passes through the shunts . 

However, the ex i s tence of shunts has been quest ioned by i n v e s t i -

gators using r a d i o a c t i v e l a b e l l e d microspheres . When Delaney 

and Grim (1964) i n j e c t e d microspheres i n t o the l e f t g a s t r i c a r t e r y 

i n the dog l i t t l e or none o f the microspheres were recovered i n 
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the venous e f f l u e n t . In s i m i l a r s tud ies Shoemaker and Powers 

(1966) and A rch iba ld e t a l . , (1974) d id not recover any spheres 

i n the venous o u t f l o w . Guth and Rosenberg (1972) using a 

v i s u a l , i m a g e - s p l i t t i n g techn ique i n the r a t showed complete ly 

separate a r t e r i a l and venous p l e x i w i t h o u t any shunts . They 

concluded t h a t the submucosal a r t e r i o l e s are the major r es i s tance 

vessels i n the g a s t r i c m i c r o c i r c u l a t o r y bed. C o n s t r i c t i o n of 

these vessels would r e s u l t i n an increased r e s i s t a n c e and a 

decrease i n mucosal b lood f l o w , w h i l e d i l a t a t i o n o f these 

vessels decreases r e s i s t a n c e and increases mucosal blood f l o w , 

Guth and Rosenberg (1972) suggested these vessels were under 

both nervous and humoral c o n t r o l . The parasympathet ic nerves 

subserve v a s o d i l a t i o n w h i l e the sympathet ic nerves subserve 

v a s o c o n s t r i c t i o n . There a re va r i ous humoral agents to which the 

g a s t r i c vascu la tu re is- s e n s i t i v e . Of these , catecholamines and 

h is tamine are thought t o be i m p o r t a n t w i t h catecholamines c o n s t r i c t i n g 

the vessels and h is tamine causing v a s o d i l a t a t i o n and changes i n 

vascu la r p e r m e a b i l i t y . 

Two f u r t h e r f a c t o r s wh i ch are thought to a l t e r g a s t r i c 

mucosal blood f l o w are changes i n c a p i l l a r y r es i s t ance and 

v a r i a t i o n s i n p o r t a l venous p ressu re . Jansson and co workers 

(1966, 1970) have shown t h a t , i n the c a t , there are both 

p r e c a p i l l a r y and p o s t c a p i l l a r y r e s i s t a n c e vessels and t h a t 

catecholamines c o n s t r i c t bo th p o s t c a p i l l a r y and p r e c a p i l l a r y 

vesse l s . Since the g a s t r i c c i r c u l a t i o n d ra ins i n t o the sp l en i c 

ve in any change i n p o r t a l venous pressure w i l l a l t e r blood f l ow 

to the stomach. There i s ev idence f o r the ex is tence of both 

v a s o d i l a t o r and v a s o c o n s t r i c t o r ac t i ons of catecholamines i n the 

hepa t i c c i r c u l a t i o n (Goodman and G i l l m a n , 1970; Ross and K i r a s s c h , 

1969) and t h a t catecholamines i nc rease s p l e n i c venous pressure 

(Jacobson, 1963; H o l t o n , 1973) . 
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T h e r e f o r e , there i s a c lose assoc ia t i on between the g a s t r i c 

mucosal c i r c u l a t i o n and p a r i e t a l c e l l f u n c t i o n . The mucosal 

c i r c u l a t i o n must a lso be cons idered i n c o n j u n c t i o n w i t h the 

sympathet ic i n n e r v a t i o n o f t he mucosa s ince t h i s i s thought to p lay 

a major p a r t i n the con t ro l of mucosal blood f l o w . 

•'i 
2.4 Sympathet ic I n n e r v a t i o n of the G a s t r i c Mucosa 

The sympathet ic i n n e r v a t i o n of the stomach der ives f rom the 
i 

s i x t h t o t en th sp ina l nerves (Loeweneck, 1974). Sympathet ic 

p r e g a n g l i o n i c e f f e r e n t f i b r e s dest ined f o r the stomach form the 

g rea te r sp lanchn ic nerves wh i ch pass through the diaphragm to 

enter the abdomen and t e r m i n a t e i n the c o e l i a c gang l ia f rom whence 

the p o s t g a n g l i o n i c f i b r e s reach the stomach. Synapses between 

pre- and p o s t - g a n g l i o n i c f i b r e s a l so occur beyond the coe l i ac 

gang l ion on the g a s t r i c a r t e r i a l w a l l s . Most of these f i b r e s 

accompany the g a s t r i c a r t e r i e s and mix w i t h vagal f i b r e s i n the 

g a s t r i c w a l l . 

I t i s g e n e r a l l y agreed t h a t sympathet ic nerve sec t i on 

increases the ou tpu t of g a s t r i c ac id (Shafer and K i t t l e , 1951; 

Oberhelman e t a l . , 1 9 5 1 ; Bruckner e t a l . ,1971; Kasuya e t a l . , 1 9 7 7 ) . 

Several groups of e a r l y w o r k e r s , however, produced c o n t r a r y 

r e s u l t s (Thomsen, 1924; HesTop, 1938) . F o r r e s t and Code [1954) 

concluded t h a t " t he sympathe t i c nerves which reach the stomach 

have no d i r e c t e f f e c t on the s e c r e t o r y mechanism invo lved i n the 

p roduc t i on of ac id and pepsin by the g a s t r i c mucosa." Bruckner 

(1974) however showed t h a t sympathet ic nerve sec t i on increased 

acid ou tpu t i n both the ca t and Shay r a t and concluded t h a t the 
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sympathet ic nervous system e x e r t s "a depressing and moderat ing 

i n f l u e n c e on g a s t r i c s e c r e t i o n . " Furthermore he suggested t h a t 

the sp lanchn ic nerves e x e r t a v a s o c o n s t r i c t o r e f f e c t on the 

g a s t r i c vascu la tu re which decreases acid s e c r e t i o n . E l e c t r i c a l 

s t i m u l a t i o n of the sp lanchn i c nerves reduces g a s t r i c a c t i v i t y . 

This has been shown f o r g a s t r i c muscle a c t i v i t y (Reed and Sanders, 

1971) , g a s t r i c ac id s e c r e t i o n (Reed e t a l . ,1971) and g a s t r i c 

mucosal blood f l o w (Reed and Sanders, 1971; Thompson and Vane, 1953) . 

G a s t r i c oxygen consumption i s a l s o i n h i b i t e d (Grund e t a l , 1975) . 

There has a lso been ev idence f o r a poss ib le involvement of the 

sympathet ic nervous system i n r e g u l a t i n g serum g a s t r i n l e v e l s . 

Matsuo and co workers (1974) showed t h a t splanchnectomised dogs 

have l a r g e r serum g a s t r i n responses to feed ing as wel l as 

increased ac id and pepsin responses. B l a i r and co workers (1975) 

have shown t h a t e l e c t r i c a l s t i m u l a t i o n of the sympathet ic nerve 

i n the r a t reduces the serum g a s t r i n response to food i n an t ra l 

pouches and a lso i n h i b i t s the s imu l taneous ly occur ing increase i n 

acid s e c r e t i o n and mucosal b lood f l o w . Mucosal blood f l ow i s 

c o n s i s t e n t l y reduced by sympa the t i c nerve s t i m u l a t i o n (Reed e t 

a_l_. ,1971; Grund e t al", 1975) . S t i m u l a t i o n of the sp lanchnic 

nerves i n anaesthet ised cats on l y reduced the a c i d , pepsin and 

mucosal blood f l o w responses t o vagal s t i m u l a t i o n i f the normal 

r i s e i n a r t e r i a l blood p ressure was prevented by i n c l u s i o n of a 

pressure r e s e v o i r i n the c i r c u l a t i o n . This suggests t h a t t f ie 

r i s e i n systemic a r t e r i a l p ressu re counterac ts the sp lanchn ic 

induced reduc t i on of s e c r e t i o n , suggest ing a v a s o c o n s t r i c t o r 

a c t i o n o f sympathet ic ne rves , bu t not the agent r e s p o n s i b l e . 
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The mechanism of a c t i o n o f the sympathet ic nerves t o the 

stomach does not seem to i n v o l v e c i r c u l a t i n g ad rena l i ne s ince the 

degree of i n h i b i t i o n o f ac i d s e c r e t i o n was not a f f e c t e d by 

adrenalectomy. (Reed, Sanders and Thorpe , 1971). However, the 

i n h i b i t i o n was reversed by g u a n e t h i d i n e , This suggests t h a t 

the i n h i b i t o r y pathway i s dependent on no rad rena l i ne re lease 

f rom sympathet ic nerve t e r m i n a l s i n the g a s t r i c mucosa. The 

range of s t imu lan t s aga ins t which the sympathet ic nerves e x e r t an 

i n h i b i t i o n a l so suggests t h a t the i n h i b i t i o n i s d i r e c t e d a t 

po in t s a f t e r the i n h i b i t i o n o f p a r i e t a l , p e p t i c and G c e l l r ecep to r 

mechanisms. 

Grund and co workers [1975) measured g a s t r i c oxygen 

consumption du r i ng sympathe t i c nerve s t i m u l a t i o n i n an at tempt 

to t e s t f o r a d i r e c t a n t i s e c r e t o r y e f f e c t of nerve s t i m u l a t i o n 

and found t h a t oxygen consumption decreased i n p a r a l l e l w i t h 

ac id s e c r e t i o n and t h a t t he re was no change i n oxygen e x t r a c t i o n . 

I f the sympathet ic nerves i n h i b i t g a s t r i c s e c r e t i o n by a 

v a s o c o n s t r i c t o r mechanism the p a r i e t a l c e l l s may at tempt to 

e x t r a c t more oxygen f r om the c i r c u l a t i o n to enable cont inued 

s e c r e t i o n . This was not the case, which would suggest an 

a n t i s e c r e t o r y a c t i o n on the p a r i e t a l c e l l . Sanders (1976 ) , however, 

suggested t h a t the p a r i e t a l c e l l may be e x t r a c t i n g maximal 

oxygen a l ready and t h a t no f u r t h e r e x t r a c t i o n was p o s s i b l e . 

C l a r i f i c a t i o n o f t h i s p o i n t must awa i t f u r t h e r ev idence. 

Fur the r suppor t f o r a v a s o c o n s t r i c t o r e f f e c t of the sympathet ic 

nerves comes f r om microanatomical ev idence. The small a r t e r i o l e s 

a t the base of the cat g a s t r i c mucosa have been repor ted t o 

be s y m p a t h e t i c a l l y i nne rva ted (Fu rness , 1971). D i r e c t obse rva t i on 

of the small a r t e r i o l e s which make up the submucosal p lexus of 

the r a t g a s t r i c mucosa showed t h a t they were reduced i n diameter 
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on sympathet ic nerve s t i m u l a t i o n (Guth and Smi th , 1974) and 

these blood vessels are known to be s y m p a t h e t i c a l l y innerva ted 

(No rbe rg , 1967) . 

In summary, i t seems t h a t the sympathet ic nerves supp ly ing 

the stomach can i n h i b i t g a s t r i c mucosal f u n c t i o n . The 

mechanism may depend on a v a s o c o n s t r i c t o r a c t i o n o f the sympathet ic 

nerves. 

2.5 The E f f e c t of N a t u r a l l y Occur ing Catecholamines on Gas t r i c 

Acid Sec re t i on 

Doses of sympathomimetic agon is ts and an tagon is ts used i n 

the re fe rences which are quoted are shown i n Appendix I . 

2 .5.1 Experiments using Conscious Animals 

( a ) Studies i n the Dog 

The f i r s t d i r e c t ev idence of an i n h i b i t o r y e f f e c t of 

catecholamines on g a s t r i c ac id s e c r e t i o n was pub l ished by Hess 

and Gundlach (1920) . They found a decrease i n the amount of 

ac id secre ted f r om Pavlov pouch dogs i n response to feed ing 

f o l l o w i n g i n t r a m u s c u l a r i n j e c t i o n of an e x t r a c t of adrenal glands'. 

Such e x t r a c t s were u n p u r i f i e d and conta ined both no rad rena l i ne 

and a d r e n a l i n e . T h e r e f o r e , i t was not poss ib le to compare the 

e f f e c t s of these two catecholamines i n many exper iments performed 

du r i ng t h i s p e r i o d . 

The f i r s t q u a n t i t a t i v e s tudy on the i n h i b i t o r y e f f e c t of 

i n d i v i d u a l catecholamines was c a r r i e d out by F o r r e s t and Code 

• (1954) who showed t h a t both a d r e n a l i n e and no rad rena l i ne produced 

a dose - re la ted decrease i n h is tamine- induced g a s t r i c ac id s e c r e t i o n 

i n dogs w i t h Heidenhain pouches. Adrena l ine was the more po ten t 

o f the two compounds. H a r r i e s (1956) a lso showed t h a t no rad rena l i ne 
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caused a dose r e l a t e d i n h i b i t i o n of h i s t am ine -s t imu la ted s e c r e t i o n 

i n g a s t r i c f i s t u l a dogs. Pradhan and Wingate (1962) found t h a t 

both catecholamines decreased ac i d s e c r e t i o n f rom dogs prepared 

w i t h Necheles f u n d i c pouches i n response to feed ing and bethanechol 

as we l l as h i s t am ine . Many o the r s tud ies w i t h catecholamines i n 

the conscious dog have con f i rmed t h e i r i n h i b i t o r y e f f e c t i n both 

g a s t r i c f i s t u l a e and Heidenhain pouch animals ( N i c o l o f f et a l . , 

1964; Hoi ton et a l . ,1969; G r e s h i s k i n , 1970; Oacobson, 1966, 1967, 

1970). 

(b) Stud ies i n Man 

The e a r l i e s t conv inc ing s tudy on the ac t i on of catecholamines 

on g a s t r i c s e c r e t i o n i n man was c a r r i e d out by Moll and F l i n t 

(1928) who showed t h a t catecholamines i n h i b i t e d ac id s e c r e t i o n 

s t imu la ted by a t e s t meal i n h y p e r c h l o r h y d r i c p a t i e n t s . B e r n s t e i n 

(1952) showed t h a t acid s e c r e t i o n f r om the r e s t i n g human stomach 

was i n h i b i t e d by a d r e n a l i n e , w h i l s t Leonsis and Waddel (1958) showed 

t h a t no rad rena l i ne i n h i b i t e d ac i d s e c r e t i o n i n response to 

h i s t a m i n e , hypoglycaemia o r f o o d . More r e c e n t l y Chr is tensen and 

S t a d i l (1976) have i n v e s t i g a t e d the e f f e c t of much lower doses 

of catecholamines i n man, in an a t tempt to make a more p h y s i o l o g i c a l 

s tudy . They used two doses of bo th ad rena l ine and no rad rena l i ne 

(5 and 50 ng k g ^ m i n " " 1 ) . The low dose of ad rena l i ne and both doses 

of no rad rena l i ne were cons idered to be p h y s i o l o g i c as Yendsalu 

(1960) showed t h a t the basal s e c r e t i o n r a t e of ad rena l i ne i n man 

-1 -1 -1 -1 
was 8 ng kg min , and n o r a d r e n a l i n e was 18 ng kg min . 
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The study of Chr is tenser i and S t a d i l showed t h a t the h igher 

dose o f a d r e n a l i n e had no e f f e c t on ac id s e c r e t i o n , but the 

low dose s t i m u l a t e d ac id s e c r e t i o n . They a l so measured g a s t r i n 

r e l e a s e , and these f i n d i n g s w i l l be discussed i n Chapter s i x . 

Noradrena l ine i n the low dose caused no change i n ac id s e c r e t i o n 

but the h igher dose i n h i b i t e d ac id s e c r e t i o n . P r i o r a d m i n i s t r a t i o n 

of p i n d o l o l , a 3 -ad renocep to r an tagon i s t complete ly abol ished 

the e f f e c t of both catecholamines on ac id s e c r e t i o n . The 

observa t ion t h a t ad rena l i ne a t a low dose s t imu la ted r e s t i n g 

s e c r e t i o n i n man i s i n t e r e s t i n g s i nce Hol ton (1973) a lso repor ted 

t h a t o c c a s i o n a l l y small doses of a d r e n a l i n e , (0 .2yg k g ' ^ m i n " ^ ) 

i n conscious dogs w i t h Heidenhain pouches, enhanced h is tamine 

s t i m u l a t e d s e c r e t i o n . 

( c ) Summary of Stud ies i n Conscious Animals 

The main conc lus ions t o be drawn f rom s tud ies on conscious 

animals i s t h a t n a t u r a l l y o c c u r i n g catecholamines i n doses of 

the order o f l yg kg ' ^min"^ i . v . i n h i b i t e d ac id s e c r e t i o n produced 

by f e e d i n g , h is tamine and c h o l i n e r g i c s t i m u l a t i o n i n bo th • 

i nne rva ted stomachs and v a g a l l y denervated pouches. Higher 

doses of catecholamines g iven i n t r a m u s c u l a r l y or subcutaneously 

have a lso been shown t o have an i n h i b i t o r y e f f e c t . Much sma l le r 

doses of ad rena l i ne may s t i m u l a t e ac id secre t ion . , The m a j o r i t y 

of exper iments on conscious animals have been c a r r i e d out i n the 

dog and i n man. Few s t u d i e s on t he e f f e c t s of ad rena l i ne and n o r -

ad rena l i ne have been c a r r i e d out using the conscious r a t , a l though 
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F j a l l a n d (1972) repo r ted an i n h i b i t o r y e f f e c t o f these cate-

cholamines i n the conscious f i s t u l a r a t . Other s tud ies i n 

the r a t have been c a r r i e d o u t on anaesthet ised p repara t i ons and 

these w i l l be discussed below ( 2 . 5 . 2 ( b ) ) . 

2 . 5 .2 Exper iments Using Anaes the t i sed Animals 

Several s tud ies have been c a r r i e d out i n acute exper iments 

on anaes the t ised a n i m a l s , f o r e i t h e r convenience of method or 

t o f a c i l i t a t e a more d e t a i l e d i n v e s t i g a t i o n of the e f f e c t s of 

catecholamines on the g a s t r i c v a s c u l a t u r e . The r e s u l t s of such 

s tud ies have shown f a r less agreement than those i n conscious 

animals where the re seems t o be a c lea r cut i n h i b i t i o n o f ac id 

s e c r e t i o n . I n t e r p r e t a t i o n o f r e s u l t s i n acute exper iments must 

take i n t o account the e f f e c t s on ac id s e c r e t i o n of laparo tomy, 

man ipu la t i on of the stomach and anaesthes ia (see Chapter 3 ) . 

Studies on py lo rus l i g a t e d r a t s have been inc luded under t h i s 

heading s ince they undergo laparotomy a t the s t a r t of the 

expe r imen t , a l though they a re a l lowed to recover f rom anaesthesia 

f o l l o w i n g l i g a t i o n . 

(a ) Stud ies i n the Dog and Cat 

I t i s g e n e r a l l y agreed t h a t no rad rena l i ne decreases h is tamine 

s t imu la ted ac id s e c r e t i o n and t o t a l blood f l o w i n the dog. 

(Cumming e t a l . ,1961* , Cumming e t a l . ,1963- , Ni col o f f e t a l . , 1964) . 

This e f f e c t could be prevented by a d m i n i s t r a t i o n of the a -adrenoceptor 

1 an tagon i s t phenoxy benzamine (Haigh and Steadman, 1968). In 

c o n t r a s t P a r r o t and V e r l i a c (1941) repor ted t h a t ad rena l i ne 

enhanced ac id s e c r e t i o n i n the dog. Enhancement of h is tamine 



induced ac id s e c r e t i o n by a d r e n a l i n e was a lso observed i n the 

anaes the t ised dog by Ho l ton and Jacoby (1966) . Cumming and 

co workers (1961, 1963) observed t h a t ad rena l i ne always increased 

t o t a l b lood f l o w to the stomach but had a v a r i a b l e e f f e c t on ac id 

s e c r e t i o n , e i t h e r i n c r e a s i n g or decreasing i t . A decrease i n 

both t o t a l blood f l o w and ac i d s e c r e t i o n i n the presence of 

a d r e n a l i n e was recorded by Peter e t al (1962) . Thompson and 

Vane (1953) showed t h a t the e f f e c t of ad rena l i ne on t o t a l stomach 

blood f l o w i n the cat seemed t o be dependent on the dose used, 

small doses i nc reas i ng and l a r g e doses decreasing the f l o w . They 

suggested t h a t low doses s t i m u l a t e d 3 - a d r e n e r g i c v a s o d i l a t o r 

recep to rs and high doses s t i m u l a t e d v a s o c o n s t r i c t o r a ~ r e c e p t o r s . 

However, t h i s hypothes is cannot e x p l a i n the r e s u l t s of Haigh and 

co workers (1967) who repo r t ed t h a t ad rena l i ne increased t o t a l 

g a s t r i c blood f l o w but decreased ac id s e c r e t i o n i n anaesthet ised 

dogs s t i m u l a t e d w i t h p e n t a g a s t r i n , s u g g e s t i n g perhaps a d i r e c t 

i n h i b i t o r y e f f e c t on ac id s e c r e t i o n . Peters and Womack Q958) 

obta ined s i m i l a r r e s u l t s w i t h a d r e n a l i n e du r ing h is tamine 

s t i m u l a t e d ac id s e c r e t i o n . Thus, these va r ious c o n f l i c t i n g r e s u l t s 

of the e f f e c t s of a d r e n a l i n e i n the anaesthet ised animal were 

assoc ia ted w i t h u n c e r t a i n t y rega rd ing the r e l a t i o n s h i p between 

ac id s e c r e t i o n and blood f l o w to the stomach. 

The study of Peters and Momack (1958) a l so showed t h a t 

a d r e n a l i n e had d i l a t e d the a r t e r i ovenous shun ts , which suggested 

t h a t a more p rec i se r e l a t i o n s h i p might be found between acid 

* s e c r e t i o n and mucosal r a t h e r than t o t a l blood f l o w . This led 

t o s tud ies on mucosal b lood f l o w r a t h e r than whole stomach blood 

f l o w , b o t h i n anaes the t ised and conscious animals, and w i l l be 

discussed i n 2 . 5 . 3 . 
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( b ) Studies i n the Rat 

As the r a t i s the species used i n t h i s work i t i s considered 

under a separate heading. The f i r s t study of the e f f e c t s of 

catecholamines i n the r a t was per formed by Bass and Pat te rson 

(1967) using the py lo rus l i g a t i o n techn ique. They found t ha t 

both no rad rena l i ne and a d r e n a l i n e i n h i b i t e d basal s e c r e t i o n . 

Yamaguchi and co workers ( 1 9 7 7 ) , a l so using py lo rus l i g a t e d r a t s 

found t h a t n o r a d r e n a l i n e i n h i b i t e d basal s e c r e t i o n , however, 

n e i t h e r a nor 3 -adrenocep to rs an tagon i s t s prevented t h i s i n h i b i t i o n . 

Tani and co workers (1980) us ing the Ghosh and Shi Id per fused r a t 

stomach p r e p a r a t i o n showed t h a t no rad rena l i ne i n h i b i t e d t e t r a g a s t r i n , 

carbamy lcho l ine and h i s tam ine s t i m u l a t e d ac id s e c r e t i o n . Ad rena l i ne 

on the o ther hand, a t a lower dose than t ha t used by Bass and 

P a t t e r s o n , enhanced ac id s e c r e t i o n s t imu la ted by t e t r a g a s t r i n . 

Thus, r e s u l t s i n the r a t are very s i m i l a r to those repor ted i n the 

dog and c a t . 

2 . 5 .3 Studies I n v o l v i n g Measurement o f Acid Secre t ion and G a s t r i c 

Mucosal Blood Flow 

(a ) Noradrena l ine 

Noradrena l ine has been shown to decrease mucosal blood f l o w 

both i n the anaes the t i sed and conscious dog (Delaney and Gr im, 

1965; Cowley and Code 1969, 1970; Jacobson, 1970). I t i s s t i l l 

not c e r t a i n whether i t s e f f e c t i n s e c r e t i o n i s secondary to 

decreased blood f l o w or a d i r e c t a c t i o n on the s e c r e t o r y mechanism. 

Since a p r imary r e d u c t i o n o f s e c r e t i o n would decrease t i s s u e 

metabol ism i t would be expected t o be accompanied by decreased 

mucosal blood f l o w . Jacobson (19701, work ing w i t h conscious dogs 
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ca l cu l a ted the r a t i o , R, of aminopyr ine c learance to s e c r e t o r y 

volume and showed t h a t i t decreased w i t h n o r a d r e n a l i n e . Since 

aminopyr ine c learance i s a measure o f blood f l ow a f a l l i n R 

imp l i es a g rea te r e f f e c t on blood f l o w than on s e c r e t i o n and 

Jacobson concluded t h a t n o r a d r e n a l i n e exer ted i t s p r imary e f f e c t 

on the g a s t r i c v a s c u l a t u r e . 

Reed and co workers (1971) s tud ied aminopyr ine c learance 

and ac id s e c r e t i o n i n anaes the t i sed cats ( w i t h vagus and sp lanchn ic 

nerves sec t i oned ) and found t h a t sp lanchn ic nerve s t i m u l a t i o n 

decreased both aminopyr ine c learance and acid s e c r e t i o n induced 

by p e n t a g a s t r i n or s t i m u l a t i o n o f the p e r i p h e r a l end of 

the vagus. These workers p rov ided evidence t h a t the e f f e c t s were 

not due to s t i m u l a t i o n of the adrenal medul la and concluded t h a t 

they were due to n o r a d r e n a l i n e f r o m sympathet ic nerve endings. 

They a lso po in ted out t h a t i t i s more s i g n i f i c a n t to r e l a t e 

mucosal blood f l o w to ac id s e c r e t i o n r a t h e r than to the volume of 

s e c r e t i o n and recen t work on mucosal blood f l ow has used t h i s 

r a t i o i n p re fe rence to Jacobson's r a t i o . Curwain and Hoi ton 0 9 7 2 ) 

have shown t h a t ' n o r a d r e n a l i n e decreased ac id s e c r e t i o n and 

mucosal blood f l o w ' c o n f i r m i n g the e a r l i e r r epo r t s of Jacobson. 

(b ) Adrena l ine 

The e f f e c t o f a d r e n a l i n e on mucosal blood f l o w seems to be 

less c lea r c u t , f o r i ns tance Cowley and Code (1969) found an 

inc rease i n amenophenazone c learance i n conscious dogs, whereas 

Jacobson and co workers (1966) found a decrease i n amenophenazone 

c learance (mucosal blood f l o w ) i n the conscious dog using 

a d r e n a l i n e . 
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Thus measurement o f mucosal blood f l o w have suggested t h a t 

no rad rena l i ne acts p r i m a r i l y a t the g a s t r i c vascu la tu re to 

reduce blood f l o w , whereas the r e s u l t s w i t h ad rena l i ne do not 

lead to a c lea r conc lus ion . This may r e s u l t f rom the a b i l i t y 

of a d r e n a l i n e to s t i m u l a t e both <* and adrenoceptors . 

2 . 5 . 4 Summary of Studies Using Adrena l i ne and Noradrena l ine 

The r e s u l t s descr ibed so f a r have shown t h a t n o r a d r e n a l i n e , 

a p redominant ly a "ad renocep to r agon is t decreases ac id s e c r e t i o n 

i n both anaes the t i sed and conscious an imals . This i s poss ib l y 

secondary to v a s o c o n s t r i c t i o n wh ich reduces g a s t r i c mucosal b lood 

f l o w . The r e s u l t s ob ta ined w i t h ad rena l i ne have been c o n f l i c t i n g . 

Ad rena l i ne s t i m u l a t e s both a and ad renocep to rs ,a t h igh doses 

s t i m u l a t i n g predominant ly adrenoceptors and low doses p redominant ly 

adrenocep to rs . T h e r e f o r e a n a l y s i s of i t s a c t i o n a t s p e c i f i c 

recep to rs i s compl ica ted . There are l a rge d i f f e r e n c e s between 

the e f f e c t s of ad rena l i ne i n conscious and anaesthet ised animals 

and f u r t h e r m o r e the re has been no c lea r evidence t h a t ad rena l i ne 

reduces g a s t r i c mucosal b lood f l o w . The e f f e c t of catecholamines 

at a - r e c e p t o r s may be a t the vascu la r l e v e l , however, no s tud ies 

i n the i s o l a t e d stomach have been c a r r i e d out t o i n v e s t i g a t e the 

ques t ion of a d i r e c t a c t i o n on the mucosa. The ques t ion of t he 

s i t e o f a c t i o n o f catecholamines which s t i m u l a t e 3-adrenoceptors 

led t o the use of s p e c i f i c adrenoceptor agon is ts such as 

i s o p r e n a l i n e , and l a t e r to the use of s p e c i f i c recep to r agonis ts * 

, and an tagon is ts f o r the two adrenoceptor s u b - t y p e s ; 3-j and Pg. 

This avoided the p o s s i b i l i t y of s t i m u l a t i n g both a and 8-

recep to rs when using a d r e n a l i n e . 
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2.6 The E f f e c t of 3 -Adrenoceptor Agonists on G a s t r i c Acid 

Sec re t i on 

3-adrenoceptor agon is ts have been shown to i n h i b i t 

secretagogue s t i m u l a t e d g a s t r i c ac id s e c r e t i o n i n the conscious 

dog and r a t . These are desc r ibed under headings i n r e l a t i o n to 

s t imu lus used to induce ac id s e c r e t i o n ; p e n t a g a s t r i n and h i s t am ine . 

Observat ions on o the r forms of s t i m u l a t i o n of acid s e c r e t i o n are 

less ex tens i ve and are i nc l uded under headings where a p p r o p r i a t e 

to the work d iscussed. 

2 .6.1 P e n t a g a s t r i n - S t i m u l a t e d Acid Sec re t ion 

(a ) Conscious Dog 

In the Heidenhain pouch dog i s o p r e n a l i n e i n h i b i t e d g a s t r i c 

s e c r e t i o n w i t h no change i n g a s t r i c mucosal blood f l ow (Curwain 

and H o l t o n , 1972) . Magee (1976) a lso repor ted t h a t i s o p r e n a l i n e 

reduced p e n t a g a s t r i n - s t i m u l a t e d s e c r e t i o n i n the dog and t h a t 

the 3 -adrenoceptor an tagon is t s p rop rano lo l reversed t h i s 

i n h i b i t i o n . Daly and S tab les (1977) using lower doses of 

i s o p r e n a l i n e than Curwain and Ho l ton (1972) a lso found an 

i n h i b i t i o n o f p e n t a g a s t r i n - s t i m u l a t e d s e c r e t i o n i n the Heidenhain 

pouch dog. 

Stud ies i n the dog were extended t o i n v e s t i g a t e the e f f e c t 

of s p e c i f i c 32-adrenoceptor agon is ts on ac id s e c r e t i o n by severa l 

groups of w o r k e r s , i n o rde r t o f u r t h e r c h a r a c t e r i s e the recep to r 

sub- types i n v o l v e d . Curwain , Ho l ton and Spencer (1972) showed 

t h a t both salbutamol and t e r b u t a l i n e i n h i b i t e d ac id s e c r e t i o n 

i n a dose dependent manner. Th i s e f f e c t was abo l ished 

by p r o p r a n o l o l . The r a t i o o f blood f l o w to ac id 
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s e c r e t i o n increased markedly i n each case i n d i c a t i n g t h a t the 

i n h i b i t i o n by 3 2 ~adrenocepto r agon is ts was not due to a 

r educ t i on i n mucosal b lood f l o w . The i n h i b i t o r y e f f e c t of 

salbutamol i n the conscious dog was conf i rmed by Curwain, 

F i e l d i n g and Russel (1974) who found t h a t i t i n h i b i t e d acid 

s e c r e t i o n i n response to f e e d i n g . 

D a l y , Long and Stab les (1978) took these s tud ies i n the 

Heidenhain pouch dog one s tep f u r t h e r by i n v e s t i g a t i n g the 

i n t e r a c t i o n s of the s e l e c t i v e an tagon i s t p r a c t o l o l ( 3 - j ) , 

H 35/25 ( 3 2 ) as we l l as the n o n - s e l e c t i v e 3 -an tagon i s t 

p rop rano lo l on the i n h i b i t o r y e f f e c t s of salbutamol and 

i s o p r e n a l i n e . They found t h a t the g a s t r i c a n t i s e c r e t o r y a c t i o n 

of salbutamol was s i g n i f i c a n t l y blocked by p roprano lo l and 

H 35/25 but not by p r a c t o l o l . The (+) isomer of p r o p r a n o l o l , 

which has no a c t i o n a t 3 - a d r e n o c e p t o r s , had no e f f e c t on t h i s 

i n h i b i t i o n . The i n h i b i t o r y e f f e c t of i s o p r e n a l i n e was 

s i g n i f i c a n t l y blocked by p r o p r a n o l o l and p r a c t o l o l but not by 

H 35/25 or (+) p r o p r a n o l o l . This suggests t h a t both 3-j and 3 2 

sub- types can mediate i n h i b i t o r y e f f e c t s on ac id s e c r e t i o n . 

Got t rup and Ornsho l t (1978) have repor ted t h a t salmefamol 

(a 3 2 ~ a g o n i s t ) i n h i b i t e d p e n t a g a s t r i n s t imu la ted ac id s e c r e t i o n 

i n g a s t r i c f i s t u l a dogs i n a dose dependent manner. This 

i n h i b i t i o n was prevented by p r o p r a n o l o l , but not by p r a c t o l o l . 

Gott rup> Ornsho l t & Andersen (1980) a l so s tud ied the e f f e c t o f 

salmefamol i n vagotomised g a s t r i c f i s t u l a dogs and found t h a t 

» vagotomy d id not a l t e r the i n h i b i t o r y e f f e c t s found i n the 

e a r l i e r stucty (1978) . 
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McCloy and co workers (1979) have a lso repor ted t h a t 

salbutamol i n h i b i t e d both p e n t a g a s t r i n and feed ing s t imu la ted 

s e c r e t i o n i n the dog. P rop rano lo l abol ished the e f f e c t of 

salbutamol w i t h both s t i m u l i . 

Summary 

In the conscious dog, i s o p r e n a l i n e and two ^ adrenoceptor 

agon is ts i n h i b i t p e n t a g a s t r i n s t i m u l a t e d ac id s e c r e t i o n by a 

mechanism t h a t doesnot seem to i n v o l v e blood f l o w . ( A r c h i b a l d 

e t al 1974; Curwain, Ho l ton and Spencer; 1972, Curwain and H o l t o n , 

1972). Fur thermore i t has been shown by Daly and co v/orkers 

(1978) t h a t both 3-j and ^ adrenoceptors can mediate t h i s 

i n h i b i t i o n . 

(b ) Conscious Rat 

In the conscious r a t i s o p r e n a l i n e was f i r s t shown to 

i n h i b i t ac id s e c r e t i o n by Misher and col leagues (1969) . I s o p r e n a l i n e 

markedly reduced basal ac id ou tpu t i n the f i s t u l a r a t f o r t h ree 

hours a f t e r drug a d m i n i s t r a t i o n . F j a l l a n d (1972) a lso showed 

i s o p r e n a l i n e to e x h i b i t a n t i s e c r e t o r y a c t i o n on basal s e c r e t i o n 

and t h i s i n h i b i t i o n was reversed by p roprano lo l bu t not by 

phenoxybenzamine Lundel l and Svensson (1974) s tud ied the e f f e c t s 

of i s o p r e n a l i n e on p e n t a g a s t r i n s t i m u l a t e d ac id s e c r e t i o n i n the 

Heidenhain pouch r a t . They found t h a t i s o p r e n a l i n e i n h i b i t e d 

the response and t h a t t h i s e f f e c t was blocked by p r o p r a n o l o l . They 

a lso repor ted t h a t the dose of i s o p r e n a l i n e used had no e f f e c t on 

blood p ressure . L u n d e l l , Svensson and N i l l s o n (1976) found t h a t 

basal ac id ou tpu t and feed ing s t i m u l a t e d s e c r e t i o n were a lso 

i n h i b i t e d by i s o p r e n a l i n e . 
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Summary 

I s o p r e n a l i n e i n h i b i t s b a s a l , p e n t a g a s t r i n , and f o o d - s t i m u l a t e d 

s e c r e t i o n i n the r a t . T h e r e a t ^ n o data on blood f l o w a v a i l a b l e , 

but no evidence to suggest t h a t i t i s invo lved i n these responses. 

These f i n d i n g s i n the r a t a re s i m i l a r to those found i n the dog. 

2 . 6 . 2 Histamine S t imu la ted Ac id Sec re t i on 

(a) Conscious Dog 

The e f f e c t of ^ - a d r e n o c e p t o r agonis ts on h is tamine s t i m u l a t e d 

s e c r e t i o n i s more complex. H a r r i e s ( l 9 5 ? ) , using dogs w i t h 

g a s t r i c f i s t u l a e repor ted t h a t i s o p r e n a l i n e i n h i b i t e d acid s e c r e t i o n . 

Jacobson and co workers (1967) found t ha t i s o p r e n a l i n e increased 

mucosal blood f l o w w i t h o u t a f f e c t i n g h i s t a m i n e - s t i m u l a t e d s e c r e t i o n . 

Hoi ton (1973) repo r ted t h a t h is tamine- induced acid s e c r e t i o n was 

enhanced by small doses of i s o p r e n a l i n e i n Heidenhain pouch dogs. 

This was i n c o n t r a s t t o her f i n d i n g s of an i n h i b i t o r y ac t ion of 

these doses of i s o p r e n a l i n e aga ins t p e n t a g a s t r i n - o r f o o d - s t i m u l a t e d 

ac id s e c r e t i o n . Go t t rup and Ornsho l t (1979) s tud ied the e f f e c t 

of salmefamol i n the g a s t r i c f i s t u l a dog and showed i t to be a 

less po ten t i n h i b i t o r of h i s tam ine than p e n t a g a s t r i n . McCloy and 

co workers (1979) have a lso repo r ted t ha t h is tamine s t imu la ted 

s e c r e t i o n i n the dog was less e a s i l y i n h i b i t e d by salbutamol than 

was p e n t a g a s t r i n s t i m u l a t e d s e c r e t i o n . This i s i n agreement w i t h 

the r e p o r t of Curwain and Hoi ton (1972) which showed t h a t 

i s o p r e n a l i n e had a g r e a t e r i n h i b i t o r y e f f e c t on ac id s e c r e t i o n 

induced by p e n t a g a s t r i n and by f e e d i n g than t ha t induced by 

h i s t a m i n e . 
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G o t t r u p , Ornsho l t and Andersen (1980) a lso looked a t the e f f e c t o f 

salmefamol i n vagotomised f i s t u l a dogs where they found t h a t i t 

had l i t t l e or no e f f e c t . Thus vagotomy appears to enhance the 

d i f f e r e n c e i n potency of $ -agon i s t i n h i b i t i o n of p e n t a g a s t r i n -

and h i s t a m i n e - s t i m u l a t e d ac id s e c r e t i o n . 

( b ) Conscious Rat 

In the r a t i s o p r e n a l i n e i n h i b i t e d h i s t am ine -s t imu la ted ac id 

s e c r e t i o n t o a l esse r e x t e n t than had p r e v i o u s l y been shown f o r 

p e n t a g a s t r i n s t i m u l a t e d s e c r e t i o n ( L u n d e l l , Svensson and N i l l s o n , 

1976). This appears to be t he o n l y publ ished account of the 

e f f e c t s of 3 -agon is ts on h i s t am ine s t i m u l a t i o n i n the conscious 

r a t . 

2 . 6 .3 Stud ies i n Man 

There have been few r e p o r t s on the e f f e c t of adrenoceptor 

agon is ts i n man. F i e l d i n g and co workers (1975) showed t ha t 

salbutamol i n h i b i t e d basal and pen tagas t r i n - i nduced ac id s e c r e t i o n 

i n man, however, the re has a l s o been one r e p o r t of i s o p r e n a l i n e 

' e i t h e r s t i m u l a t i n g or hav ing no e f f e c t on basal s e c r e t i o n i n duodenal 

u lcer p a t i e n t s (Abasov and I o f , 1978) . 

2 . 6 . 4 Summary 

Evidence f rom s tud ies i n t he dog and r a t i n d i c a t e s t h a t 6 -

adrenoceptor agonis ts i n h i b i t ac id s e c r e t i o n i n response to 

, p e n t a g a s t r i n , f eed ing and c h o l i n e r g i c agents but t h a t h i s t a m i n e -

s t i m u l a t e d ac id s e c r e t i o n i s more r e s i s t a n t to i n h i b i t i o n by 

these agents . This does not seem to i n v o l v e a r educ t i on i n the 
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r a t i o of g a s t r i c mucosal b lood f l o w to acid s e c r e t i o n i n con t ras t 

w i t h f i n d i n g s w i t h n o r a d r e n a l i n e . Both g-j and g2 recep to r sub- types 

may be i n v o l v e d . 

2.7 The E f f e c t s of 3 -Adrenocepto r Antagonis ts Alone on G a s t r i c 

Acid Sec re t ion i n Conscious Animals 

(a ) E f f e c t s on Pen tagas t r i n - I nduced and Basal Sec re t ion 

These s tud ies have been c a r r i e d out most ly i n the dog and 

man, w i t h a few repo r t s o f s t u d i e s i n the conscious r a t . The 

f i r s t r e p o r t of a p o t e n t i a t i o n of p e n t a g a s t r i n induced acid 

s e c r e t i o n by p rop rano lo l was by Evans and L in (19701 who found 

t h a t i t increased both the ac id and mucosal blood f l ow response 

t o p e n t a g a s t r i n i n the Heidenhain pouch and g a s t r i c f i s t u l a 

dog. This suggested t h a t one of the mechanisms of p roprano lo l 

p o t e n t i a t i o n was by i n c r e a s i n g blood f l o w , however, the r a t i o o f 

aminopyr ine i n the g a s t r i c j u i c e to t h a t i n the blood decreased, 

suggest ing t h a t p rop rano lo l m igh t a lso have a d i r e c t e f f e c t on 

the ac id s e c r e t o r y mechanism. They f u r t h e r repor ted t h a t 

p rop rano lo l augmented s e c r e t i o n by the Heidenhain pouch to a 

g r e a t e r ex ten t than t h a t o f the g a s t r i c f i s t u l a p repa ra t i on 

( L i n and Evans, 1973) . L i n , Evans and Spray (1973) found 

s i m i l a r r e s u l t s using the g 2 adrenoceptor an tagon i s t butoxamine. 

Curwain, Hoi ton and Spencer (1973) have a l so repor ted an 

enhancement of p e n t a g a s t r i n induced acid s e c r e t i o n by p rop rano lo l 

i n the Heidenhain pouch dog. Th is was accompanied by a p a r a l l e l 

i nc rease i n g a s t r i c mucosal b lood f l o w . The r a t i o of MBF/acid 

s e c r e t i o n remained cons tan t or decreased. The p o t e n t i a t i n g 

e f f e c t of p rop rano lo l on p e n t a g a s t r i n induced ac id s e c r e t i o n has 

been conf i rmed by McCloy e t a l . , ( 1 9 7 9 ) i n the g a s t r i c f i s t u l a dog 
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and G o t t r u p , Ornsho l t & Andersen (1979) i n the vagotomised g a s t r i c 

f i s t u l a dog. The 3 - j - a n t a g o n i s t p r a c t o l o l had no e f f e c t on 

p e n t a g a s t r i n s t i m u l a t e d ac i d s e c r e t i o n i n the dog (Curwain e t a l . , 

1974; G o t t r u p , Ornsho l t & Andersen, 1979). 

In the Heidenhain pouch r a t Lundel l and Svensson (1974) 

repor ted a p o t e n t i a t i o n o f p e n t a g a s t r i n - s t i m u l a t e d s e c r e t i o n 

by p r o p r a n o l o l . 

The e f f e c t s of 3 -ad renocep to r antagon is ts i n man are 

v a r i a b l e and i n some respec ts c o n t r a d i c t o r y . In hea l thy sub jec ts 

an i . v . i n j e c t i o n o f p r o p r a n o l o l s i g n i f i c a n t l y suppressed basal 

ac id s e c r e t i o n (Geumi e t a l . , 1959) . Konturek and Oleksy (1969) 

showed t h a t , i n man, the maximal response to p e n t a g a s t r i n was 

u n a f f e c t e d by p rop rano lo l a l though they d id note a s l i g h t 

tendency of p rop rano lo l t o s h i f t the peak of the dose response 

curve to the l e f t . P rop rano lo l a lone s l i g h t l y increased basal 

acid s e c r e t i o n . Kronborg (1975) repor ted t h a t p roprano lo l had 

no e f f e c t on spontaneous ac id s e c r e t i o n i n man, w h i l e the 

maximum p e n t a g a s t r i n induced ac id s e c r e t i o n was s l i g h t l y 

reduced. Chr is tensen and co workers (1976) a lso found no 

change i n basal ac id s e c r e t i o n i n the presence of p r o p r a n o l o l . 

More r e c e n t l y Schoon and co workers (1980) showed t h a t both 

p rop rano lo l and m e t r o p r o l o l d id no t a l t e r the ac id response t o 

submaximal p e n t a g a s t r i n s t i m u l a t i o n i n man. 

Summary 

I t seems t h a t , a t l e a s t i n the dog and r a t , p rop rano lo l 

augments p e n t a g a s t r i n s t i m u l a t e d s e c r e t i o n but has no e f f e c t 

on basal ac id s e c r e t i o n . Butoxamine ( 3 2 ) but not p r a c t o l o l (3 - j ) 
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has a lso been repor ted t o enhance p e n t a g a s t r i n induced acid 

s e c r e t i o n . The s i t u a t i o n i n man seems to be open to ques t i on . 

(b ) E f f e c t s on H i s t a m i n e - s t i m u l a t e d Acid Sec re t i on 

The e f f e c t s of p r o p r a n o l o l on h is tamine- induced ac id 

s e c r e t i o n has been less e x t e n s i v e l y s t u d i e d . Curwain and co-

workers (1974) repo r ted t h a t i n the Heidenhain pouch dog 

p rop rano lo l had no e f f e c t on a submaximal dose of h i s tam ine . 

However, Bruckner and Mu l le rabe (1972) repor ted t h a t i n the 

g a s t r i c f i s t u l a ca t p r o p r a n o l o l p o t e n t i a t e d the ac id response 

to h i s tam ine . They a l so showed an inc rease i n spontaneous 

acid ou tpu t w i t h p r o p r a n o l o l . Geumi and co workers (1972) 

r e p o r t an a n t i s e c r e t o r y a c t i o n of p rop rano lo l on h is tamine 

induced ac id s e c r e t i o n i n man. More r e c e n t l y G o t t r u p , 

Andersen & Jorgensen (1980) have s tud ied the e f f e c t s of 

3-j and ^ - a d r e n o c e p t o r an tagon i s t s on basal and h is tamine 

s t imu la ted ac id s e c r e t i o n i n non-vagotomised and vagotomised 

g a s t r i c f i s t u l a dogs. Ne i t he r p rop rano lo l nor p r a c t o l o l 

had any s i g n i f i c a n t e f f e c t on basal or h is tamine s t imu la ted 

ac id s e c r e t i o n i n e i t h e r p r e p a r a t i o n . 

Summary 

As w i t h the ^ -ad renocep to r agon is t s tud ies the re is 

g r e a t e r disagreement on the e f f e c t of ^ - an tagon i s t s on 

h is tamine induced ac id s e c r e t i o n than p e n t a g a s t r i n induced 

s e c r e t i o n . 



- 54 -

2.8 The E f f e c t s of fl-Adrenoceptor Agonists and Antagonis ts on 

Gas t r i c Aci d Sec re t i on i n Anaes t h e t i sed Ani mals 

There have been fewer r e p o r t s of s tud ies on anaesthet ised 

animals and of these the m a j o r i t y have been performed on the 

p y l o r u s - l i g a t e d r a t . 

(a ) Studies i n the Rat 

I s o p r e n a l i n e reduced the volume o f s e c r e t i o n i n the 

p y l o r u s - l i g a t e d r a t and t h i s e f f e c t was prevented by p roprano lo l 

(Yamaguchi, 1977) . Also i n the p y l o r u s - l i g a t e d r a t the 

adrenoceptor an tagon is ts d i c h l o r o - i s o p r e n a l i n e and p rone tha lo l 

decreased basal s e c r e t o r y volume (Bass and P a t t e r s o n , 1966) . 

Okabe, Suz ik i and Tagaki (1970) measured both sec re to r y volume 

and ac id o u t p u t i n p y l o r u s - l i g a t e d r a t s and found t h a t p rop rano lo l 

and a l p r e n o l o l reduced bo th basal ac id ou tpu t and sec re to r y 

volume. This i n h i b i t o r y e f f e c t o f p roprano lo l i n p y l o r u s - l i g a t e d 

r a t s was a l so shown by Danhof and Geumi (1972) . Debnath and 

co workers (1974) however , repo r ted a s i g n i f i c a n t increase of 

ac id o u t p u t i n the py lo rus l i g a t e d r a t w i t h a s i m i l a r dose of 

p r o p r a n o l o l , a l though a much h igher dose s i g n i f i c a n t l y decreased 

r e s t i n g s e c r e t i o n . Goel and co workers (1977) repor ted t h a t 

p i n d o l o l , a n o n - s e l e c t i v e g-adrenoceptor an tagon is t and p r a c t o l o l 

a $i an tagon i s t s t i m u l a t e d ac id s e c r e t i o n i n small doses but a t 

h igher doses s i g n i f i c a n t l y i n h i b i t e d i t . 

Using the Ghosh and S c h i l d r a t p r e p a r a t i o n , Tani and co 

workers (1979, 1980) showed t h a t . i soprena l ine s t imu la ted ac id 

s e c r e t i o n i n a dose dependent manner i n the r e s t i n g stomach and 
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t h a t t h i s e f f e c t was b locked by p r o p r a n o l o l . I s o p r e n a l i n e 

a l so enhanced the ac id response to submaximal t e t r a g a s t r i n , 

h is tamine and c a r b a m y l c h o l i n e . The e f f e c t of i s o p r e n a l i n e 

alone was increased by t h e o p h y l l i n e but not by met iamide. 

Theophy l l i ne alone had no e f f e c t on the responses to secretagogue 

s t imu la ted s e c r e t i o n . 

( b ) Stud ies i n the Dog and Cat 

In the cat c lose a r t e r i a l i n j e c t i o n of i s o p r e n a l i n e produced 

an inc rease i n mucosal b lood f l o w w i t h l i t t l e or no change i n 

ac id s e c r e t i o n i n the r e s t i n g stomach (Reed and Smy, 1968; Reed 

and Sanders, 1971; Reed, Sniy, Venables and Harr is ,1973) . However, 

i s o p r e n a l i n e d id produce an i nc rease i n ac id s e c r e t i o n and 

mucosal blood f l o w i n response t o a small dose of g a s t r i n (Reed 

and Smy, 1968) , but w i t h l i t t l e i nc rease i n ac id s e c r e t i o n when 

given du r ing the peak responses t o l a r g e doses o f g a s t r i n . 

(Reed e t a l , 1973) . However when i s o p r e n a l i n e was g iven by an 

in t ravenous rou te t he re was an i nc rease i n both ac id s e c r e t i o n 

and mucosal b lood f l o w us ing maximal doses of g a s t r i n . C l e a r l y 

t he re i s a d i f f e r e n c e i n the e f f e c t of i s o p r e n a l i n e i n the 

anaes the t ised cat compared w i t h the conscious r a t and dog. 

However, i s o p r e n a l i n e has been shown to i n h i b i t p e n t a g a s t r i n 

induced ac id s e c r e t i o n i n the conscious cat w i t h l i t t l e or no 

change i n mucosal blood f l o w (Ho l l and : personal communicat ion) , 

suggest ing t h a t the d i f f e r e n c e may be due to anaesthesia r a t h e r 

than spec ies . 

Okabe and co workers (1977) have shown t h a t , i n the 

anaes the t i sed dog, p rop rano lo l produced a p o t e n t i a t i o n of 

t e t r a g a s t r i n induced ac id s e c r e t i o n but had no i n f l u e n c e on the 
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s e c r e t i o n induced by me thacho l i ne . Inc reas ing the dose of 

p r o p r a n o l o l , however, produced a s l i g h t r educ t i on i n the 

t e t r a g a s t r i n induced s e c r e t i o n and a s i g n i f i c a n t r educ t i on of 

methachol ine induced s e c r e t i o n . His tamine induced g a s t r i c 

s e c r e t i o n was una f f ec ted by e i t h e r dose of p r o p r a n o l o l . 

( c ) Summary 

Reports on the e f f e c t o f 3-adrenoceptor agon is ts and 

an tagon is ts have been c o n f l i c t i n g when s tud ied i n anaesthet ised 

animals and show a wide v a r i a t i o n . This may be due to d i f f e r e n c e s 

of s p e c i e s , doses, rou tes of a d m i n i s t r a t i o n and exper imenta l 

p r e p a r a t i o n . The absence o f more i n f o r m a t i o n on the e f f e c t s i n 

anaesthet ised animals does not a l l ow any d e f i n i t e conclusions 

to be made, whereas i n the conscious animal i t seems t h a t , a t l e a s t 

when using p e n t a g a s t r i n as a s e c r e t o r y s t i m u l a n t , 3~agonists 

e x e r t an i n h i b i t o r y e f f e c t , and some ^ -an tagon i s t s a p o t e n t i a t i n g 

e f f e c t on ac id s e c r e t i o n . 

2.9 Aims of the P r o j e c t 

I t i s apparent f rom t h i s l i t e r a t u r e rev iew of the e f f e c t s 

of sympathomimetic drugs and t h e i r an tagon is ts on g a s t r i c ac id 

s e c r e t i o n t h a t many s tud ies have been c a r r i e d out i n the i n t a c t 

animal and the re are c o n t r a d i c t o r y repo r t s on the e f f e c t s of 6-

adrenoceptor a g o n i s t s . The i n t e r p r e t a t i o n of exper iments using 

i n t a c t animals i s compl ica ted s i nce sympathomimetic drugs have 

such a widespread a c t i v i t y i n the body. Act ions on the cen t ra l 

nervous and ca rd i ovascu la r systems may a l t e r ac id ou tpu t i n d i r e c t l y . 

Laparotomy may reduce g a s t r o i n t e s t i n a l blood f l o w due t o 

sympathomimetic v a s o c o n s t r i c t i o n and may a l t e r the e f f e c t s seen 
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w i t h 3-adrenoceptor agon is t s compared w i t h exper iments i n 

conscious animals of the same spec ies . The study of the ac t ions 

of 3-adrenoceptor an tagon i s t s i s f u r t h e r compl icated by t h e i r 

p o t e n t i a t i n g e f f e c t on p e n t a g a s t r i n s t imu la ted s e c r e t i o n i n 

the conscious r a t and dog. I n t a c t animal s tud ies a lso do not 

l o c a l i s e the s i t e o f the adrenoceptors concerned i n the acid 

s e c r e t o r y response to sympathomimetic drugs. 

To date t he re have been no r epo r t s on the e f f e c t s of 

catecholamines on g a s t r i c s e c r e t i o n i n v i t r o i n mammals. 

Because of the problems of i n t e r p r e t i n g r e s u l t s i n v i v o , 

and o f comparing d i f f e r e n t s p e c i e s , a study was undertaken t o 

compare r e s u l t s f r om conscious Heidenhain pouch r a t s w i t h those 

f rom an i s o l a t e d stomach p r e p a r a t i o n i n the r a t . I f sympatho-

mimet ic agon is ts and an tagon i s t s act d i r e c t l y upon the stomach 

t h e i r e f f e c t s should be demonstra b le i n v i t r o . An ex tens ive 

study of the e f f e c t s of ^ -adrenoceptor agonis ts and an tagon is ts 

on g a s t r i c ac id s e c r e t i o n i n v i t r o was c a r r i e d o u t . The ac t ions 

of e s t a b l i s h e d i n h i b i t o r s o f ac id s e c r e t i o n on these responses 

were a lso s t u d i e d , and the e f f e c t s of no rad rena l i ne and an <x~ 

adrenoceptor agon is t were i n v e s t i g a t e d . 
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CHAPTER 3 

METHODS 
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3.1 RAT ISOLATED STOMACH 

3.1 .1 I n t r o d u c t i o n 

The i s o l a t e d stomach and i s o l a t e d g a s t r i c mucosa, where 

the muscle wa l l has been removed, p rov i de exper imenta l advantages 

f o r the study of g a s t r i c f u n c t i o n s i nce comp l i ca t i ng f a c t o r s 

such as v a r i a t i o n i n blood f l o w , o r nervous con t ro l can e i t h e r 

be reduced or a b o l i s h e d . The amphibian i s o l a t e d mucosal p r e p a r a t i o n 

has been used e x t e n s i v e l y and i s w e l l documented. (For review 

Fo r te and S o l b e r g , 1973) more r e c e n t l y mammalian i s o l a t e d stomachs 

and mucosae have been used s u c c e s s f u l l y t o study g a s t r i c f u n c t i o n , 

i n p a r t i c u l a r g a s t r i c ac id s e c r e t i o n . 

Rat i s o l a t e d stomach p r e p a r a t i o n s sec re te acid spontaneously 

and respond t o va r ious secre tagogues. Several groups of workers 

have p r e v i o u s l y s t i m u l a t e d H+ s e c r e t i o n f rom the i s o l a t e d whole 

r a t stomach or g a s t r i c mucosa ( P a t t e r s o n and S t e t t o n , 1949; Cummins 

and Vaughan, 1965; D i c k s t e i n and Sulman, 1965; Wan e t a l . , 1974; 

Brennan et a l . , 1975; Bunce and Parsons, 1976; Hearn and Main, 

1975) , a l though q u a n t i t a t i v e data have on ly been prov ided by Wan 

e t a l . , ( 1974 ) , Bunce and Parsons (1976) and Hearn and Main ( 1 9 7 5 ) . 

+ - 2 - 1 
Resting s e c r e t i o n i n t h i s p r e p a r a t i o n (3 .63 ± 0.2ymol H cm h ) 

i s s l i g h t l y h igher than t h a t r e p o r t e d by Bunce and Parsons (1976) 

+ -1 
which was 2.5ymol H h . Sernka and H a r r i s (1972) obta ined a 

- 2 - 1 
r e s t i n g s e c r e t i o n o f 1.6 - 2 .1yequ iv cm h i n the r a t i s o l a t e d 

mucosa. Other workers have ob ta ined basal s e c r e t o r y ra tes 

o f 30yequiv h" 1 (Brennan e t a l . , 1975) and up to 15y.equi v 

- 2 - 1 
cm 30 min (Wan et a l . , 1974) . Some values found by o ther 
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workers , of basal and maximal ac id s e c r e t i o n i n i s o l a t e d mucosa and t 

stomach p repa ra t i ons are shown i n Table 1. In the present study 

the spontaneous ac id s e c r e t i o n was s t ab l e and showed l i t t l e 

v a r i a t i o n over GacV\ hour d u r i n g which t ime agon is ts were s t u d i e d . 

This i s shown i n F igu re 1. 

Whi le i n v i t r o p r e p a r a t i o n s are idea l f o r the study of 

d i r e c t e f f e c t s of drugs on g a s t r i c ac id s e c r e t i o n the re are 

l i m i t a t i o n s which must be balanced aga ins t the more obvious 

advantages of the i s o l a t e d p r e p a r a t i o n . By i t s very na ture the 

i s o l a t e d system w i l l not p e r m i t t he kinds of t o t a l i n t e g r a t i v e 

ana l ys i s which are poss i b l e w i t h i n t a c t systems; i s o l a t i o n 

requ i res i n t e r r u p t i o n o f i m p o r t a n t nerves , p a r t i c u l a r l y the vagus, 

loss o f blood supply which c a r r i e d oxygen and glucose and removes 

b ica rbona te and i n i s o l a t e d mucosal p repara t ions removal of the 

muscle coats v i r t u a l l y e l i m i n a t e s s u b - e p i t h e l i a l neural p l e x i . 

I n t e r p r e t a t i o n of r e s u l t s comparing d i f f e r e n t species bo th 

i n v i vo and i n v i t r o may be p r o b l e m a t i c s ince some secretagogues 

such as p e n t a g a s t r i n may be o f d i f f e r e n t potency f rom species 

to spec ies . However, i n the p resen t study the aim was to compare 

the e f f e c t s of sympathomimetic drugs and t h e i r an tagon is ts i n v i v o 

and i n v i t r o using the same spec ies . In s p i t e of these var ious 

problems the convenience, s i m p l i c i t y and c a r e f u l l y c o n t r o l l e d 

cond i t i ons p rov ided by i s o l a t e d p repa ra t i ons s u b s t a n t i a t e t h e i r 

r o l e i n exper imenta l s t ud ies o f g a s t r i c s e c r e t i o n . 

In c o n c l u s i o n , the r a t i s o l a t e d stomach has been chosen as 

a model to study the e f f e c t s of sympathomimetic agon is ts and 

an tagon is ts on g a s t r i c s e c r e t i o n . 



TABLE 1 

A COMPARISON OF BASAL AND STIMULATED ACID SECRETION IN THE ISOLATED STOMACHS AND MUCOSAE OF DIFFERENT SPECIES 

? 
uequiv /cm / h (except where s t a t e d ) 

SPECIES ISOLATED MUCOSA BASAL ACID MAXIMAL ACID 

Rat Sernka & H a r r i s , 1972 1.6 - 2.1 -

Rat Hearn & Main , 1975 - Up t o 10 eq 

P i g l e t F o r t e , Fo r te & Machen, 1975 0 - 1 Up to 15 

Guinea Pig S j o s t r a n d , Ryberg & Olbe, 1977 1.81 5.1 

Ki t t e n Tepperman, S c h o f i e l d & Tepperman, 1975 0.29 - 0.03 3.11 - 0.62 

Dog Kuo & Shanbour, 1978 0 - 0.58 4.24 - 0.35 

Pr imate Rangachar i , 1979 0.15 5.1 

Rabbi t Fromm, Schwartz & Quizano, 1975 2 .4 - 0.2 Up to 5 

ISOLATED STOMACH 

Gui nea Pi g Ho l ton & Spencer , 1975 2 - 4 Up t o 13 

Rat Wan, Assem & S c h i l d , 1974 Up to 12 Up to 23 

Rat Sernka & H a r r i s , 1972 2.7 -

Rat Brennan, Arbakov, S t e f a n k i e w i c z & Groves, 1975 30 - 34yeq/h r -

Rat Immature Bunce & Parsons, 1976 2.5 mol x l O - 8 

H+ h"1 

Up t o 5.8/Umol 
H + h " 1 
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T I M E H 

F igu re 1 Mean r e s t i n g s e c r e t i o n o f 6 stomachs f o r 5 hours 

Bars = s .e .m. 
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3 .1 .2 Choice of the Immature Rat 

Stomachs f rom immature r a t s were used to study ac id sec re -

t i o n i n v i t r o . Adequate oxygena t ion i s a bas ic problem i n a l l 

i s o l a t e d p repa ra t i ons t h e r e f o r e a very t h i n p r e p a r a t i o n such 

as the young r a t stomach i s an advantage s ince i t o f f e r s a s h o r t 

d i f f u s i o n path f o r oxygen. The approximate th ickness of the r a t 

stomach was determined e x p e r i m e n t a l l y over an age range of 19 to 

22 days and the r e s u l t s are shown i n Table 2. Between the ages 

of 19 and 22 days the th i ckness of the stomach on ly increased 

f rom 0.032 cm to 0.038 cm and t h i s was the age range at which 

they were used. This f a c t o r was considered to be of pr ime 

importance s ince the r a t e a t which oxygen can be supp l ied i s 

thought to l i m i t the r a t e o f ac id s e c r e t i o n i n i s o l a t e d stomachs. 

The a d u l t r a t stomachs used by Wan, Assem and Sch i l d 

(1973) were 1mm t h i c k and i s o l a t e d stomachs f rom o ther species 

can be severa l mm's t h i c k . This w i l l reduce the d i f f u s i o n of 

oxygen i n t o the mucosa which i s r e q u i r e d to suppor t ac id s e c r e t i o n . 

The re fo re by using the t h i n n e s t p r e p a r a t i o n descr ibed to date the 

p o s s i b i l i t y of inadequate oxygenat ion i s min imised. 

3 .1 .3 I s o l a t e d Stomach or I s o l a t e d Mucosa ? 

There are severa l d isadvantages assoc ia ted w i t h removal o f 

the muscle l aye r e i t h e r by b l u n t d i s s e c t i o n (Sernka and Hogben, 1969) 

or by a b l i s t e r i n g techn ique [ F o r t e , Fo r te and Machen, 1975; Hearn 

and Main , 1975) . The most obvious drawback to t h i s procedure i s the 

p o s s i b i l i t y of damage to the e p i t h e l i a l i n t e g r i t y when the muscle 

coat i s separated f r om the mucosa. S t r e t c h i n g of the mucosa may 

occur as the muscle l aye r i s d i ssec ted f r om the mucosa, and t h i s 

i t s e l f may s t i m u l a t e ac id s e c r e t i o n which makes i n t e r p r e t a t i o n o f 
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TABLE 2 

Aae (davs^ n Combined Average Weight T h i c k n e s s Age taays) n w t W e i h t Q f s t o m a c h ? e s s 

(g) ( g ) W 

19 5 0.180 0.036 0.032 

20 6 0.246 0.041 0.036 

21 5 0.199 0.040 0.035 

22 6 0.258 0.043 0.038 

Stomachs which had been used f o r ac id sec re to r y s tud ies were cut 

f rom the mucosal tubes t o which they were t i e d du r ing the 

exper iment (see F igu re 2 , 3 . 1 . 6 ) around the c i rcumference a t 

the end of the t ube , b l o t t e d and weighed i n groups of 5 or 6. 

The area of the mucosa was c a l c u l a t e d f rom the c x r e x ^ . 0 f the 

2 tube (1 .13 cm ) . Assuming a dens i t y of I g / c c the th ickness 

( x ) was c a l c u l a t e d using the f o r m u l a : 

? 
Mass = Volume (x x 1.13 cm ) X dens i t y (1) 
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r e s u l t s d i f f i c u l t . The main argument f o r the i s o l a t e d mucosa 

p r e p a r a t i o n has been t h a t i t i s a t h i n n e r p r e p a r a t i o n , however, 

the muscle coat on ly c o n t r i b u t e s about 20% t o the th ickness of 

the stomach (Sernka and Hogben, 1969) . These workers have a lso 

shown t h a t i n the r a t and guinea p ig the serosal coat can be 

ignored as a s u b s t a n t i a l d i f f u s i o n b a r r i e r and t h a t i t represents 

on ly a passive b a r r i e r t o i o n movement. On the who le , the 

i s o l a t e d g a s t r i c mucosal p r e p a r a t i o n i s a less p h y s i o l o g i c a l 

p r e p a r a t i o n than the i s o l a t e d stomach and d i r e c t comparison o f 

i n v i v o and vn v i t r o r e s u l t s are less v a l i d . 

Since the a d u l t r a t i s o l a t e d mucosa i s t h i c k e r than the 

immature r a t stomach the advantages gained f r om s t r i p p i n g the 

muscle coat away f rom the mucosa i n the immature r a t would be 

n e g l i g i b l e , and i t i s ex t reme ly u n l i k e l y t h a t the procedure 

would be f e a s i b l e because of the de l i cacy o f the t h i n stomach. 

Fu r the rmore , Hol ton and Spencer (1975) found t ha t i n the guinea 

p ig stomach (0.05 cm t h i c k ) removal of the muscle laye r caused no 

change i n observed r e s u l t s compared w i t h the whole stomach. 

The re fo re the immature r a t i s o l a t e d stomach was considered to be 

the best choice f o r t h i s s t u d y . 

3 .1 .4 D i e t a r y Pre-Treatment 

Male r a t s , age 19 days , toge ther w i t h a l a c t a t i n g female : 

were obta ined f rom d e a l e r s . They remained i n good h e a l t h and 

s u f f e r e d no obvious i l l e f f e c t f r o m t r a v e l l i n g . The r a t s were used 

w i t h i n two days of a r r i v a l and d u r i n g t h i s t ime began to wean 

themselves. This had no obv ious e f f e c t on the r e s u l t s ob ta ined . 
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Rats were not s ta rved f o r a number o f reasons. Immature r a t s 

depr ived of food e i t h e r p r i o r to or a f t e r weaning would not 

develop n o r m a l l y , and would be less hea l thy than fed an imals . 

Bunce and Parsons (1976) showed t h a t stomachs f rom fed animals 

were more respons ive to secretagogues than those f rom f a s t e d 

animals and s i m i l a r obse rva t i ons have a lso been made by K i t t a h a r a , 

Fox and Hogben (1969) and Brennan e t a l . , ( 1975 ) . 

3 .1 .5 Method f o r S a c r i f i c e o f Rat 

Rats were k i l l e d by c e r v i c a l d i s l o c a t i o n . Other methods < 

t h a t have been used f o r the r a t i n c l u d e e ther anaesthesia 

(Sernka and Hogben, 1969) and i n j e c t i o n of sodium pentobarb i tone 

(Bunce and Parsons, 1976) . However, e ther i s s t r e s s f u l to the 

animal and may cause hormonal changes which could a f f e c t g a s t r i c 

s e c r e t i o n ( C u t t i n g e t a l . , 1 9 3 7 ; S k y r i n g , 1961) i n the i n t a c t 

an imal . Since i t i s on ly a ma t te r of seconds between ce rv i ca l 

d i s l o c a t i o n and removal of t he stomach, the advantage of 

ma in ta i n i ng the blood s u p p l y , as i n the s e t t i n g up o f an i s o l a t e d 

whole stomach, i s not a p p l i c a b l e he re . 

3 .1 .6 D issec t i on and S e t t i n g Up o f the Stomach 

The stomach was r a p i d l y removed w i t h the minimum of con tac t 

w i t h the ins t ruments of d i s s e c t i o n and cut along the lesser 

c u r v a t u r e . The mucosa was washed w i t h co ld 0.9% s a l i n e . The 

s e c r e t o r y p o r t i o n of each stomach was s t r e t ched t i g h t l y and t i e d 
2 

ov er the end o f a small p l a s t i c tube of end area 1.13cm w i t h 

the mucosa f a c i n g upwards i n t o the lumen of the tube. 
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A diagrammatic r e p r e s e n t a t i o n of the apparatus i s shown i n 

F igu re 2. The s e c r e t o r y p o r t i o n o f the stomach was considered 

to be the main f u n d i c reg ion exc lud ing the rumen and,where the 

s i z e of the stomach a l l o w e d , t h i s p o r t i o n on ly was used. In 

some o f the sma l l e r stomachs some rumen had to be inc luded 

s ince i t was imposs ib le to s t r e t c h the f u n d i c p o r t i o n w i t h o u t 

damaging i t , t o t i e over t he end of the p l a s t i c tube . 

Each stomach p r e p a r a t i o n was se t up a t 34°C i n separate 

baths con ta in ing 30ml of b u f f e r e d s a l i n e (PH 7 .4 ) and bubbled 

w i t h 95% 0^ 5% C02. The tempera tu re was mainta ined by 

suspension of the serosal b a t h i n a l a r g e water b a t h , water 

being c i r c u l a t e d at a cons tan t 34°C by a Chu rch i l l t h e r m o r e g u l a t o r . 

The mucosal s u r f a c e was bathed w i t h 5ml of unbu f fe red s a l i n e and 

bubbled w i t h 100% Og. The compos i t ion of the sa l i nes are shown 

i n Table 3 and discussed i n 3 . 1 . 7 . 

The l e v e l s of the s o l u t i o n s on e i t h e r s ide of the 

p r e p a r a t i o n were app rox ima te l y the same to min imise any ex te rna l 

p ressu re . However, a s l i g h t d i f f e r e n c e i n the l eve l s showed t h a t 

the stomachs had rup tu red o r the t i e s become l o o s e , s ince any hole 

i n the stomach would r e s u l t i n a l e v e l l i n g of the serosal and 

mucosal ba th ing f l u i d s . Bubb l ing was mainta ined a t a b r i s k r a t e 

to ensure adequate oxygena t ion and to mix s o l u t i o n s on a d d i t i o n 

of d rugs. However, care was taken not t o apply too v igorous 

' b u b b l i n g ' s ince damage to the t i s s u e might ensue. 

The apparatus was tho rough l y cleaned d a i l y using 

d i s t i l l e d water s ince i t has been shown t h a t thorough c lean ing 

o f the organ baths i s e s s e n t i a l f o r a r e p r o d u c i b l e s e c r e t o r y 

response to secretagogues (Spencer , 1974). 
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Figure 2 Diagrammatic rep resen ta t i on of exper imenta l apparatus used i n s tud ies on the r a t 

isolated stomach. 
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TABLE 3 

COMPOSITION OF SALINES 

Sernka & Hogben, 1969 

Serosal Sa l i ne Mucosal Sa l i ne 

u e q / l i t r e y e q / l i t r e 

Na+ 136.0 136.0 

K+ 5.0 5.0 

Mg2+ 2.4 2 .4 

Ca2+ 7.2 7.2 

CI" 124.6 150.6 

HCO3- 26.0 -

Glucose 16.7mM 16.7mM 
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3.1 .7 Composit ion o f Sa l i nes 

Table 3 shows the compos i t ion of mucosal and serosal s a l i n e s . 

These were made up acco rd ing to Sernka and Hogben (1969) f o r the 

r a t , and used i n t h e i r s t u d i e s on a c t i v e ion t r a n s p o r t by the i s o l a t e d 

g a s t r i c mucosa of the r a t . These sa l i nes have a l so been used i n 

s tud ies on the i s o l a t e d g a s t r i c mucosa of the r a t . These sa l i nes 

have a lso been used i n s t u d i e s on the i s o l a t e d guinea p ig stomach 

(Ho i ton and Spencer, 1975) and were found to be an a p p r o p r i a t e 

composi t ion f o r success fu l secretagogue s t i m u l a t i o n and 

maintenance of r e s t i n g s e c r e t i o n i n the r a t i s o l a t e d stomach 

(Spencer: personal communica t ion) . 

3 . 1 . 8 Gassing of the Bath ing So lu t i ons 

The g a s t r i c mucosa r e q u i r e s more carbon d i ox i de than i s 

produced by t i s s u e metabo l ism. Carbon d i ox i de i s i nco rpo ra ted 

i n t o HC03" which i s l i b e r a t e d i n t o the serosal s o l u t i o n ( i n v i t r o ) 

or b lood ( i n v i v o ) , i n exchange f o r H+ secreted i n t o t he g a s t r i c 

lumen (Dav ies , 1948; T e o r e l l , 1951) I t has been shown by Davies 

and Langmuir (1948) t h a t i n the absence o f C02 gassing the r a t e 

of H+ p roduc t i on does not exceed t h a t o f C02 produced by metabol ism. 

On maximal s t i m u l a t i o n by h i s tam ine u l c e r a t i o n was seen which 

they proposed was due to hyd roxy !g roup accumulat ion s ince 

u l c e r a t i o n was not apparent w i t h adequate C02 s u p p l i e s . For 

these reasons, i n the i s o l a t e d stomach 5% C02 was supp l ied i n the 

gassing mix ture , to the serosa l s o l u t i o n . The mucosal s o l u t i o n 

was unbu f fe red and gassed w i t h 100% 0 2 to m in ima l i se b u f f e r i n g o f 

the secre ted a c i d . Inadequate gassing of the mucosal s a l i n e 

causes a r educ t i on i n ac id s e c r e t i o n ; t h i s may or may not be 

r e v e r s i b l e depending on the d u r a t i o n of 0 2 s t a r v a t i o n o f the 

t i s s u e . 
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3.1 .9 Temperature 

Hol ton and Spencer (1975) found t h a t , f o r the guinea p i g , 

reducing the temperature f r o m 37°C to 34°C caused no apprec iab le 

change i n ac id p r o d u c t i o n . Th is was a lso found to be t r ue 

f o r the r a t i s o l a t e d stomach p r e p a r a t i o n . (Spencer: personal 

communicat ion). 

3 .1 .10 Exper imental Pro toco l 

S ix stomach p r e p a r a t i o n s were set up c o n c u r r e n t l y . Once 

i n the serosal bath the oxygen and oxygen/carbon d iox ide supp l ies 

were ad jus ted f o r optimum g a s s i n g , the temperature of the l a rge 

bath checked to ensure a cons tan t tempera ture , and the f i r s t 5ml 

of mucosal s a l i n e d iscarded and replaced w i t h f r e s h mucosal 

s a l i n e . Measurements were commenced a f t e r 15 minu tes , the 

mucosal s a l i n e removed every 15 minutes dur ing the exper iment f o r 

acid measurement. Mucosal s a l i n e s f o r the s i x stomachs were 

removed using 5ml sy r inges w i t h a sho r t attachment of t u b i n g , each 

sy r i nge l a b e l l e d f rom 1 t o 6 to ensure t h a t samples f rom each 

stomach were c l e a r l y marked. 

A l l drugs were added to the serosal ba th ing f l u i d . A f t e r 

s e t t i n g up the stomach the basal ac id s e c r e t i o n was al lowed to 

s t a b i l i s e f o r one hour both under cont ro l cond i t i ons and i n the 

presence of an tagon i s t s . At one hour basal s e c r e t i o n had reached 

a steady s t a t e as shown i n F igu re 1. Agonists were added to the 

•serosal f l u i d a t t h i s p o i n t and l e f t i n contac t w i t h the serosal 

su r face f o r one hour a f t e r which the serosal s a l i n e was removed 

and the t i s sues washed ou t t w i c e . Return t o p res t imu la ted l e v e l s 

of s e c r e t i o n was more r a p i d a f t e r two washes than one. The 

serosal s a l i n e was rep laced w i t h or w i t h o u t an tagon is t as 
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a p p r o p r i a t e and ac id measurement cont inued f o r a f u r t h e r hour . 

Each t i s s u e rece ived on ly one dose of agon is t f o r a l l exper iments 

except the p i l o t exper iments descr ibed i n 4 .1 .1 and 4 . 1 . 2 . 

Drugs were prepared d a i l y and admin is tered i n as small 

a volume as was p r a c t i c a l . The volumes of drug added ranged 

f rom 10 y l (as i n some commerc ia l l y a v a i l a b l e v i a l s ) to 1ml 

( s o l u t i o n s made up i n the l a b o r a t o r y ) . An equ i va l en t amount o f 

s a l i n e was removed b e f o r e a d d i t i o n of the drug s o l u t i o n . 

3 .1 .11 Measurement of Acid S e c r e t i o n (See F igu re 3) 

The mucosal s a l i n e was removed every 15 minu tes . 

(a ) PH 

The pH of each 15 minute sample was measured w i t h an 

In teck polymer bodied pH e l e c t r o d e on a Beckman model 3500 

d i g i t a l pH me te r . 

(b ) T i t r a t i o n 

The sample was t i t r a t e d by cont inuous a d d i t i o n o f 20mM 

NaOH using a Watson Marlow De l ta B pump ( f l o w r a t e 6ml h " ^ ) 

which was swi tched o f f manual ly a t pH7. The pH change was 

recorded on a Devices two channel recorder which gave a reading 

of t ime taken to reach pH7. 

( c ) Use of 20niM NaOH 

The desired exper imenta l p ro toco l r equ i r ed t h a t s i x samples 

be t i t r a t e d i n less than 15 m inu tes . Rapid a d d i t i o n o f OH" t o 

the sample can min imise t i t r a t i o n t i m e , however, the g lass pH 

e l e c t r o d e does not respond to a change i n pH ins tan taneous l y as 
+ + 

H must come to e q u i l i b r i u m across the H s e n s i t i v e g l a s s . Thus, 

i f the pH change i s very r a p i d the e l ec t r ode ou tpu t w i l l lag behind 
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and inaccu rac ies w i l l r e s u l t . Another cons ide ra t i on i s t h a t 

d i l u t e s o l u t i o n s of NaOH are prone to take up carbon d iox ide f r om 

the atmosphere and may become app rec iab l y t i t r a t e d . Using the 

t i t r a t i o n system, i t has been shown t h a t the est imated H+ content 

o f a sample of a c i d i f i e d mucosal s a l i n e was the same using 1 , 

10 or 20mM NaOH ( C a n f i e l d , unpubl ished o b s e r v a t i o n ) . The re fo re 

20mM NaOH was used f o r t i t r a t i o n and on average s i x such 

t i t r a t i o n s r e q u i r e d 8-10 m inu tes . The 20mM NaOH was made up each 

day by d i l u t i o n of a IN v o l u m e t r i c standard NaOH s o l u t i o n . 

( d ) Determina t ion o f Pump Rate 

Regular de te rm ina t i ons of pump f l o w r a t e were c a r r i e d ou t 

t o check t h a t the f l ow r a t e remained cons tan t . This was achieved 

by weighing a volume o f NaOH pumped i n a known t i m e . 

(e ) C a l c u l a t i o n of Acid Content 

The volume o f NaOH r e q u i r e d to t i t r a t e the sample to 

pH7 was c a l c u l a t e d f r om t ime taken t o reach pH7 m u l t i p l i e d by 

+ - 2 - 1 
pump r a t e . This can be conver ted to mole H cm h by 

m u l t i p l y i n g the t ime o f the 15 minutes sample by f o u r and d i v i d i n g 
? 

by the area of the p r e p a r a t i o n (1 .13 cm ) . Absolute values of 

ac id content have on ly been used t o q u a n t i f y r e s t i n g s e c r e t i o n . 

Some values f o r the maximum responses to agonis ts are g iven i n 

the r e s u l t s f o r comparat ive purposes. Results of agon is t -

an tagon i s t s tud ies have been expressed as the s e c r e t o r y r a t i o . 

This i s d iscussed i n 3 . 1 . 1 3 . 
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F igure 3 Diagrammatic r e p r e s e n t a t i o n of measurement of 

ac id s e c r e t i o n 
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3.1 .12 pH Measurement or T i t r a t i o n f o r the Measurement o f Acid 

Secre t ion? 

The g lass pH e l e c t r o d e measures the H+ a c t i v i t y i n the 

sample, the a c t i v i t y c o e f f i c i e n t being a f u n c t i o n o f i o n i c 

s t r e n g t h . As pH = - l o g a ' { H + } where a i s the a c t i v i t y 

c o e f f i c i e n t , passing the e l e c t r o d e ou tpu t through an a n t i l o g -

p r e a m p l i f i e r w i l l generate a s igna l which i s a f u n c t i o n of a { H + } . 

This would save t ime taken t o t i t r a t e a l l the samples. The 

major d isadvantage of pH measurement i s t h a t i t would not record 

any H+ which were secre ted and b u f f e r e d , f o r i ns tance by mucin, and 

would no t g ive any i n d i c a t i o n of any b u f f e r i n g o c c u r r i n g . 

However t i t r a t i o n w i l l i n c l u d e any b u f f e r which may have 

been secre ted i n a p a r t i a l l y t i t r a t e d s t a t e , f o r i n s t a n c e , w i t h 

assoc ia ted H+ which were no t of p a r i e t a l c e l l o r i g i n . The two 

methods both have advantages and disadvantages and i t i s best 

to cons ider which method s u i t s one 's own exper imenta l design and 

l i m i t a t i o n of exper imenta l r esou rces . T i t r a t i o n and pH measurement 

have both been used by o the r workers and are discussed f u r t h e r 

below. 

(a ) Continuous Flow pH Recording 

This method has been used i n the i s o l a t e d per fused whole 

r a t stomach by Bunce and Parsons (_T976) and the i s o l a t e d per fused 

whole mouse stomach by Angus and Black (1978) . An "on l i n e " 

reco rd ing of the pH of g a s t r i c s e c r e t i o n i s obta ined by the use 

of a f l o w pH e l e c t r o d e . Th is method has the advantage of p r o v i d i n g 

a cont inuous reco rd ing of s e c r e t o r y events i n the i s o l a t e d stomach 

and a cont inous ou tpu t o f r e s u l t s . This method cannot , however, 



- 76 -

record any H+ which had been b u f f e r e d as discussed above. The 

p e r f u s i n g f l u i d i s not bubbled w i t h oxygen w h i l s t i n contac t 

w i t h the mucosa and a p o s s i b l e b u i l d up of carbon d i o x i d e may 

occu r . Continuous f l o w reco rd i ng i s expensive i f s i x stomachs 

are s e t up c o n c u r r e n t l y , s i nee each stomach requ i r es a separate 

pH e l e c t r o d e , m u l t i p l e e l e c t r o d e pH meter f a c i l i t y and a n t i l o g 

channel . 

(b ) T i t r a t i o n 

Th is method has been used by Hol ton and Spencer 0 9 7 5 ) 

and Hearn and Main (1975) and has several advantages.* I t g ives 

a reading of t o t a l ac id o u t p u t and the t i t r a t i o n curve w i l l g ive 

an i n d i c a t i o n o f any b u f f e r i n g o c c u r r i n g i n the sample. The 

technology i s s imple and i n e x p e n s i v e , a f a c t t o be taken i n t o 

c o n s i d e r a t i o n when s e t t i n g up s i x stomachs c o n c u r r e n t l y . The 

disadvantages of t h i s method are r e l a t e d main ly to convenience. 

There i s a delay be fo re one can o b t a i n the s e c r e t o r y r a t e data 

s ince each t i t r a t i o n must be read o f f the reco rde r separa te l y 

and the t ime r e s o l u t i o n i s i n 15 minute p e r i o d s . Th is i s then 

conver ted i n t o a g raph ica l v i s u a l i s a t i o n of s e c r e t o r y events i n 

each stomach, so i t takes longer to show t h a t the t i s s u e has 

reached peak s e c r e t i o n . However, f o r the purposes of t h i s s t u d y , 

t ak i ng advantages and d isadvantages of each method i n t o account , 

i t was decided t h a t t i t r a t i o n p rov ided the most s u i t a b l e method f o r 

measurement of ac id s e c r e t i o n . 

( c ) Non-HCl Sec re t i on 

I t must be noted t h a t n e i t h e r method can d i s t i n g u i s h 

between HC1 and H+ f r om o ther sources . There are t h ree poss ib l e 

sources of H+ o the r than HC1 s e c r e t i o n . These are l a c t a t e / p y r u v a t e 
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f r om metabol ism, mucin wh ich acts as a g a s t r i c b u f f e r and C02/ 

HC03~ f rom the serosal s u r f a c e . I n t h i s p repa ra t i on any C02 

d i f f u s i n g f rom the serosa i s p robab ly blown o f f by bubbl ing 

w i t h 0 2 i n the mucosal s a l i n e . I n the guinea p ig stomach 

p r e p a r a t i o n Spencer (1974) found t h a t sodium th iocyana te always 

abo l ished the s t i m u l a t e d s e c r e t i o n of HC1, whereas i n the 

uns t imu la ted stomach she found a p o r t i o n o f ac id t h a t was not 

i n h i b i t e d by sodium t h i o c y a n a t e . Sernka (1969) showed t h a t a 

b u f f e r secre ted by the g a s t r i c mucosa had a pKa of about 6 and 

suggested t h a t t h i s was mucin . Unresponsive p repa ra t i ons o f " t h e 

r a t i s o l a t e d stomach o f t e n produced samples of about pH6. I t i s 

poss i b l e t h a t the non HC1 p o r t i o n of r e s t i n g ac id s e c r e t i o n 

repo r ted by Spencer was mucin and so on ly r e s t i n g s e c r e t i o n would 

be s i g n i f i c a n t l y a f f e c t e d by mucin re lease i n the guinea p ig 

stomach. 

In o rder to t e s t whether the t i t r a t i o n values f rom these 

p repa ra t i ons rep resen t HC1 and not non-HCl s e c r e t i o n t i t r a t i o n 

samples f rom s i x s t i m u l a t e d stomachs have been compared to a 

t i t r a t i o n obta ined f r om 5ml oxygenated mucosal s a l i n e a c i d i f i e d 

w i t h a small volume (« 2 0 y l ) o f concent ra ted HC1 to a s i m i l a r 

pH as s t i m u l a t e d samples. The r e s u l t s are shown i n F igu re 4 . 

Each f i l l e d c i r c l e rep resen ts the mean t i t r a t i o n curve of s i x 

stomachs a t f i v e second i n t e r v a l s . The open c i r c l e s represent the 

values obta ined f rom t i t r a t i n g HC1/mucosal s a l i n e . The samples 

( s t i m u l a t e d + basal ac id o u t p u t ) behaved l i k e the mucosal s a l i n e 

to which only HC1 has been added. The re fo re any non-HCl s e c r e t i o n 

i s not a s i g n i f i c a n t f a c t o r i n t h i s p r e p a r a t i o n . Even i f basal 

ac id s e c r e t i o n conta ins some non-HCl component t h i s remains 

constant over a per iod o f hours as basal s e c r e t i o n remaims s t a b l e . 
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T I M E s 

Figure 4 Mean t i t r a t i o n curve o f s i x s e c r e t i n g stomachs compared 

w i t h a t i t r a t i o n curve f rom mucosal s a l i n e + HCL (open 

c i r c l e s ) . Each f i l l e d c i r c l e represents the mean of 

s i x stomachs. Bars = s .e .m . 
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3.1 ,13 Express ion o f Resu l t s : Sec re to ry Rat io 

The v a r i a t i o n of the r a t e o f basal s e c r e t i o n between 

d i f f e r e n t stomachs was some t h r e e f o l d . In general stomachs w i t h 

a h igh basal s e c r e t i o n gave l a r g e r responses to a given concent ra -

t i o n of secretagogue than those stomachs w i t h low basal r a t e s . 

This v a r i a t i o n between stomachs could have been due to a number 

of f a c t o r s such as exact age of a n i m a l , w e i g h t , stage o f g a s t r i c 

development, adequate maternal n u t r i t i o n or d is tu rbances caused 

by shipment of l i t t e r . As the animals were not necessa r i l y l i t t e r 

mates the re was a lso the p o s s i b i l i t y of v a r i a t i o n due t o d i f f e r e n t 

g e n e t i c o r i g i n s . In p r i n c i p a l many of these v a r i a t i o n s could be 

s tud ied by s u i t a b l y designed exper iments i n which the r e s u l t s 

were sub jec ted t o a n a l y s i s of v a r i a n c e . However circumstances 

r equ i r ed t h a t animals were ob ta ined f rom a commercial dealer so 

t h a t many of the p o s s i b l e sources of v a r i a t i o n were not under 

d i r e c t c o n t r o l . For t h i s reason i t was f e l t t h a t such an 

exper imenta l i n v e s t i g a t i o n would not be a p p r o p r i a t e . A f u r t h e r 

comp l i ca t i on was v a r i a b i l i t y i n stomach s i z e between animals 

of nomina l l y the same age. In sma l l e r stomachs p a r t o f the area 

of perspex tube was covered by non s e c r e t i n g rumen, so i t was 

not poss i b l e to determine the exac t sec re to r y area w i t h any 

+ - 2 - 1 

accuracy so express ion of r e s u l t s as ^mole H cm h was not 

considered t o be s u i t a b l e . 

For t he reasons discussed i t was decided to compare 

s e c r e t o r y responses by using the s e c r e t o r y r a t i o R. ' 

R = Average r a t e of s e c r e t i o n a t p la teau of response 

Average spontaneous r a t e o f s e c r e t i o n 
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Thus a doubl ing o f ac id s e c r e t i o n represents a s e c r e t o r y r a t i o 

of 2. The use o f t h i s r a t i o assumes t h a t the basal r a t e 

remains s t a b l e over the p e r i o d o f the exper iment . This i s 

shown i n F igu re 1. In some exper iments ac id s e c r e t i o n did not 

q u i t e r e t u r n to p r e - s t i m u l a t e d l e v e l s . In these cases an 

average was taken o f p r e - s t i m u l a t e d and p o s t - s t i m u l a t e d basal 

s e c r e t i o n . 

3 .1 .14 Drugs 

A t r o p i n e su lpha te (BDH) 

Adrena l ine (MacCarthys) 

Bethanechol c h l o r i d e ( U r e c h o l i n e . Glenwood Labs L t d . ) 

Butoxamine h y d r o c h l o r i d e (Wellcome Research Labs) 

Carbachol (MacCarthys) 

C imet id ine (Smith K l i n e & French Labs L t d ) 

Histamine ac id phosphate (MacCarthys) 

Hassle H35/25 (Un isc ience L t d ) 

I s o p r e n a l i n e su l pha te (MacCarthys) 

Labeta lo l h y d r o c h l o r i d e (Glaxo) 

Metiamide (Smith K l i n e & French Labs L t d ) 

Methoxamine h y d r o c h l o r i d e (Wellcome Research Labs L t d ) 

Noradrena l ine (Levophed. Win th rop) 

Pen tagas t r i n (Pep tav lon . ICI L t d ) 

Proprano lo l h y d r o c h l o r i d e ( I n d e r a l . ICI L t d ) 

(+) P roprano lo l ( IC I L t d ) 

P r a c t o l o l ( IC I L t d ) 

Phentolamine ( R o g i t i n e . CIBA) 

Pheny lephr ine (Koch - L i g h t ) 
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Pindo lo l (Sandoz L t d ) 

Prone tha lo l ( IC I L t d ) 

Salbutamol su lpha te (Glaxo) 

Salmefamol (Glaxo) 

Thymoxamine h y d r o c h l o r i d e (Warner - Lambert (UK) L td ) 

T imolo l (Merck , Sharp & Dohme) 

3 .1 .15 S t a t i s t i c a l Ana l ys i s 

Contro l s e c r e t o r y r a t i o s ( w i t h agonis ts a lone) were 

compared w i t h t e s t r a t i o s ( agon i s t s a f t e r p re i ncuba t i on w i t h an 

a n t a g o n i s t ) using both non -pa ramet r i c Mann-Whitney U t e s t and 

s t u d e n t ' s t - t e s t . Both t e s t s y i e l d e d the same r e s u l t s th roughout 

the work . The l e v e l s of s i g n i f i c a n c e given i n t h i s work are 

those de r i ved f rom the Mann-Whitney t e s t as t h i s t e s t does not 

r e q u i r e the assumptions about the normal d i s t r i b u t i o n o f the 

data which are r e q u i r e d f o r the t - t e s t . 

3.2 HEIDENHAIN POUCH RAT 

3 .2 .1 I n t r o d u c t i o n 

Heidenhain descr ibed the f i r s t g a s t r i c pouch f r om the 

f u n d i c g land area i n 1879. I t was made f rom the g r e a t e r c u r v a t u r e , 

the vagal nerve f i b r e s passing t o t h i s area f rom the lesser 

cu rva tu re were t h e r e f o r e t r a n s e c t e d , hence the term "denervated" 

pouch. Gregory (1962) po in ted ou t t h a t t h i s may be a misnomer 

s ince along w i t h the s p l e n i c and e p i p l o i c blood vessels 

sympathet ic nerves reach the g r e a t e r c u r v a t u r e . Since He idenha in 's 

d e s c r i p t i o n of h is denervated pouch var ious adapt ions of t h i s 

procedure have been w ide l y adppted i n p h y s i o l o g i c and pharma-

co log i ca l s t u d i e s . The p resen t s tudy was c a r r i e d out using a 
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F igure 5 Diagrammatic r e p r e s e n t a t i o n of a Heidenhain pouch, 

a - b = l i n e along which c u t t i n g s are made. 
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method adapted f rom A l p h i n and L i n (1959) f o r the p repa ra t i on 

o f a ch ron i c denervated pouch. A Heidenhain pouch cons is ts of 

a small p o r t i o n o f the squamous or non-g landu lar p o r t i o n o f the 

stomach which houses the i n d w e l l i n g cannula and about 50% of the 

acid s e c r e t i n g p o r t i o n of the stomach ( F i g u r e 5 ) . 

The Heidenhain pouch r a t was used i n p re fe rence to the 

f i s t u l a r a t or Pavlov pouch r a t f o r the f o l l o w i n g reasons. The 

stomach of the f i s t u l a r a t can never be complete ly emptied of 

f o o d , and t h i s f a c t o r would make i n t e r p r e t a t i o n o f r e s u l t s more 

d i f f i c u l t s ince any food i n the stomach would i t s e l f cause ac id 

s e c r e t i o n . The technique f o r the p r e p a r a t i o n of the Pavlov 

pouch r a t i s r a t h e r more complex and Pavlov pouch animals have 

a h igher r e s t i n g s e c r e t i o n so a re more d i f f i c u l t to ma in ta in i n 

peak h e a l t h . Since s t u d i e s on g a s t r i c s e c r e t i o n i n the Heidenhain 

pouch r a t i n respec t of sympathomimetic drugs are we l l documented 

t h i s p r e p a r a t i o n was cons idered t o be the most app rop r i a t e i n 

these s t u d i e s . 

3 .2 .2 The Rat as the Exper imenta l Species f o r G a s t r i c Acid 

Sec re t i on Stud ies 

Rats were used i n t h i s s tudy t o enable a d i r e c t comparison 

between the i s o l a t e d stomach and the conscious whole animal i n 

the same spec ies . Rats of a u n i f o r m s t r a i n can be bred i n l a r g e 

numbers and can be purchased i n e x p e n s i v e l y . They can be housed 

and main ta ined f o r l i t t l e expense compared w i t h the costs f o r 

cats and dogs. They can be kept i n the l a b o r a t o r y and can 

t h e r e f o r e r ece i ve personal a t t e n t i o n and care . They can be used 

f o r exper iments w i t h i n the con f i nes of a small l a b o r a t o r y . 
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A f t e r t r a i n i n g and w i t h g e n t l e hand l ing they w i l l remain q u i e t 

dur ing the course o f the expe r imen ts . 

One o b j e c t i o n to using the r a t f o r ac id s e c r e t o r y s tud ies 

i s i t s unique metabol ism of h i s t a m i n e . Since h is tamine i s by now 

we l l es tab l i shed i n i t s invo lvement i n ac id s e c r e t i o n , t h i s 

f a c t o r may be of impor tance . The r a t i s the only species i n 

which diamine ox idase occurs i n the g a s t r i c mucosa (Kobayashi 

and I v y , 1959) and t h i s enzyme i s the major rou te of h is tamine 

metabol ism i n the r a t . H is tamine methyl t r a n s f e r a s e i s found i n 

the g a s t r i c mucosa o f a l l species examined except the r a t (See 

Bunce e t a l . , 1 9 7 9 ) . In o t h e r species the me thy la t i ng pathway 

predominates (Snyder , Axe l rod & Bauer, 1964). H i s t i d i n e 

decarboxy lase i s a l s o p resen t i n the g a s t r i c mucosa of the r a t and 

mouse i n much g rea te r q u a n t i t i e s than those found i n o ther 

species (Kah lson , Rosengren and Thunberg, 1964). Such f a c t o r s 

obv ious ly must be taken i n t o account when comparing the r a t t o 

other spec ies , however, the r a t has been w ide l y used as an 

exper imenta l animal i n the s tudy of g a s t r i c s e c r e t i o n and m a t e r i a l 

f o r comparison of g a s t r i c secretagogues and i n h i b i t o r s i s 

t h e r e f o r e a v a i l a b l e i n the l i t e r a t u r e . 

3 .2 .3 Use of a Conscious Animal i n Pre ference t o an Anaesthet ised 

Animal 

Considerable exper ience i s requ i red f o r the s a t i s f a c t o r y 

p r e p a r a t i o n , maintenance and use of conscious pouched an imals . 

An anaes the t i sed animal would have presented fewer d i f f u l t i e s . 

However, anaesthesia may e x e r t an i n h i b i t o r y i n f l u e n c e on ac id 

s e c r e t i o n and t h i s appears to be r e l a t e d to the nervous con t ro l 

o f g a s t r i c s e c r e t i o n ( C u t t i n g e t a l . . , 1937; Sky r i ng e t a l . , 1961). 
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Urethane and pen tobarb i tone i n h i b i t i n s u l i n s t imu la ted acid 

s e c r e t i o n . (Bra low, Komarov and Shay, 1961; Jagi and Unvas, 

1949; ' , ) • Anaesthesia fo l lowed by 

laparotomy and man ipu la t i on of the v i sce ra r e s u l t s i n rad ica l 

change of the p h y s i o l o g i c a l cond i t i on of the stomach because 

of prolonged r e f l e x sympathet ic d ischarge . (Ho l ton , 1973), 

the r e s u l t i n g depression i n g a s t r o i n t e s t i n a l movement las ts 

f o r several hours a f t e r a f f e r e n t s t i m u l a t i o n and may be abol ished 

by loca l anaesthesia o f t he lumbar spinal cord (Markowitz and 

Campbell, 1927). Thus, acute experiments i n anaesthet ised 

an ima ls , w h i l e they are more conven ien t , may not g ive a t r u e 

i n d i c a t i o n of p h y s i o l o g i c a l responses. 

3 .2 .4 Operat ive Technique 

Wis t a r r a t s of both sexes weighing 200-350g were used. 

The r a t s were s tarved f o r 24 hours on a g r i d su r face but al lowed 

f r e e access to wa te r . The r a t was anaesthet ised using small 

animal rmmobi lon, 0 . 6 - 0 . 8 m l / k g i ; p . Immobilon i s a neuro-

l e p t i c ana lges ic compr is ing E to rph ine HC1 BP (Ve t ) 0.074 mg/ml 

a n c j ( V e t ) 18 mg/ml i n a s o l u t i o n con ta in ing 

ch lo rocreso l BP 0.1% w / v , sodium c i t r a t e BP, c i t r i c ac id BP, 

Na metabisu lphate BP, asco rb i c acid BP and disodium <2.6^ck<z 

BP. A dose of 60 yg a t r o p i n e su lphate was given s imul taneous ly 

to a l l e v i a t e any r e s p i r a t o r y problems caused by bronchia l 

s e c r e t i o n s . 

The ha i r was c l i pped f rom the upper abdomen over the 

stomach and t h i s area was swabbed w i t h ch lo rhex id ine 0.5% i n 

70% methylated s p i r i t s (H ib i t ane ) . . a mid l i n e i n c i s i o n was made 

along the abdominal wa l l and the stomach gen t l y e x t e r i o r i s e d 
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using b l u n t toothed f o r c e p s and l a i d on a s a l i n e soaked gauze. 

A purse s t r i n g su tu re was sewn i n t o the squamous p o r t i o n of t he 

stomach using 5 / 0 s i l k and a cut made w i t h i n the c i r c l e of 

s t i t c h e s , wide enough f o r the i n s e r t i o n o f a ny lon cannula. 

(Length 20mm. I n t e r n a l bore 2mm). The i n t e r i o r o f the stomach 

was g e n t l y cleansed by i n s e r t i o n o f a s a l i n e soaked co t ton wool 

bud. The cannula was i n s e r t e d and the purse s t r i n g su tu re 

p u l l e d t i g h t . Top ica l pheny leph r i ne (1:1000) was app l ied to the 

e x t e r i o r o f the stomach a t t h i s stage t o d iscourage b leed ing 

once the cuts were made. 

A small cu t was made i n the squamous p o r t i o n of the stomach 

i n order to i n s e r t two haemosta t ic clamps d i v i d i n g the ac id 

s e c r e t i n g a rea , being c a r e f u l no t t o i n j u r e blood vessels 

supp l y i ng the stomach and pouch. A clean cut w i t h the sca lpe l was 

made on the pouch s ide o f each clamp. The clamping and c u t t i n g 

of each s ide of the stomach was done s e p a r a t e l y . During the 

sewing of the pouch the clamps remained i n p o s i t i o n to reduce 

b l eed ing . The pouch and stomach were closed sepa ra te l y by cont inuous 

i n v e r t i n g sutures using 5 / 0 s i l k , i n v e r t i n g the l a s t r o s e t t e o f 

the mucosa i n t o the i n s i d e . Th is was achieved by p lac ing a 

s t i t c h over the i n v e r s i o n . 

The pouch and stomach were washed w i t h s t e r i l e s a l i n e 

and rep laced i n the abdomen and the cannula brought through a 

small cu t i n the body w a l l to the l e f t of the main i n c i s i o n . 

The cannula was sewn to the p e r i t o n e a l su r f ace of the body wal l 

w i t h 4 / 0 s i l k and the i n c i s i o n closed a lso using 4 /0 s i l k , 

sewing the body wa l l and s k i n s e p a r a t e l y . The sk i n was again 

swabbed w i t h H i b i t a n e and a brass b i t e block screwed onto the 

p l a s t i c cannula. The Immobilon a n t i d o t e Revivon was i n j e c t e d 

subcutaneous ly . Small animal Revivon conta ins D ip renorph ine 0.272mg/ml 
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i n a s o l u t i o n c o n t a i n i n g c h l o r o c r e s o l BP. An equ i va len t dose o f 

Revivon to t ha t of Immobilon was used. The animals recovered 

consciousness i n app rox ima te l y 10 minutes . 

3 .2 .5 Pos t -Opera t i ve Feeding and Care 

Food was w i t h e l d f rom the animals f o r 48 hours a f t e r 

c o n s t r u c t i o n o f the pouch. Animals were al lowed a choice of 

water or 0.9% s t e r i l e s a l i n e to he lp ma in ta in b o d i l y e l e c t r o l y t e 

ba lance. The r a t s were a l s o g iven subcutaneous s t e r i l e s a l i n e 

i f they appeared weak a f t e r recovery f rom the anaes the t i c . 

Animals w i t h pouches were kept s i n g l y i n cages l i n e d w i t h paper . 

Sawdust was found t o b lock the cannula ent rance and thus p reven t 

f r e e dra inage of s e c r e t i o n f r om the pouch. 

I n i t i a l ope ra t ions t o c o n s t r u c t Heidenhain pouches were 

o f t e n unsuccessful due t o i n e x p e r i e n c e . These d i f f i c u l t i e s were 

e v e n t u a l l y overcome and the animals su rv ived up to s i x months. 

At f i r s t the re was l i t t l e spontaneous ac id s e c r e t i o n f rom the 

pouches, but towards the end o f t he t h ree or f o u r month per iod 

an inc rease i n spontaneous s e c r e t i o n caused ac id burns around t he 

cannula and subsequent ly l es ions developed. These could be 

s t i t c h e d w i t h some success but e v e n t u a l l y i t become imposs ib le to 

r e -ope ra te and c lose up the l e s i o n s . In some cases the cannula 

dropped out a l t o g e t h e r and a l though cannulae could be r e i n s e r t e d 

i n t o the r a t s and s t i t c h e d to t h e body wal l t h i s procedure was 

not always s u c c e s s f u l . Occas iona l l y r a t s w i t h we l l es tab l i shed 

pouches developed a l i m e n t a r y t r a c t o b s t r u c t i o n s , poss ib l y due to 

decreased stomach s i z e . I t was considered t h a t the usefu l l i f e 

o f a Heidenhain pouch r a t depended main ly on the maintenance of 

good phys ica l c o n d i t i o n o f the s k i n around the pouch. The 
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i nc idence of pos t o p e r a t i v e problems decreased w i t h exper ience 

i n c o n s t r u c t i n g the pouch, m i n i m i s i n g the t ime under anaesthesia 

and blood l o s s . 

The Heidenhain pouch r a t s s t a r t e d s e c r e t i n g ac id 5-14 days 

a f t e r the o p e r a t i o n and were never used u n t i l two weeks a f t e r 

the o p e r a t i o n . P o s t - o p e r a t i v e animals were kept i n the l a b o r a t o r y 

which had a constant tempera tu re o f 21° - 1°C. The pouches were 

r e g u l a r l y f l u s h e d w i t h 0.9% s a l i n e using a 5ml s y r i n g e w i t h a 

s h o r t leng th of 20 gaj^ge p o l y e t h y l e n e t u b i n g , t o remove mucus 

or blood c l o t s . As soon as newly operated r a t s had recovered , 

and s t a r t e d s e c r e t i n g ac id a longer b i t e b lock was screwed onto 

the cannula to i nc rease the d i s tance of ac id s e c r e t i o n f rom the 

body w a l l . Rats were p laced i n Bol lman r e s t r a i n i n g cages f o r 

a few hours each day to ensure t h a t they- became used to the 

exper imenta l env i ronment . 

3 .2 .6 Exper imenta l P ro toco l (F i gu res 6 and P la te 1) 

Rats were s ta rved f o r 24 hours p r i o r t o the exper iment 

but a l lowed f r e e access t o water or 0.9% s a l i n e . The animals 

were se t up i n Bol lman r e s t r a i n i n g cages as seen i n P la te 1. 

Two animals were se t up c o n c u r r e n t l y . The pouch was con t i nuous l y 

per fused w i t h 0.9% s a l i n e (6ml hr wh ich was c o l l e c t e d by 

g r a v i t y dra inage and t i t r a t e d to pH7 at 15 minute i n t e r v a l s as 

descr ibed f o r the r a t i s o l a t e d stomach. lOOmM NaOH was used s ince 
+ 

the pouch sec re t i ons conta ined a h igh concen t ra t i on of H and 

could not be t i t r a t e d w i t h the 15 minute i n t e r v a l s using 20mM 

NaOH. The i n f l o w was i n s e r t e d i n t o the t i p o f the pouch t o 

ensure complete washout o f the a c i d . 
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Figure 6 Experimental protocol for Heidenhain pouch rats. 
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Plate 1 Experimental apparatus used in Heidenhain pouch 

rat experiments showing Bollman restraining cages 

in the foreground and peristaltic pumps behind 

the cages. 
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Pentagastrin and isoprenaline were administered by 

continuous intravenous infusion (2ml hr~^) via a catheter, 

(Abocath T 20G), inserted into a tail vein prior to the 

experiment, under light halothane anaesthesia. I t was secured 

in place using adhesive tape. Antagonists were administered 

by i.v. injection via the tail vein catheter. 

Experiments followed one of four protocols. 

( i) I.v. saline 1.5hr. I.v. pentagastrin 1.5hr. 

( i i ) I.v. saline l.Ohr. I.v. isoprenaline 0.5hr, 

i.v. isoprenaline and pentagastrin 1.5hr. 

( i i i ) As ( i i ) but antagonist injected 10 minutes before 

infusion of isoprenaline and twice again at 30 minute 

intervals. 

(iv) As ( i i i ) but without isoprenaline infusion. 

In the case of a rat becoming over anxious or agitated 

the experiment was abandoned since stress has been shown to 

cause changes in gastric mucosal function. Figure 7 shows this 

effect in one experiment. A period of stress at one hour 

inhibited acid secretion, this could not be fully reversed by 

pentagastrin even after the rat had calmed down, and the 

experiment was terminated. 

3.2.7 The Use of the Perfused Pouch Method for Collecting 
Acid Secretion 

The perfused pouch method has a number of advantages for 

gastric secretion studies.. This method ensures that almost al l , 

i f not all the gastric juice secreted by the pouch is washed off 

the gastric mucosa, whereas using gravity drainage completeness 

of collection can never be ensured. The continuous washout of 
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Figure 7 Effect;of a period of stress during an experiment on 

one Heidenhain pouch rat. 

The animal showed anxiety, agitated movement and 

rapid breathing. 
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the acid from the stomach greatly reduces the possibility of 

re-absorption of hydrogen ions which has been demonstrated 

through the gastric mucosa when acid solutions are instil led into 

the rat stomach (Lindner, 1964). Continuous gastric perfusion 

allows the time course of the response to an agonist or antagonist 
o 

to be follwed more accurately than gravity drainage since 

cessation of secretory events are immediately apparent. Using 

gravity drainage a reduction in secretion may not be immediately 

apparent i f drainage is inadequate or the rat alters its position 

and causes pooling of the acid in the pouch. 

3.2.8 Expression of Results 

The secretory rate was expressed as the percentage change 

in response compared with pentagastrin alone in the same animal. 

This method was chosen since absolute rates of acid secretion 

vary with the size of individual pouches. 

3.2.9 Drugs 

Drugs were diluted in sterile saline (0.9%) and were made 

up freshly each day. 

The following drugs were use: 

Isoprenaline sulphate (MacCarthys) 

Pentagastrin (Peptavlon, ICI) 

Propranolol (Inderal, ICI) 

(+) Propranolol (ICI) 

Practolol (ICI) 

Butoxamine (Burroughs Wellcome) 
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3.2.10 Statistics 

The use of non-parametric statistical analysis (Mann-

Whitney U test) compared to the student's t-test has been 

discussed in 3.1.15. The significant levels quoted here are 

derived from the Mann-Whitney U test. 
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CHAPTER 4 

RESULTS: RAT ISOLATED STOMACH 
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4.1 THE EFFECT OF SALMEFAMOL ON GASTRIC SECRETAGOGUE INDUCED 

ACID SECRETION IN THE RAT TSOLATED STOMACH 

Salmefamol, a ^-adrenoceptor agonist has previously been 

shown to inhibit pentagastrin- and bethanechol-induced acid 

secretion in the Heidenhain pouch dog in this laboratory. 

(Canfield, Curwain, King and Price, 1978), Preliminary work in 

this study was intended to look for a comparable inhibitory 

effect of salmefamol in vitro using the rat isolated stomach 

preparation. For this reason the experimental protocol differed 

from that described for the main body of work on the rat isolated 

stomach (Chapter 3), which was chosen after these pilot studies 

as a suitable experimental design. 

A response to a submaximal concentration of pentagastrin 

was followed by a second application of pentagastrin. Salmefamol 

was added to the serosal saline after a plateau had been 

reached during this second response. In a second experiment a 

response to a submaximal dose of bethanechol was followed by a 

response to bethanechol in the presence of salmefamol (10-^). 
+ - 2 - 1 

Results are expressed as secretory ratio and inymole H cm h 

to facilitate comparison with results in the Heidenhain pouch 

dog and work carried out by other laboratories. 

4.1.1 The Effect of Salmefamol on Pentagastrin-Induced Acid 
Secretion 

In contrast with results in the Heidenhain pouch dog, 

salmefamol did not inhibit pentagastrin-induced acid secretion. 

Results obtained in one rat isolated stomach are shown in 
_7 

F igu re 8 . P en t aga s t r i n (5 .4 x TO M) produced a c i d responses 
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+ - 2 - 1 

of 3.50 and 2.10ymole H cm h (secretory ratios of 1.82 and 

1.42). Tachyphylaxis to pentagastrin as well as other 

secretagogues has been shown by many workers in the isolated -5 

stomach or mucosa. Salmefamol (10 M) was added to the serosal 

saline during the maximum response to the second dose of penta-

gastrin. Clearly there is no evidence of an inhibition of the 

response, in fact salmefamol appeared to potentiate the 

response to pentagastrin with an acid response of 3.66^mole 
+ - 2 - 1 

H cm h (secretory ratio of 1.73). 

The mean secretory ratio due to pentagastrin alone was 

1.69 ± 0.14 and in the presence of salmefamol was 2.47 ± 0.37 

(n = 3). 
4.1.2 The Effect of Salmefamol on Bethanechol-Induced Acid 

Secretion 

-5 

Salmefamol (10 M) was also ineffective in inhibiting 

bethanechol-induced acid secretion in the rat isolated stomach. 
j The results obtained in one rat isolated stomach are shown in 

_ r 
Figure 9. Bethanechol (1.7 x 10 M) stimulated gastric acid 

+ - 2 - 1 secretion, with a response of 4.60vmole H cm h in the absence 
+ -2 - 1 

of salmefamol and 6.30pmole H cm h in the presence of 

salmefamol. (Secretory ratios of 2.9 and 3.7 respectively). 

When bethanechol was removed the rate of acid secretion did 

not fall to basal level in the presence of salmefamol, as might 

have been expected, but did so later in the experiment when both 

drugs were removed. 

The mean secretory ratio in response to bethanechol alone 

was 2.81 ± 0.72 and in the presence of salmefamol was 3.58 ± 

0.42 (n = 3). 
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T I M E h 

Figure 8 The effect of salmefamol on pentagastrin-induced 

acid secretion in one rat isolated stomach. 
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Figure 9 The effect of salmefamol on bethanechol-induced 

acid secretion in one rat isolated stomach. 
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- 5 

Clearly, salmefamol (10 M) did not inhibit either 

pentagastrin- or bethanechol-induced acid secretion in the rat 

isolated stomach. The apparent potentiation of responses and the 

observation that the rate of secretion remained raised in the 

presence of salmefamol alone led to the study of the effects of 

^-adrenoceptor agonists alone on gastric acid secretion in this 

preparation. 

4.2 THE EFFECT OF -̂ADRENOCEPTOR AGONISTS ON GASTRIC ACID 
SECRETION 

4.2.1 Examples of Single Responses of 6-Adrenoceptor Agonists 

Salmefamol, salbutamol and isoprenaline all stimulated 

acid secretion in the rat isolated stomach. 

Figures 10, 11 and 12 show: responses to the three 

agonists used, in three separate experiments. 

Salmefamol (5 x 10~6M) produced an increase in acid 
+ -2 -1 

secretion of 4.8^mole H cm h above basal. This represents a 

secretory ratio of 2.4. The secretory rate returned to the 

unstimulated level within ninety minutes, which was considerably 

slower than the recovery time seen after stimulation with 

histamine, bethanechol or pentagastrin in this preparation, where 

the secretory rate returns to basal after approximately forty-

five minutes (J.E. Spencer: personal communication). Construction 

of concentration response curves using ^-adrenoceptor agonists 

(4.2.2) were carried out using one concentration in each stomach. —6 

Salbutamol (5 x 10 M) produced an acid response of 3,50 

.ymole H+cm~^h ^ above basal. This represents a secretory ratio 

of 1.61. This particular response was more transient than others 

in this study, however "fade" was occasionally observed, and for 

this reason the figure is included here. 
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S A L M E F A M O L 

5 x 1CT 6 M 

10 — 

0 1 2 .3 

T I M E h 

F igu re 12 The e f f e c t o f isoprenaline on g a s t r i c a c i d s e c r e t i o n 

i n one r a t i s o l a t e d stomach. 
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S A L B U T A M O L 5 x 1 0 -6 

10— 

5— 

T I M E h 

F igu re 11 The e f f e c t o f sa lbutamo l on g a s t r i c a c i d s e c r e t i o n 

i n one r a t i s o l a t e d stomach. 



- 104 -

I SOPRE.IMALI N E 6 . 3 x 1 0 " 7 M 

1 0 -

T 
2 

T I M E h 

F igure 12 The e f f e c t o f i s o p r e n a l i n e on g a s t r i c a c i d s e c r e t i on 

i n one r a t i s o l a t e d stomach. 
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Isoprenaline gave more consistent and more reproducible 

responses than those to salmefamol or salbutamol, which returned 

to baseline within forty-five minutes. In this example an 
+ - 2 - 1 

acid response of 5.3 ymole H cm h above basal was produced 

by 6 x 10'^M isoprenaline. The recovery time after washout for 

isoprenaline was more typtcal of that of other gas:tri'c 

secretagogues in this preparation. This fact, coupled vrtth 

the prompt nature of, and maintenance of the response led to 

the use of isoprenaline in the majority of studies on the effects 

of antagonists on g-adrenoceptor agonists. 

4.2.2 Log Concentration-Response Curves 

Figure 13 shows the log concentration-response curves 

for the adrenoceptor agonists salmefamol and salbutamol, 

and also the curve for isoprenaline, a non-selective 3-adrenoceptor 

agonist. All three compounds were found to stimulate acid 

secretion in a concentration-dependent manner, in the range of 

0.2 - 20PM for salmefamol, 0.5 - 20yM for salbutamol and 

0.1 - 10yM for isoprenaline. The maximum responses and slopes 

of the linear portions of the curve arecon^efctefor each drug. 

The mean maximum secretory ratios with the S.E. of the means 

were: salmefamol 1.90 - 0.09 (n = 21); salbutamol 2.10 - 0.21 

(n = 5); isoprenaline 2.33 - 0.28 (n = 12). Absolute values for 

these maxima were 3.84 - 0.28; 3.61 - 0.28 and 5.45 - 0.72 ymole 
+ - 2 - 1 

H cm h respectively. Isoprenaline was the most potent 

agonist. 
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Figure 13 Drug concentration on log scale plotted against 

secretory ratio. Points are mean values with s.e. 

bars and number of observations are shown below 

each point. See also Appendix I I . 
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The maximum secretory ratios obtained and the slopes 

of the linear portion of the curves are similar to results 

obtained in this preparation with histamine, pentagastrin, 

bethanechol and theophylline (J.E. Spencer: personal communication). 

4.3 THE EFFECT OF ADRENOCEPTOR ANTAGONISTS ON 3-ADRENOCEPTOR 

AGONIST STIMULATED ACID SECRETION 

In order to determine whether the stimulatory effect of 

3-adrenoceptor agonists on gastric acid secretion was really the 

result of 3-receptor stimulation the effects of 3-antagonists 

were studied on the acid response to a submaximal concentration 

of isoprenaline and salmefamol. Each stomach was exposed to 

only one concentration of the agonist and was randomly allocated 

to either the test group containing the antagonist or to the 

control group. Each series of experiments contained its own 

control group since the secretory responses were subject to 

variabil ity, and control groups for each series of experiments 

are shown in the figures. However, no significant differences 

between mean value for the different control groups were apparent. 

Results are expressed as secretory ratio (3.113) and shown 

as histograms, with control group (agonist alone) shown on the left 

of each pair of columns. The concentration of agonist or antagonist 

are shown in the legend, or on the figure. The concentration of 

6-adrenoceptor antagonists used are rather higher than those 

required to inhibit 3-adrenoceptor agonists in other tissues, and 

the possible reason for this will be discussed in Chapter 6. 

Concentrations of isoprenaline (1.25 x 10"^i) and 

salmefamol (5 x 1 0 " % were used throughout all antagonist 

studies. 
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4.3.1 The Effect of Non-Selective 3-Adrenoceptor Antagonists 

(a) Isoprenaline-Stimulated Acid Secretion 

Timolol, propranolol and pindolol all produced a 

significant inhibition of the acid response to isoprenaline 

(1.25 x 10"6M). 
-5 

Figures 14 and 15 show the effects of timolol (2 x 10 M) 

and propranolol (2 x 10 M) on the responses to isoprenaline, 

with reductions in the secretory ratio from 2.00 - 0.22 (n = 5} 

to 1.26 - 0.11 (n = 6) (P < 0.01) and from 1.98 - 0.18 to 

1.52 - 0.19 (n = 12) (p< 0.01) respectively. These values 

represent a 74% and 47% reduction in the acid response. 

Figure 16 shows a two-point concentration-response curve 

for isoprenaline alone and in the presence of propranolol. -5 

Propranolol (2 x 10 M) caused a parallel shift of the 

concentration-response curve to the right. -5 

Figure 17 shows the effect of pindolol [2 x 10 M) on 

the acid response to isoprenaline, with a reduction of secretory 

ratio from 1.70 - 0.08 to 1.55 ± 0.09 (ri = 6) (p< 0.05). This 

represents a 21% reduction in response. 

Figure 18 shows the effect of increasing the concentration -4 

of pindolol and timolol. Timolol (10 M). produced no further 

inhibition of the response with a reduction in secretory ratio 

from 1.73 - 0.10 (n = 13) to 1.29 - 0.39 (n = 11) (p< 0.011. 

This represents a 60% reduction in the response. 

Pindolol ( 1 0 " V s however, reduced the secretory ratio 

' from 1.73 to 0.10 (n = 13) to 1.33 - 0.04 (n = 10) (p< 0.051. 

This was a 55% reduction compared with a 21% reduction in 

response in the presence of pindolol (2 x 10~5M). 
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-5 Figure 14 The effect of timolol (2 x 10 M) on the secretory 
- f i 

ratio obtained with isoprenaline (1.25 x 10 M). 

Columns indicate mean values with s.e. bars. 

Number of observations are shown at the base of 

each column. 

-5 

Figure 15 The effect of propranolol ( 2 x 1 0 M) on the secretory 

ratio obtained with isoprenaline (1.25 x 10~ M). 

Columns indicate mean values with s.e. bars. 

Number of observations are shown at the base of each 

column. 
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Figure 16 The effect of propranolol (2 x 10 M] on the response 

to isoprenaline compared with the response in the 

absence of antagonist. Points are mean values with 

s.e. bars and numbers of observations are in 

parentheses. 
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_ r 
Figure 18 The effect of pindolol (2 x 10 M) on the secretory 

- f i 

ratio obtained with isoprenaline (1.25 x 10 M). 

Columns indicate mean values with s.e. bars. 

Number of observations are shown at the base of 

each column. 

Figure 17 The effect of pindolol (10~4M) and timolol (10~Sl) 

on the secretory ratio obtained with isoprenaline 
-Ft 

(1.25 x 10 M). Columns indicate mean values with 

s.e. bars. Number of observations are shown at 

the base of each column. 
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Figure 19 The effect of pronethalol (4 x 10~4M and 2 x 10"5M) 

on the secretory ratio obtained with isoprenaline 
~6 

(1.25 x 10 M). Columns indicate mean values with 

s.e. bars. Number of observations are shown at the 

base of each column. 
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Pronethalol is structurally very similar to propranolol, 

however i t was ineffective in inhibiting the secretory response 

to isoprenaline. The results are shown in Figure 19. The 

control ratio to isoprenaline in this series of experiments was 

1.73 - 0.02 (n = 13) and ratios were 1.89 - 0,06 (n = 12) and 

1.69 - 0.07 (n = 11) in the presence of 2 x 10~5M and 4 x 10~4M 

pronethalol respectively. 

In summary, propranolol, timolol and pindolol all 

produced a significant inhibition of the acid secretory response 

to isoprenaline. However, even at these high concentrations 

complete inhibition was not produced. The two point concentration-

response curve for isoprenaline in the presence of propranolol 

is consistent with a competitive antagonism of the response. 

Further conclusions cannot be drawn on the basis of this 

observation since only one dose of propranolol was investigated. 

Pronethalol was unable to inhibit the isoprenaline response. 

(b) Salmefamol-Stimulated Acid Secretion 

Figure 20 shows the effects of propranolol and timolol 

on salmefamol induced acid secretion. Propranolol (2 x 10"^I). 

produced a significant inhibition of the response to salmefamol 

(5 x 10~6M) reducing the secretory ratio from 2,18 - 0.12 to 

1.35 - 0.08 (pcO.Ol). This represents a 70% inhibition of the 

response. 
-5 

Timolol (2 x 10 M) reduced the secretory ratio from 

2 . 1 2 - 0 . 1 3 (n = 6) to 1 . 1 8 ± 0 . 0 8 ( n = 5 1 C P < 0 . 0 1 ) . This was 

an 84% inhibition of response. 
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-5 Figure 20 The effect of propranolol (2 x 10 M) and timolol 

-5 (2 x 10 M) on the secretory ratio obtained with 
_ c 

salmefamol (5 x 10 M). Columns indicate mean 

values with s.e. bars. Number of observations are 

shown at the base of each column. 
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-5 

Figure 21 The effect of propranolol (2 x 10 m) on the 

response to salmefamol compared with the response 

in the absence of antagonist. Points are mean 

values with s.e. bars and numbers of observations 

are shown below each point. The concentration-

response curve for salmefamol alone is taken 

from Figure 13, and values after the maximum 

response have been omitted. 
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Figure 21 shows the log-concentration response curve for 

-5 salmefamol in the absence and presence of propranolol [2 x 10 M). 

The maximum response to salmefamol in the presence of propranolol 
-5 + occurred at 6 x 10 M where the secretory ratio was 2.07 - 0.12 

+ - 2 - 1 (n = 12) (2.95 - 0.28 ^mole cm h ). This can be compared to 

the maximum response to salmefamol alone of 1.90 - 0.09 (n = 21) 

at 5 x lO"6^.. 

These results are consistent with a competitive antagonism 

of the response as there i s no apparent change of slope and the 

maximum response is not reduced in the presence of propranolol. 

In summary, salmefamol was inhibited by propranolol and 

timolol in a similar manner to isoprenaline, 

4.3.2 The Effect of g o~Selective Adrenoceptor Antagonists 

Since theg2~ s e l e c t^ve agonists salmefamol and salbutamol 

stimulated acid secretion in a concentration-dependent manner, 

the effect ofg 2-selective antagonists were investigated on both 

salmefamol and isoprenaline stimulated secretion in order to 

further elucidate the mechanisms involved in these responses, 

(a) Isoprenaline-stimulated Acid Secretion 
-5 -4 

Figure 22 shows that Butoxamine (2 x 10 M and 10 M) had 

no effect on isoprenaline-induced acid secretion. The mean 

secretory ratio in the group receiving isoprenaline (1,25 x 10 M) 

alone was 2.28 - 0.11 [n = 6), and 2.30 £ 0,25 Q) = 5) and 

2.41 - 0.06 (n = 6) for butoxamine 2 x 10~5M and 10"4M respectively. 
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Figure 22 The effect of butoxamine (2 x 10"5M and 10~4M) on the 

secretory ratio obtained with isoprenaline (1.25 x 10"6M) 

Columns indicate mean values with s.e. bars. Number of 

observations are shown at the base of each column. 
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-5 -4 Figure 23 The effect of butoxamine (2 x 10 M and 10 M) on 

the secretory ratio obtained with salmefamol 
-fi 

(1.25 x 10 M). Columns indicate mean values with 

s.e. bars. Number of observations are shown at the 

base of each column. 
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Figure 24 The effect of H 35/25 (JCf^M) on the secretory ratio 
- 6 

obtained with salmefamol (5 x 10 M). Columns 

indicate mean values with s.e. bars. Number of 

observations are shown at the base of each column. 
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(b) Salmefamol-Stimulated Acid Secretion 

Butoxamine also failed to inhibit salmefamol stimulated 

secretion. The results are shown in Figure 23. The control 
—fi 

secretory ratios with salmefamol ( 5 x 10 M) alone were 

1.85 - 0.14 (n = 6) and 2.02 - 0.26 (n = 6) and ratios in the 
-5 -4 + presence of butoxamine 2 x 10 M and 10 M were 2.10 - 0.17 

(n = 6) and 1.75 - 0.15 (n = 5) respectively. 

Figure 24 shows that the ^-select ive antagonist 

was also ineffective in inhibiting the acid response to 

salmefamol. The mean secretory ratio for salmefamol alone was 
+ -4 2.05 - 0.19 (n = 6) and in the presence of Q ° M) was 

1.94 - 0.390 (n = 6). 

Thus»although 32-selective agonists could stimulate 

acid secretion, ^ - se lect i ve antagonists did not reverse this 
-4 

effect at concentrations up to 10 M„ 

4.3.3 The Effect of a" b •]-Selective Adrenoceptor Antagonist 

(a) Isoprenaline-stimulated Acid Secretion 

Practolol had no effect on the acid secretory response to 

isoprenaline. 

Figure 25 shows the effect of two concentrations of 

practolol (2 x 10"5M and 10~V on the response to isoprenaline 
-fi 

[1.25 x 10 M) . At the lower concentration of the antagonist 

the control ratio was 1.98 - 0.19 and test 2.37 - 0.27 (n = 12 

for both groups), whilst at the higher concentration the control 

ratio was 2.20 - 0.12 and test 1.93 - 0.12 (n = 6 in both groups). 
The apparent i n c r ea se i n s e c r e t o r y r a t i o w i t h the lower 

dose o f p r a c t o l o l was not s t a t i s t i c a l l y s i g n i f i c a n t . 
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-5 -4 Figure 25 The effect of practolol ( 2 x 10 M and 10 M) on the 
- f i 

secretory ratio obtained with.isoprenaline (1.25 x 10 M). 

Columns indicate mean values with s.e. bars. Number 

of observations are shown at the base of each column. 
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Figure 26 The effect of practolol (2 x 10 M) on the secretory 

ratio obtained with salmefamol ( 5 x 10 M). Columns 

indicate mean values with s.e. bars. Number of 

observations are shown at the base of each column. 
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(b) Salmefamol-Stimulated Acid Secretion 

Salmefamol was also unaffected by practolol. Figure 26 

shows the mean secretory ratios for salmefamol ( 5 x 1 0 M) in the 
-5 

absence and presence of practolol (2 x 10 M); control ratio was 

2.02 ± 0.26 (n = 6) and test ratio was 1.96 ± 0.41 (n = 5). 

4.4 THE EFFECT OF g-ADRENOCEPTOR ANTAGONISTS ON BASAL ACID 

SECRETION 

Although there were no specific experiments in this study 

to investigate the effects of antagonists on basal secretion over 

a prolonged period of time, an analysis of the effects of some of 

the antagonists was carried out comparing basal secretion in control 

experiments and basal secretion during pre-incubation with 

antagonist. The results are shown in Table 4, showing pooled 

mean basal secretions taken randomly from series of experiments 

using the appropriate antagonist. 
-5 

Propranolol (2 x 10 M) sl ightly reduced basal secretion 

from 3.63 ± 0.21 (n = 24) to 3.06 ± 0.14ymole H+cm"2h"1 (n = 12) 

(p< 0.05). This would tend to increase the secretory ratio in the 

agonist/antagonist studies and slightly mask inhibition. However, 

significant inhibition of the agonists was always observed with 

propranolol. -5 

Practolol (2 x 10 M) sl ightly increased basal secretion 

from 3.63 ± 0.21 (n = 24) to 4.22 ± 0.17 (n = 12) umole H+cm"2h"1. 

This would tend to decrease the secretory ratio and apparently 

potentiate any inhibition. However practolol was always observed 

to be unable to inhibit 3-agonist stimulated secretion. 

Butoxamine (2 x 10"5M), pindolol (10~4M) and timolol 
-5 (2 x 10 M) produced no s i g n i f i c a n t change i n basa l a c i d output . 
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TABLE 4 

THE EFFECT OF 3-ADRENOCEPTOR ANTAGONISTS ON BASAL ACID SECRETION 

+ - 2 - 1 Antagonist Rate of Secretion (ymole H cm h ) 

mean s.e.m. n P 

Control 3.63 0.21 24 

Propranolol (2 x 10"5M) 3.06 0.14 12 0.05 

Practolol (2 x 10"5M) 4.22 0.17 12 0.05 

Butoxamine (2 x 10"5M) 3.51 0.16 26 

Control 4.01 0.33 12 

Pindolol (10"4M) 3.80 0.34 12 

Timolol (2 x 10"5M) 3.40 0.21 12 

4.5 THE EFFECT OF THE NATURALLY OCCURRING CATECHOLAMINE 

NORADRENALINE ON GASTRIC ACID SECRETION 

Concentration-Response Curve 

Noradrenaline produced a concentration-dependent stimulation 
-7 -5 

of acid output in the range of 5 x 10 M to 2 x 10 M with a 

mean maximum secretory ratio of 2.03 - 0.13 (n = 6) (3.19 - 0.38 

ymole H V V 1 ) (Figure 27). 

Figure 28 shows the log concentration-response curves for 

all four sympathomimetics used, and shows that the maximum responses 

and slopes of the linear portion of the curves are similar for all 
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Figure 27 Noradrenaline concentration on log scale plotted 

against secretory ratio. Points are mean values 

with s.e. bars and numbers of observations are 

shown below each point. 
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Figure 28 e-agonist concentration on log scale plotted 

against secretory ratio. Points are mean values 

with s.e. bars and numbers of observations are 

shown below each point. 
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four drugs. Noradrenaline appears to be least potent but no 

uptake inhibitors were used in the bath and this may partly 

account for this observation. 

4.6 THE EFFECT OF 3-ADRENOCEPTOR ANTAGONISTS ON NORADRENALINE-

STIMULATED ACID SECRETION 
—fi 

A concentration of 5 x 10 M noradrenaline was used through-

out these studies. 

(a) Non-Selective 3-Adrenoceptor Antagonists 

Timolol, pindolol and propranolol (2 x 10 M] all produced 

a significant inhibition of the acid response to noradrenaline 
£ 

(5 x 10 M). Mean secretory ratios are shown in Figure 29. 

The control response to noradrenaline produced a secretory 

ratio of 1.84 - 0.07 (n = 8). Ratios in the presence of timolol, 

propranolol and pindolol (2 x 10~5M) were 1.30 - 0.03 (n= 8), 

1.49 - 0.09 (n = 8) and 1 .37 - 0.05 (n = 7) respectively (p< 0.05 

for all drugs). These represent 64%, 42% and 56% inhibitions. 

(b) A -Selective Adrenoceptor Antagonist 
-5 Practolol (2 x 10 M) did not inhibit the acid response to 

-4 

noradrenaline. Increasing the concentration to 10 M did, however, 

produce a significant inhibition. The results are shown in Figure 

30. 

The control response to noradrenaline produced a secretory 

ratio of 2.13 - 0.23 (n = 6) and test ratio in the presence of 

practolol (2 x 10"5M) was 2.10 - 0.19 (n =6) control and test -4 

ratios for noradrenaline alone and with practolol (10 MJ were 

1.74 - 0.15 and 1.28 - 0.07 (n = 6) (p< 0.01] respectively. 
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Figure 31 The effect of butoxamtne (_ 2 x 10 M) on the secretory 

ratio obtained with noradrenaline ( 5 x 10 M). 

Columns indicate mean values with s.e. bars. Number 

of observations are shown at the base of each column. 
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In this study, only the lower dose of practolol was used 

against salmefamol stimulated secretion and was shown to have 

no effect. I t has subsequently been shown by workers in this 

laboratory that practolol (10~4M) did not inhibit the secretory 

response to salmefamol (Canfield et al., 1981). Thus practolol 

(10"4M) had no effect on salmefamol or isoprenaline stimulated 

secretion (4.3.3 (a)), whereas at the same concentration practolol 

produced a significant inhibition of noradrenaline stimulated 

secretion. 

(c) A 3o-Selective Antagonist 

In contrast with results obtained with isoprenaline and 
-5 salmefamol, butoxamine (2 x 10 M) produced a significant 

- f i 

inhibition of the response to noradrenaline (5 x 10 M). Results 

are shown in Figure 31. The control response to noradrenaline 

produced a secretory ratio of 1.73 - 0.09 (n = 6) and the 

secretory ratio in the presence of butoxamine was 1.39 - 0.11 

(n = 5) (p< 0.05). 

4.7 SUMMARY 

Table 5 summarises the effects of various antagonists on 

the responses to three adrenoceptor agonists, isoprenaline, 

salmefamol and noradrenaline. Submaximal responses to all three 

drugs were inhibited by propranolol, timolol and pindolol. The 

response to isoprenaline was unaffected by pronethelol. The 

results with propranolol on salmefamol and isoprenaline were 

consistent with competitive antagonism. Both 6-j- and 32~selective 

antagonists inhibited the response to noradrenaline at concentra-

tions which were ineffective against the other two agonists. 
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TABLE 5 

SUMMARY OF AGONIST-ANTAGONIST STUDIES 

+ = Significant inhibition 
- = No effect 
0 = No study carried out 

ISOPRENALINE 

1.25 x 10~6M 
SALMEFAMOL 

5 x 10"6M 

NORADRENALINE 

5 x 10"6M 

-5 Propranolol 2 x 10 M + + + 

Pindolol 2 x 10~5M + 0 + 

Pindolol 10"4M + 0 0 

Timolol 2 x 10"5M + + + 

Timolol 10"4M + 0 0 

Pronethalol 2 x 10"5M - 0 0 

Pronethalol 4 x 10~4M - 0 0 

Practolol 2 x 10"5M - - -

Practolol 10"4M -

(Canfield et 
al., 1981) 

* 

Butoxamine 2 x 1 0 " ^ - - + 

Butoxamine 10_4M - - 0 

H 35/25 lO'^M 0 - 0 
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4.8 OTHER ANTAGONISTS OF GASTRIC ACID SECRETION 

3-adrenoceptor agonists may partly stimulate acid secretion 

in the rat isolated stomach by releasing one of the endogenous 

secretagogues. This possibil ity was tested by investigating the 

effects of atropine and metiamide using the same experimental 

design as the 3-agonist studies. 

Figure 32 shows the results. 

(a) Atropine (10"5M) 

-5 

Atropine (10 M) caused a significant inhibition of the 

response to bethanechol (1.7 x 10~5M) but had no effect on the 

sympathomimetic drugs. The mean control and test ratios with 

bethanechol were 1.89 - 0.05 (n = 5) and 1.T0 - 0.05 (n = 6) 

(p < 0.01). Isoprenaline gave control and test values of 

1.98 - 0.09 (n = 12) and 1.95 - 0.15 (n = 11). 

Salmefamol gave control and test ratios of 2.02 - 0.26 

(n = 6) and 1.94 - 0.4 (n = 6). 

Noradrenaline gave control and test ratios of 1.98 - 0.07 

(n = 8) and 1.78 - 0.07 (n = '6). 

(b) Metiamide (10~4M) 

Bunce, Parsons and Rollings (1976) reported that metiamide 

inhibited the response to gastrin in the rat isolated stomach, 

and thus the use of this drug should have enabled the exclusion 

of the possibility that 3-adrenoceptor agonists act by releasing 
- 4 either histamine or gastrin. Metiamide (10 M) inhibited the 

- 5 

response to histamine (5.4 x 10 M) but was without effect on 

the 3-adrenoceptor agonists responses or the response to 

pentagastrin (2.17 x 10~7M). 
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Figure 32 The effects of atropine and metiamide on the secretory 

ratios obtained with salmefamol (S, 5 x 10 M), 
- f i 

isoprenaline ( I , 1.25 x 10 M), noradrenaline (NA, 

5 x 10"6M)9 bethanechol (B, 1.7 x 10"5M), histamine 

(H, 5.4 x 10"5M) and pentagastrin (P, 2.2 x 10"7M). 

Columns are mean values with s.e. bars. The shaded 

columns are control values in the absence of the 

antagonist. Numbers of observations are at the base 

of each column. 
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The mean control and test ratios for the action of 

metiamide on histamine were 1.58 - 0.11 (n = 5} and 1,12 - 0.05 

(n = 6). With pentagastrin corresponding values were 

1.66 - 0.04 (n = 5) and 1.68 - 0.05 (n = 6). Mean secretory 
—6 

ratios for isoprenaline (1.25 x ]0 m) alone and in the 

presence of metiamide were 1.98 - 0.09 (n = 12) and 2.25 - 0.21 

( n = 1 0 ) . 
- f i 

Control and test ratios for salmefamol 5 x 1 0 M were 

2.02 - 0.26 (n = 6) and 1.94 - 0.4 (n = 6), and for noradrenaline 

were 1.98 - 0.07 (n = 8) and 1.69 - 0.10 (n = 8) 

Thus, these studies indicate that g-adrenoceptor agonists 

do not stimulate acid secretion by the release of acetylcholine 

or histamine. The finding that metiamide was unable to inhibit 

the response to pentagastrin was unexpected. From this study 

i t cannot be concluded that ^-adrenoceptor agonists do not release 

gastrin. However, further work in this laboratory has indicated 

that PGE^ significantly inhibited pentagastrin but not the 

response to isoprenaline. This will be discussed in Chapter 6. 

4.9 THE EFFECT OF METIAMIDE (10"%) AND ATROPINE f i o " ^ ) 
ON BASAL ACID SECRETION 

TABLE 6 
+ - 2 - 1 ymole H cm h 

mean sem n 

Control 3.63 0.21 24 

Metiamide 4.06 0.47 11 

(10"4M) 

Atropine 3.32 0.28 12 

(10"5M) 
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Table 6 shows the effect of metiamide and atropine on basal 

secretion, using the method described in 4.3.4. Neither drug 

had any significant effect upon basal secretion. 

4.10 POSSIBLE NON-SPECIFIC EFFECTS OF PROPRANOLOL 

The responses to all three sympath omimetics studied were 

antagonised by propranolol. This drug is known to have a 

membrane stabilising effect in other systems (Goodman & Gilman, 

1981). This raised the possibi l ity that propranolol was 

exerting a non-specific antisecretory action. I f this was the 

case»propranolol, at the concentration used in this study, would 

be expected to inhibit other secretagogues such as bethanechol 

and pentagastrin. This possibil ity was investigated by testing 

the effects of propranolol (2 x 10 M) on pentagastrin 0> x 10 M) 
_ (T 

and bethanechol (1.7 x 10 H) stimulated acid secretion. Both 

concentrations of secretagogues have been shown to be submaximal 

in this preparation (J.E. Spencer: personal communication). A 

further test for non-specific effects of propranolol was carried 

out using the isomer (+) propranolol which does not have 3-

antagonist action but does have similar membrane stabilising 

effects to the active isomer. 

The results of these two studies are discussed Below, 

(a) The Effects of Propranolol (2 * on Pentagastrin 
and Bethanechol Induced Acid Secretion 

Propranolol had no significant effect on the response to 

either secretagogue. Results are shown in Figure 33, 
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The control and test ratios for pentagastrin were 

1.83 ± 0.1 (n = 6) (3.36 ± 0.27ymole H^cirfV1) and 

2.11 ± 0.20 (n = 6) (3.71 ± 0.3ymole H ^ n f V 1 ) , and with 

bethanechol 2.84 ± 0.08 (n = 6) (4.89 ± 0.74ymole H+cm"2h"1) 

and 2.82 ± 0.17 (n = 5) (4.67 ± 0.74ymole t-^cnfV 1 ) . 

The response to bethanechol was unusually large in 

this series of experiments. In the experience of workers 

in this laboratory this stimulant shows larger variations 

between groups of animals than any other of the secretagogues 

which have been used in this preparation. 

(b) The Effect of (+) Propranolol on Isoprenaline Stimulated 

Acid Secretion 

-5 Results are shown in Figure 34. At 2 x 10 M (+) 
- f i 

propranolol did not inhibit isoprenaline (1.25 x 10 M) 

whereas the same concentration of (±) propranolol did 

produce a significant inhibition. 

Mean secretory ratios were 2.00 ± 0.12 (n = 6), 

1.49 ± 0.09 (n = 5) and 1.97 ± 0.17 (n = 6) for isoprenaline, 

isoprenaline and (±) propranolol and isoprenaline and (+) 

propranolol respectively.. 
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4.11 THE EFFECT OF a-ADRENOCEPTOR AGONISTS ON GASTRIC ACID 

SECRETION 

As a-adrenoceptor agonists have been reported to inhibit 

acid secretion in vivo their effects have been examined in vitro 

on both basal and secretagogue stimulated acid secretion. 
-5 -3 

Figure 35 shows the effects of phenylephrine (10 -10 M) 
-5 -4 and methoxamine (10 -10 M) on basal acid secretion. The 

concentration response curve for noradrenaline is included for 

comparison. Clearly a-adrenoceptor agonists have no significant 

effects upon acid secretion. The mean secretory ratios were 

1.05 ± 0.04 (n = 6) (0.11 ± 0.09umole H+cm"2h-1) for methoxamine 

and 1.14 ± 0.08 (n = 6) (0.32 ± 0.21pmole H^cn fV 1 ) for 
-4 phenylephrine both at 10 M. 

4.12 THE EFFECT OF AN or ADRENOCEPTOR AGONIST ON THE RESPONSE 

TO PENTAGASTRIN, HISTAMINE AND BETHANECHOL 

-5 The action of phenylephrine (2 x 10 M) on the response to 
-7 -5 

pentagastrin (2.17 x 10 M) histamine (5.4 x 10 M) and bethanechol 

-5 

(1.7 x 10 M) was investigated. Results are shown in Figure 36. 

The mean control and test secretory ratios were: pentagastrin 

1.90 ± 0.08 (n = 6) and 1.86 ± 0.13 (n = 5); histamine 2.11 ± 0.27 

(n = 6) and 1.91 ± 0.1 (n = 6); bethanechol 1.92 ± 0.08 (n = 6) 

and 1.80 ± 0.07 (n = 6). 

Thus, phenylephrine had no significant effect of any of 

the secretagogues tested. 
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Figure 35 Phenylephrine and methoxamine concentration on log 

scale plotted against secretory ratio. Points are 

mean values of at least five experiments. 
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4.13 THE EFFECT OF g-ADRENQCEPTOR ANTAGONISTS ON SYMPATHOMIMETIC 

STIMULATED ACID SECRETION 

- f i 

(a) Isoprenaline-Stimulated Acid Secretion (1.25 x 10 M) 

Figure 37 shows the secretory ratios for the responses 

to isoprenaline (1.25 x 10 M) in the absence and presence of 
-5 

phentolamine (2 x 10 M). Clearly phentolamine had no effect, 

with mean secretory ratios of 2.20 ± 0.12 (n = 6) and 1.96 ± 0.07 

(n = 5). 

- f i 

(b) Noradrenaline-Stimulated Acid Secretion C5 * 10 M) 
-4 -4 

Phentolamine (10 M) and thymoxamine (10 M) also had 

no effect on noradrenaline stimulated acid secretion. The 

results are shown in Figure 38. 

The control response to noradrenaline gave a mean 

secretory ratio of 1.73 ± 0.06 (n s 81. Ratios in the presence 

of phentolamine and thymoxamine were 1.69 ± 0.09 (n = 8) and 

1.79 ± 0.14 (n = 7) respectively. 

Summary 

a-adrenoceptor agonists do not stimulate acid secretion 

in the rat isolated stomach. The abil ity of sympathomimetics 

to stimulate acid secretion does not seem to involve a-

adrenoceptors since a-antagonists are unable to inhibit these 

responses, nor do a-agonists affect responses to histamine, 

pentagastrin or bethanechol. 
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r a t i o obtained w i t h t soprena l ine (1.25 x 10 M). 

Columns i nd i ca te mean values w i th s . e . bars. Number 

of observat ions are shown at the base of each column. • 
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values w i t h s . e . bars . Number of observations are 
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CHAPTER 5 

RESULTS: HEIDENHAIN POUCH RAT 



- I 04 

5.1 INTRODUCTION 

The aim of t h i s study i n the Heidenhain pouch r a t was 

to con f i rm tha t 3-adrenoceptor agonists i n h i h i t acid secre t ion 

in the conscious r a t , a f i n d i n g i n cont rast w i t h the work 

described i n Chapter 4 which showed tha t 3-agonists s t imu la te 

acid secre t ion i n v i t r o . The study was intended to con f i rm 

the f i n d i n g of Lundell and Svensson (1974), that i soprena l ine 

i n h i b i t s the response to pen tagas t r in in the Heidenhain pouch 

r a t , and to extend t h e i r f i n d i n g s w i t h g-adrenoceptor 

antagonists i n an attempt to f u r t h e r study the mechanism of 

3 -agon is t i n h i b i t i o n of acid s e c r e t i o n . 

5.2 SPONTANEOUS SECRETION IN THE HEIDENHAIN"POUCH RAT 

Immediately a f t e r surgery the pouches were f lushed w t t h 

s t e r i l e s a l i n e . Th is procedure was ca r r i ed out once d a i l y 

u n t i l pouch contents were shown to be ac id ic CHtmus paper blue 

to r e d ) . Spontaneous sec re t ion i n newly operated ra ts was 

seen 5-14 days a f t e r pouch cons t ruc t i on . Heidenhain pouch ra ts 

were not used f o r experiments u n t i l at leas t 14 days a f t e r 

t h e i r su rgery . 

Spontaneous sec re t ion var ied between d i f f e r e n t Heidenhain 

pouch r a t s , presumably due to v a r i a t i o n i n area of glandular 

mucosa contained i n the pouches. 

The mean ra te of spontaneous secre t ion of a l l animals 

used i n t h i s study was 3.93 - 0.64iimole H + h ^ ( n = TO), These 

measurements were taken w i t h i n one month of pouch cons t ruc t i on . 
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This value i s s i m i l a r to t h a t of Svensson (1970) who reported 

a spontaneous secre t ion of 1.6 - 0.22 vequ iv /30 min (n = 10) i n 

the Heidenhain pouch r a t . Svensson also showed that basal 

sec re t i on i n vaga l ly denervated pouch ra ts was some ten times 

lower than in Pavlov pouch r a t s , where innerva t ion is i n t a c t . 

Spontaneous sec re t i on did tend to increase w i th length of 

time a f t e r pouch cons t r uc t i on . This might suggest that there 

was p a r t i a l re inne rva t i on of the mucosa contained in the pouch. 

However, the increase i n spontaneous secre t ion did not occur 

i n a l l ra ts used i n t h i s s tudy . 

5.3 PENTAGASTRIN-STIMULATED ACID SECRETION 

(a) P re l im inary Studies 

Dose-response curves were not constructed f o r each animal 

i n t h i s s tudy , since Mclsaac (1976) performed an extensive study 

i n our labora to ry on the e f f e c t o f pentagast r in in the Heidenhain 

pouch r a t . He showed tha t pen tagas t r in produced a dose-related 

response to pentagast r in i n the range of 1 - 32 yg 

Lundell and Svensson (1974) used two doses of pentagast r in 

0.25 vg /h and 16 yg /h (250g r a t ) . 

A shor t p re l im ina ry study was ca r r i ed out i n two ra ts 

i n which dose-response curves were constructed i n the range of 

5 - 200 yg kg ' ^h " ^ . Pentagas t r in was infused i n steps of 

increas ing doses. Each dose of pentagas t r in was infused f o r 

1.25 hr before g iv ing the next dose. In each r a t two experiments 

were performed g i v ing the lower range and higher range of doses 

on separate days. Acid sec re t i on i n response to pentagast r in 

was taken as the mean of the l a s t two f i f t e e n minute periods 

at each l e v e l . 
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The resu l t s are shown in Figure 39. The maximum acid 

+ -1 -1 -1 response f o r r a t 1 was 191.1 ymole H h (a t 50 yg kg h ) 

and f o r r a t 2 was 84.3 ymole h V 1 (a t 70 yg k g ' V 1 ) . 

F igure 40 shows the r e s u l t s p lo t ted as a percentage of 

the maximum response. 
- 1 - 1 

A dose of 20 yg kg h was chosen f o r t h i s study f o r 

the f o l l o w i n g reasons. 

1. 20 yg l i e s w i t h i n the range of doses used by 

Mclsaac (1976) i n our l a b o r a t o r y . 

2. This dose l i e s between the two doses used by Lundell 

and Svensson (1974) i n t h e i r studies on the e f f e c t of 

i sop rena l ine on pen tagas t r in -s t imu la ted acid secret ion 

i n the Heidenhain pouch r a t . 

3. In our p re l im ina ry s t u d y , 20 ^g kg ' ^h" 1 gave a good 

secre tory response which was submaximal. Figure 40 

- 1 - 1 

shows tha t i n r a t 1,20 yg kg h produced 35% of the 

maximum response and i n r a t 2, produced 65% of the maximum 

response. 

(b) The E f f e c t of Pentagas t r in (20 yg k g ' ^ h " 1 ) on Acid 

Secret ion i n the Heidenhain Pouch Rat 

The mean response to pentagast r in i n a l l animals used 

i n t h i s study was 62.3 - 7.3 ymole H+h r 1 (n = 10) . 

Table 7 shows the range of responses from which t h i s 

mean was obta ined. 
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Figure 39 Acid secre tory responses to an intravenous 

i n f u s i o n of pen tagas t r in i n two Heidenhain pouch 

r a t s . 

o Rat 1 

o Rat 2 
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Figure 40 Acid secre tory responses to an intravenous 

i n f u s i o n of pen tagas t r in i n two Heidenhain 

pouch r a t s . The acid responses are expressed 

as percentage of the maximum response. 

• Rat 1 

o Rat 2 
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TABLE 7 

SECRETORY RESPONSES OBTAINED IN RESPONSE TO AN INFUSION OF 

PENTAGASTRIN ( 2 0 y g k g ' V 1 ) IN EACH OF THE 

HEIDENHAIN POUCH RATS USED IN THIS STUDY 

ymole h V 1 

101.00 56.3 

66.6 59.0 

23.6 89.1 

62.3 79.4 

42.9 42.9. 

5.4 EXPRESSION OF RESULTS IN HEIDENHAIN POUCH RAT EXPERIMENTS 

From the values i n Table 7 i t can be seen tha t there i s a 

wide v a r i a t i o n i n responses f rom d i f f e r e n t Heidenhain pouch r a t s . 

This is not unexpected s ince each Heidenhain pouch is not of 

i den t i ca l s i z e , al though an attempt was made to const ruc t pouches 

of approximately the same s i z e . Although rats were of a s i m i l a r 

weight the sizes of the stomachs var ied from r a t to r a t , and i n 

the case where a stomach was s m a l l , the pouch had to be constructed 

correspondingly smal ler i n order to leave the remaining stomach 

s u f f i c i e n t l y la rge to mainta in normal feed ing . 
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In order to make the experimental resu l t s comparable, i n 

a l l subsequent experiments the secre tory ra te was expressed as 

percentage change i n response compared w i th pentagast r in alone 

in the same animal. Thus the response to pentagast r in 

(20 yg k g ' ^ h " ^ ) acted as the cont ro l experiment i n each animal. 

In some animals spontaneous secre t ion increased w i th 

time a f t e r cons t ruc t ion of the pouch ( 5 . 2 ) . In these animals 

the response to pen tagas t r in was also l a r g e r , and i n these 

cases, a new contro l response to pentagast r in was obtained f o r 

the second ser ies of exper iments . 

5.5 CHOICE OF DOSES OF ISOPRENALINE AND g-ADRENQCEPTQR 

ANTAGONISTS 

5.5.1 Isoprena l ine 

Since the purpose of t h i s study i n v ivo was to con f i rm the 

i n h i b i t o r y e f f e c t of i sop rena l i ne on g a s t r i c secre t ion i n the 
- 1 - 1 

conscious r a t , a dose of 40yg kg h was chosen, since th i s 

dose has p rev ious ly been shown to i n h i b i t pen tagas t r in -s t imu la ted 

secre t ion i n the Heidenhain pouch r a t (Lundell and Svensson, 

1974). 

5 .5 .2 3-Adrenoceptor Antagonists 

As a r e s u l t of experiments w i t h d i f f e r e n t 3-adrenoceptor 

agonists and antagonists i t has been suggested tha t 3-adrenoceptors 

may be d iv ided i n t o sub-groups denoted 3^ or ^ (Lands et a l . , 

• 1967). Myocardial muscle 3-adrenoceptors which mediate an increase 

i n hear t ra te ( p o s i t i v e ch rono t rop i c ) and an increase i n fo rce 

of con t rac t ion ( p o s i t i v e i n o t r o p i c ) have been c l a s s i f i e d as 3 , , 
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whereas 3-receptors i n the smooth muscle of the vascular bed 

( v a s o d i l a t i o n ) , ske le ta l muscle ( t r emor ) and bronchioles 

(b ronch io la r d i l a t i o n ) have been c l a s s i f i e d as 32 . 

Non-spec i f i c antagonists such as propranolol block 

both types of adrenoceptor . The c r i t e r i a f o r B-j and 32~ 

s e l e c t i v i t y has been based on the r e l a t i v e potency of the 

antagonists b locking the ac t i on of 3-agonists at the appropr ia te 

receptor s i t e . Thus the 3 - j - se lec t i ve an tagon is t , p rac to lo l at 

doses which have l i t t l e e f f e c t on the bronchodi la tor and vaso-

depressor e f f e c t s of i s o p r e n a l i n e , antagonises the pos i t i ve 

chronot rop ic e f f e c t of i sop rena l i ne i n the anaesthetised dog. 

The 3 2 - s e l e c t i v e antagonis t butoxamine w i l l block the vaso-

depressor and b ronchod i la to r e f f e c t s of i soprena l ine to a 

greater extent than the p o s i t i v e chronot rop ic responses i n the 

dog. (Da l y , Flook and Levy, 1975). The s e l e c t i v i t y of 

antagonists has been repor ted to be less c lear cut than that of 

3- j -antagonis ts . 

I t i s not known whether 3-j- and 32~adrenoceptor antagonists 

would show the same pa t t e rn of s e l e c t i v i t y at the adrenoceptors 

involved i n isoprena l ines a n t i s e c r e t o r y ac t ion as at those 

described i n the hear t ( 3 - j ) , vascular smooth muscle and 

bronchial t ree ( 3 2 ) . In the absence of t h i s i n fo rma t ion the 

choice of doses of a l l 3-antagonis ts have been based on repor ts 

of t h e i r antagonism of the ac t i on of i soprena l ine on the h e a r t , 

as a b ronchod i la to r and as a vasodepressant i n v i vo . 

(a) Propranolol 

Propranolol ( Imgkg"^) has been shown to reduce the p o s i t i v e 

ch rono t rop i c , vasodepressor and bronchod i la to r e f f e c t of 
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i soprena l ine i n the anaesthet ised dog. (Da l y , Flook and Levy, 

1975). Doses of p r o p r a n o l o l , i n a s i m i l a r range have been 

used by Curwain, Hoi ton •& Spencer (1972.) (Img kg ) , Lundell 

and Svensson (1974) (2mg k g " 1 ) and Okabe and co workers (1977) 

( 1 , 5 , lOmg kg " 1 ) i n t h e i r s tud ies on the an t i sec re to ry e f f e c t s 

of i sop rena l i ne . There fore a dose of 2mg kg"1 i . v . was chosen. 

(b) Prac to lo l 

Daly and co workers (_1975) have shown t h a t p rac to lo l i n 

doses of 0 .3 , 3, 30mg kg"1reduced the pos i t i ve chronot rop ic 

e f f e c t of i sop rena l ine i n the anaesthetised dog. At doses up to 

lOmg kg"1 p rac to lo l had l i t t l e or no e f f e c t on the bronchodi la tor 

e f f e c t of i sop rena l i ne . At 30 mg kg"1 p rac to lo l reduced the 

vasodepressor response to i s o p r e n a l i n e . P a r r a t t and Wadsworth 

(1970) also showed tha t p rac to lo l , ( lOmg k g " 1 ) , markedly reduced 

the e f f e c t s of i sop rena l i ne on hear t r a t e , myocardial blood f low 

and had no e f f e c t on i sop rena l i ne induced vasodepression i n the 

ca t . Therefore a dose of 8mg kg 1 p rac to lo l was used i n t h i s 

s tudy . 

( c ) Butoxamine 

Levy (1966) showed t h a t butoxamine at .» cumulative doses 

up to 9mg kg"1 produced no s i g n i f i c a n t e f f e c t on hear t ra te i n 

the dog. Fol lowing a t o t a l cumulat ive dose of 9 to 16mg kg 

butoxamine the vasodepressor e f f e c t of i soprena l ine was 

reversed. Daly and co workers (1975) reported tha t butoxamine, 

a t doses up to and i nc lud ing 10 mg kg"1 had no e f f e c t on 

isoprena l ines p o s i t i v e ch rono t rop ic responses i n the dog. 
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At lOmg kg~^ butoxamine reduced the bronchodi la tor response to 

i soprena l ine by 7-10 f o l d . A dose of 8mg kg"^ i . v . butoxamine 

was chosen f o r t h i s s tudy. 

The doses of 3 -antagon is ts used in th i s study were 

t he re fo re la rge to ensure adequate blockade but at the doses 

employed have been shown to r e t a i n t h e i r r e l a t i v e s e l e c t i v i t y 

i n studies i n the cat and dog. There i s l i t t l e or no in fo rmat ion 

ava i l ab le on the s e l e c t i v e act ions of p rac to lo l and butoxamine 

i n v ivo i n the r a t as most of the studies on these drugs have 

been ca r r i ed out i n the cat and dog, however the assumption has 

been made, tha t i n a s i m i l a r dose range as employed i n the cat 

and dog the S-adrenoceptor agonists used here w i l l have s i m i l a r 

s e l e c t i v i t y . 
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5.6 THE EFFECT OF ISOPRENALINE ALONE AND IN THE PRESENCE OF 

P-ADRENOCEPTOR ANTAGONISTS ON PENTAGASTRIN STIMULATED 

ACID SECRETION 

The resu l t s are shown i n F igure 41. 

5.6.1 Isoprena l ine 

- 1 - 1 

Isoprena l ine (40 yg kg h ) caused a marked reduct ion i n 

the response to pen tagas t r in w i t h a mean value of 37.5 - 8.4% 

(n = 4 p< 0.01) of tha t w i t h pentagas t r in alone. 

The mode of ac t ion of i soprena l ine on pentagast r in -

induced secre t ion may i nvo l ve a .g - receptor i f the e f f e c t was 

blocked by a 8 -an tagon is t , t h e r e f o r e the e f f e c t s of a non-

s e l e c t i v e , 3 - j - se lec t i ve and ^ - s e l e c t i v e antagonists were 

i n v e s t i g a t e d . 

5 .6 .2 Propranolol + Isoprena l ine 

Propranolol (2mg k g " 1 ) reversed t h i s i n h i b i t i o n , the 

response being 152.5 - 18.2% (n = 4) of tha t of pentagast r in 

a lone. The increased response was not s t a t i s t i c a l l y s i g n i f i c a n t 

(0.05 >p < 0 . 1 ) . 

5 .6 .3 Prac to lo l + I soprena l ine 

Prac to lo l (8mg kg antagonised the isoprena l ine i n h i b i t i o n 

( p < 0 . 0 1 ) but the mean response (74.0 - 7.0% n = 4) was s t i l l 

less than tha t w i th pen tagas t r in alone (p«0.05) . 
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- 1 - 1 

Figure 41 The e f f e c t of i soprena l ine i n f u s i o n (40ygkg h ) 

on the response to pentagas t r in i n f u s i o n (20ygkg~^h~^) 

alone and i n the presence of intravenous i n j e c t i o n s 

of propranolo ls p rac to lo l or butoxamine. Doses of 

3-antagonists are shown i n the columns which show 

means w i t h s .e . bars , n = 4 i n each case. The 

o rd ina te i s a percentage of the response to the 

same dose of pentagast r in alone i n each animal . 
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5.6 .4 Butoxamine + I soprena l ine 

Butoxamine (8mg kg "^ ) a lso prevented the i n h i b i t o r y e f f e c t 

of i s o p r e n a l i n e , the response being not s i g n i f i c a n t l y d i f f e r e n t 

f rom tha t to pentagas t r in alone (110.3 - 7.6% n = 4 ) . 

5.6.5 An Example of the E f f e c t s of Isoprenal ine Alone and i n 

the Presence of g-Adrenoceptor Antagonists i n One Rat 

F igure 42 shows the r e s u l t s of four separate experiments 

+ - 1 i n one r a t . Spontaneous sec re t i on i n th i s r a t was 7.1ymole H h . 

- 1 - 1 

An i n f u s i o n of pen tagas t r in (20pg kg h ) alone produced a response of 

+ - 1 57.5ymole H h at 1.25 hr a f t e r beginning the i n f u s i o n . 

I sop rena l i ne , i n t h i s exper iment produced an almost complete 

i n h i b i t i o n of the response to pentagast r in w i t h a secretory ra te 
+ - 1 

of 12.9ymole H h 1.5 hr a f t e r the s t a r t of i t s i n f u s i o n . In 

t h i s p a r t i c u l a r experiment the pentagas t r in i n f u s i o n was continued 

a f t e r completing the i s o p r e n a l i n e i n f u s i o n . The f i g u r e shows t h a t 

the i n h i b i t i o n by i sop rena l i ne i s r ap id l y reversed w i t h an acid + - 1 

secre tory ra te of 50.2ymole H h 1.5 hr l a t e r . 

Propranolol completely abolished the i n h i b i t o r y e f f e c t of 

i s o p r e n a l i n e , and augmented the response to pen tagas t r i n , w i t h 

a maximum response of92.1 ymole H+h"^ at 1.25 hr a f t e r beginning 

the pentagas t r in i n f u s i o n . 

At 1.5 hr a f t e r i sop rena l i ne i n fus ion the response to + - 1 

pentagast r in was 37.1ymole H h i n the presence of p r a c t o l o l . 

Thus, i n t h i s experiment p r a c t o l o l did not completely reverse 

the i n h i b i t o r y e f f e c t of i s o p r e n a l i n e . 
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Figure 42 E f f e c t s on acid sec re t ion produced by intravenous 
-1 - 1 i n f u s i o n of pentagast r in (20ygkg h ) alone9 (m) 

- 1 - 1 

and i n the presence of i soprena l ine (40ygkg h )> t A ) 

i sop rena l ine + p rac to lo l (8mgkg i . v . ) ( ® ) , and 

i soprena l ine + propranolo l (o) (2mgkg i . v . ) i n 

one Heidenhain pouch r a t . Arrows denote i n j e c t i o n 

of ^ -an tagon is t . Experimental protocol i s shown i n 

3 .2 .6 . 

Readings were not taken dur ing the f i r s t 0.5 hr 

of the experiment. 
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5.7 THE EFFECT OF 3-ADRENOCEPTOR AGONISTS ON PENTAGASTRIN-

STIMULATED ACID SECRETION IN THE HEIDENHAIN POUCH RAT 

The aim of t h i s p a r t of the study was to i nves t i ga te the 

e f f e c t s of 3-adrenoceptor antagonists alone on pentagas t r in -

s t imula ted acid sec re t i on . Propranolol has been shown to 

po ten t i a te the response to pen tagas t r in i n the dog and r a t 

(Curwain, Holton and Spencer, 1973; Lundell and Svensson, 1974). 

The e f f e c t s of se lec t i ve 3-j and ^ adrenoceptor antagonists have 

not p rev ious ly been studied on the conscious r a t . 

The resu l t s are shown i n Figure 43. 

5.7.1 Propranolol 

Propranolol (2mg kg " 1 ) produced a s i g n i f i c a n t (p<0.01) 

increase i n the response t o pen tagas t r i n , being 165.8 - 9.7% 

(n = 4) of the response to pen tagas t r in alone. 

5 .7.2 Prac to lo l 

There was no s i g n i f i c a n t d i f f e r e n c e i n the response to 

pentagas t r in alone or i n the presence of p rac to lo l (8mg kg 

w i t h a response i n the presence of p rac to lo l of 104.0 - 4.2% 

(n = 4) of the response to pen tagas t r in alone. 

5 .7 .3 Butoxamine 

Butoxamine (8mg k g " 1 ) a lso did not produce any s i g n i f i c a n t 

change i n the response to pen tagas t r i n . The response i n the 

presence of butoxamine was 106.0 - 5.5% (n = 4) of the response 

w i th pentagas t r in a lone. 
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Figure 43 The e f f e c t s of intravenous i n j e c t i o n of p r o p r a n o l o l , 

p r a c t o l o l , butoxamine and (+) propranolo l on the 

response to an i n f u s i o n of pen tagas t r i n . Doses are 

shown i n the columns which show means w i t h s . e . 

bars , n = 4 i n each case. The o rd ina te i s a 

percentage of the response to the same dose of 

pentagast r in alone i n each animal. 
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5.7 .4 (+) Propranolol 

As i n the experiments i n v i t r o there remained the p o s s i b i l i t y 

tha t propranolo l was ac t i ng v ia a non-spec i f i c membrane s t a b i l i s i n g 

e f f e c t . There fore the i n a c t i v e (+) isomer of propranolol was 

i n v e s t i g a t e d , and was found to have no e f f e c t on the response to 

pen tagas t r in producing a response of 95.2 - 9.7% of that of 

pentagast r in alone. 

5.7.5 The E f f ec t s of p-Adrenoceptor Antagonists on the Response 

to Pentagast r in i n S ing le Heidenhain Pouch Rats 

F igure 44 shows the e f f e c t o f fou r separate experiments 

i n one r a t . Spontaneous sec re t i on in t h i s r a t was high. The 

mean spontaneous sec re t i on f rom three experiments was 

20.4 - 3.76 ymole H V 1 . 

Pentagast r in s t i m u l a t i o n produced a response of 

89.1 ymole H + h " \ Pentagast r in i n the presence of butoxamine 

produced a s i m i l a r response being 80.5 ymole In t h i s animal 

pen tagas t r in i n the presence of p rac to lo l produced a response 

+ - 1 

of 103.1 ymole H h . In the presence of propranolo l the 

response to pentagas t r in was augmented g iv ing an acid secretory 

ra te of 173.9 ymole H V 1 . 

Figure 45 shows the e f f e c t of (+) propranolol on the 

response to pen tagas t r in i n one r a t . Spontaneous secre t ion 

i n t h i s r a t was also h i g h , w i t h a value of 16.1 ymole H+h 1 at 

the s t a r t of the experiment using (+) p rop rano lo l . Although i t 

seemed t h a t , at the s t a r t of the experiment using p'entagastr in 

a lone, there was some evidence of a s t imu la t i on of acid 

s e c r e t i o n , t h i s returned to basel ine before the s t a r t of the 

pentagast r in i n f u s i o n and f o r t h i s reason the experiment was 

cont inued. 
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Figure 44 E f f e c t s on acid secre t ion produced by an intravenous 

i n f u s i o n of pentagast r in (20yg kg~^h alone ( • ) 

and i n the presence of p rac to lo l (8mg kg (o) 

- 1 - 1 

propranolo l (2mg kg ) ( a ) , and butoxamine (8mg kg ) 

(# ) i n one Heidenhain pouch r a t . Arrows denote 

i n j e c t i o n of 3 -an tagon is t . Readings were not taken 

f o r the f i r s t 0.5hr of the experiment. 
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Figure 45 E f f e c t s on acid secre t ion produced by an intravenous 

- 1 - 1 i n f u s i o n of pentagast r in (20yg kg h ) alone (u) 

- 1 

and i n the presence of (+) propranolo l (2mg kg ) (e) 

i n one Heidenhain pouch r a t . Arrows denote i n j e c t i o n 

of (+) p rop rano lo l . Readings were not taken f o r the 

f i r s t 0.5 hr of the exper iment. 
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Responses to pen tagas t r in alone and in the presence of 

(+) propranolo l were s i m i l a r g i v i ng acid secretory rates of 

163.2 and 182.5 ymole h V 1 r e s p e c t i v e l y . 

5.8 SUMMARY 

Isoprena l ine i n f u s i o n i n h i b i t e d pentagas t r in -s t imu la ted 

acid secre t ion and t h i s e f f e c t was completely blocked by 

propranolo l and butoxamine. P rac to lo l p a r t i a l l y reversed 

the i n h i b i t i o n of pen tagas t r i n -s t imu la ted acid sec re t i on . 

Propranolol was shown to po ten t i a te the response to 

pentagas t r in i n the Heidenhain pouch r a t , an e f f e c t which was 

not seen w i t h e i t h e r p r a c t o l o l or butoxamine, nor w i t h the 

i n a c t i v e isomer of p rop rano lo l . 
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CHAPTER 6 

DISCUSSION 
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6.1 STUDIES IN THE RAT ISOLATED STOMACH 

6.1.1 Act ion of 3-Adrenoceptor Agonists 

I sop rena l i ne , salmefamol, salbutamol and noradrenal ine 

a l l produced a concent ra t ion dependent increase i n the ra te of 

acid sec re t ion i n the immature r a t i so la ted stomach prepara t ion . 

Adrenal ine has a lso been shown to produce a s i m i l a r e f f e c t i n 

t h i s p repa ra t i on , g i v i ng a s i m i l a r maximum acid secretory 

response ( C a n f i e l d , Hughes, P r i ce and Spencer, 1981). Thus, 

two n a t u r a l l y occur r ing catecholamines and three syn the t i c 3-

adrenoceptor agonists have been shown to s t imu la te acid secre t ion 

i n the r a t i so la ted stomach. The maximum responses obtained 

were s i m i l a r to those seen w i t h other secretagogues in t h i s 

p repara t i on . 

The s t imu la to r y e f f e c t of g-agonists found i n v t t r o i s tn 

con t ras t w i t h t h e i r e f f e c t j[n v i vo where they have been shown 

to i n h i b i t acid sec re t i on i n the conscious animal. To my 

knowledge, t h i s i s the f i r s t study performed on the e f f e c t of 

catecholamines i n v i t r o on mammalian g a s t r i c acid sec re t i on . 

However, there have been two s tud ies i n the amphibian i so la ted 

g a s t r i c mucosa, where i sop rena l i ne and adrenal ine were reported 

to have no e f f e c t on acid sec re t i on by the b u l l f r o g i so la ted 

-4 g a s t r i c mucosa at concentrat ions up to 10 M (Thorpe, Frusco, Bass 

and Hug, 1971; Flemstrom, 1978). Flemstrom (1978) also reported 

a s i g n i f i c a n t i n h i b i t i o n o f basal secre t ion by i soprena l ine a t 

-3 

10 M, and Thorpe and co workers (1971) showed tha t t h i s 

concent ra t ion of i sop rena l i ne i n h i b i t e d h is tamine-st imulated 

secre t ion i n the b u l l f r o g i s o l a t e d g a s t r i c mucosa. 
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In the r a t i so la ted stomach preparat ion a concentrat ion 
-3 

of 10 M i sop rena l i ne was shown to cause a s i g n i f i c a n t 

s t i m u l a t i o n of acid sec re t i on (Canf ie ld and P r i c e , 1981). Thus, 

the r a t stomach behaves d i f f e r e n t l y from the amphibian stomach 

in respect of adrenoceptor agon is ts . 

6 .1 .2 Possible Mechanisms of Ac t ion of Sympathomimetics on 

Gas t r i c Acid Secret ion In V i t r o 

The s t imu la to ry e f f e c t of 3-adrenoceptor agonists may 

be brought about by the re lease of an endogenous g a s t r i c secreta-

gogue. However, as shown i n the resu l t s metiamide and a t rop ine 

did not i n h i b i t adrenoceptor agon is t responses. The conclusions 

tha t can be drawn from t h i s , and other work i n our labora tory 

using prostag land in E2 w i l l be discussed under the f o l l o w i n g 

headings: 

(a) Release of endogenous h is tamine . 

(b) Release of endogenous g a s t r i n . 

( c ) Release of endogenous a c e t y l c h o l i n e . 

(d ) The e f f e c t of 3-adrenoceptor antagonis ts . 

(a) Release of Endogenous Histamine 

I f adrenoceptor agonists s t imu la te acid sec re t ion v ia the 

re lease of endogenous h i s tamine , the response to these drugs 

would be i n h i b i t e d by an H2 an tagon is t . 

Metiamide has been shown to i n h i b i t histamine s t imula ted 

acid sec re t ion i n the r a t i s o l a t e d whole stomach i n a concentrat ion 

range of 3 x 10-6M to 3 x 10~5M (Bunce and Parsons, 1976). 
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Simi la r r esu l t s were obtained i n the k i t t e n i so la ted g a s t r i c 

mucosa (Tepperman, Scho f ie ld and Tepperman, 1975) and the i so la ted 

primate g a s t r i c mucosa (Rangachar i , 1979), although higher 

concentrat ions of metiamide were used. 

In t h i s study metiamide (10 4M) produced a s i g n i f i c a n t 

i n h i b i t i o n of a submaximal concent ra t ion of histamine but had 

no e f f e c t on i s o p r e n a l i n e , salmefamol or noradrenal ine s t imulated 

sec re t i on . From th i s r e s u l t i t i s concluded tha t these drugs 

are not act ing v ia release of h is tamine. 

This r e s u l t was not unexpected since there i s evidence 

from other t issues tha t i sop rena l i ne i n h i b i t s histamine release 

and f o rma t i on . Assem (1974) s ta ted tha t " i n v i r t u a l l y every 

v a r i e t y of p repara t ion s tud ied to date, some i n h i b i t i o n of 

ant igen-induced histamine re lease by sympathomimetic amines 

has been found" . For i ns tance , Assem and Feigenbaun found t ha t 

i soprena l ine decreased histamine format ion by human leucocytes 

and Assem & Schi ld (1969, 1971) showed tha t histamine release 

was i n h i b i t e d by i sop rena l ine i n sens i t i sed lung t i s s u e . 

However, the histamine conta in ing ce l l s i n the r a t g a s t r i c 

mucosa have been shown to have biochemical and morphological 

d i f f e rences f rom mast c e l l s , as shown by S o i l , Lewin and Beaven 

(1981) i n t h e i r s tudies on r a t i so la ted histamine contain ing 

c e l l s . Rat g a s t r i c histamine conta in ing ce l l s did not possess 

receptors f o r IgE or re lease histamine on exposure to compound 

48/80, i n con t ras t to r a t per i tonea l mast c e l l s . To date, the 

phys io log ica l s t imulus f o r h istamine release from these g a s t r i c 

ce l l s is unknown and there i s no evidence to suggest i t may 

invo lve catecholamines. 
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From our present knowledge, i t seems l i k e l y that 3 -

adrenoceptor agonists do not re lease histamine from the ra t 

g a s t r i c mucosa, s ince the acid response to these drugs is 

r es i s t an t to H2 receptor antagonism. 

(b) Release of Endogenous Gas t r in 

There are a number of repor ts showing tha t catecholamines 

increase serum g a s t r i n concent ra t ions i n v ivo and these w i l l be 

discussed i n more de ta i l i n sec t i on 6.2.2 ( b ) . Such a mechanism 

would be a poss ib le exp lanat ion f o r the observed s t imu la to ry 

e f f e c t of catecholamines i n v i t r o . Test ing t h i s p o s s i b i l i t y i s 

more d i f f i c u l t as there i s no s p e c i f i c g a s t r i n antagonist 

a v a i l a b l e . Metiamide has been shown to i n h i b i t the response 

to g a s t r i n i n the r a t i s o l a t e d whole stomach at concentrat ions 

of 10"5M and 3 x 10"5M (Bunce, Parsons and R o l l i n g s , 1976) and i t 

was an t i c i pa ted tha t t h i s H2 antagonis t could be used to tes t 

the p o s s i b i l i t y of adrenoceptor agonists re leasing g a s t r i n i n the 

-4 

r a t i so la ted stomach. At 10 M metiamide was unable to i n h i b i t 

the response to a submaximal dose of pentagast r in i n t h i s 

p repa ra t i on , a concent ra t ion which also had no e f f e c t on ' 

adrenoceptor agonist s t imu la ted s e c r e t i o n . Parsons, Pr ice and 

Sykes (1980) have shown t h a t , i n the r a t i so la ted whole stomach 

and the r a t f und i c mucosa,there was a small po r t i on of the g a s t r i n 

response tha t was r e f r a c t o r y to H2 antagonism, an observat ion i n 

agreement w i t h Soi l (1978) who demonstrated a response to g a s t r i n 

in canine i so la ted p a r i e t a l c e l l s which was r e f r a c t o r y to 

i n h i b i t i o n by Ho receptor an tagon is ts . 
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Main and Pearce (1978) a lso found tha t metiamide only p a r t l y 

abol ished pen tagas t r i n -s t imu la ted secre t ion i n the r a t i so la ted 

g a s t r i c mucosa. More recen t l y Ackerman (1981) has provided 

evidence t h a t , i n r a t s , t h e acid secre to ry response to pentagast r in 

occurs before the histamine-mediated system is f u l l y f u n c t i o n a l . 

He showed tha t the responsiveness to impromidine developed between 

19 and 22 days i n v ivo i n the ra t ,and tha t a t the age when animals 

were unresponsive to impromid ine, the response to pentagast r in 

was not i n h i b i t e d by c i m e t i d i n e . Therefore age d i f fe rences 

may account f o r the v a r i a t i o n s i n repor ts of pentagast r in 

s u s c e p t i b i l i t y to H2 antagonism. 

There fore i t was not poss ib le to use an H2 antagonist to 

i n v e s t i g a t e the p o s s i b i l i t y of a release of g a s t r i n by i sop rena l i ne . 

Prostaglandin E2 has been shown to i n h i b i t pentagast r in -

s t imula ted sec re t ion i n the r a t i so la ted g a s t r i c mucosa (Hearn 

and Main, 1975). This led to the i n v e s t i g a t i o n of the e f f e c t s 

of pros tag land in E2 on the responses to pen tagas t r i n , i soprena l ine 

and adrenal ine by other workers i n our l a b o r a t o r y . Prostaglandin 

E2 produced a s i g n i f i c a n t i n h i b i t i o n of the acid response to 

pen tagas t r in but was i n e f f e c t i v e i n i n h i b i t i n g the responses to 

i soprena l ine and adrenal i ne (Can f ie ld et a l . , 1981). In con t ras t 

to the e f f e c t of p ros tag land in E2 on pentagas t r in -s t imu la ted 

sec re t ion i n the r a t i s o l a t e d stomach and mucosa, Boughton-Smith 

and W h i t t l e (1981) repor ted tha t prostag landin E2 had incons is ten t 

act ions on pen tagas t r i n -s t imu la ted secre t ion i n the r a t i so la ted 

whole stomach. I t i s poss ib le t ha t t h i s d i f f e r e n c e may be 

accounted f o r by the absence of the antrum i n the i so la ted stomach 

and mucosa p repara t ion . 
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In these exper iments , and those of other workers , the 

assumption has been made t h a t pentagas t r in (or syn the t i c human 

g a s t r i n ) i s ac t ing l i k e endogenous r a t g a s t r i n . I t would be 

p re fe rab le to use r a t g a s t r i n , but the lack of commercially 

ava i l ab l e r a t g a s t r i n precluded t h i s . 

However, w i t h t h a t assumpt ion , i t i s concluded tha t 3 -

adrenoceptor agonists do not act v ia the release of g a s t r i n s ince 

a potent i n h i b i t o r of pen tagas t r i n -s t imu la ted secre t ion i n t h i s 

p repara t ion was unable to i n h i b i t e-agonis t s t imulated sec re t i on . 

Studies on r a t g a s t r i n c e l l s under t i ssue cu l t u re condi t ions have 

shown tha t i s o p r e n a l i n e , noradrena l ine and adrenal ine could s t imu la te 

g a s t r i n release f rom these c e l l s (DeSchryver-Kecskemeti and 

Gre ide r , 1978). The re lease of g a s t r i n by noradrenal ine was 

i n h i b i t e d by p ros tag land in E^ Therefore i f catecholamines 

were re leas ing g a s t r i n i n the r a t iso lated-stomach, prostag land in 

Eg may have been expected to i n h i b i t t h i s e f f e c t . This was not 

the case. I t i s not known whether there are s u f f i c i e n t G c e l l s 

i n t h i s p repara t ion to cause s i g n i f i c a n t g a s t r i n re lease and to 

i nves t i ga te t h i s g a s t r i n levels i n the serosal and mucosal sa l i ne 

could be measured. 

( c ) Release of Endogenous Ace ty l cho l i ne 

-5 

At rop ine (10 M) has been shown to i n h i b i t the acid secre tory 

response to a c e t y l c h o l i n e i n the i so la ted whole stomach of the 

r a t (Bunce, Marsh and Parsons, 1977) . The e f f e c t s of a t rop ine 

on endogenous a c e t y l c h o l i n e has been studied by e l e c t r i c a l f i e l d 

s t imu la t i on of the r a t i so la ted mucosa and mouse i so la ted whole 

stomach. (Bai rd and Main, 1978; Angus and Black-, .1978 (a) and ( b ) ) . 
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In both preparat ions (10 ^M) a t rop ine subs tan t i a l l y i n h i b i t e d 

the e f f e c t of f i e l d s t i m u l a t i o n . However, i n the mouse iso la ted 

stomach f i e l d s t imu la t i on could a lso be i nh i b i t ed by metiamide, 

a t a dose which had no e f f e c t on bethanechol s t imulated sec re t i on , 

suggesting an involvement of histamine i n the e f f e c t of 

endogenous a c e t y l c h o l i n e . This i s also seen i n the r a t whole 

stomach but the e f f e c t is small (C.A. Pr ice: unpublished 

observa t ion ) . Therefore by s tudying the e f f e c t of a high 

-5 concentrat ion of a t rop ine ( 1 0 M) on 3 -agonist s t imulated secre t ion 

some i n h i b i t i o n should have been seen i f 3-agonists were re leas ing 

-5 

endogenous a c e t y l c h o l i n e . However, although a t rop ine (10 M) 

markedly i n h i b i t e d bethanechol-st imulated sec re t i on , th i s 

concentrat ion had no e f f e c t on any of the 3-adrenoceptor agonists 

tes ted. This ind icates t h a t re lease of endogenous ace ty l cho l i ne 

is not involved in these responses. 

CONCLUSION 

From the resu l ts using antagonists of the three major 

secretagogues which were unable t o i n h i b i t adrenoceptor agonis t -

s t imulated secre t ion i t seems poss ib le tha t the s t imu la to ry e f f e c t 

of these drugs is a d i r e c t e f f e c t on the pa r i e ta l c e l l . The ra ts 

used i n t h i s study were immature animals and the sympathetic 

innerva t ion of the g a s t r o i n t e s t i n a l t r a c t i s incomplete at t h i s 

time (Yoshida, Taniyama and Tanaka, 1979). The whole stomach 

wal l p reparat ion also contains i n t a c t neural p l e x i . Both of 

these considerat ions may exp la in the resu l ts obtained w i t h 

adrenoceptor agonis ts . However, Canf ie ld and co workers (1981) 
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have shown t h a t , i n the a d u l t r a t i so la ted mucosa, adrenal ine 

s t imulated acid sec re t ion i n a concentrat ion dependent manner. 

Isoprena l ine also s t imu la tes t h i s p repara t ion . (C.A. Pr ice : 

unpublished observa t i on ) . There fore in a preparat ion w i t h f u l l y 

developed sympathetic i nne rva t i on and the neural plexi d isrupted 

by d i s s e c t i o n , catecholamines s t i l l s t imulated acid sec re t i on , 

an e f f e c t which, f rom r e s u l t s i n the immature r a t , would seem to 

be a d i r e c t e f f e c t on the p a r i e t a l c e l l . 

Both 3 - j - se lec t i ve (noradrena l ine ) and 3 2 - se l ec t i ve 

(salmefamol, salbutamol) agonists s t imulated acid output suggesting 

tha t both types of receptors may be invo lved. This may p a r t l y 

exp la in the lower potency of these se lec t i ve agonists compared 

w i t h i sop rena l i ne . The lack of an i n h i b i t o r y e f f e c t of 

phentolomine suggests t ha t a-adrenoceptors are not involved i n 

these responses. 

(d ) Act ion of a-Adrenoceptor Antagonists 

I f the s t imu la to ry e f f e c t of adrenoceptor agonists i s 

mediated v ia a 3-adrenoceptor then t h e i r ac t ion should be i n h i b i t e d 

by 3-adrenoceptor an tagon is ts . 

Since both ^ - s e l e c t i v e and 3 2 - s e l e c t i v e agonists s t imulated 

acid sec re t ion i n t h i s p repa ra t i on the e f f e c t s of some non-

s e l e c t i v e 3-antagonists were f i r s t i nves t i ga ted . 

P rop rano lo l , t imo lo l and p indo lo l a l l produced a 

s i g n i f i c a n t i n h i b i t i o n of the responses to i sop rena l i ne , salmefamol 

and noradrena l ine . The r e s u l t s w i t h propranolol on salmefamol 

and i sop rena l i ne were cons is ten t w i t h compet i t ive i n h i b i t i o n . The 

(+) isomer of propranolol d id not i n h i b i t 3 -agon is t -s t imu la ted 
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secre t ion at a concent ra t ion at which the (±) isomer was a c t i v e , 

i n d i c a t i n g tha t propranolo l was not exer t ing a non-spec i f i c membrane 

s t a b i l i s i n g e f f e c t . This was f u r t h e r supported by the f a c t tha t 

(±) propranolo l at t h i s concen t ra t ion had no e f f e c t on acid 

sec re t ion s t imula ted by bethanechol or pen tagas t r in . 

Nei ther 3-j- nor ^ - s e l e c t i v e antagonists i n h i b i t e d the 

responses to i soprena l ine or salmefamol. However, at the same 

concentrat ions used i n the above studies these se l ec t i ve antagonists 

produced a s i g n i f i c a n t i n h i b i t i o n of noradrena l ine-s t imula ted 

sec re t i on . This was not only t r u e f o r p rac to lo l and butoxamine, 

as shown i n t h i s s t udy , but a lso f o r atenolo l (3- j ) and ICI 118551 

(a 2 ) as shown by Canf ie ld and co workers (1981). However, al though 

atenolo l had no e f f e c t on i s o p r e n a l i n e , salmefamol and adrena l ine-

s t imulated s e c r e t i o n , ICI 118551 was e f f e c t i v e i n i n h i b i t i n g 

the responses to these agon is ts . Noradrenal ine was cons i s ten t l y 

more succept ib le to i n h i b i t i o n than other agonists used in t h i s s tudy . 

Noradrenal ine i s considered to act predominantly at oC-adrenoceptors 

( A l q u i s t , 1948), however phentolamine had no e f f e c t on noradrenal ine-

s t imulated acid s e c r e t i o n , i n d i c a t i n g tha t i n the r a t i so la ted 

stomach noradrenal ine i s ac t ing at ^-adrenoceptors. 

With both the s e l e c t i v e and non-se lect ive antagonists the 

concent ra t ion tha t produced s i g n i f i c a n t i n h i b i t i o n i s greater 

than might be expected f rom the pA2 values reported f o r the 

an tagon is ts , ^-adrenoceptors have been c l a s s i f i e d i n terms of 

r e l a t i v e potencies of a se r ies of agonists and determinat ion of 

the potencies of compet i t i ve s e l e c t i v e antagonis ts . In v i t r o 

determinat ions of pA2 values f o r ^ -antagonis ts i n a v a r i e t y of 

t issues have been ca r r i ed out by Levy and Apperley (1978). 
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They quote a pA2 value f o r propranolo l and p r a c t o l o l , a t (B-j 

adrenoceptors i n guinea p i g , r a b b i t and chick l e f t a t r i a , of 

8.3 - 8.8 and 6.5 - 6.9 r e s p e c t i v e l y . These values are 

-9 -9 equ iva lent to concentrat ions of 5 x 10 - 1.6 x 10 M and 

3.2 x 10~7 - 1.3 x 10~^M f o r propranolo l and p rac to lo l r e s p e c t i v e l y . 

-5 

Thus the concentrat ions used i n t h i s study (2 x 10 M) are 

higher than would be p r e d i c t e d . Bunce, Marsh and Parsons (1977) 

also found t h a t , in the r a t i so la ted whole stomach r e l a t i v e l y 

high concentrat ions of a t rop ine were requi red to i n h i b i t 

ace ty l cho l i ne -s t imu la ted s e c r e t i o n . More recen t l y Black and 

his colleagues (Angus and B lack , 1979; Angus, Black and Stone, 

1980) have drawn a t t e n t i o n to the anomalous pA2 values obtained 

w i t h a t rop ine and metiamide f o r i n h i b i t i o n of ac id -secre t ion i n 

the i so la ted mouse whole stomach preparation,compared w i t h other 

t issues such as heart or uterus f o r metiamide, and guinea pig 

i leum f o r a t rop ine . They pointed out tha t there is an obvious 

d i f f e r e n c e between measurements of acid secre t ion and cont rac t ion 

of t i s sue since the f l ow of s p e c i f i c ions and molecules across 

the p a r i e t a l ce l l membrane and t h e i r continuous removal by 

pe r fus ion meant tha t loca l concentrat ions of antagonist i n the 

region of the basement membrane could not be i n e q u i l i b r i u m . 

Where the antagonist passes the pa r i e t a l ce l l membrane and 

appears i n the e f f l u e n t then the concentrat ion of antagonist i n 

the region of the receptors w i l l be lower than tha t obtained 

i f e q u i l i b r i u m was achieved. However t h e i r add i t i on of metiamide to 

, the lumen pe r fusa te , to remove the concentrat ion grad ient down 

which metiamide would pass f rom serosal to mucosal s a l i n e , did 

not a l t e r the anomalous pA2 value obtained w i t h metiamide on 

the serosal s ide on l y . Thus i t i s poss ib le tha t the f a c t o r 
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responsib le f o r the anomalous pA2 values obtained was p r i m a r i l y 

the act of sec re t i on . 

Although i n these studies the stomachs were not per fused, 

obviously the problems of ac t i ve secre t ion remain the same, 

and removal of mucosal s a l i n e every f i f t e e n minutes would a lso 

hamper the e q u i l i b r a t i o n o f receptor w i th antagonis t . This 

would presumably also be t r u e f o r agonis ts . Therefore comparison 

of pA2 values obtained i n other t issues w i t h those obtained i n 

ac id -sec re t i on experiments i n v i t r o may not be v a l i d . The 

problems discussed above would a lso mean tha t one cannot i n t e r p r e t 

r esu l t s w i t h se l ec t i ve antagonis ts w i t h c e r t a i n t y s ince the 

s e l e c t i v i t y of an antagonis t i s not abso lu te , but r e l a t i y e to 

the concent ra t ion of antagonis t used. For ins tance, p rac to lo l 

(6- j ) has been shown to have a pA2 value of 4.6 - 5.1 at 32~ 

andrenoceptors i n f r o g v e n t r i c l e and guinea pig trachea (Levy 

and Apper ley, 1978). This would be equivalent to concentrat ions 

of 2.5 x 10"5 - 8 x 10"6M. There fore although the ^ - s e l e c t i v e 

antagonist ICI 118551 i n h i b i t e d noradrena l ine , adrenal ine 
-5 

salmefamol and i sop rena l ine at 10 M, at t h i s concentrat ion i t 

does not act s e l e c t i v e l y , al though the above discussion of 

anomalous pA2 values w i l l s t i l l be a compl icat ing f a c t o r . 

These considerat ions do n o t , however, exp la in the resu l t s 

w i t h noradrenal ine where butoxamine and p rac to lo l i n h i b i t e d 

the response at concentrat ions which were i n e f f e c t i v e against 

the other agon is ts . The present experiments can prov ide no 

explanat ion f o r t h i s , and the whole quest ion of type of receptor 

involved w i l l r equ i re experiments using i so la ted pa r i e ta l ce l l s 

which would be f r e e of the discrepancies discussed regarding 

i so la ted stomach p repa ra t i ons . 
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I t i s c lear however f rom these studies i n v i t r o using 3 -

adrenoceptor agonists and antagonists tha t the s t imu la to ry e f f e c t 

of 3-agonists on acid sec re t i on appears to be mediated by a g-

recep to r , and not by re lease of an endogenous secretagogue. 

Both 3-j and subtypes may be invo lved i n these responses. 

This conclusion i s supported by recent f i nd ings concerning 

adrenoceptor s t i m u l a t i o n of c y c l i c AMP i n r a t i so la ted pa r ie ta l 

c e l l s . 

6 .1 .3 Evidence f o r 3 -Adrenerg ic A c t i v a t i o n of a Gast r i c Mucosal 

Adenylate Cyclase/cAMP System 

In recent years i t has been wel l establ ished tha t the 

adenylate cyclase/cAMP system plays an important ro le i n the 

regu la t ion of g a s t r i c acid sec re t i on ( f o r references see Chapter 1 ) , 

p a r t i c u l a r l y h is tamine-s t imu la ted sec re t i on . 

In most t issues occupat ion of ^-adrenoceptors by g-

agonists leads to an increase i n adenylate cyclase a c t i v i t y 

(Coyle and Snyder, 1980; Minnerman and M o l i n o f f , 1980). 

An increase i n g a s t r i c mucosal cAMP has been reported from 

i n v ivo studies in the r a t a f t e r ^ -adrenerg ic s t i m u l a t i o n , an 

e f f e c t which was antagonised by propranolo l ( R u o f f , 1977). 

Thompson and co workers (1977) using r a t g a s t r i c mucosal 

p a r t i c u l a t e preparat ions showed t h a t i soprena l ine and adrenal ine 

s t imulated adenyl cyclase a c t i v i t y . Studies of cAMP i n whole 

g a s t r i c mucosa are complicated by the heterogeneity of the 

g a s t r i c mucosa, i n which the acid secre t ing pa r ie ta l ce l l s 

account f o r only pa r t of the t o t a l ce l l popula t ion. Since 

adenyl cyclase has a universal c e l l u l a r d i s t r i b u t i o n more recent 
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studies have used i so la ted pa r i e ta l c e l l s to tes t the 

responsiveness of pa r i e ta l c e l l adenyl cyclase to secretagogues. 

Gunther, Wagner and Ruoff (1980) have shown that adrenal ine 

and hexoprenaline caused a concentrat ion dependent r i s e i n 

adenylate cyclase a c t i v i t y i n r a t i so la ted par ie ta l c e l l s . 

This s t imu la to ry act ion could be blocked by propranolol but 

not by phenoxybenzojivine. 

Thompson's group have extended t h e i r e a r l i e r studies 

to inves t iga te the e f f e c t s of catecholamines on enriched r a t 

pa r ie ta l ce l l adenylate cyclase (Thompson, Chang and Rosenfeld, 

1981). They have shown tha t i soprena l ine (lOOyM), 1-noradrenal ine 

(100yM) and adrenal ine (lOOpM) a l l ac t iva ted adenylate cyclase. 

GPP (NH)p was required f o r the f u l l e f f e c t but each agonist 

had a s i g n i f i c a n t e f f e c t i n i t s absence. The EC,-0 f o r 

isoprena l ine was 0.5iiM. This can be compared to a concentrat ion 

of lyM of i soprena l ine which produced approximately 50% of 

the maximum response in the r a t i so la ted stomach i n the work 

described i n t h i s t hes i s . Propranolol (JOOyM) f u l l y i nh i b i t ed 

the adrenal ine a c t i v a t i o n of adenyl cyclase wh i le phentolamine 

had no e f f e c t . The e f f e c t i v e concentrat ions f o r adenyl cyclase 

ac t i va t i on were near those observed f o r other t issues (Ross et a l . , 

1977). Further studies i n i so la ted p u r i f i e d r a t par ie ta l ce l l s have 

shown a 3£-adrenergic receptor as judged by adenyl cyclase c r i t e r i a 

(W.O. Thompson to S.P. Canf ie ld : personal communication). 

This evidence in r a t i so la ted par ie ta l ce l l s s t rong ly 

supports the conclusion from th i s study that $-adrenergic 

receptors may be present on the pa r i e ta l c e l l , although i n the 

iso la ted pa r ie ta l ce l l system, t h i s has no t , as y e t , been l inked 

to secretory f unc t i on . The quest ion remains whether, in v ivo 
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these e f f e c t s are mediated v ia c i r c u l a t i n g catecholamines or 

noradrenal ine f rom adrenerg ic i nnerva t ion of pa r i e ta l c e l l s , or 

endocrine ce l l s i n the g a s t r i c mucosa. The m a j o r i t y of studies 

on adrenergic i nne rva t i on o f the stomach have concentrated on 

the g a s t r i c musculature. I t has been shown tha t there is a 

r i c h c o n t r i b u t i o n of adrenerg ic nerve f i b r e s to the intramural 

nerve plexuses (Norberg, 1967) and to the a r t e r i e s of the gut 

wal l (Furness (1971)). Costa and Gabella (1971), using 

f l uo rescen t histochemical techniques found tha t adrenergic 

i nne rva t ion in and around gland c e l l s , close to e p i t h e l i a l 

ce l l s i n the r a b b i t and guinea p i g , and f l uo rescen t f i b r e s 

could be t raced as f a r as the inner sur face of the stomach. 

Kataoka and co workers (1979) found catecholamine contain ing 

endocrine ce l l s i n the cat f und i c mucosa. However there have 

been no s i m i l a r studies i n the r a t , which would resolve the 

quest ion of o r i g i n of catecholamines i n the g a s t r i c mucosa. 

6 .1 .4 or Adrenoceptor E f f e c t s on Acid Secret ion 

There seems to be general agreement t h a t , a-agonists 

i n h i b i t acid sec re t ion i n v i v o . (For references see Chapter 2 ) . 

This conclusion has been drawn f rom studies using noradrenal ine 

which acts predominantly a t a - recep to rs . The i n h i b i t o r y e f f e c t 

of noradrenal ine has been considered to r e s u l t simply from the 

reduct ion i n mucosal blood f l ow tha t i t produces. 

The resu l t s w i t h a-adrenoceptor agonists i n t h i s study 

provide support f o r an i n d i r e c t e f f e c t on acid secre t ion i n v ivo 

s ince methoxamine and phenylephr ine in concentrat ions as high 
_ 3 

as 10 M were w i thou t e f f e c t i n v i t r o . Phenylephrine had no 
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e f f e c t on bethanechol - , p e n t a g a s t r i n - , or h is tamine-s t imula ted 

s e c r e t i o n . There fore i t i s l i k e l y that i n v ivo noradrenal ine 

s t imu la tes a-adrenoceptors on the g a s t r i c vasculature which 

mediate v a s o c o n s t r i c t i o n , causing a reduct ion i n g a s t r i c 

mucosal blood f l o w . The lack of an i n h i b i t o r y e f f e c t of 

phentolamine on noradrena l ine s t imu la ted acid secre t ion also 

supports the idea tha t a-adrenoceptors are not involved i n 

catechol ami ne-s t imula ted s e c r e t i on. 

These s tud ies are i n agreement w i t h those of Thompson 

and co workers (1981) who found t h a t , i n r a t i so la ted pa r i e ta l 

c e l l s , methoxamine did not s t imu la te adenyl cyclase a c t i v i t y . 

An e a r l i e r repor t by Ruoff (1977) showed tha t ad rena l ine , 

which acts on both a and $- receptors s t imula ted both cAMP and 

cGMP i n r a t g a s t r i c mucosa. Blockade of $-adrenoceptors 

suppressed the adrena l ine e f f e c t on cAMP and increased i t s 

e f f e c t on cGMP. The oppos i te was found on a-adrenoceptor 

blockade. Phenylephrine enhanced the concent ra t ion of cGMP 

i n ra t s p re t rea ted w i t h p roprano lo l at low concentrat ions and 

at high concentrat ions ra i sed cGMP leve ls s i g n i f i c a n t l y . He 

suggested a rec ip roca l i n h i b i t o r y i n t e r a c t i o n between a and 

3- receptors s ince 3- receptor a c t i v a t i o n s t imu la ted cAMP and 

a- receptor a c t i v a t i o n s t imu la ted cGMP. In view of the complete 

lack of e f f e c t of a -agonis ts on acid sec re t i on i n the r a t 

i so la ted stomach i t seems u n l i k e l y tha t the increase i n c y c l i c 

GMP seen by Ruoff was d i r e c t l y l i nked to acid secre tory f u n c t i o n . 

Furthermore Ruo f f ' s study was performed i n the i n t a c t g a s t r i c 

mucosa, t h e r e f o r e changes i n cGMP could not be l oca l i sed to 

p a r i e t a l c e l l s . I t i s concluded tha t a-adrenoceptors are not 

involved i n the cont ro l of acid secre t ion i n v i t r o . 
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6.2 STUDIES IN THE HEIDENHAIN POUCH RAT 

6.2.1 The E f f e c t of I soprena l ine 

The resu l t s f rom t h i s study con f i rm and extend the f i n d i n g s 

of Lundell and Svensson (1974) i n t h i s p repara t ion . Isoprena l ine 

i n f u s i o n resu l ted in a marked i n h i b i t i o n of pentagast r in -

s t imulated s e c r e t i o n , and t h i s e f f e c t was completely blocked by 

p rop rano lo l . S im i l a r f i n d i n g s on the e f f e c t of i soprena l ine 

have been reported i n the conscious dog. (Magee, 1976; Daly and 

Stables,1977; Curwain and Holton, 1972). 

32~select ive adrenoceptor agonists such as salbutamol and 

salmefamol also i n h i b i t pen tagas t r i n -s t imu la ted acid secret ion i n 

the conscious dog (Curwain, Holton and Spencer, 1972; Daly , Long 

and Stables,1978; Gottrup and Ornshol t ,1978) . In these studies 

propranolo l was again e f f e c t i v e i n revers ing the i n h i b i t o r y e f f e c t s . 

In add i t i on to previous f i n d i n g s i n the conscious r a t , 

t h i s study has shown tha t both 3-j- and 32-se lec t i ve antagonists 

reversed the i n h i b i t o r y e f f e c t of i sop rena l i ne , w i t h butoxamine 

completely abo l ish ing and p r a c t o l o l p a r t i a l l y revers ing i t . This 

suggests an involvement of both 3- receptor subtypes, a f i n d i n g 

s i m i l a r to tha t of Daly and co-workers (1978) i n dogs w i th a 

Heidenhain pouch. However i n the study of Daly and co-workers the 

Bg-se lec t ive antagonist ^^S/ZS ^ n o e ^ e c t o n an t i sec re to ry 

ac t ion of i sop rena l i ne , i n con t ras t to i t s blockade of the a n t i -

secre to ry ac t ion of sa lbutamol . This suggested tha t the a n t i -

secre tory e f f e c t of i sop rena l i ne in the dog was mediated by 3-j-

' receptors on l y . Thus there seems to be a d i f f e r e n c e i n the ac t ion 

of i sop rena l ine in the dog and r a t . 
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However, i n both species a c t i v a t i o n of both 3-j- and 32-

adrenoceptors can produce an i n h i b i t i o n of pentagastr in- induced 

acid sec re t i on . As there have been no studies on the e f f e c t s 

of 3-j- and 32" s e l e c t i v e antagonists on the an t i sec re to ry act ion 

of 3-agonists on histamine or bethanechol st imulated secret ion W e r a t 

no f u r t h e r comparisons can be made. 

6 .2 .2 Mechanism of Act ion of Isoprena l ine 

Since 3-agonists have been shown to s t imu la te acid secre t ion 

i n v i t r o , the i n h i b i t i o n seen i n v ivo must be an i n d i r e c t e f f e c t 

on the g a s t r i c mucosa. A l t e r n a t i v e l y , 3-agonists may be 

i n h i b i t o r y at low doses and s t imu la to ry at higher doses. Although 

i t i s d i f f i c u l t to compare doses i n v ivo and in v i t r o , the f a c t 
_ 7 

t ha t i soprena l ine (10 M) produced a s t imu la t i on of acid secre t ion 

in the r a t i so la ted stomach suggests tha t t h i s i s not the case. 

3-agonists have been reported to i n h i b i t pentagast r in -

and feed ing-s t imu la ted acid sec re t ion i n the r a t and dog and 

bethanechol-st imulated sec re t i on i n the dog, i n conscious animal 

experiments. (Lundel l and Svensson,1974; Can f i e l d , Curwain, King 

and Pr i ce ,1978) . This suggests a s i t e of ac t ion beyond the 

secretagogue receptors . This i n h i b i t o r y e f f e c t must also be able 

to i n h i b i t the d i r e c t s t imu lan t ac t ion of 3 -agonis ts on the 

g a s t r i c mucosa. 

The experiments i n v ivo i n t h i s study do not themselves 

prov ide any in fo rmat ion about the i n h i b i t o r y mechanism involved 

in the act ion of i sop rena l i ne , other than suggesting an invo lve -

ment of both 3-j- and 3 2 - r e c e P ' t o r s . I t was not the purpose of the 

work described i n t h i s thes is to undertake an experimental 

i n v e s t i g a t i o n of t h i s aspect of the act ion of 3-agonists on acid 
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sec re t i on . However, there are a number of poss ib le ways tha t the 

i n h i b i t i o n could be produced. The i r mechanism of ac t ion may be 

an i n d i r e c t e f f e c t on the stomach v ia vascular or neural pathways, 

an i n h i b i t i o n of re lease of an endogenous secretagogue, or a 

s t imu la t i on of the release of an i n h i b i t o r y agent from the stomach 

or another s i t e . 

Evidence f o r and against these p o s s i b i l i t i e s w i l l be 

discussed below. 

(a) I n h i b i t i o n of Histamine Release or Product ion 

As discussed i n 6 .1 .2 ( a ) , i soprena l ine can i n h i b i t the 

re lease of histamine i n many t i s s u e s . In the Heidenhain pouch r a t 

i sop rena l ine has been shown to i n h i b i t the a c t i v a t i o n of h i s t i d i n e 

decarboxylase (HDC) caused by p e n t a g a s t r i n , at a dose which also 

i n h i b i t e d the acid sec re t i on response to pentagast r in (Lundell 

and Svensson, 1974). This e f f e c t was completely blocked by 

p rop rano lo l . In the r a t i s o l a t e d stomach the mechanism of ac t ion 

of i soprena l ine did not i nvo lve h is tamine , however t h i s does not 

preclude an e f f e c t i n v i vo where co-operat ive e f f e c t s of histamine 

i n acid secre t ion may be more impor tan t . 

Histamine i s c l e a r l y invo lved in pentagas t r in -s t imu la ted 

s e c r e t i o n , as shown by the a b i l i t y of H2 -antagonists to i n h i b i t 

pentagas t r in i n v i v o . However i t i s by no means ce r ta i n tha t 

histamine i s the f i n a l common mediator of pentagas t r in -s t imu la ted 

acid sec re t i on . Lundell and Svensson (1974) suggested tha t f rom 

the evidence i n t h e i r s t u d y , i sop rena l ine i n h i b i t e d acid secre t ion 

by r e s t r a i n i n g histamine m o b i l i s a t i o n . There has been no evidence 

of a d i r e c t s t i m u l a t i o n of h is tamine release by pentagast r in i n 

the r a t . Furthermore there i s evidence of a d i ssoc ia t i on between 
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HDC a c t i v a t i o n and acid sec re t i on in the r a t i n v ivo by sec re t i n 

(Caren et a l . , 1969) and i n v i t r o from t ime-course studies (C.C. 

Sykes: personal communication). Therefore the ac t ion of penta-

g a s t r i n on HDC may not be d i r e c t l y re la ted to acid ou tpu t , and 

thus isoprenal ines e f f e c t on pentagas t r in ac t iva ted HDC may be 

unrelated to i t s a n t i s e c r e t o r y e f f e c t . I f i soprena l ine was ac t ing 

by r e s t r a i n i n g histamine m o b i l i s a t i o n , i t would be u n l i k e l y to 

i n h i b i t histamine s t imula ted acid secre t ion i n the Heidenhain 

pouch r a t , an e f f e c t shown by Lunde l l , Svensson & N i l l son (1976): 

Furthermore exogenous histamine f a i l e d to prevent the i n h i b i t o r y 

e f f e c t of i soprena l ine i n the conscious r a t (Lundell et a l . , 1976) , 

which also suggests t ha t i soprena l ines mode of ac t ion cannot be 

e n t i r e l y explained by an e f f e c t on histamine mob i l i sa t i on or 

re lease . 

(b) p-agonists and Gas t r in Release 

There i s no evidence to suggest that g-agonists i n h i b i t 

g a s t r i n release in v i v o . In f a c t catecholamines have been shown 

to ra i se serum g a s t r i n l eve l s i n man, dog and r a t p t a d i l and 

Rehfe ld , 1973; Hayes et a l . , 1972; Hsu and Cooper 1977). 

Hsu and Cooper (1977) found t h a t , i n the r a t , i soprena l ine 

and adrena l ine increased serum g a s t r i n leve ls and tha t propranolol 

completely i n h i b i t e d the hypergastr inaemic response to 

i sop rena l i ne . Acid sec re t i on was not measured i n t h i s s tudy , 

t he re fo re i t cannot be concluded whether t h i s was a d i r e c t or an 

i n d i r e c t e f f e c t , r e s u l t i n g f rom an elevated an t ra l pH dur ing 

i n h i b i t i o n of acid sec re t i on . 
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Therefore i f i sop rena l ine i s also causing g a s t r i n release 

in the r a t , the i n d i r e c t mechanism whereby acid secre t ion is i n h i b i t e d 

must be such as to counteract the e f f e c t of ra ised serum g a s t r i n 

l e v e l s . 

( c ) E f f e c t s on Gast r ic Mucosal Blood Flow 

flg-receptors normal ly mediate vasod i la t ion by re laxa t i on of 

vascular smooth muscle. I t seems u n l i k e l y tha t isoprenal ine 's 

i n h i b i t o r y e f f e c t could be a consequence of a reduct ion of mucosal 

blood f l o w . One p o s s i b i l i t y has been raised by the recent repor ts 

of presynapt ic ^-adrenoceptors i n noradrenergic nerve endings 

(Langer and Dubocovich,1978). A c t i v a t i o n of these receptors by 3 -

agonists leads to an increase in t ransmi t t e r release from these 

nerve endings. I f these presynapt ic receptors ex is ted on 

noradrenergic nerve endings i n the g a s t r i c vasculature then 

i soprena l ine would increase sympathet ic tone to these vessels 

and hence i n h i b i t i o n of acid sec re t i on would r e s u l t . 

There i s however s t rong evidence from studies i n the dog 

and cat tha t t h i s is not the case. 

Curwain and Holton (1972) showed tha t the r a t i o of mucosal 

blood f low to acid sec re t i on was increased during i soprena l ine 

i n h i b i t i o n i n Heidenhain pouch dogs. A rch iba ld , Moody and 

Simons (1974) have shown t h a t i sop rena l ine ac tua l l y increased 

g a s t r i c mucosal blood f low i n the anaesthetised dog. Z inner , 

Kerr and Reynolds (1975) r e p o r t tha t i sop rena l i ne , a t a dose which 

other workers have shown to i n h i b i t acid sec re t i on , caused 

vasod i l a t i on of both r i g h t and l e f t g a s t r i c c i r c u l a t i o n s in the 

anaesthetised dog. 
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I sop rena l ine a lso i n h i b i t e d pentagast r in s t imu la ted acid 

secre t ion i n the conscious f i s t u l a cat w i th no change i n g a s t r i c 

mucosal blood f low (Hol land 1980). Blood f low studies have not 

been performed i n the r a t dur ing experiments on isoprenal ines a n t i -

secre to ry e f f e c t , e i t h e r in t h i s study or the work of o thers . 

Lundell and Svensson (1974) repor ted tha t a dose of i soprena l ine 

which i n h i b i t e d acid sec re t i on had no e f f e c t on a r t e r i a l blood 

pressure i n the Heidenhain pouch r a t . 

From the evidence discussed i t is concluded t ha t i sop rena l i ne 

does not decrease g a s t r i c mucosal blood f low and tha t i t s ac t ion 

on acid sec re t i on i s not the r e s u l t of vascular changes. 

(d ) Hyperglycaemic E f f e c t s of g-Agonists 

g-agonists have been shown to produce hyperglycaemia i n 

man, dog, cat and r a t (Himms Hagen,1967; E l l i s , 1967). In the cat 

t h i s e f f e c t of i sop rena l i ne is g^-mediated (Loakprad i t and 

Lockwood,1977). Since hyperglycaemia per se can i n h i b i t acid 

sec re t ion the p o s s i b i l i t y o f i sop renal i'ne working by t h i s 

mechanism must be considered. 

W h i l s t adrena l ine i s a potent hyperglycaemic agent i n a l l 

species s t u d i e d , there are v a r i a t i o n s i n the e f f e c t s of i soprena l ine 

f rom species to species. Thus, w h i l e i soprena l ine has st rong 

hyperglycaemic a c t i v i t y i n the dog, i n the r a t i t i s weak. Fleming 

and Kenny (1964) showed tha t the hyperglycaemic e f f e c t of 

i sop rena l i ne i n the r a t was dependent on the s ta te of nourishment. 

In the normal, fed r a t i s o p r e n a l i n e was r e l a t i v e l y i n a c t i v e and 

i n fas ted ra ts i sop rena l i ne produced a modest hyperglycaemia o n l y . 
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The ra ts i n the study in t h i s thes is were s tarved, as is normal 

f o r studies on g a s t r i c s e c r e t i o n , thus a small hyperglycaemic 

response might be expected. 

Pot ter and E l l i s (1975) showed t h a t , i n the ra t the hyper-

glycaemic e f f e c t of i sop rena l ine was l i m i t e d by i t s s t imu la t i ng 

e f f e c t on i n s u l i n re lease , and suggested tha t t h i s f ac to r 

explained the r e l a t i v e i n a c t i v i t y of t h i s catecholamine in the 

r a t . I f i soprena l ine s t imu la tes i n s u l i n release then a 

s t i m u l a t i o n of acid sec re t i on would be expected which would 

counteract any hyperglycaemic i n h i b i t o r y e f f e c t on acid sec re t i on . 

However i n the Heidenhain pouch r a t i soprena l ine markedly i n h i b i t e d 

pentagas t r in s t imula ted ac id s e c r e t i o n . 

Unfor tunate ly there have been no experiments performed i n 

the r a t to i n v e s t i g a t e the e f f e c t s of an i n f u s i o n of glucose on 

acid sec re t ion and blood glucose leve ls s imul taneously. There fore 

i t i s not known whether the modest hyperglycaemia a f t e r i soprena l ine 

i n f u s i o n reported by Pot te r and E l l i s (1975) i n the fasted r a t 

would be s u f f i c i e n t i n i t s e l f to i n h i b i t acid sec re t i on . An 

i n v e s t i g a t i o n of t h i s kind dur ing i soprena l ine i n fus ion would 

f u r t h e r c l a r i f y the problem. McCloy and co workers (1979) showed 

t h a t , i n the dog, an i n f u s i o n of salbutamol produced a 33% r i s e 

i n glucose and a 63% i n h i b i t i o n of a c i d , whereas an i n f us i on 

of dextrose which ra ised blood glucose to ha l f t h i s level only 

i n h i b i t e d acid output by 19%. Thus, i n the dog, hyperglycaemia 

may account f o r only some of the i n h i b i t o r y e f f e c t of 3 -agon is ts . 

The p o s s i b i l i t y tha t i sop rena l ine i n h i b i t s acid secre t ion 

v i a a hyperglycaemic e f f e c t i n the r a t cannot be excluded, 

although i t seems less l i k e l y tha t the e n t i r e e f f e c t could be 

due to hyperglycaemia s ince i sop rena l ine has also been reported 

to s t imu la te i n s u l i n re lease i n the r a t . 
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(e) Central Nervous E f f e c t s of Isoprenal ine 

Although i sop rena l i ne i s considered not to cross the blood 

b ra in b a r r i e r i n s i g n i f i c a n t amounts, an i n f us i on of i sop rena l ine 

caused rest lessness i n dogs (Holton 1973) and in the ra ts used i n 

t h i s s tudy. I soprena l ine has a lso been reported to cause apprehension 

and anx ie ty i n man. There fore there i s a p o s s i b i l i t y of s t i m u l a t i o n 

of the sympathetic nerves to the stomach and secre t ion of 

adrenal ine f rom the adrenal medul la . The r e f l e x e f f e c t s of 

sympathetic nerves can be excluded i n conscious dogs s ince 

i n h i b i t i o n of acid sec re t i on occurs a f t e r pharmacological ly 

e f f e c t i v e doses of guaneth id ine and hexamethonium (Curwain et a l . , 

1971). 

The prec ise areas i n the cent ra l nervous system which cont ro l 

vagal a c t i v i t y , a n d g a s t r i c sec re t ion have not been i d e n t i f i e d , 

although s t imu la t i on of the hypothalamus has been shown to produce 

an a l t e r a t i o n i n g a s t r i c acid sec re t i on . (Rideley and Brooks 1965; 

Misher and Brooks 1966; Osumi et a l . , 1977). Since i n h i b i t o r y 

pathways in the cent ra l nervous system, c o n t r o l l i n g acid sec re t ion 

are poor ly understood, i t i s not poss ib le to discuss t h i s quest ion 

f u r t h e r , but merely to p o i n t out t ha t centra l nervous e f f e c t s may 

be c o n t r i b u t i n g towards the i n h i b i t o r y e f f e c t of i soprena l ine 

i n vi vo. 

( f ) Release of Endogenous I n h i b i t o r y Agents by Isoprenal ine 

The mechanism by which i sop rena l ine i n h i b i t s acid sec re t ion 

in v ivo must be capable of n u l l i f y i n g the e f f e c t s of increased 

g a s t r i n and i n s u l i n re lease which i t also causes i n v i vo and of 

i n h i b i t i n g the d i r e c t s t i m u l a t o r y e f f e c t on acid secre t ion shown 

i n v i t r o . 
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I soprena l ine has been shown to release both 5-hydro^y-

t ryptamine (5-HT) and somatosta t in from the g a s t r o i n t e s t i n a l t r a c t , 

and both to these agents are potent i n h i b i t o r s of acid s e c r e t i o n , 

w i t h i n h i b i t o r y p r o f i l e s s i m i l a r to tha t of i sop rena l i ne , which 

is less e f f e c t i v e i n i n h i b i t i n g histamine than other secretagogue 

s t imulated sec re t i on . 

( i ) 5-Hydroxyt ryptomine (5-HT) 

Adrena l ine , no rad rena l i ne , i soprena l ine and sympathetic 

nerve s t imu la t i on a l l re lease 5-HT f rom the duodenal mucosa. 

(Pettersson, 1979). The e f f e c t of adrenal ine was blocked by 

propranolo l i n d i c a t i n g t ha t t h i s was a ^ -adrenerg ic e f f e c t . The 

g a s t r o i n t e s t i n a l t r a c t i s the most important mammalian source of 

5-HT (Erspamer, 1954; Thompson,1971). Wi th in the GI t r a c t 5-HT 

is l oca l i sed w i t h i n the myenter ic plexus (Robinson and Gershon, 

1971) and w i t h i n en te rochromaf f i n c e l l s (Solc ia and Sampietro, 

1967). The i n h i b i t o r y e f f e c t of 5-HT on acid secre t ion in v ivo 

i s now wel l documented (For review see J a f f e 1979). Thus 5-HT 

and i t s precursor 5 -hydroxy t ryp tophan , i n h i b i t basa l - , 

c h o l i n e r g i c - , h is tamine- and pen tagas t r in -s t imu la ted acid 

sec re t ion i n the dog. ( B l a c k , Fisher and Smith, 1958; H a v o c W k , 

Bogdanski and Hogben,1958). His tamine-st imulated secre t ion 

seemed more r e s i s t a n t to i n h i b i t i o n . " Thus Black et a l . ,(1958) 

reported tha t b i l a t e r a l ce rv ica l vagotomy abolished the 

i n h i b i t o r y e f f e c t of 5-HT on histamine-induced secre t ion i n the 

anaesthetised dog, and Haverback and co workers (1958) reported 

tha t histamine was not i n h i b i t e d by a dose of 5-HT which was 

e f f e c t i v e against u recho l ine s t imu la ted secre t ion i n the 

conscious dog. Thus 5-HT and i sop rena l i ne have both been reported 
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to be less e f f e c t i v e against h is tamine-s t imula ted secre t ion 

in v i v o . 

Canf ie ld and Spencer (1981) have studied the e f f e c t s of 

5-HT i n the r a t i so la ted stomach prepara t ion used in t h i s work. 

They showed tha t 5-HT was capable of i n h i b i t i n g the d i r e c t 

s t imu la to r y e f f e c t of i s o p r e n a l i n e . I t also i n h i b i t e d the 

response to pentagsgtr in, but u n l i k e the in v ivo studies described 

above, 5-HT was unable to i n h i b i t bethanechol-induced secre t ion 

in v i t r o , although i t was e f f e c t i v e against h is tamine. There fo re , 

t t e i r i n v i t r o study shows t h a t 5-HT does f u l f i l l one important 

c r i t e r i a as a mediator of j_n vi vo adrenergic i n h i b i t i o n , namely 

tha t i t can block i soprena l ines d i r e c t s t imu la to ry e f f e c t . 

However the i n v i t r o s tud ies do not f u l l y exp la in the i n v ivo 

i n h i b i t o r y p r o f i l e shown f o r 5-HT and t h i s problem requi res 

f u r t h e r e l u c i d a t i o n . 

A local or pa rac r ine r o l e f o r 5-HT i n the gut has been 

suggested s ince several repor ts have shown tha t considerable 

amounts of 5-HT are i nac t i va ted dur ing hepat ic t r a n s i t (Thompson, 

1971) or r a p i d l y taken up i n t o p l a t e l e t s (Born and Gilsonv?1959). 

There appears to be no publ ished i n fo rma t i on regarding a g-

adrenergic 5-HT release f rom the stomach s i m i l a r to tha t found f o r 

the duodenum. I t seems u n l i k e l y tha t 5-HT i s released from the 

stomach s ince i n v i t r o i sop rena l i ne s t imulates acid sec re t i on , 

although i t i s poss ib le t h a t i n v i t r o , s u f f i c i e n t 5-HT is not 

released to overcome the s t i m u l a t o r y e f f e c t of i sop rena l i ne . I f 

5-HT, released from the duodenun\is to exp la in the i n h i b i t o r y 

mechanism of i sop rena l ine then s u f f i c i e n t of i t must be present 

i n the systemic c i r c u l a t i o n to produce an i n h i b i t o r y e f f e c t . 
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There have been several repor ts t h a t suggest t h i s could happen 

despi te i t s rapid i n a c t i v a t i o n i n the l i v e r . A r i s e i n 

c i r c u l a t i n g 5-HT has been repor ted a f t e r a meal (Kellum and 

J a f f e , 1 9 7 6 ) . 5-HT is released i n t o the por ta l c i r c u l a t i o n i n 

measurable q u a n t i t i e s dur ing duodenal a c i d i f i c a t i o n . J a f f e , 

Kopen and Lazan (1977) have shown t h a t , i n the dog, duodenal 

a c i d i f i c a t i o n resu l t s i n s i g n i f i c a n t i n h i b i t i o n of acid output 

and produces an e leva t i on of per iphera l venous blood leve ls of 

5-HT. In fus ion of exogenous 5-HT to comparable blood leve ls 

resu l ted i n a s i m i l a r i n h i b i t i o n of acid sec re t i on . They also 

found tha t s i g n i f i c a n t amounts of immunoreactive 5-HT escaped 

hepat ic i n a c t i v a t i o n and t h a t dur ing release of endogenous 5-HT, 

92% of por ta l venous 5-HT was bound to p l a t e l e t s . J a f f e and 

co workers t h e r e f o r e suggested t h a t endogenously releasedL5-HT, 

escaping i n a c t i v a t i o n i n the l i v e r and lung due to binding to 

p l a t e l e t s could play a phys io log ica l r o l e i n the i n t e s t i n a l cont ro l 

of acid sec re t i on . 

Further support f o r an e f f e c t of c i r c u l a t i n g 5-HT comes 

from acid sec re t ion studies where the i n h i b i t i o n seen i n v ivo 

by 5-HT is long l a s t i n g . Thus, i n the dog, an i n f u s i o n of 5-HT 

f o r 30 minutes produced an i n h i b i t i o n of h is tamine-st imulated 

secre t ion i n vaga l ly i n t a c t animals f o r l i - 2 hours (Black 1958). 

This may be explained i f c i r c u l a t i n g 5-HT was bound to p l a t e l e t s . 

The re fo re , as discussed above, there is some evidence to 

suggest tha t the re lease of 5-HT by p-agon is ts , and the i n h i b i t i o n 

of acid sec re t ion by these agents may be l i n k e d , and tha t i soprena l ine 
) 

may act i n v ivo by t h i s mechanism. I 
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( i i ) Somatostatin 

Isoprenal ine and adrena l ine s t imulate g a s t r i c somatostat in 

release i n the i so la ted perfused r a t stomach (Koop et a l . , 1980) 

A ro l e f o r 3-adrenoceptors has also been shown i n the iso la ted 

canine pancreas where i soprena l ine -s t imu la ted somatostat in 

release was abolished by propranolo l (Samols and Wei r , 1979). 

Somatostatin i s present i n D ce l l s throughout the gastro-

i n t e s t i n a l mucosa and in i n t e s t i n a l nerve f i b r e s . I t has been 

shown to have a wide range of i n h i b i t o r y actions i n the gastro-

i n t e s t i n a l t r a c t i nc lud ing i n h i b i t i o n of g a s t r i c acid and pepsin 

sec re t i on , the release of g a s t r i n , s e c r e t i n , CCK-PZ, GIP, VIP 

and m o t i l i n . Immunoreactive somatostat in i s also released under 

basal condi t ions i n t o the blood d ra in ing the stomach and pancreas, 

and g a s t r i c or duodenal a c i d i f i c a t i o n resu l ts i n a marked r i s e 

i n plasma somatostat in (Schusdiazarra et a l . 3 1978). Thus 

somatostat in may be a modulator o f many i n h i b i t o r y mechanisms 

i n the g a s t r o i n t e s t i n a l t r a c t , ac t ing e i the r as a paracr ine or 

hormonal agent. 

Somatostatin has been shown to be a potent i n h i b i t o r of 

pentagast r in s t imulated sec re t i on i n v ivo i n the cat and dog 

(Gomez-Pan et a l . , 1975; Barros D'Sa et a l . , 1975) and feeding-

and cho l i ne rg i c - s t imu la ted sec re t ion i n the dog (Konturek et a l . , 

1976). Histamine-st imulated secre t ion has been reported to be 

more r e s i s t a n t to somatostat in i n h i b i t i o n i n the dog (Thomas 1980; 

Konturek et a l . , 1976; Hunmelt et a l . , 1977). 

Thus, somatosta t in , l i k e 5-HT, has a s i m i l a r i n h i b i t o r y 

p r o f i l e to i soprena l ine i n v i v o , and thus is a candidate f o r a 

possib le i n h i b i t o r y agent released by 3-agonists i n v i v o , mediat ing 

t h e i r an t i sec re to ry e f f e c t . I t i s not known whether somatostat in 
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i n h i b i t s i sop rena l ine s t imu la ted secre t ion i n v i t r o , and f u r t h e r 

experiments are needed to c l a r i f y th i s quest ion. 

(g ) Conclusion 

I t i s u n l i k e l y tha t the mechanism of act ion of i soprena l ine 

i s to i n t e r f e r e d i r e c t l y w i t h h is tamine, g a s t r i n or ace ty l cho l i ne 

i n t e r a c t i o n s in the stomach i t s e l f as no i n h i b i t o r y e f f e c t of 

i soprena l ine i s demonstrable i n v i t r o . From the evidence 

discussed, an ac t ion on g a s t r i c mucosal blood f low is excluded. 

The p o s s i b i l i t y of a c o n t r i b u t i o n of centra l nervous e f f e c t s of 

i soprena l ine i s acknowledged. 

Two poss ib le mechanisms of ac t ion are suggested by repor ts 

i n the l i t e r a t u r e . F i r s t l y i sop rena l ine may be act ing by a hyper-

glycaemic e f f e c t . A l t e r n a t i v e l y 9 or a d d i t i o n a l l y , i soprena l ine 

may act through the re lease of one or more i n h i b i t o r y agents 

such as somatostat in or 5-HT. This would exp la in i t s wide 

spectrum of an t i sec re to r y a c t i v i t y i n v i vo . 

6 .2 .3 Mechanism of Act ion of the Po ten t ia t i on of Pentagast r in-

s t imula ted Secret ion by Propranolol 

Propranolol alone po ten t ia ted the acid response to penta-

g a s t r i n i n the Heidenhain pouch r a t . This is i n agreement w i t h 

the work of Lundell and Svensson (1974) i n the Heidenhain pouch 

ra t and Curwain, Hoi ton and Spencer (1972.) and L in and Evans 

(1973) i n the Heidenhain pouch dog. This p o t e n t i a t i o n was not 

seen w i t h e i t he r p rac to lo l or butoxamine, nor w i t h the i nac t i ve 

isomer of propranolo l which has the same membrane s t a b i l i s i n g 

ac t ion as ( - ) propranolol but nog-blocking a c t i v i t y . Thus, i n 

the r a t , the po ten t i a t i ng e f f e c t must be e i t he r s p e c i f i c f o r the 
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ac t i ve isomer of propranolo l or a l t e r n a t i v e l y , requires simultaneous 

blockade of both e-j- and 3 2 -adrenoceptors . The lack of a b i l i t y of 

butoxamine to po ten t ia te pen tagas t r in -s t imu la ted secre t ion is i n 

con t ras t to the repor t of t h i s e f f e c t by L i n , Evans and Spray 

(1973) i n the dog. 

I t has been suggested t h a t t h i s po ten t i a t i ng ac t ion may 

be re la ted to the e f f e c t s of propranolo l upon histamine metabolism 

i n the stomach (Curwain, Hol ton and Spencer 1973). This would be 

cons is tent w i t h the lack of e f f e c t of propranolol i n po ten t i a t i ng 

h is tamine-s t imula ted sec re t i on i n the dog. (Curwain et a l . , 1974; 

Gottrup e t a l . , 1980). However one might have expected a s i m i l a r 

f i n d i n g i n the i so la ted stomach but t h i s study has shown that 

propranolo l i s w i thou t e f f e c t on pentagas t r in -s t imu la ted acid 

ou tpu t . 

Go t t rup , Anderson and Ornshol t (1979) suggested tha t there 

is a vagal tonus on acid s e c r e t i o n , counterbalanced by ton ic 

adrenergic a c t i v i t y . This balance would be d is turbed in Heidenhain 

pouch animals. The unopposed adrenerg ic a c t i v i t y i n the absence 

of the vagus should t h e r e f o r e r e s u l t i n a decreased acid response 

to g a s t r i n . This e f f e c t has been demonstrated i n the Heidenhain 

pouch r a t (Svensson 1970) and the vagotomised g a s t r i c f i s t u l a dog 

(Gottrup e t a l . , 1980). Thus 3-blockade w i th propranolol would, 

according to t h i s theory augment pentagas t r in -s t imu la ted s e c r e t i o n . 

In the vagotomised g a s t r i c f i s t u l a dog propranolo l returned 

pen tagas t r in -s t imu la ted ac id output to prevagotomy l e v e l . This 

led Gottrup and co workers to suggest tha t the pa r i e ta l ce l l s 

were sub jec t to sympathet ic tone , and tha t propranolol returned 

the balance a f t e r vagotorny. This argument i s persuasive, 

however, i n the r a t t h i s cannot be the case, f o r the f o l l ow ing reason. 
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The study on the r a t i s o l a t e d stomach has shown a g -adrenerg ic 

mediated s t i m u l a t i o n of ac id s e c r e t i o n by the sympathet ic 

neuro t ransmi t te r n o r a d r e n a l i n e , which excludes the p o s s i b i l i t y 

of sympathet ic t o n i c i n h i b i t o r y e f f e c t s d i r e c t l y on the p a r i e t a l 

c e l l . 

However i t i s poss ib le t h a t an endogenous i n h i b i t o r y 

agent , such as somatos ta t in or 5-HT acts i n v ivo to r e s t r a i n or 

modulate acid s e c r e t i o n . Somatostat in has been shown to be 

released under basal cond i t i ons f rom the pancreas and stomach 

(Schusdiazzara e t a l . , 1979) . As discussed e a r l i e r there is 

s t rong evidence f o r a r o l e of g-adrenoceptors i n the cont ro l of 

somatostat in re lease i n the dog and r a t . I f somatostat in i s 

released by a g - a d r e n e r g i c mechanism then e i t h e r c i r c u l a t i n g 

catecholamines or sympathet ic neu ro t ransmi t t e r re lease could 

con t ro l somatosta t in re lease and thus play a r o l e i n modulat ing 

acid sec re t i on i n v i v o . Removal of t h i s r e s t r a i n t by g-

blockade would r e s u l t i n a f a l l i n somatostat in re lease and an 

enhanced response to p e n t a g a s t r i n . Fur ther evidence f o r t h i s 

comes f rom chemica l ly sympathectomised dogs which have an 

at tenuated response of a n t r a l , f u n d i c and pancreat ic somatostat in 

re lease f o l l o w i n g the i n g e s t i o n o f a meal (Schusdz.»arra & l i nger , 

1981). As somatosta t in a lso i n h i b i t s c h o l i n e r g i c a l l y s t imu la ted 

acid s e c r e t i o n , p roprano lo l might be expected to p o t e n t i a t e 

bethanechol- induced s e c r e t i o n . Fur ther experiments are needed 

to t e s t t h i s . 

Since both a c e t y l c h o l i n e and vagal s t i m u l a t i o n r e s u l t s 

i n a reduc t ion i n basal somatos ta t in re lease i n the perfused 

r a t stomach (Mcintosh and Pederson,1981), the theory of Gottrup 

and co workers (1979), t h a t a balance ex i s t s between vagal and 
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adrenergic tonus on the pa r i e ta l ce l l could be modif ied to a 

balance between vagal and adrenergic tonus on somatostat in 

re lease. Thus, i n vaga l ly denervated animals the unopposed 

adrenergic a c t i v i t y would r e s u l t i n an increase i n basal 

somatostat in release and thus a decreased acid response to 

g a s t r i n . Blockade of 3 - receptors would then redress th i s 

balance and re tu rn the response to g a s t r i n to prevagotomised 

l eve l s . This theory w i l l also hold t rue f o r the Heidenhain pouch 

ra t where propranolol po ten t ia ted the acid response to penta-

g a s t r i n , i f the somatostat in i s predominantly released from the 

stomach. 

S i m i l a r l y t h i s hypothesis may be appl ied to 5-hydroxy-
f 

t r yp tamine , w i th t on i c release of i n h i b i t o r responsible f o r a 

ton ic i n h i b i t i o n of acid sec re t i on . Therefore i t i s possible 

that the p o t e n t i a t i o n of pen tagas t r in st imulated secre t ion by 

p rop rano lo l , shown i n t h i s study and those of other workers, i s 

a consequence of a 3-adrenerg ic blockade of the release of an 

i n h i b i t o r y agent which acts as a modulator of g a s t r i c acid 

sec re t i on . Since butoxamine and p rac to lo l did not show th i s 

po ten t i a t i ng e f f e c t i t is poss ib le tha t blockade of both 

adrenoceptors i s r equ i red . Propranolol i s the only g-antagonist 

that has been shown to have t h i s po ten t i a t i ng e f f e c t and f u r t h e r 

experiments are requi red to determine i f th i s e f f e c t is s p e c i f i c 

to propranolol or can be exh ib i ted by other antagonists such 

as t imo lo l or p i n d o l o l . This hypothesis would also expla in the 

r e l a t i v e l y weak e f f e c t of 6-agonists on histamine induced acid 

sec re t i on , and would p r e d i c t t ha t propranolol would po ten t ia te 

bethanechol-induced acid sec re t i on . 
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6 .2 .4 General Conclusion 

From the work i n t h i s study on the r a t i so l a ted stomach, 

and the respor ts of 3 -adrenerg ic s t i m u l a t i o n of i s o l a t e d p a r i e t a l 

c e l l s , i t i s concluded t h a t the re are ^-adrenoceptors present on 

r a t p a r i e t a l c e l l s which mediate acid sec re t i on v i a a c y c l i c 

AMP dependent mechanism. T h e r e f o r e the i n h i b i t i o n of acid 

sec re t i on demonstrated i n v i v o i n the r a t must be an i n d i r e c t 

e f f e c t . The lack of e f f e c t of a - a g o n i s t s i n v i t r o supports the 

conclus ion t ha t a-agonis ts produce t h e i r i n h i b i t i o r y e f f e c t 

i n v i v o by a reduc t ion i n g a s t r i c mucosal blood f l o w . 

Both 3-agonists and the n a t u r a l l y occur r ing catecholamines 

s t imu la ted acid s e c r e t i o n . Thus i f 3- receptors are involved i n 

the phys io log i ca l con t ro l of ac id sec re t i on they may be s t imu la ted 

by catecholamines f rom two sources; noradrena l ine f rom sympathet ic 

nerve endings or ad rena l i ne f rom the adrenal medul la. During 

s t ress i t would be advantageous i f acid sec re t i on could be 

switched o f f . Thus a l a r g e increase i n c i r c u l a t i n g catecholamines 

could achieve t h i s , i f i t s t imu la ted the re lease of an endogenous 

a n t i s e c r e t o r y agent such as 5-HT or somatos ta t in . This would not 

only i n h i b i t ac id s e c r e t i o n due to vagal s t i m u l a t i o n and g a s t r i n , 

but a lso overcome 3 -adrenerg ic s t imu la ted acid sec re t i on dur ing 

" f i g h t or f l i g h t " c o n d i t i o n s . As discussed e a r l i e r somatostat in 

or 5-HT re lease may be c o n t r o l l e d by a balance between adrenerg ic 

and c h o l i n e r g i c i n f l u e n c e . Under cond i t ions of s t ress the 

adrenerg ic tonus would predominate, and thus cause the requ i red 

i n h i b i t i o n of acid s e c r e t i o n . 

The quest ion remains as t o the f u n c t i o n o f the p recep to r s , 

on r a t p a r i e t a l c e l l s . The evidence suggests t ha t pa r i e ta l c e l l s 

of r a t s have adeny l -cyc lase coupled 3 - recep to rs which, when 

ac t i va ted by 3 -adrenoceptor agon i s t s , i nc l ud ing noradrena l ine , 
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st imula ted acid sec re t i on . This suggests tha t there is 

a poss ib le r o l e f o r the sympathet ic nervous system in the 

regu la t i on of acid s e c r e t i o n . The r o l e of the parasympathetic 

nervous system in the con t ro l of acid secre t ion has long been 

estab l ished as i t is easy to achieve complete vagotomy due to the 

focal nature of parasympathet ic i nne rva t i on . However, the 

sympathetic nervous system is d i f f u s e and i t i s doubt fu l 

whether i t i s ever poss ib le to achieve complete sympathectomy 

of the g a s t r i c mucosa, thus the possib le r o l e of the sympathetic 

nervous system i n acid sec re t i on has never been completely 

c l a r i f i e d . Obviously in t ravenous in fus ions of catecholamines 

can never mimic any local n e u r a l l y mediated sympathetic e f f e c t s 

which may be present . However» there now seems s u f f i c i e n t 

evidence to prompt a re-examinat ion of the possib le in f luence 

of the sympathetic nervous system in the regu la t i on of g a s t r i c 

acid sec re t i on . 

In conc lus ion, a dual mechanism of 3-adrenoceptor agonists 

on g a s t r i c sec re t ion i n the r a t is proposed, w i t h a d i r e c t 

s t imu la to ry e f f e c t on the stomach masked by an i n d i r e c t i n h i b i t o r y 

e f f e c t i n v i v o . This might exp la in the c o n f l i c t i n g resu l t s of 

3-adrenoceptor agonist s tud ies on g a s t r i c acid secre t ion in the 

l i t e r a t u r e s ince the e f f e c t s observed would depend on the 

balance between i n h i b i t o r y and s t imu la to ry ac t i ons , which might 

vary w i t h species, anaesthesia, choice of drug and route of 

a d m i n i s t r a t i o n . A proposed model of t h i s duel e f f e c t i s shown 

in Figure 46, and f u r t h e r experiments which may help to prove 

or d isprove t h i s are discussed below. 
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F igu re 46: Proposed model f o r dual e f f e c t s of 3 - agon i s t s on g a s t r i c ac id s e c r e t i o n i n the r a t 

(NA = n o r a d r e n a l i n e , Adr = ad rena l i ne ) 
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6.3 FURTHER EXPERIMENTS 

Answers to the f o l l o w i n g quest ions would provide evidence 

f o r or against the suggestions put forward i n the discussion of 

t h i s s tudy. 

6.3.1 Mechanism of Act ion of Isoprena l ine In Vivo 

(a) Hyperglycaemia 

( i ) Do blood glucose leve ls r i s e dur ing an i n f u s i o n of a 

dose of i sop rena l i ne which i n h i b i t s pentagastr in^induced 

acid secret ion? 

( i i ) Does an i n f u s i o n of glucose which produces a s i m i l a r 

blood glucose level to t ha t seen dur ing i soprena l ine 

i n f u s i o n , produce ah equ iva lent an t i sec re to ry e f f e c t ? 

( i i i ) I f glucose i n f u s i o n i n h i b i t s pentagas t r in -s t imu la ted 

s e c r e t i o n , can t h i s e f f e c t be blocked by 3-antagonists? 

(b) 5-HT 

( i ) Does a 5-HT antagonis t block the an t i sec re to ry e f f e c t 

of i soprena l ine? This would be expected i f i soprena l ine 

is producing i t s e f f e c t by re leas ing 5-HT. 

(c ) Somatostatin 

( i ) Does blood soma tos ta t i n - ! i ke immunoreact iv i ty r i s e 

during i sop rena l ine in fus ion? 

( i i ) I f t h i s e f f e c t i s seen, can i t be reduced by 3 -

adrenoceptor antagonists? 

( i i i ) Does an i n f u s i o n of somatostat in which produces 

s i m i l a r blood leve ls as seen dur ing isoprena l ine 

i n f u s i o n , produce a s i m i l a r an t i sec re to ry e f f e c t ? 
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6.3 .2 P o t e n t i a t i o n of Pen tagas t r i n -s t imu la ted Secret ion by 

Propranolo l 

( i ) Is t h i s e f f e c t s p e c i f i c to p r o p r a n o l o l , or do other non-

s e l e c t i v e ^ -an tagon is t s such as p indolo l or t imo lo l 

produce a p o t e n t i a t i o n of pen tagas t r in -s t imu la ted acid 

secre t ion? 

( i i ) Does a 5-HT antagon is t mimic t h i s e f f e c t ? This would 

be expected i f propranolol 's p o t e n t i a t i n g ac t ion is a 

consequence of 3 -ad renerg ic blockade of 5-HT re lease. 

( i i i ) Does c i r c u l a t i n g s o m a t o s t a t i n - l i k e immunoreact iv i ty f a l l 

dur ing proprano lo l i n f us i on? 

( i v ) Are somatostat in l eve l s i n the blood lower dur ing 

propranolo l p o t e n t i a t i o n of pentagas t r in than dur ing 

pen tagas t r in alone? 

( v ) Does propranolo l p o t e n t i a t e bethanechol-induced g a s t r i c 

acid secret ion? 

6 .3 .3 S t imu la t i on of Acid Secre t ion In Vivo 

( i ) Is i t poss ib le to unmask the d i r e c t s t imu la to r y e f f e c t of 

3 -agonis ts i n v ivo? 

Examination of the l i t e r a t u r e shows tha t there are a few 

repor ts of s t i m u l a t i o n by catecholamines i n v ivo i n other species. 

Thus Christensen and S tad i l (1976) showed t h a t , i n man, a low 

" p h y s i o l o g i c a l " dose of adrena l ine s t imula ted acid s e c r e t i o n , 

whereas a higher dose had no e f f e c t . At both doses adrenal ine 

s t imula ted g a s t r i n re lease . Geumei and co workers (1969) have 
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also shown tha t a 3 -agon is t n y l i d r i n s t imulated spontaneous acid 
JL 

sec re t i on i n man. In the dog a s i g n i f i c a n t enhancement of h is tamine-

s t imu la ted sec re t ion by low doses of adrenal ine has been demonstrated, 

both i n the conscious and anaesthet ised animal. (Holton, 1973, 

Holton and Jacoby, 1966).. 

I f the s t i m u l a t o r y e f f e c t of 3-agonists i n the r a t i s 

neu ra l l y mediated then i t may not be possib le to show a s t imu la to ry 

e f f e c t i n v ivo as 3-agonis ts cannot be int roduced l o c a l l y i n t o 

the g a s t r i c mucosa, and i t i s poss ib le tha t any i n f u s i o n of 3-

agonist w i l l always produce an i n h i b i t o r y e f f e c t . 

4, cXM^k WCAS ^GGAA SVktow -VO ^VVOONV- c^siv^c 

SGcre-Wo/V + U . COV^SCACVXS doQj O^A 

S f a J ^ L ^ , l ^ m ) 



APPENDIX I ; DRUG DOSES USED IN REFERENCES QUOTED IN CHAPTER 2 KEY 

(2.5 - 2.9) A - Adrenal ine Sb - Salbutomol 
NA - Noradrenal ine Sm - Salmefamol 
I - Isoprenal ine Adr. g l . e x t . - Adrenal gland 
Del - D ich lo ro isoprena l ine e x t r a c t 

AUTHORS DATE DRUG DOSE 

Abasov and Io f 
(Man) 

1978 I No dose quoted 

Bass and Patterson 
(Rat) 

1967 NA 

A 

0.1 & 0.4mg kg"1 i . v . 

0.2 & 0.4mg kg"1 i . v . 

15 & 50ng kg"1 i . v . 

16 & 65ng kg 1 i . v . 

DCi 

0.1 & 0.4mg kg"1 i . v . 

0.2 & 0.4mg kg"1 i . v . 

15 & 50ng kg"1 i . v . 

16 & 65ng kg 1 i . v . Pronethalol 

0.1 & 0.4mg kg"1 i . v . 

0.2 & 0.4mg kg"1 i . v . 

15 & 50ng kg"1 i . v . 

16 & 65ng kg 1 i . v . 

Bernstein 
(Man) 

1952 A 0.6 - lyg i .m. 

Bruckner & Muller-Rabe 
(Cat) 

1959 Propranolol 90mg kg s . c . 

Christensen & Stad i l 
(Man) 

1976 A 

NA 

5 & 50ng kg"1 min"1 i . v . 

5 & 50ng kg"1 min 1 i . v . 

Christensen et a l . 
(Man) 

1976 Propranolol r . " I • - 1 • 5yg kg mm i . v . 

Cowley and Code 
(Dog) 

1969 A 

NA 

-1 -1 lpg kg min i . v . 

0.5vig kg"1 min 1 i . v . 

0.5yg kg"1 min"1 i . v . 1970 NA 

-1 -1 lpg kg min i . v . 

0.5vig kg"1 min 1 i . v . 

0.5yg kg"1 min"1 i . v . 



AUTHORS DATE DRUG DOSE 

Cumin ng e t a l . 
(Dog) 

1961 

1963 

NA 

NA 

l - 8yg kg 1 min 1 i . v . 

l -8pg kg 1 m in - 1 i . v . 

Curwain, F i e l d i ng & Russel 
(Dog) 

1974 Sb -1 -1 0.2yg kg min i . v . 

Curwain & Holton 
(Dog) 

1972 NA 

I 

0.05 - 2.0yg kg - 1 min"1 i . v . 

0.02 - 20yg kg"1 min"1 i . v . 

Curwain et a l . 
(Dog) 

1974 Prac to lo l 

Propranolol 

2ng kg"1 i . v . 

0.1 & Img kg"1 i . v . 

Curwain, Holton & Spencer 
(Dog) 

1972 Sb 

Te rbu ta l i ne 

0.1 - 0.5yg kg"1 min"1 i . v . 

0.1 - 0.5yg kg"1 min"1 i . v . 

Img kg" 1 i . v . Propranolo l 

0.1 - 0.5yg kg"1 min"1 i . v . 

0.1 - 0.5yg kg"1 min"1 i . v . 

Img kg" 1 i . v . 

Curwain, Holton & Spencer 
CDog) 

1973 Propranolol 0.1 - lmg kg"1 i . v . 

Danhof & Geumei' 
(Rat ) 

1972 Propranolol Img kg"1 i . v . 

Daly & Stables 
(Dog) 

1977 I -1 -1 1 & 3 ng kg min i . v . 



AUTHORS DATE DRUG DOSE 

Daly , Long and Stables 
(Dog) 

1978 I 

Sb 

3 - lOng k g ^ m i n " 1 i . v . 

100 & 300ng k g ^ m i n " 1 i . v . 

O.lmg kg 1 i . v . 

3mg kg 1 i . v . 

l.Omg kg"1 i . v . 

Propranolol 

3 - lOng k g ^ m i n " 1 i . v . 

100 & 300ng k g ^ m i n " 1 i . v . 

O.lmg kg 1 i . v . 

3mg kg 1 i . v . 

l.Omg kg"1 i . v . 

H 35/25 

3 - lOng k g ^ m i n " 1 i . v . 

100 & 300ng k g ^ m i n " 1 i . v . 

O.lmg kg 1 i . v . 

3mg kg 1 i . v . 

l.Omg kg"1 i . v . P rac to lo l 

3 - lOng k g ^ m i n " 1 i . v . 

100 & 300ng k g ^ m i n " 1 i . v . 

O.lmg kg 1 i . v . 

3mg kg 1 i . v . 

l.Omg kg"1 i . v . 

Debnath et a l . 
(Rat) 

1974 Propranolol Img & 50mg kg"1 i . p . 

Delaney & Grim 
(Dog) 

1965 NA 2yg kg"1 min"1 i . v . 

Evans & Lin 
(Dog) 

1970 Propranolol 0.5mg kg 1 i . v . 

F ie ld ing e t a l . 
(Man) 

1975 Sb 0.2yg k g ^ m i n " 1 i . v . 

F j a l land 
(Rat) 

1972 I 

Propranolo l 

O.Olmg kg" 1 s . c . 

5mg kg"1 s . c . 

2mg kg"1 s . c . Phenoxybenzami ne 

O.Olmg kg" 1 s . c . 

5mg kg"1 s . c . 

2mg kg"1 s . c . 

For res t and Code 
(Dog) 

1954 A 

NA 

20 - 40yg k g ^ h r " 1 i . v . 

10 - 40yg kg"1 h r " 1 i . v . 



AUTHORS DATE DRUG DOSE 

Got t rup , Anderson & Jorgenson 
(Dog) 

1980 Propranolol 

P rac to lo l 

0.5mg kg 1 i . 

l.Omg kg - 1 i . 

v . 

v. 

Gottrup & Ornshol t 
(Dog) 

1978 Sm 0.05 - 0.8pg kg" 1min" 1 i . v . 

Gottrup & Ornshol t 
(Dog) 

1979 Sm 0.05 - 0.8yg kg" 1min" 1 i . v . 

Got t rup, Ornshol t & Anderson 
(Dog) 

1979 Propranolol 

P rac to lo l 

0.5mg kg" i . 

l.Omg kg"1 i . 

v . 

v . 

Got t rup, Ornshol t & Anderson 
(Dog) 

1980 Sm 0.2 - 0.8yg k g ^ m i n i . v . 

Geumi e t a l . 
(Man) 

1969 Propranolol lOmg i . v . 

Geumi et a l . 
(Man) 

1972 Propranolo l lOmg i . v . 

Greshishkin 
(Dog) 

1970 A l yg k g ^ m i n " 1 

l yg kg ^ i n 1 

i . v . 

Haigh, M o f f i t & Steedman 
(Dog) 

1967 A 

l yg k g ^ m i n " 1 

l yg kg ^ i n 1 i . v . 



AUTHORS DATE DRUG DOSE 

Haigh & Steedman 1968 A l.Oyg kg ^min 1 i . v . 
(Dog) NA l.Oyg kg ^min 1 i . v . 

2.5 or 5.0mg kg 1 i . v . or i . a . Phenoxybenzamine 

l.Oyg kg ^min 1 i . v . 

2.5 or 5.0mg kg 1 i . v . or i . a . 

Harr i es 1956 NA 1.2yg kg""1!!!!n""1 i . v . 
(Dog) 

Harr ies 1957 I 0.75 - 2.75yg k g ' ^ i n " 1 i . v . 
(Dog) 

0.75 - 2.75yg k g ' ^ i n " 1 i . v . 

Hess & Gundlach 1920 Adr. g l . e x t r a c t lmg i .m . 
(Dog) 

Adr. g l . e x t r a c t lmg i .m . 

Holland 1980 I 32yg kg ^hr 1 i . v . 
(Cat) 

32yg kg ^hr 1 i . v . 

Hoi ton 1973 A 0.2yg k g ^ m i n 1 i . v . 
(Dog) I 0.1 - 0.5yg k g ^ m i n " 1 i . v . 

Hoi ton et a l . 1969 A lyg kg ^ i n " 1 i . v . 
(Dog) NA lyg kg ^min 1 i . v . 

Hoi ton & Jacoby 1966 A 1 - 4yg k g ^ m i n " 1 i . v . 

Jacobson 1970 NA 0,1 & l.Oyg kg" 1 min" 1 i . v . 
(Dog) 

0,1 & l.Oyg kg" 1 min" 1 i . v . 



AUTHORS DATE DRUG DOSE 

Jacobson et a l . 
(Dog) 

1966 A 

I 

0.25 - 2.5pg kg ^min 1 i . v . 

1.2 & 2.4yg k g ^ m i n " 1 i . v . 

Jacobson et a l . 
(Dog) 

1967 I 1 & 2yg k g ^ m i n " 1 i . v . 

Konturek & Oleksy 
(Man) 

1969 Propranolol 30, 60, 90yg kg" 1 i . v . 

Kronburg 
(Man) 

1975 Propranolol lOmg 

Leonsins & Waddel 
(Man) 

1958 NA 0.5yg k g ^ m i n " 1 

Lin & Evans 
(Dog) 

1973 Propranolol 0.5mg kg"1 i . v . 

L i n , Evans & Spray 
(Dog) 

1973 Butoxamine 50yg kg"1 i . v . 

Lundell & Svensson 
(Rat) 

1974 I 

Propranolol 

20 & 40yg k g ^ h r " 1 i . v . 

2mg kg"1 i . v . 

Magee 
(Dog) 

1976 I 

Propranolol 

0.125 - 0.5yg min"1 

25mg dog"1 



AUTHORS DATE DRUG DOSE 

MCloy et a l . 
(Dog) 

1979 Sb 

Propranolol 

0.05 - 0.2yg kg" 1min" 1 i . v . 

O.lmg kg"1 i . v . 

Mishet e t a l . 
(Rat) 

1969 I 0.125, 0.25 & 0.5mg kg"1 i . p . 

Moll & F l i n t 
(Man) 

N ico l l o f f et a l . 
(Dog) 

1928 

1964 

Adr. g l . e x t r a c t 

A 

NA 

Img s . c . 

l yg kg ^rain 1 i . v . 

lug k g ^ m i n " 1 i . v . 

Okabe et a l . 
(Dog) 

1977 Propranolol 0 .5 , 1, 5 or lOmg kg"1 i . v . 

Okabe et a l . 
(Rat) 

1970 Propranolol 

A lp reno lo l 

20 & 50mg kg"1 s . c „ 

40mg kg 1 s . c . 

Peter e t a l . 
(Dog) 

1962 A No dose given ( A b s t r a c t ) 

Peters & Womack 
(Dog) 

1958 A 2.5ug k g ^ m i n " 1 i . v . 

Pradhan & Wingate 
(Dog) 

1962 A 

NA 

75yg kg 1 s . c . 

75yg kg"1 s . c . 



AUTHORS DATE DRUG DOSE 

Reed & Sanders 
(Cat) 

1971 r 5yg min 1 c .a . 

Reed & Sniy 
(Cat) 

1968 I 2 - 4yg kg ^ i n " 1 i . v . 

Reed et a l . 
(Cat) 

1973 I 5yg min 1 c .a . 

Schoon et a l . 
(Man) 

1980 Propranolol 

Met ropro lo l 

O.lmg kg"1 i . v . 

0.2mg kg"1 i . v . 

Tani & Muto 
(Rat) 

1979 I lOOyg kg"1 hr i . v . 

Tani et a l . 
(Rat) 

1980 I 

NA 

lOOyg kg"1 i . v . 

25 - lOOyg kg"1 i . v . 

12.5 - 50yg kg"1 i . v . A 

lOOyg kg"1 i . v . 

25 - lOOyg kg"1 i . v . 

12.5 - 50yg kg"1 i . v . 

Thompson and Vane 
(Cat) 

1953 A lOyg min"1 i . v . 

Yamaguchi 
(Rat) 

1977 NA 

Phentolamine 

0.25 - 4.0mg kg" 1 s . c . 

4.0mg kg"1 s . c . 

4mg kg 1 s . c . 

0.016 - 4mg kg"1 s . c . 

Propranolol 

0.25 - 4.0mg kg" 1 s . c . 

4.0mg kg"1 s . c . 

4mg kg 1 s . c . 

0.016 - 4mg kg"1 s . c . I 

0.25 - 4.0mg kg" 1 s . c . 

4.0mg kg"1 s . c . 

4mg kg 1 s . c . 

0.016 - 4mg kg"1 s . c . 
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APPENDIX I I : STATISTICAL ANALYSIS OF MAXIMUM RESPONSES SHOWN ON 

FIGURE 13 

Figure 13 shows the log concent ra t ion response curves f o r 

i sop rena l i ne , salmefamol and salbutamol. The maximum responses 

were s i m i l a r f o r each drug. Mann-Whitney U tests have been 

performed on the values obtained a t the maximum concentrat ion f o r 

each drug, and t h i s i s shown below. From the s t a t i s t i c a l analys is 

i t can be seen tha t there was no s i g n i f i c a n t d i f f e r e n c e between 

the maximum responses obtained f o r salmefamol and salbutamol 

(z = 0.94, n = 21 and n = 5 r e s p e c t i v e l y ) or those obtained f o r 

salbutamol and i sop rena l ine (U = 66.5 , n = 5 and n = 12 

r e s p e c t i v e l y ) . The maximum responses to salmefamol and i soprena l ine 

were s i g n i f i c a n t l y d i f f e r e n t ( z = 2.51, p < 0.01, n = 21 and 

n = 12 r e s p e c t i v e l y ) . 

The concentrat ion-response curves to the three adrenoceptor 

agonists were not determined a t the same t ime, and these experiments 

were designed to i n v e s t i g a t e whether 3-agonist s t imu la t i on of 

acid secre t ion was concentrat ion-dependent , ra ther than to analyse 

maximum responses. Although the r a t i so la ted stomach has been 

found to be a good prepara t ion f o r the study of g a s t r i c acid 

sec re t i on , between prepara t ion v a r i a b i l i t y was found, as discussed 

i n -3 .1 .13 . , Thus i n the s tud ies using antagonists,each ser ies 

of experiments had i t s own con t ro l group. In order t o d i r e c t l y 

compare maximum responses experiments could be performed by 

randomising $-agonists between groups of r a t s . However, f o r the 

purposes of t h i s thes is the concentrat ion-response curves show tha t 

$-agonists produce a concentrat ion-dependent s t imu la t i on of acid 

sec re t i on , w i th maximum responses which are s i m i l a r , although the 

l a rges t maximum response was s i g n i f i c a n t l y d i f f e r e n t from the 

smal lest maximum response. 
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Mann-Whitney U tes ts were performed according to Siege! (1956) 

(Non-parametr ic s t a t i s t i c s f o r the behavioural sciences, 

McGraw-Hi l l , Japan). 

The f o l l o w i n g formulae were used 

U = n-, n9 + nn (nn + 1) 

U = n, n« + n ? (n ? + 1) 

R-j or R2=sum of ranks assigned to group whose sample s ize i s 

n1 or n 2 . 

Large samples (n2 >20) 

z = U - n^n2 

2 

/ ( n 1 ) ( n 2 ) ( n 1 + n2 + 1) 

12 
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1. Salmefamol / Isoprena l ine 

Salmefamol 
ory Ratio Rank No. Secretory Ratio 

2.05 20 2.56 

1.48 3 3.19 

3.04 31 2.32 

2.50 28 1.81 

2.39 25 1.70 

1.55 4 2.10 

1.74 10 2.40 

1.71 9 3.07 

1.62 6 2.33 

2.00 19 1.93 

1.88 14.5 1.92 

2.13 22 2.68 

1.64 7 

1.76 11 

1.88 14.5 

1.85 13 • •• 

1.37 1 

2.44 27 s 

1.94 18 

1.47 2 

1.56 5 

290 Sum 

U1 = 21.12 + 21(22) - 290 = 193 

2 

U = 21.12 + 12(13) - 271 = 59 

Isoprena l ine 

Rank No. 

29 

33 

23 

12 

8 

21 

26 

32 

24 

17 

16 

30 

271 Sum 

z = 59 - 252 = -2.51 s ig < .01 
2 

/ 252(34) 
12 
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2. Salmefamol/Salbutamol 

= 38 

Salmefamol n = 21 Salbutamol n = 5 

iry Ratio Rank No. Secretory Ratio Rank No. 

2.05 18 1.70 9 

1.48 3 2.25 20 

3.04 26 1.50 4 

2.50 23 2.52 24 

2.39 21 2.53 25 

1.55 5 82 Sum 

1.74 11 

1.71 10 

1.62 7 

2.00 17 

1.88 14.5 

2.13 19 

1.64 8 

1.76 12 

1.88 14.5 

1.85 13 

1.37 1 

2.44 22 

1.94 16 

1.47 2 

1.56 6 

269 Sum 

1.5 + 21.22 
2 

- 269 = 67 z = 38 - 5.21 = -0 
2 

.94 n / s • 

1.5 + 5.6 -
2 

3 

82 
/ 5.21(27) 

12 
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3. Sa lbu tamol / I soprena l ine 

Salbutamol (n = 5) Isoprena l ine (n = 12) 

Secretory Ratio Rank No. Secretory Ratio Rank No. 

1.70 2.5 2.56 14 

2.25 8 3.19 17 

1.50 1 2.32 9 

2.52 12 1.81 4 

2.53 13 1.70 2.5 

36.5 Sum 2.10 7 

2.40 11 

3.07 16 

2.33 10 

1.93 6 

1.92 5 

2.68 15 

U1 = 5.12 + 5(6) - 36.5 = 83.5 

U = 5.12 * 12(13) - 116.5 = 66.5 n/s 

2 

116.5 Sum 
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Salmefamol: inhibitor or stimulant of 
gastric acid secretion? 

S.P. CANFIELD, B.P. CURWAIN, 
J.A. KING & CAROLYN PRICE 

Department of Physiology, St Mary's Hospital Medical 
Schoolt London W2 1PG 

{^-Adrenoceptor agonists have been shown to inhibit 
pentagastrin-induced gastric acid secretion in both dog 
(Curwain, Holton & Spencer, 1972; Daly & Stables, 
1977) and rat (Lundell & Svensson, 1974). Wc have 
investigated the action of a drug of this type, 
salmefamol, on gastric acid secretion and mucosal 
blood flow (MBF) in 4 conscious dogs with well-
established Heidenhain pouches and also in a rat 
isolated stomach preparation. The results showed the 
expected inhibition of secretion in the dog but there 
was a stimulation of acid output by salmefamol in the 
in vitro preparation. 

Submaximal doses of either pentagastrin kg - 1 

h - 1 ) or bethanechol chloride (Ijig kg -1 min"1) were 
infused i.v. in saline (1 ml/min) in the dogs until a 
plateau of acid secretion was obtained. MBF was es-
timated by radioactive aniline clearance (Curwain & 
Holton, 1973). Salmefamol (0.2 or 0.8 ng kg"' min-1 

i.v. for 30 min) was tested against each secretagogue 
in each of the 4 dogs. The control rates of acid secre-
tion and MBF were taken as the mean values for the 4 
successive 15 min periods immediately before giving 
salmefamol. The means of the 2 successive 15 min 
samples giving the lowest rate of acid secretion were 
used as test values. Secretory rate was profoundly 
decreased (between 33 and 98%, mean 76%) in each 
of the 8 experiments. Changes in MBF were variable 
but in each experiment the ratio of blood flow to secre-
tion increased. 

The isolated stomachs from rats (35-50 g) were set 
up as described for the guinea pig by Holton & 
Spencer (1976) and were stimulated with either 
bethanechol chloride (1.7 x 10~5M) or pentagastrin (2 
x 10-5M). The acid output was measured over four 15 

tnin periods. The drug was then washed out and the 
tissues incubated for l h with salmcfamo! (10 - 5m) 
before a second dose of the same stimulant was added 
in the presence of salmefamol. The results are ex-
pressed as the percentage increase above the spon-
taneous secretory rate in the absence of drugs. 

The mean increase in acid output due to the 
pentagastrin alone was 185 ± 4.7% and 299 ± 15.6% 
in the presence of pentagastrin and salmefamol (s.e., n 
= 3). The values for bcthanechol were 276 ± 88% and 
356 ± 72% (n = 3) respectively. The results do not 
show any evidence of inhibition of the sccretory 
response. Paired / tests indicated that the increase in 
the response in the presence of salmefamol was signifi-
cant both for bethanechol (P<0.05) and pentagastrin 
(P<0.02). Salmefamol alone ( 10-5M) increased the rate 
of acid secretion by 231 ± 19% (« = 6). * 

The concentration dependence of this salmefamol-
stimulated acid secretion and the action upon it of 
various established inhibitors of acid output is being 
investigated. 
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There is still insufficient evidence about the nature of 
the interaction between Hrreceptor antagonists and 
histamine on gastric acid secretion to argue that the in-
hibition of physiologically-induced acid secretion is 

due to blockade of histamine receptors. Bunce & 
Parsons (1976), using isolated rat stomachs, found a 
pA2 value for metiamide equivalent to that measured 
in atrial and uterine tissues but the slope of the Schild 
plot of 0.73 was significantly different from unity. 
Apparently the necessary conditions for simple com-
petitive inhibition were not met. To assess the signifi-
cance of this finding we have assayed the activity of 
burimamide, metiamide and cimetidine on the isolated, 
lumen-perfused whole mouse stomach preparation 
(Angus & Black, 1978). 

Each preparation was equilibrated with a single 



426P PROCEEDINGS OF THE B.P.S., 13th-15th SEPTEMBER, 1978 

DALY, M.J. & STAULliS, K. (1977) The clTect of ( - ) - iso-
prenaline and (±)-salbutamoI on pepsinogen and acid 
secretion in the dog. Br, J. Pluirimic. 59, 323-325. 

HOLTON. PAMELA & SPENCER, JAN (1976). Acid sccrction 
by guinea pig isolated stomach.-./. Physiol., (Loiui.), 255, 
465-479. 

l u n d l i l l . l . & sv lnsson, S.1-. (1974). Implication of gas-
tric mucosal histamine in inhibition by isoprenaline of 
pentagastrin induced gastric scerction. lir. J, Plutrmtic., 
52, 69-75. 

Mucosal cell turnover in the upper gut 
of the mouse and its modification by 
carbenoxolone 
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In 1970 Lipkin claimed that carbenoxolonc rcduccd 
the rate of mucosal cell proliferation in the acid 

secreting part of the mouse s tomach (fundus) and in-
creased the time these cells took to migrate to the 
point of exfoliation. Neither cfTect ivas apparent in 
duodenum or colon. This work has now been 
repeated and extended. 

Mice received radioactive [ 3 H ] - t h y m i d i n e i.v. and 
the radioactivity remaining in the fundic, antral and 
duodenal mucosae was measured during the six days 
following this injection. A minimum of 22 mice were 
used to derive each value. 

4 .6 

4.5 

4.4 

4 . 3 

4 . 2 

4.1 

O 3 . 9 o 
c 
3 3 . 8 

O) 
O 3 . 7 

3 . 6 

3 . 5 

3 . 4 

o 

«K. 

o 
V v 

\ \ 

V-2 
V V v , , 

_i i i_ 
10 20 3 0 40 5 0 6 0 7 0 8 0 9 0 100 110 120 130 140 150 

Time,after Thymidine injection (h) 
/ 

Figure 1 Mouse mucosal cell lifespan. Cells were taken from the ( H ) duodenal, ( • ) antral and (A) 
fundic mucosae before (filled symbols) and after (open symbols) carbenoxolone. 
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^-Adrenoceptor agonist stimulation of 
acid secretion in rat isolated stomach 

S.P. CANFIELD, B.P. C U R W A I N & 
CAROLYN PRICE 

Department of Physiology, St. Mary's Hospital Medical 
School, London W2 JPG 

//-Adrenoceptor agonists inhibit pcntagastrin-induced 
acid secretion from gastric pouches in conscious d o g 
(Curwain, Hol ton and Spencer, 1972; Daly & Stables, 
1977) and rat (Lundcll and Svensson, 1974). Salmcfn-
mol, a /^-adrenoceptor agonist inhibits bethanechol-
induced acid secretion (Canfield, Curwain, King & 
Price, 1978) whilst in high doses the related drug, sal-
butamol will inhibit histamine-stimulated secretion in 
the dog (Daly, Long & Stables, 1978). We have 
recently shown that salmefamol does not inhibit acid 
secretion stimulated by pentagastrin, histamine or 
bethanechol in the rat isolated s tomach (Canficld et 
al., 1978), but appears to act as a stimulant of se-
cretion. The present results extend this finding to in-
clude salbutamol and isoprenaline and the action of 
various antagonists on this st imulation by /?-adreno-
ceptor agonists of acid secretion in the isolated 
stomach. 

The rat s tomach preparations were set up as de-
scribed for the guinea pig by Hol ton & Spencer, 1976. 
All drugs were applied to the serosal bathing fluid. 
When required the tissues were pre-incubated with 
an inhibitor for one hour before addition of the 
^-adrenoceptor agonist for a further 6 0 - 9 0 minutes. 
Each tissue was exposed to only one concentration 
of salmefamol, salbutamol or isoprenaline, and the 
acid output was measured over fifteen-min periods, 

t The change in rate of secretion is expressed as the 
| ratio of the rate at the plateau of response to the 
| average rate in the two control periods in the same 
| tissue immediately before exposure to the agonist. „ 
I The average control secretion in one series was / 
| 3.39 ± 0.190 nmol H + c m _ 2 h _ 1 (s.e. mean, n = 36). 
I Both salmefamol (0 .2-20 |iM) and isoprenaline 

(0.06-6 JAM) causcd a concentration-dependent in-
crease in the rate of acid secretion. The mean maxi-
mum observed value for the sccretory ratio with sal-
mcfamol was 1.90 ± 0.09 (n = 21) and with isoprena-
linc 2.33 ± 0.28 (n = 12). Although the full concen-
tration response curve remains to be investigated, sal-
butamol (0.1-20 hm) also caused an increase in acid 
sccretion. 

The responses to isoprenaline (I .25 |.IM) or salmefa-
mol (5 hm) were not rcduced by atropine (10 x̂m), 
mctiamide (100 hm) or practolol (20 hm). However, 
propranolol (20 hm) did cause a significant decrease 
in the secretory ratio for both salmefamol and iso-
prenaline (Mest P < 0.01 in each case; n = 12 and 
10 respectively) and caused a shift in the salmcfamol 
concentration—response curve to the right with no 
change in slope of the linear region. 

These results confirm that ^-adrenoceptor agonists 
st imulate acid secretion by the rat isolated stomach. 
This action appears not to involve either histamine 
or cholinergic receptors and may be mediated by ji2 

receptors. The reasons for the difference in response 
between the isolated* preparation and the intact ani-
mal remain to be investigated. 

We are grateful to the Wellcome Trust and St. Mary's 
Hospital Joint Standing Research Committee for support 
and to I.C.I. Ltd., Smith Kline & French Ltd. and to Allen 
& Hanburys Ltd., for gifts of drugs. 
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Isoprerialine and gastric acid secretion in the rat 
BY S. P . CANFIELD and C. A. PRICE. Department of Physiology, St Mary's Hospital 

- Medical School, London W2 IPG 

Wo have previously shown (Canfield, Curwain & Price, 1978) t h a t isoprenalino 
s t imulates acid secretion by the r a t isolated s tomach preparat ion and t h a t this 
response was antagonized by ( + )propranolol (2 x 10~5 M) b u t not by either a t ropine 
(10 - 5m ) or met iamide (10~4m). 

This contrasts with the findings of Lundell & Svensson (1974) t h a t isoprenalino 
alone had no effect on acid secretion b y conscious Heidenhain pouch ra t s b u t did 
inhibi t the secretory response to pentagas t r in . We have set out to confirm the work of 
Lundell and Svensson and compare t h e receptors involved both in vivo and in vitro 
by the use of a number of ^ -adrenocep tor antagonists . 

The isolated s tomach was set u p a s described previously (Canfield et al. 1978), 
drugs were added to the serosal ba th ing fluid and tissues were pre- incubated with 
antagonis ts for 1 hr where appropr ia t e before addi t ion of isoprenaline. The ra te of 
acid secretion is expressed as the ra t io of the s t imulated to the spontaneous ra te in 
each s tomach. 

Heidenhain pouch ra t s were set u p in Bol lman-type restraining cages, food having 
been withheld for 24 hr. Isoprenal ine and pentagas t r in were administered b y 
cont inuous in t ravenous infusion (2 ml. h r - 1 ) and antagonists by i .v. injection, bo th 
via a tail vein catheter inserted under l ight halothane anaesthesia prior to sett ing u p 
the animal . The pouch was cont inuously perfused with 0-9 % saline (6 ml. h r - 1 ) 
which was collected by grav i ty dra inage and t i t r a ted to p H 7-0 a t 15 min intervals. 
The secretory ra te is expressed as the percentage change in response compared with 
pentagas t r in alone in the same animal . 

The response of the isolated s tomach to isoprenaline (1*25x10~®m) was sig-
nificantly reduced (P < 0-05 in each case) by ( ± )propranolol (2x 10~5 M), timolol 
( 2 x 1 0 - 5 m ) and pindolol ( I O ^ m ) . N o significant inhibit ion was seen wi th ( + )-
propranolol (2 x 10~5 M), pronethalol , practolol or bu toxamine (all u p to 10 - 4 M). 

I n t he Heidenhain pouch ra ts , isoprenaline (40 [ig k g - 1 h r - 1 ) infusion begun 30 min 
before pentagas t r in (20 fig k g - 1 h r _ 1 ) reduced the response to 37-5 + 8-4 % (S.E. of t he 
mean, n = 4) of t h a t due to pen tagas t r in alone. This inhibi tory effect of isoprenaline 
was antagonized b y propranolol (2 mg kg - 1 ) , practolol (8 mg kg - 1 ) and bu toxamine 
(8 mg kg - 1 ) . The respective mean responses wi th S.E. of the mean {n = 4 in each 
case) were ; 1 5 2 + 1 8 - 2 % , 74-0 + 7 - 0 % a n d 1 1 0 + 7 - 6 % . 

These results confirm the different act ions of isoprenaline on acid secretion in t h e 
r a t in vivo and in vitro and suggest t h a t different receptors m a y be involved in t he 
two types of response. 

We would like to thank the Wellcome Trust for financial support and the following for gifts 
of drugs: I.C.I. Ltd, S.K. & F. Ltd, Sandoz Ltd, Merck, Sharpe & Dohme Ltd, and Wellcome 
Research Laboratories. 
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Protection against aspirin-induced gastric 
lesions in the rat by the Hz-receptor antagonists 
ranitidine and cimctidinc 

K.T. BUNCE. N.M. CLAYTON, M.J. DALY, 
J.M. HUMPHRAY & R. STABLES 
Department of Pharmacology, Glaxo Group Research Ltd., 
Ware, Hertfordshire, SGI2 ODG 

Conflicting evidence has been reported for the ability 
of cimetidine to reduce the formation of aspirin-
induced gastric lesions in rats dosed orally with exo-
genous acid. Carmichael, Nelson & Russell (1978) 
concluded that cimetidine was ineffective, whereas 
Guth, Aures & Paulsen (1979) found cimetidine to be 
effective in this type of test. In view of this situation it 
is now appropriate to report the effects of the newer 
H2-receptor antagonist ranitidine on aspirin-induccd 
lesions, in the absence or presence of exogenous acid, 
in the rat. 

In control experiments groups of at least 10 female 
rats (Hooded Lister, 100-120 g: received 300 mg/kg 
aspirin (suspended in 0.5% w/v carboxymethylcellu-
lose, 5 ml/kg) orally. The rats were sacrificed after 5 h, 
the stomachs removed, and the petechial lesions that 
occurred in the glandular region of the gastric mucosa 
were counted. Other groups of rats received either 
oral ranitidine (0.3, 1, 3 or 10 mg/kg) or cimetidine (3, 
10 or 30 mg/kg) 15 min prior to aspirin administra-
tion. Both ranitidine and cimetidine produced a dose-
related inhibition of lesion formation, the respective 
oral EDS0 values (95% confidence limits) being 0.78 
(0.56-1.05) and 3.93 (2.67-5.47) mg/kg, showing rani-
tidine to be five times more potent than cimetidine 
(seven times more potent on a molar basis) in this 
respect. 

A second series of experiments was carried out to 
determine the effect of ranitidine on aspirin-induced 

lesion formation in the presence of exogenous acid. In 
these experiments both ranitidine (3, 30 or 300 mg/kg) 
and aspirin were administered orally in 160 niM HCI, 
and further doses of 160 mM HCI (5 ml/kg) were given 
at 1, 2, 3 and 4 h after aspirin. The rats were killed 
after 5 hours. Under these conditions ranitidine was 
still effective, but the EDJ 0 value of 23.22 
(14.07-37.97) mg/kg p.o. was higher than that 
obtained in the absence of exogenous acid. 

In the final series of experiments the cffcct of paren-
teral^ administered ranitidine (0.3 and 3 mg/kg s.c.) 
on aspirin-induccd lesion formation was investigated 
The ED 50 values for ranitidine against aspi,•in-
induced lesion formation both in the absence and 
presence of exogenous acid were respectively 1.06 
(0.68-1.69) and 1.65 (0.82-6.21) mg/kg s.c. These ex-
periments show that the effect of ranitidine on 
aspirin-induced lesions formed in the presence of exo-
genous acid can be influenced by its route of adminis-
tration. 

Thus it can be concluded that the H2-rcceptor an-
tagonists ranitidine and cimetidine protect against the 
formation of aspirin-induccd lesions. Furthermore, 
the effectiveness of ranitidine in the presence of exoge-
nous acid shows that this protection is at least in part 
through an H2-receptor mediated mechanism other 
than the inhibition of gastric acid secretion. 
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Noradrenaline and gastric acid secretion by the 
rat isolated stomach 

S.P. CANFIELD', C.A. PRICE1 & J.E. SPENCER2 

'Department of Physiology, St Mary's Hospital Medical 
School, London W2 IPG 2Department of Zoology, Westfield 
College, London NW3 7ST 

Noradrenaline reduces both gastric mucosal bldod 
flow and acid secretion in the intact animal in a 
number of species by an action at a-adrenoceptors 

(Holton, 1973). The reduction in acid output tnay be 
secondary to the reduced blood flow or be a direct 
effect on the mucosal cells which have been reported 
to receive a sympathetic nerve supply in the rat 
(Costa & Gabella, 1971). We have investigated the 
effect of noradrenaline on acid secretion by the rat 
isolated stomach where complications due to cardio-
vascular effects are avoided. 

The isolated stomach was set up as described pre-
viously for guinea-pigs (Holton & Spencer, 1976). 
Drugs were added to the serosal bathing fluid and 



antagonists for t h prior to addition of noradrenaline. 
The responses arc expressed as the mean secretory 
ratio (R) with standard error and number of observa-
tions. R was calculated as the ratio of stimulated to 
spontaneous sccrction in cach stomach. 

Noradrenaline stimulated acid secretion over the 
range 5 x 10"7 M to 2 x 10"5 M. Neither methox-
amine or phenylephrine (up to 10"4 M) stimulated 
acid output and the response to noradrenaline 
(5 x 10" 6 m, R = 1.83 ± 0.072, n = 8) was not sig-
nificantly inhibited by phcntolaminc or thymoxaminc 
(up to 10~4 M). Respective values were 
R = 1.69 ± 0.093, (n = 8); R = 1.79 ± 0 . 1 3 5 (n = 7). 
Propranolol (2 x 10"5 M) did cause a significant inhi-
bition of the response (R = 1.49 ± 0.086, n = 8; 
P < 0.01). 

The noradrenaline response does not appear to 
involve histaminic receptors or cholinoceptors as it 
was not inhibited by either metiamide (10~4 M, 
R = 1.69 ± 0.103, n = 6) or atropine (10~5 M, 
R = 1.78 ± 0.069, n = 8). 

Catecholamines increase scrum gastrin levels in 
intact rats by acting on /{-adrenoceptors (Hsu & 
Cooper, 1977) and noradrenaline may act in vitro by 
releasing stored gastrin. The mean maximum value of 
R obtained with pentagastrin was 1.81 ± 0.061 
(n = 11) and with noradrenaline R = 2.03 ±0.127 
(n = 6); the difference between them not being signifi-
cant. Straight lines were fitted to the central part of 
the dose response curves for pentagastrin and nor-
adrenaline giving regression coefficients of 0.529 and 
0.700 respectively. Analysis showed these not to be 
significantly different. Metiamide has been reported to 
inhibit gastrin stimulated acid secretion in the 
rat isolated stomach (Bunce, Parsons & Rollings, 
1976) whereas we have shown it to be without effect 
on the noradrenaline response. We tested this appar-
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ent distinction by observing the action of cimetidinc 
(1.3 x 10"4 M) on both pentagastrin (2.17 x I0"7 M) 
and histamine (5.4 x 10"5 M) in the same stomachs. 
With pentagastrin alone the value of 
R = 1.71 ± 0.082 (n = 5) and with cimctidinc 
R = 1.68 ±0.098 (n = 6). Control histamine 
R = 1.58 ±0.106 (» = 5), and with cimctidinc 
R = 1.12 ± 0.050 {n = 6). Thus, there was a significant 
inhibition of histamine but not pentagastrin in our 
preparation. 

In conclusion, noradrenaline behaves similarly to 
isoprcnaline (Canficld & Pricc, 1979) in stimulating 
acid secretion by an action at ^-adrenoceptors in the 
rat isolated stomach. This docs not appear to involve 
either histamine or cholinergic receptors but we can-
not cxclude the possibility that it results from the 
release of stored gastrin. 
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Modification of radioreceptor assay for 
1,25-dihydroxy vitamin D using gut cytosolic 
receptor from adult male or immature Japanese 
quail 
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S. POLLARD & A.D. KENNY 
Department of Pharmacology and Therapeutics, Texas Tech 
University Health Sciences Center, Lubbock, Texas 79430, 
U.S.A., and Department of Physiology, University of Aber-
deen, AB9 IAS. Scotland 

/ 
Recently a sensitive and highly specific radioreceptor 
assay for 1,25-dihydroxyvitamin D using cytosolic 

receptor-chromatin prepared from duodenal mucosae 
of egglaying Japanese quail, has been reported (Abel 
de la Cruz et al., 1980). Unlike previous chicken 
radioreceptor assays for this hormone (Brumbaugh et 
al., 1974), the quail are not fed with a rachitogenic 
diet prior to harvesting the mucosae. 

We now report that gut mucosae from either adult 
male (2=6 months) or immature mixed sex (4 weeks) 
Japanese quail can also be used as a basis for this 
assay. Like the egglaying hens, these birds were fed 
normal Purina game bird Layena and Startcna diets 
prior to killing. Specific (^90%) and nonspecific bind-
ing were determined for the receptors. Receptors from 
both groups of birds were saturable with 1,25-dihy-
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A COMPARISON OF THE EFFECTS OF SYMPATHOMIMETIC 
AGENTS ON GASTRIC ACID SECRETION BY THE RAT STOMACH 
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SUMMARY 

1. The act ion of isoprenaline on gas t r ic acid secretion in r a t s wi th Heidenhain 
pouches has been compared with i ts ac t ion in a r a t isolated s tomach p repara t ion . 

2. Isoprenal ine (40 k g - 1 hb"1) inhibi ted the acid secretion in response to pen ta -
gas t r in (20 /ig kg_ < h"1) in conscious r a t s wi th Heidenha in pouches. 

3. This inhibi t ion could be abol ished by propranolol (2 mg kg"1) a n d b u t o x a m i n e 
(8 mg kg"1) and par t ia l ly reversed by practolol (8 mg kg"1). 

4. Propranolol (2 mg kg"1) s ignif icant ly increased the response to pen tagas t r in 
(20/ /g kg" 1 h~ l) bu t b u t o x a m i n e a n d practolol (both a t 8 mg kg"1) and the inact ive 
isomer (4-)-projpranolol ( 2 m g k g _ 1 ) were w i thou t any effect on the pen tagas t r in 
response in the r a t s with pouches. 

o. I n the r a t isolated s t o m a c h p r e p a r a t i o n isoprenaline s t imula ted acid secret ion 
over the range 10" ' M-10"3 M whereas pheny lephr ine and me thoxamine were wi thou t 
effect. 

6. Propranolo l (2 x 10"5 M) inhibi ted th i s s t imu la to ry effect of isoprenaline in vitro 
but ( + )-propranolol (2 x 10~5 M), practolol a n d b u t o x a m i n e (both a t 10~4 M) had no 
effect on the response. 

7. Propranolol (2 x 10~5 M) did n o t have a n y effect on the response of the isolated 
s tomach to pen tagas t r in (5 x !0~7 M) or be thanechol (1-7 x 10~5 M). * 

8. Phenylephr ine (2 x 10~5 M) did not affect the in vitro responses to pen tagas t r in 
(2-17 x 10"7 M), be thanechol (1-7 x 10~5 M) or h is tamine (5-4 x 10~5 M). 

9. I t is concluded t h a t isoprenal ine has a direct s t imu la to ry effect and an indirect 
inhibi tory effect on gas t r ic acid secret ion in the ra t . Both effects involve s t imula t ion 
of /^-adrenoceptors . T h e rela t ive p redominance of one or o the r of these two opposing 
effects m a y help to expla in the con t r ad i c to ry results in the l i t e ra ture regarding the 
act ions of /^-adrenoceptor agonis ts on gas t r ic acid secretion. 

• Present address: Department of Pharmacology. Smith. Kline & French Ltd. Welwvn Garden 
City. Herts. 

0022-3751/81/5010-1085 $07.50 © 1981 The Physiological Society 
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INTRODUCTION 

There have been many reports on the effects of sympathomimetic drugs and their 
antagonists on gastric acid secretion (for reviews see: Holton, 1973; Sanders, 1976). 
There appears to be general agreement t h a t a-adrenoceptor agonists inhibit acid 
output . The mechanism is uncertain but may be secondary to the accompanying 
reduction of gastric mucosal blood flow. There are contradictory reports in the 
literature on the action of /^-adrenoceptor agonists, some indicating stimulation of 
acid secretion whilst others show an inhibitory effect (for additional references see 
Debnath, Gode, Das & Sanyal, 1974). 

The interpretation of the results from experiments using intact animals is 
complicated because sympathomimet ic drugs have such a wide spread of activity in 
the body. Actions on the central nervous and cardio-vascular systems may alter acid 
output indirectly. Laparotomy may reduce gasto-intestinal blood flow due to 
sympathet ic vasoconstriction and alter the effects seen with /^-adrenoceptor agonists 
compared with those seen in similar experiments with conscious animals of the same 
species tha t have a gastric pouch (Holton. 1973). The use of the ^-adrenoceptor 
antagonist propranolol is a fu r ther complication because this drug potent iates the 
secretory respontm to pentagastr in in ra t and dog (Lundell & Svensson, 1974; 
Curwain. Holton, Mclsaac & Spencer, 1974). Studies on intact animals also do not 
localize the site of the adrenoceptors concerned in the acid secretory response to 
sympathomimetic drugs (Daly, Long & Stables, 1978). 

Because of these problems we undertook a study to compare the results from 
conscious animals with a Heidenhain pouch with those from an isolated stomach 
preparation from the same species. If sympathomimetic agonists and antagonists act 
directly upon the stomach their effects should be demonstrable in vitro. Some of these 
results have been communicated to the British Pharmacological and Physiological 
Societies (Canfield, Curwain & Price, 1978; Canfield & Price, 1980). 

METHODS 

Heidenhain pouch experiments 

Pouches were prepared in Wistar rats (250-300 g) of both sexes following the technique of Alphin 
& Lin (1959). A post-operative recovery period of 3 -4 weeks was allowed during which time the 
pouches were regularly Hushed with saline and the animals familiarized with the Bollman-type 
restraining cages used in the experiments. Animals were fed on a normal laboratory diet and had 
a choice of water or 0-9 % saline to drink. Food was witheld for 24 h before the experiments. 
Isoprenaline and pentagastrin were administered by continuous i.v. infusion (2 ml hr"1) and 
antagonists by i.v. injection, both via a catheter (Abocath T 20G) inserted in a tail vein under light 
halothane anaesthesia before beginning the experiment. The pouch was continuously pefused with 
0-9 % saline (tt ml h"1) which was collected by gravity drainage and titrated to pH 7-0 with 
lOOmM-sodium hydroxide at 15 min intervals. The secretory rate is expressed as the percentage 
change in response compared with pentagastrin alone in the same animal, as the absolute rates vary 
with the size of individual pouches. Thus the response to pentagastrin (20 jig kg"1 h~ l) acted as 
the control experiment in each animal. The dose used gave about 50 ° 0 of maximum response. Each 
animal received only a single exposure to pentagastrin on any one day following one of the four 
protocols below: 

(i) i.v. saline 1-5 h. i.v. pentagastrin 1*5 h. 
(ii) i.v. saline 1 h, i.v. isoprenaline 0-5 h, i.v. isoprenaline + pentagastrin 1-5 h. 



S YMPATHOMLUETIC AGENTS AND ACID SECRETION IN RAT 3 
(iii) AH (ii) but //•adrenoceptor antagonist injected 10 min before infusion of isoprenaline and 

twice more nt 30 min intervals. 
(iv) AM (iii) but without isoprenaline infusion. 

Isolated .stomach preparation 

Stomachs were obtained from immature YVistar rats weighing 30-50 g which had been kept with 
a lactating female. Animals were killed by cervical dislocation, the stomuch rapidly removed, cut 
along the lesser curvature, everted and washed with cold saline. The stomachs were set up in a 
water hath at 34 °C as described previously for the guinea-pig by Holton & Spencer (1976). All drugs 
were added to the buffered serosal saline (30 ml. pH 7-4) gassed with 95% oxygen/5 % carbon 
dioxide. The unbuffered mucosal saline (5 ml) was gassed with 100% oxygen: it was replaced at 
15 min intervals, its pH was measured, and titrated to pH 7 with 20 m.M-sodium hydroxide. This 
preparation secretes acid spontaneously, the mean rate in one group of experiments being 
3 63±0-208 //mol H* cm"1 h"1 (S.E. of mean, n = 24). A variable proportion of the immature rat 
stomach preparation consists of non-secretory rumen and part of this was included within the area 
of the IVrsjjex tube in some preparations where the rumen was relatively large. This reduced the 
area of secretory mucosa to less than l-l cm®. As it was not possible to estimate accurately the size 
of this reduction the responses to drug addition have been expressed as the secretory ratio (R) where 

Average plateau response to drug •» 
R ~ — ; 

Average spontaneous secretion 

The average spontaneous secretion was obtained from the rates for the two periods immediately 
before drug addition. Tlyiij a value of R = 1 indicates no stimulation whilst R — 2 shows a doubling 
of the rate of secretion in the presence of the drug. Thus, the spontaneous secretion has been used 
as an index of the amount of secretory mucosa. Some absolute mean values of acid secretion 
(response —spontaneous, in /<mol H+ em"2 h _ l ) with standard errors have been included in the text 
to facilitate comparison of this preparation with other published work on isolated stomachs. 

Control experiments showed that the spontaneous secretion did not change significantly over a 
4 h period and that the antagonists were without effect on spontaneous secretion compared with 
control stomachs. Agonists were left in contact with the mucosa for 1 h and. where appropriate, 
tissues were pre-incubated with antagonist for 1 h before addition of the agonist. 

Drugs 
Drugs given to the rats with a pouch were diluted in sterile saline (0-9 ° 0 ) and all drug? were freshly 

made up for each experiment. The following drugs were used: isoprenaline sulphate (Macarthvs): 
pentagastrin (Peptavlon. ICI): propranolol (Inderal. ICI): ( + )-propranolol, practolol (ICI); 
butoxamine, methoxiamine (Burroughs YYre!Jeome); phenylephrine (Koch-Light). 

Statist ia 

Responses in the presence of an antagonist were compared with control values using botft the 
Student's t test and the Mann-YVitney ( r test. Both tests were in agreement for all the comparisons. 
The significance levels quoted here were obtained from the Mann-YY'itney test as this does not 
require assumptions to be made regarding the distribution of the data. All tests were carried out 
on the secretory ratio values. 

RESULTS 
Heidenhain pouch experiments 

The mean rate of spontaneous acid secretion from all the animals in this s tudy was 
3 93±0-64/*mol H + c m - 2 h~ l (S.E. of mean, n = 10) and the mean response to 
pentagastr in st imulat ion (20 //g k g - 1 h"1) was 62-5 + 7-8 (S.E. of mean, n = 10). 
Results for the various drug t r e a t m e n t s are shown in Figs. 1 and 2. plotted as a 
percentage of the response to pentagas t r in alone in the same animals. Isoprenaline 
(40 //g kg - 1 h""1) caused a marked reduction in the response to pentagastr in to a mean 
value of 37-5 + 8-4 % (S.E. of mean, n = 4. P < 0-01) of tha t with pentagastr in alone. 
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This inhibition was reversed by propranolol (2 mg kg - 1) , the response being 
152-5 ± 18-2°0 (S.E. of mean, n — 4). The increased response was not statistically 
significant (0-05 > P < (H). Butoxamine (8 mg kg - 1) also prevented the inhibitory 
effect of isopronaline, the response being no t significantly different from tha t to pen-
tagastrin alone (110*3 ± 7 - 0 % : S.E. of mean, n = 4). Practolol (8 mg kg"1) antagonized 
the isoprenaline inhibition {P < 0*01) bu t the mean response ( 7 4 * 0 ± 7 0 ° o : S.E. of 
mean, n = 4) was still less than tha t with pentagastrin alone {P < 0-05). 

150 R-

100 

' t S 

50 

I 

I 

I I + Propr I + Pract I * Butox 
Fig. I. Rat with a Heidenhain pouch. The effect of isoprenaline (I) infusion (40 fig kg"1 h~l) 
on the response to pentagastrin infusion (20 fig kg - ' h~') alone and in the presence of i.v. 
injection of propranolol (Propr. 2 mg kg -1), practolol (Pract. 8 mg kg"1) or butoxamine 
(Butox. 8 mg kg"'). Columns show means with S.E. bars, n = 4 in each case. The ordinate 
is the response as a percentage of the response to the same dose of pentagastrin alone ih 
each animal. 

Fig. 2 shows the effect of the ^-adrenoceptor antagonists on the response to 
pentagastrin alone (20 fig k g - 1 h"1). Propranolol causes, a significant increase in 
response (165-8 ± 9-7 % : S.E. of mean, n — 4, P < 0 . 0 1 ) but neither practolol 
(104-0 ± 4 - 2 % : S.E. of mean, n = 4) nor butoxamine ( l06-0± 5-5 % :S.E. of mean, n = 4) 
caused any change. The inactive isomer ( + )-propranolol also did not alter the 
response (95-2 + 9-7 % : S.E. of mean, n = 4). 

As there appears to be no disagreement about the effect of a-adrenoceptor agonists 
on acid secretion in vivo these drugs were not studied in the animals with a pouch. 
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Fig. 2. Rat with a Heidenhain pouch. The effects of i.v. injection of propranolol (Propr. 
• i m g k g - 1 ) . practolol (Pract, 8 mg kg - ' ) , butoxamine (Butox, S m g k g - 1 ) or ( + )-
propranolol ( + )-Propr. 2 mg kg - 1 ) on the response to an infusion of pentagastrin 
(20/ig kg - 1 h"1)- Columns show means with S.E. bars, n. = 4 in each case. The ordinate is 
the response as a percentage of the response to the same dose of pentagastrin alone in 
each animal. 

Isolated stomach preparations 

Log concentra t ion-response curves for the ^-adrenoceptor agonist isoprenaline and 
the a-adrenoeeptor agonists phenylephrine and methoxamine are shown in Fig. 3. 
Isoprenaline caused a concentra t ion-dependent increase in the secretory ratio {R) 
over the range 10~7 M-U)~5 M up to an observed maximum of R — 2-33 + 0-28 (S.E. 
of mean, n — 12) a t 3 x 10~8 m (5-45 + 0-72 //rnol H + cm"2 h - 1 ) . The a -adrenoceptor 
agonists had no significant effects upon acid secretion. The mean values of R were, 
for methoxamine 1 05 + 0 04 (S.E. of mean, n = 6) (0-11+0:09 //mol H + cm"2 h"1) and 
phenylephrine l - I 4 ± 0 - 0 8 (S.E. of mean, n = 6) (0-32±0-21 //mol H + cm"2 h"1), bo th 
drugs a t a concentrat ion of 10~4 \i. 

The remaining figures show exper iments of a similar type in which each s tomach 
received only a single exposure to the agonist and was randomly allocated to ei ther 
the control or test group containing the antagonis t . The chosen agonist concentrat ions 
gave about 6 0 - 7 0 % of max imum response in each case. 

The effects of / / -adrenoceptor antagonis ts on the response (R) to isoprenaline 
(1-25 x 1 0 " m ) are shown in Fig. 4. Propranolol (2 x 10"5 m) reduced R from a control 
value of 2-18 + 0-10 (S.E. of mean, n = 22) (3<)±0-39 /nnol H + cm"2 h"1) to l - 5 2 ± 0 - n 
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10"' 10-* 10"J 10"4 10'3 
Drug concentration (m) 

Fig. Hat isolated stomach. Log drug concentration-response curves for isoprenaline 
( # # ) , methoxamine (A A ) and phenylephrine ( • • ). The points are mean 
values with s.e. bars, n at least 6 in each case. 

2 4 

2 - 2 

20 

.2 1-8 13 > 
S 1-6 
m 

M 

- T 

I 

1-2 -
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I I + Propr I + (+)-Propr I + Pract I + Butox 

Fig. 4. Rat isolated stomach. The columns show the mean secretory ratio (/?) with S.E. 
bars for isoprenaline (I) alone (1-25 x 1()~* m) ami in the presence of propranolol (Propr). 
( + )-propranolol (( + )-Propr) (both at 2 x 1()-5 m). practolol (Pract) or butoxamine (Butox) 
(both at m). Number of observations shown in brackets at the base of each column. 



S YMPATHOMIMETIC AGENTS AND ACID SECRETION IN RAT ~J 
(S.E. of mean, n = 12, P < 0 0 1 ) ( t w o ± 0 - 2 3 //mol H + cm"2 h"1). The inactive isomer 
( 4.)-propranolol, which has similar membrane stabilizing effects to the active isomer, 
showed no inhibitory ac t ion : R = 1-97 ±0-17 (S.E. of mean, n = 6) 
(3-63±0-43 //mol H + cm" 2 h"1). Nei ther practolol (10"4 M), with R = 1 - 9 3 ± 0 1 4 (S.E. 
of mean, n = 6) (3-14±0-25 //mol H + em" 2 h"1), nor butoxamine (10~4 M). with 
R = 2 41 ± 0 08 (S.E. of mean, n = 6) (4 97±0-35 / /mol H + c m " 2 h"1) caused any 
significant inhibition of the response to isoprcnaline. 

3 0 r 

(6) (6) (6) (5) 

Pentagastrin Bethanechol 

Fiji. 5. Hat isolated stomach. The effects of propranolol (2 x 10~5 M) on the responses to 
penta^astrin (5xt0~ 7 . \ i ) and bethanechol (t-7 x 10~4 m) are shown by the hatched 
columns, control values by the open columns. The columns are mean values with S.E. bars, 
with the number of observations in brackets at the base of each column. 

i 

Fig. 5 shows the effect of propranolol (2 x 10~5 M) on the response (E) to pentagas t r in 
(5 x 10"7 M) and bethanechol (1-7 x 10~5 M). The control and test values for R with 
pentagastr in were 1-83 ±0-10 (S.E. of mean, n - 6) (3-36 ±0-27 //mol H + cm" 2 h"1) and 
2-11 ±0-20 (S.E. of mean, n = 6) (3-71 ±0*3 //mol H + cm"2 h"1) and with bethanechol, 
2-84±0-08 (S.E. of mean, n = 6) (4-89±0-74 //mol H + cm"2 h~ l) and 2-82±0- l7 (S.E. 
of mean, n = 5) (4-67 ±0-74 //mol H + cm"2 h"1). Propranolol had no significant effect 
on the response to ei ther secretagogue. The response to bethanechol was unusual ly 
large in this series of exper iments and our experience has been that this s t imulant 
shows larger variat ions between groups of animals than any of the other secretagogues 
which we have used. 

The action of phenylephrine (2xlO~ 5 . \ t ) on the response to pentagast r in 
(217 x 10"7 M). histamine (5-4 x 10~5 M) and bethanechol (1-7 x 10~5 M) was investig-
ated. The results arc shown in Fig. 6. The mean control and test secretory rat ios 
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together with the S.E. of the means were: pentagastr in 1-90±0-08 (N = 6) and 
1-86±0-13 (n = 5) (1-70±0-39 and 2-36 + 0-51 /tmol H + cm" 2 h"1); histamine 2-11 + 
0-27 (w = 6) and 1-91 ± 0 12 (n = 6) (2-89±0-54 and 2-33±0-40 /*mol H + cm"2 h~ l ) ; 
hethaneehol 1-92 + 0-08 (» = 6) and 1-80±0-07 (n = 6) (2-53±0-17 and 2-15± 
0-36 /imol H+ em"2 h~1)-

2-2 

(6) (5) (6) (6) (6) (6) 
Pentagastrin Bethanechol Histamine 

Fig. 6. Rat isolated stomach. The effects of phenylephrine (2 x 10 - s M) on the responses 
to }>entftga8trin (2-17 x 10~7 M). bethanechol (1-7 x 10~4 M) and histamine (5-4 x 10~& M) are 
shown by the hatched columns, control values by the open columns. The columns are mean 
values with S.E. bars, with the number of observations in brackets at the base of each 
column. 

High concentrations of isoprenaline 

Isoprenaline and adrenaline have been reported not to affect acid secretion by 
bullfrog isolated mucosa a t concentra t ions up to 10~4 M (Thorpe. Frusco, Bass .& Hug, 
1971; Flemstrom, 1978), bu t isoprenaline was reported to inhibit the response to 
histamine a t a concentrat ion of 10~3 M (Thorpe et al. 1971). Application of 10~3 M-
isoprenaline to the rat s tomach prepara t ion caused a significant (P = 0-05) increase 
in the secretory ratio with a mean value of R of 1-51+0-06 (S.E. of mean, n = 6) 
(2-24 + 0-28 /*mol H"1" c m - 2 h"1) compared with a mean control value of 0-953+ 0 12 
(S.E. of mean, n — 4) (0-13 + 0-34 /tmol H4" c m - 2 h - 1)- Thus . the ra t s tomach behaves 
differently from the amphib ian in vitro in respect of adrenoceptor agonists. 

DISCUSSION 
Heidenhain pouch experiments 

Our results confirm and extend the findings of Lundell & Svensson in this 
preparat ion (1974). Isoprenaline infusion resulted in a marked inhibition of 
pentagastr in-s t imulated acid sceretio : and this effect was completely blocked by 
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propranolol. Additionally, the isoprenaline inhibition was reversed by the -selective 
antagonist butoxamine and part ial ly reversed by practolol (^-selective). These 
findings suggest an involvement of both /^-receptor subtypes, a finding similar to tha t 
of Dalv et al. (1978) in dogs with a Heidenhain pouch. 

We have also confirmed the observat ion tha t propranolol alone potent ia tes the 
response to pentagastr in (Lundell & Svensson. 1974; Curwain et al. 1974). This 
potentiat ion was not seen with ei ther practolol or butoxamine, nor with the inactive 
isomer of propranolol, which has the same mtibrane stabilizing action as the active 
isomer but no //-blocking act ivi ty . Thus , the potentiat ion effect must either be specific 
for the active isomer of propranolol or a l ternat ively requires s imultaneous blockade 
of both //,• and /?2-receptors. I t has been suggested tha t this potent ia t ing action may 
be related to the actions of propranolol on histamine metabolism in the s tomach 
(Curwain, Holton & Spencer, 1973). histamine-st imulated aeid secretion being 
unaffected by propranolol. If this hypot hesis were correct, one might expect a similar 
finding in the isolated s tomach, bu t our results show propranolol to be, wi thout effect 
on either pentagastr in-or bethaneehol-s t imulated acid ou tpu t . Thus, the mode of 
action of propranolol in potent ia t ing the response to pentagastr in is uncertain, but 
it remains as a complicating factor when it is used in experiments to s tudy the effects 
of sympathomimetics agents on acid secretion in vivo. 

Gastric mucosal blood flow was not measured in these experiments. However, there 
is no evidence to suggest t h a t the inhibitory action of isoprenaline is the result of 
a reduction in blood flow to the s tomach. Lundell & Svensson (1974) reported tha t 
the dose of isoprenaline used here (40 //g k g - 1 h~ l) does not alter the blood pressure 
in the rat whilst the ratio of mucosal blood flow to acid secretion was increased during 
isoprenaline inhibition in dogs with a pouch (Curwain & Holton, 1972). 

Isolated stomach preparations 
Isoprenaline clearly s t imulated gastric acid secretion by the isolated stomach over 

a concentration range of 10 - 7 to 10~3 >1. The maximum secretory ratio obtained and 
the slope of the central par t of the curve are similar to results obtained in this pre-
paration with histamine, pentagast r in , bethanechol and theophylline (J . E . Spencer, 
personal communication). The response was antagonized by propranolol a t a 
concentration which had no effect on the response to etiher pentagastr in or 
bethanechol. The inactive isomer ( 4- )-propranolol had no effect, and nor did practolol 
or butoxamine significantly inhibit the response. This may simply indicate t h a t 
neither of these selective / / -adrenoceptor antagonis ts was able to reach the active site 
in vitro. Alternatively the /7-receptor involved may not fit easily into the and 
subdivision established f rom work on smooth muscle systems, so t h a t a non-selective 
^-adrenoceptor antagonis t might be effective whilst those showing subtype selectivity 
would not. The concentrat ion of propranolol used is high compared with its accepted 
pAa value and this problem is discussed in more detail in the following paper (Canfield. 
Hughes, Price & Spencer, 1981). However, the results with the ( + ) isomer and the 
lack of effect on other secretagogues suggest t ha t the propranolol was not having any 
non-specific antisecretory action. 

The a-adrenoceptor agonists appear not to influence either basal acid secretion or 
the response to pentagast r in . his tamine or bethanechol. This is perhaps su rp ' : s ing 
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in view of the report by Ruoff (1977) tha t a-agonists and a-antagonists can 
respectively alter the cyclic GMP and cyclic AMP content of ra t gastric mucosa in 
vivo. However. Ruoff did not measure acid secretion in his experiments and his 
techniques did not localize the nucleotide changes to particular cell types. Thus, if 
the nucleotide changes were related to effects on pepsin or mucus secretion then they 
would not be apparent in our experiments where only acid secretion was measured. 

Comparison of in vitro and in vivo results 

Our results indicate opposing effects of isoprenaline in vivo and in vitro. The 
inhibition in vivo cannot result from a direct action on the gastric mucosa. I t affects 
histamine-, pentagastrin-, cholinergic-and feeding-stimulated acid secretion (Lundell 
& Svensson. 1974; Canfleld, Curwain, King & Price, 1978). suggesting a possible site 
of action beyond the seeretagogue receptors. Our experiments in vivo provide no 
information about the inhibitory mechanism involved in the action of isoprenaline. 
It may act by causing the release of some inhibitory substance from elsewhere in the 
gastro-intestinal tract . For example, adrenaline has been reported to release serotonin 
from the duodenal mucosa by a //-adrenergic effect (Pettersson, 1979). It ' seems 
unlikely tha t its action is to interfere directly with histamine, gastrin and acetylcholine 
interactions in the«s^omach itself as no inhibitory effect of isoprenaline is demonstrable 
in vitro. Thus isoprenaline may act in vivo both to stimulate aeid secretion as it does 
in vitro and also to inhibit it by two separate mechanisms, with the inhibitory effect 
predominating in the conscious dog and rat. If this dual effect is also found in other 
species it might explain the conflicting results of //-adrenoceptor agonist studies on 
gastric acid secretion. The effects observed would depend upon the balance between 
inhibitory and st imulatory actions, which might vary with species, anaesthesia, 
choice of drug and route of administrat ion. 

Our present experiments provide no information on the the possible mechanism 
of acid stimulation by isoprenaline in vitro. In other tissues //-adrenoceptor stimulation 
is associated with an increase in tissue cyclic AMP and this has been implicated as 
the intracellular mediator for histamine-stimulated acid secretion by many investi-
gators. Thus, isoprenaline may act a t //-adrenoceptors on the parietal cell to st imulate 
acid secretion via a cyclic-AMP-dependent mechanism. Alternatively it may act 
indirectly via a mechanism involving either cholinergic, histamine or gastrin recftptors. 
We have investigated the action of sympathomimetic compounds in the in vitro 
preparation in more detail and these results are presented in the following paper 
(C'anfield et al. 1981). 

This work was supported by a grant from the Wellcome Trust. We would like to thank ICI Ltd 
and Burroughs Wellcome for gifts of drugs. 
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SUMMARY 

1. The action of /^-adrenoceptor agonists on acid secretion by an immatu re ra t 
isolated s tomach prepara t ion has been studied. 

2. Isoprenaline. sa lbutamol . salmefamol, adrenaline and noradrenaline all s t imu-
lated acid o u t p u t over a concentra t ion range of 2 x 10~7 M-10 - 5 M. 

3. These responses were antagonized by propranolol (2x lO~ 5 M), pindolol and 
timolol (10"* M). 

4. The antagonism of isoprenaline and salmefamol by propranolol was consistent 
with competi t ive inhi^t ion. 

5. Selective / / -adrenoceptor antagonis ts (practolol, atenolol, bu toxamine and 
ICI 118 551) caused significant inhibition of noradrenaline-st imulated secretion but 
not of tha t due to the o ther Jw^fbgonists. 

6. An adult ra t isolated mucosa prepara t ion responded to adrenaline in a similar 
manner to the immatu re s tomach preparat ion. * ' ' ' 

7. Acid secretion s t imulated by / /-adrenoceptor agonists was not antagonized by 
atropine (10 - 5 M), met iamide (10~4 M) or prostaglandin E2 (10~5 M). The concentra-
tions of these three an tagonis t s caused marked inhibition of the responses to 
submaximal concentrat ions of bethanechol, histamine and pentagastr in respectively. 

8. The results arc discussed in relation to the possible mechanisms of action of 
/ /-adrenoceptor s t imulat ion of acid secretion: it is concluded tha t the ' response is 
probably mediated by //-receptors on the parietal cell. 

INTRODUCTION 

In the preceding paper (Canfield & Price, 1981) we have shown that isoprenaline 
s t imulates acid secretion bv the immature rat isolated stomach preparat ion, in 
contrast to the inhibitory effect of this and similar compounds in vivo. In th is paper 
we present the results of a more extensive investigation of the effects of / / -adrenoceptor 
agonists on acid secretion in vitro and the action of both adrenoceptor antagonis ts 

* Present address: Department of Pharmacology. Smith. Kline & French Ltd. YVVJwyn (Jarden 
City. Herts. 

t Present address: Department of Zoology. YVestfield College. London XWll 7ST. 

t*W2-3751/Ht/5620-1086 $07.o0 ;Q) 1!>8I The Physiological Society 
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and other established inhibi tors of acid secretion on these responses. The results are 
discussed in relation to the possible mechanisms of /?-adrenoceptor-stimulated acid 
secretion in the isolated s tomach . Some of this work has been briefly communica ted 
to the Physiological and Pharmacological Societies (Canfield, Curwain, King & Price, 
1978; Canfield. Curwain & Price, 1978; Canfield & Price, 1980; Canfield, Price & 
Spencer, 1980). 

METHODS 
Isolated stomach preparations 

Isolated stomach preparations were set up as detailed in the preceding paper (Canfield St Price, 
1081). All drugs were added to the serosal bathing fluid and the unbuffered mucosal solution was 
replaced at 15 min intervals for estimation of acid secretion by titration. The response to drug 
addition in each stomach is expressed as the secretory ratio (R), where 

Average plateau response to drug 
Average spontaneous secretion 

as described in the preceding paper. Some absolute values (response —spontaneous .secretion, 
//mol cm"' h~ l) are included in brackets in the text to facilitate comparison of tho-data with 
other published work using isolated stomachs. 

Adult mucosa 
Stomachs were removed from VVistar rats weighing 250-350 g and pinned out, mucosal surface 

down, on a moist cork board. Mucosal saline was injected between the mucosal and muscle layers 
to separate them and the muscle layer then dissected away. The isolated mucosal preparation was 
then treated in the same manner as the immature stomach. 

Drugs 
The following drugs were used: histamine acid phosphate, isoprenaline sulphate (MacCarthys); 

salbutamol. salmefamol (Glaxo Research): adrenaline (Antigen); noradrenaline (Winthrop): 
bethanechol chloride (Glenwood Laboratories); pentagastrin, propranolol, practolol, atenolol. 
KT 118 551 (ICI Ltd): petholamine (Ciba); butoxamine (Burroughs Wellcome) ; pindolol (Sandoz); 
timolol (Merck. Sharp & Dohme): atropine sulphate (BDH Ltd); metiamide (S.K. k F. Ltd); and 
prostaglandin E2 (Cpjohn). 

Statistics 
Responses in the presence of an antagonist were compared with control stomachs using the 

Mann-Witney V test as in the preceding paper. Tests were performed on the secretory ratios. 

RESULTS 

Concentration—response curves 

Fig. 1 A shows the log concentra t ion-response curves for the /^.-selective agonists 
salmefamol and salbutamol and also the isoprenaline curve from the preceding paper 
for comparison (Canficld & Price, 1981), whilst Fig. 1 B shows the results with the 
two natural ly occurring catecholamines. The maximum responses and slopes of the 
relationships are similar for all five drugs. The mean maximum secretory ratios with 
their s.E. of the means were: salmefamol 1-90±0-09 (n = 21) (3-84±0-28 /tmol H + 

cm"2 h"1). salbutamol 2 - l0±0-21 (n = 5) (3 61 ±0-28/ /mol H + c m - 4 h"1). adrenaline 
2-22 + 0-08 (u = 7) ( 3 0 2 ± 0 - 4 4 / / m o l H + cm"2 h"1) and noradrenaline 2-03±0-13 
(n = 6) (3-19 + 0-38 //mol H + cm" 2 h"1). Isoprenaline was the most potent agonist 
and noradrenaline the least, bu t no uptake inhibitors were used and this may par t ly 
recount for the noradrenaline results. Neither /^-selective agonist was as potent as 
isoprenaline or adrenaline. 
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Fig. 1. Drug concentration on log scale plotted against secretory ratio. Points are mean 
values with S.E. bars, and numbers of observations are in parentheses. .4, Isoprenaline 
( • ) , salmefamol (A) and salbutamol (Q). B, adrenaline ( # ) and noradrenaline (A)-

Adrenoceptor antagonists . 

Fig. 2 summar izes the effects of var ious antagonis ts on the responses to four of the 
adrenoceptor agonists. Each s tomach was exposed to only one concentrat ion of the 
agonists and was randomly al located to ei ther the test group containing the 
antagonis t or to the control g roup . N o t all possible agon i s t / an tagon i s t pairs were 
studied and no an tagonis t s tudies were unde r t aken with sa lbutamol . The non-selective 
/ / -adrenoceptor an tagonis t s caused inhibit ion of the response to all four agonists. The 
effects of the selective an tagon i s t s are less clear, with noradrenal ine appear ing to be 
consistently more susceptible t o inhibi t ion than the o ther agonists. For noradrenal ine 
the control value of R was 1-84 + 0-07 (S.E. of mean) (3-04±0-32 //mol H + cm" 2 h~ l) . 
In the presence of an tagon i s t s mean values of R ( ± s . E . of means) were: pro-
pranolol 1-49 ±0-09 (n = 8) (1-82 ±0-40 /*mol H + cm" 2 h"1), 2 o x !0"5 M -butoxamine 
1-42 + 0-05 (n = 13) (1-41 ±(>09 //rnol H + cm" 2 h"1) lO"4 M-practolol 1-27 ±0-07 
{n = 6) ( 0 6 8 + 0 1 9 //mole H + cm" 2 h ^ n d I0~4 M-phentolamine 1-69 + 0 0 9 (n = 8) 
(2-43 + 0-34p.mol H + c m - 2 h~ l) . This inhil : t o ry effect of bu toxamine and practolol 
may be compared with their lack of effect against isoprenaline described in the 
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previous paper (Canlielil & Price. 1981). This is dealt with in more detail in the 
Discussion. 

Fig. 3 shows the log concentrat ion-response curve for salmefamol and a two-point 
curve for isoprenaline in the presence of propranolol (2 x 10~5 m). The maximum 
response to salmefamol in the presence of propranolol occurred a t 6 x 10~5 M where 

A a 

Fig. 2. The effect of various adrenoceptor antagonists on the secretory ratio obtained with 
four //-adrenoceptor agonists at a single submaximal concentration. Columns indicate 
mean values with S.E. bars, number of observations being shown at the base of each 
column. Statistically significant differences are shown by * = P < 005; *m = P < 0-01. 
Where agonist/antagonist interactions were studied in more than one series of experiments, 
the control values appropriate to each series are shown by the shaded columns. .-I. 
isoprenaline (L-2o x 10~6 M): li. salmefamol (o x 10"* M): ('. noradrenaline (5 x 10~4 M); D. 
adrenaline (2 x 10"* M). Aten. atenolol; Butox. butoxamine: Phent, phentolamine: Pind, 
pindolol; Pract. practolol; Propr. propranolol; Tim, timolol. 

R = 207 ±0-12 (S.E. of mean, n = 12) (2 95±0-28/ /mol H + cm"2 h~'). These results 
are consistent with a competi t ive antagonism of the response as there is no apparent 
change of slope and the maximum response to salmefamol is not reduced in the 
presence of propranolol. The a-adrenoceptor antagonist phentolamine at concentra-
tions up to 10~4 M had no effect on the response to the //-adrenoceptor agonists. 
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Fig. 3. The effect of propranolol (2 x 10_I M. open symbols) on the response to isoprenaline 
( • ) and salmefamol (O) compared with the response in the absence of antagonist (closed 
symbols). Points are mean values with S.E. bars, and numbers of observations are in 
parentheses. 
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Fig. 4. Log adrenaline concentrat ion plotted against secretory ratio for the immature 
s tomach ( # ) and the adul t mucosa preparation (O)- Points are mean values with S.E. bars, 
and numbers of observat ions are in parentheses . 
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Adult mucosa 

The ra ts used in this s t u d y were i m m a t u r e animals (age 15-20 days) and the 
s y m p a t h e t i c innerva t ion of the gas t ro - in tes t ina l t r ac t is incomplete a t this t ime 
(Yoshida. T a n i y a m a & T a n a k a , 1979). T h e whole s tomach wall p repara t ion also 
conta ins in tac t neural plexi. Both of these considerat ions might explain the resul ts 
described above. YVe therefore unde r took a few exper iments with an isolated mucosa 
prepara t ion f rom adu l t r a t s where the s y m p a t h e t i c innervat ion would be fully 
developed and the neural plexi subs t an t i a l l y d i s rup ted . The effects of adrenal ine on 
the adul t isolated mucosa are shown in Fig. 4 toge ther with the original adrena l ine 
curve f rom the i m m a t u r e rat p repara t ions . T h e m a x i m u m R observed with adrena l ine 
s t imula t ion in the a d u l t mucosa was l -85±0-12 (S.E. of mean, n = 6) 
(1-87 ± 0 - 5 0 / / m o l H* c m - 2 h _ 1 ) . Clearly adrena l ine s t imula ted acid secretion in the 
adu l t p repara t ion . Isoprenal ine also s t imu la t e s th is p repara t ion (C. A. Price, personal 
communica t ion) . No f u r t h e r expe r imen t s were carried ou t with the adu l t mucosa as 
this p repara t ion is 5 0 % th icker t h a n t he whole s tomach wall f rom the i m m a t u r e ra t . 
as judged f rom the b lo t ted weights . 

Other antagonists of acid secretion 

f i -Adrenoceptor agonis ts m a y s t i m u l a t e acid secretion in our exper imen t s by 
releasing one of the endogenous secre tagogues . In the in tac t ra t . adrenal ine raises 
serum gast r in , for example (Hsu & Cooper. 1977). We have invest igated this 
possibility by tes t ing the effects of a t rop ine , met iamide and pros taglandin E 2 using 
the same exper imenta l design as for Fig. 2. The results are shown in Fig. 5. 

Atropine (10~5 M) caused a s ignif icant inhibi t ion of the response to be thanechol 
(1-7 x 10~5 M) bu t had no effect on t he s y m p a t h o m i m e t i c drugs. T h e mean control and 
tes t ra t ios ( ± s . E . of means) wi th be thanechol were 1-89 + 0-05 (n = 5) 
(4-07+ 0-96/ /mol H + cm" 2 h " l ) a n d l - 1 0 ± 0 - 0 5 ( n = 6) (0-48±0-25/ /mol H+ cm" 2 h"1) 
and with noradrenal ine 1-83 + 0-07 [n = 8) (3-03 ± 0 - 3 2 / / m o l H + c m " 2 h"1) and 
1 - 6 9 ± 0 1 0 (n = 8) (3 -42±0-30 / /mol H + cm" 2 h"1). Bunce. Parsons & Rowings (1976) 
reported t h a t met iamide inhibi ted the response to gastr in in the r a t isolated s tomach 
and we an t ic ipa ted t h a t the use of th is H 2 an tagon i s t would enable us to exclude the 
possibility of / / -adrenoceptor agonis t s releasing e i ther h is tamine or gastrin. . Metia-
mide (10~4m) inhibi ted the response to h i s tamine (5-4 x 10 - 5 m) bu t was wi thou t 
effect on the /^-adrenoceptor agonis t responses or the response to pen tagas t r in 
(2-17 x 10 - 7 M). T h e mean control a n d tes t ra t ios (±S .E . of means) for the ac t ion of 
met iamide on h is tamine were 1 - 5 8 ± 0 1 1 [n = 5) (1-56±0-24 //mol H + cm" 2 h~ l ) and 
1 • 12 ±0 -05 (n = 6) (0-22 + 0 08 / /mol H + cm" 2 h"1). Wi th pen tagas t r in corresponding 
values were l -66±0-04 (n = 5) (2-58±(>16 //mol H + cm" 2 h"1) and l - 6 8 ± 0 : 0 5 (n = 6) 
(1-97 ±0-36 / /mol H + cm" 1 h - 1 ) . Cimet id ine (1-3 x 10~4 M) was also wi thou t inhibi tory 
act ion on pen tagas t r in - s t imu la t ed secret ion (unpublished observat ion) . 

As a result of this finding we e x t e n d e d the s tudy to include pros taglandin E 2 , which 
significantly inhibi ted pen tagas t r in bu t not the responses to isoprenaline or adrenal ine . 
The mean control and tes t ra t ios ( + S.E. of means) for the act ion of pros tag landin 
E2 on pen tagas t r in were l - 0 0 ± 0 - 0 4 (n = 5) (2-50±0-68/ /mol H4" c m - 2 h - 1 ) and 
1-36±0-05 (n = 6) ( I -42±0-40 / /mol H + c m - 2 h - 1 ) . Corresponding values for isopren-
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aline were 2-02 ±0-18 (n = 5) (3-33 + 0-78 /*mol H + cm"2 h"1) and 1-88±0-08 (n = 5) 
(2 ") + 0-57 ftmo\ H + cm"2 h"1). It is clear from these results tha t acid secretion 
st imulated by / /-adrenoceptor agonists is unaffected by any of these three po ten t 
inhibitors of other established secretagogues. 

Prostaglandin E2 

Fig. 5. The effects of atropine, metiamide and prostaglandin E2 on the secretory ratios 
obtained with salmefamol (S. 5X 10~9 M). isoprenaline (I, 1-25 x 10~6 M). noradrenaline 
(NA. 5X10~*M). adrenaline (A, 2 x 10~® M), bethanechol (B. 1-7 x 10"6 M). histamine 
(H, n-4 x 10~5 m) and pentagastrin (P. 2-2 x 10 -7 m). Columns are mean values with s.e. 
bars (the shaded columns being control values in the absence of antagonist), with num-
bers of observations at the base of each column. 

DISCUSSION 

The two natural ly occurring catecholamines and the three synthet ic / /-adrenoceptor 
agonists all caused concentrat ion-dependent increases in the ra te of acid secretion by 
the immature rat s tomach preparat ion. Both //j-selective (noradrenaline) and //,-
selective (salmefamol. sa lbutamol) agonists s t imulated acl 1 ou tpu t , suggesting t h a t 



S. P. CAN FIELD AND OTHERS 
both subtypes of receptors may be involved. This may part ly explain the lower 
potency of these selective agonists compared with isoprenaline and adrenaline. T h e 
lack of inhibitory effect- of phcntolani ine suggests t ha t a-adrenoceptors are not 
involved in these responses. The response of the adul t isolated mucosa to adrenaline 
and isoprenaline st imulation indicates t ha t our results cannot be completely explained 
in terms of either the presence of in t ac t neural plexi or immatur i ty of the preparat ion. 

ft-Adrenoceptor antagonists 

The three non-selective an tagonis t s (propranolol, pindolol and timolol) all signifi-
cantly inhibited the response to / /-adrenoceptor s t imulat ion. The results with 
propranolol and salmefamol on isoprenaline (Fig. 3) were consistent with this being 
due to competit ive inhibition. 

The results with the selective / /-adrenoceptor antagonists are more difficult to 
interpret . In both selective and non-selective cases, the concentrat ion of an tagonis t 
required to produce significant inhibition is greater than might be expected from their 
respective pA2 values. Recent ly Black and his colleagues (Angus & Black, 1979; 
Angus. Black & Stone, 1980) have d rawn at tent ion to the anomalous pA2 values 
obtained with atropine and met iamide for inhibition of acid secretion in an isolated 
stomach preparat ion. They suggest t ha t because of the act of secretion the antagonis t 
concentration a t the parietal cell never achieves equilibrium with the bathing medium 
and as a result anomalous values of pA, are obtained. This would presumably apply 
to all antagonis t studies involving acid secretion in vitro, so t h a t pA2 values for drugs 
obtained on other tissues are of dubious value in the s tomach. This would also mean 
that one cannot interpret the results obtained using selective antagonis ts with any 
certainty as the selectivity is not absolute but relative to the concentrat ion of 
antagonist used. Thus, the //-selective antagonis t ICI 118 551 a t 10~5 M inhibited all 
four agonists but a t this concentrat ion is not likely to act selectively. 

These considerations do not , however, explain the results with noradrenaline, 
where both the /?x- and //.2-selective antagonis ts inhibited the response a t concentrat ions 
which were ineffective against the o ther agonists. The present experiments can 
provide no explanat ion for this for the reasons discussed above, and the whole 
question of the receptor type involved in these responses will probably require 
experiments using isolated parietal cell preparat ions where the problems discussed 
by Black et al. should no longer complicate the interpretat ion of the results. 

Y 
Mechanism of action 

The s t imulatory effect of / / -adrenoceptor agonists on acid secretion may be brought 
about by the release of some o ther seeretagogue in the s tomach. However, the lack 
of any inhibitory action of a t ropine, met iamide or prostaglandin e2 on the adrenoceptor 
agonist responses indicates tha t they are not acting via release of the three established 
secrctagogues: acetylcholine, his tamine or gastrin. The simplest explanat ion of our 
findings is tha t there are / / -adrenoceptors on the parietal cell which, when st imulated, 
bring about acid secretion. This explanat ion is supported by the recent finding tha t 
adrenaline over the same concentra t ion range as used in this work caused a 
concentration-dependent, increase in the cyclic AMP content of rat isolated parietal 
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cells (Giinther. Wagner & Ruoff. 1980). In summary , our results confirm the findings 
of the preceding paper (Canfield & Price, 1981) tha t / /-adrenoceptor agonists 
s t imulate acid secretion in vitro by a //-receptor mechanism. 
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