
Life Sciences, Vol. 41, pp. 2783-2790 Pergamon Journals 

Printed in the U.S.A. 

EFFECT OF GALANIN ON THE OPOSSUM LOWER 
ESOPHAGEAL SPHINCTER 

S a t l s h  Ra t tan  and RaJ K. Goyal 

Harva rd  D i g e s t i v e  D iseases C e n t e r ,  Cha r les  A. Dana Research I n s t i t u t e  and 
T h o r n d l k e  L a b o r a t o r y ,  D I v i s i o n  o f  G a s t r o e n t e r o l o g y ,  Beth I s r a e l  H o s p i t a l  
and Harva rd  Med ica l  Schoo l ,  Bos ton ,  Massachuse t ts  02215 

(Received in final form 0ctober 26, 1987) 

Summary 

The o b j e c t i v e  o f  t h i s  I n v e s t i g a t i o n  was to  examine the  e f f e c t  o f  g a l a n i n  on 
the  r e s t i n g  tone  and n e u r a l l y  med ia ted  r e l a x a t i o n  o f  t he  lower esophageal  
s p h i n c t e r  (LES) In a n e s t h e t i z e d  opossums. G a l a n l n  caused a dose-dependent  
r i s e  In the  s p h i n c t e r  p ressu re  when g i v e n  e i t h e r  I n t r a - a r t e r ~ l y  or  
I n t r a v e n o u s l y .  The Den o f  I n t r a - a r t e r l a l  g a l a n l n  was 1.OXIO m o l s / k g .  
The r i s e  In the  sph ln~Yer  p ressu re  caused by g a l a n l n  was no t  m o d i f i e d  by 
a t r o p i n e ,  p h e n t o l a m l n e ,  m e t h y s e r g l d e ,  p y r l l a m l n e  or  I ndomethac ln .  
F u r t h e r m o r e ,  the  c o n t r a c t i l e  response o f  g a l a n l n  on the  LES was a l s o  not  
a f f e c t e d  by t e t r o d o t o x l n .  The f a l l  In the  s p h i n c t e r  p r e s s u r e  In response 
to  vaga l  e f f e r e n t  s t i m u l a t i o n ,  I n t r a m u r a l  s t i m u l a t i o n  or  esophageal  
d i s t e n s i o n  was a n t a g o n i z e d  by g a l a n l n .  The r e s u l t s  o f  these  s t u d i e s  
suggest  t h a t ,  1) g a l a n l n  causes s p h i n c t e r  c o n t r a c t i o n  by I t s  d i r e c t  a c t i o n  
on the  smooth musc le ,  and 2) g a l a n l n  suppresses LES r e l a x a t i o n .  These 
s t u d i e s  suggest  t h a t  g a l a n l n  may be an Impor tan t  n e u r o p e p t l d e  f o r  the  
m o d u l a t i o n  o f  r e s t i n g  tone  and LES r e l a x a t i o n .  

G a l a n l n  has been r e c e n t l y  shown to  be p resen t  In the  c e n t r a l  and p e r i p h e r a l  
ne rvous  system ( 1 - 1 0 ) .  In the  p e r i p h e r y ,  t he  n e u r o p e p t l d e  has been shown to  be 
p r e s e n t  In the  s tomach,  smal l  I n t e s t l n e  and l a rge  I n t e s t i n e  ( 2 - 7 ) .  Moreove r ,  I t  
has been shown t h a t  I t  Is p r i m a r i l y  p resen t  In the  r e g i o n  o f  m y e n t e r l c  and 
submucosal p l e x u s  o f  the  gu t  w a l l  ( 3 , 5 , 7 ) .  There Is l i m i t e d  I n f o r m a t i o n  
r e g a r d i n g  the  a c t i o n s  o f  g a l a n l n  In g a s t r o i n t e s t i n a l  m o t i l i t y .  The n e u r o p e p t l d e  
may cause gut  smooth muscle c o n t r a c t i o n  or r e l a x a t i o n .  The e x c i t a t o r y  a c t i o n  o f  
g a l a n l n  on the  gu t  Is p r i m a r i l y  due to  I t s  a c t i o n  d i r e c t l y  a t  the  smooth muscle 
( 1 1 ) .  The I n h i b i t o r y  a c t i o n s  o f  g a l a n l n  cou ld  be e i t h e r  due to  I t s  d i r e c t  
a c t i o n  a t  t he  smooth muscle (12)  or  I n d i r e c t l y  t h rough  the  I n h i b i t i o n  o f  r e l e a s e  
o f  the  e x c i t a t o r y  n e u r o t r a n s m l t t e r  ACh ( 1 1 , 1 3 ) .  In a l l  these  s t u d i e s ,  the  gut  
t i s s u e  was e i t h e r  made t o  c o n t r a c t  by e l e c t r i c a l  f i e l d  s t i m u l a t i o n  or  i t  was 
s p o n t a n e o u s l y  under phas ic  c o n t r a c t i o n .  The e f f e c t  o f  g a l a n l n  on 
g a s t r o i n t e s t i n a l  s p h i n c t e r s  Is not  known. 

R e c e n t l y ,  g a l a n l n  I m m u n o r e a c t l v l t y  has been l o c a l i z e d  to  e n t e r i c  neurons In 
the  smooth musc le  p o r t i o n  o f  the  esophagus I n c l u d i n g  the  lower esophagea l  
s p h i n c t e r  ( 1 4 ) .  The purpose o f  t h i s  I n v e s t i g a t i o n  was to  examine the  e f f e c t s  o f  
g a l a n l n  on the  r e s t i n g  LES tone ,  and LES r e l a x a t i o n  med ia ted  by vaga l  e f f e r e n t  
s t i m u l a t i o n  and esophagea l  d i s t e n s i o n .  
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Methods 

The present  s t u d i e s  were per formed on 22 a d u l t  opossums (D/de/ph/s 
v l rg ln lana)  of  e i t h e r  sex,  we igh ing  between 1.8 and 3.5 kg. The an imals  were 
a n e s t h e t i z e d  us ing  p e n t o b a r b i t a l  sodium (40 mg/kg; I n t r a p e r l t o n e a l l y ) .  The 
an imals  were then s t rapped  supine on the animal board .  The b r a c h l a l  ve in  was 
cannu la ted  fo r  a d m i n i s t r a t i o n  o f  v a r i o u s  agents .  

The r e s p i r a t i o n  was suppor ted  v i a  endo t rachea l  I n t u b a t l o n  w i t h  an 
a r t i f i c i a l  r e s p i r a t o r  at  20 s t r o k e s / m i n u t e ;  t i d a l  volume was determined from the 
m a n u f a c t u r e r ' s  nomogram (Harvard Apparatus  Co.,  M I I I I s ,  MA). The vagl  were 
I d e n t i f i e d  In the c e r v i c a l  reg ion  and t r a n s e c t e d .  

A s p e c i a l l y  des igned c a t h e t e r  assembly was employed to  record  lower 
esophageal s p h i n c t e r  p ressures  (LESP). The c a t h e t e r s  were c o n t i n u o u s l y  per fused 
w i t h  b u b b l e - f r e e  water  through a s ide  ho le  us ing a low compl iance pneumo- 
h y d r a u l i c  c a p i l l a r y  System as desc r i bed  be fo re  (15) .  The p ressures  were recorded 
on a Beckman Dynograph reco rde r  model R612 (Beckman Ins t ruments ,  S c h i l l e r  Park,  
IL ) ,  us ing  Statham P23Db t ransduce rs .  The c a t h e t e r  assembly was anchored In the 
s p h i n c t e r  r eg ion  f o l l o w i n g  laparotomy as desc r i bed  be fo re  (15) .  

The f o l l o w i n g  agents  were used: a t r o p i n e  s u l f a t e  ( E l l  L i l l y  and Co. ,  
I n d i a n a p o l i s ,  IN);  g a l a n l n  (M.W. 3211.03; Pen insu la  L a b o r a t o r i e s ,  I nc . ,  Belmont,  
CA); Indomethacln (Sigma Chemical Co.,  St .  Lou is ,  MO); methyserg lde  (a g i f t  from 
Sandoz Pha rmaceu t i ca l s ,  D i v i s i o n  o f  Sandoz, I nc . ,  East Hanover, NY); na loxone 
h y d r o c h l o r l d e  (Dupont Pharmaceu t i ca l s ,  Wi lm ing ton ,  DE); phento lamlne mesy la te  
(Clba Pharmaceut ica l  Co. ,  Summit, NJ); t e t r o d o t o x l n  (TTX) (Calb lochem, San 
Diego,  CA). A l l  agents were d i s s o l v e d  or d i l u t e d  In 0.9~ sodium c h l o r i d e  except  
Indomethac ln ,  which was d i s s o l v e d  In 50 mM Tr ls -HCI  b u f f e r  (DH 8) .  The doses 
o f  a l l  the agents were expressed on the bas i s  o f  t h e i r  s a l t s .  

The agents were a d m i n i s t e r e d  ( I n t r a - a r t e r l a l l y  In to  the l e f t  g a s t r i c  a r t e r y  
or I n t r a v e n o u s l y  In to  the b r a c h l a l  ve in )  as a s i n g l e  20 sec. bo lus .  The 
a d m i n i s t r a t i o n  o f  p h y s i o l o g i c a l  s a l i n e  volumes by any o f  the rou tes  had no 
s i g n i f i c a n t  e f f e c t  on the LESP. The response of  g a l a n l n  was t e s t e d  be fo re  and 
a f t e r  the a n t a g o n i s t s  In the same an ima ls .  Thus, each animal served as i t s  own 
c o n t r o l .  The r e s u l t s  are expressed as percent  and a b s o l u t e  changes In s p h i n c t e r  
p ressu res .  

The doses o f  g a l a n i n  by In t ravenous  rou te  ranged from 1.6X10 -11 to  1.0X10 -8 
mo ls /kg .  No t a c h y p h y l a x l s  to  the response o f  g a l a n l n  was observed .  The doses 
o f  d i f f e r e n t  a n t a g o n i s t s  ( a d m i n i s t e r e d  I n t r a v e n o u s l y )  were s e l e c t e d  on the bas is  
o f  p r e v i o u s  s t u d i e s  (16) .  These s t u d i e s  showed tha t  the a n t a g o n i s t s  g i ven  In 
the doses used here n e a r l y  a b o l i s h e d  the e f f e c t  o f  max ima l l y  e f f e c t i v e  dose o f  
r e s p e c t i v e  a g o n l s t s .  T e t r o d o t o x l n  was a d m i n i s t e r e d  I n t r a - a r t e r l a l l y  In doses o f  
5Fg/kg at  a t ime at 30 mln I n t e r v a l s  u n t i l  the responses to  esophageal 
d i s t e n s i o n  and vagal  s t i m u l a t i o n  were a b o l i s h e d .  The e f f e c t  of  g a l a n l n  was 
examined du r i ng  the t ime of  complete o b l i t e r a t i o n  o f  LES r e l a x a t i o n  In response 
to  esophageal d i s t e n s i o n  and vagal s t i m u l a t i o n .  

In o rde r  to  examine the In f l uence  o f  g a l a n l n  on LES r e l a x a t i o n ,  the 
responses to  vagal  s t i m u l a t i o n ,  loca l  In t ramura l  s t i m u l a t i o n  (16,17)  and 
esophageal d i s t e n s i o n  (us ing  1 to  5cc) were examined.^  The dose o f  g a l a n l n  In 
these exper imen ts  was repeated  every  15 mln. (1.0X10 -u  mo ls / kg ;  I . v . )  

The va lues  are expressed as mean ± SE. The s t a t i s t i c a l  a n a l y s i s  was 
per formed us ing  s t u d e n t ' s  t - t e s t  or p a i r e d  t - t e s t  where a p p l i c a b l e  (18) .  
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R e s u l t s  

I n f l u e n c e  o f  o a l a n l n  on lower eSoDhaoeal s p h i n c t e r  DreSsure:  

I n t r a - a r t e r l a l  ( I . a . )  a d m i n i s t r a t i o n  o f  g a l a n l n  caused a r i s e  In s p h i n c t e r  
p r e s s u r e ,  as shown In FIG. 1. I n t r a v e n o u s  ( l . v . )  a d m i n i s t r a t i o n  o f  the  p e p t l d e  
a l s o  caused a r i s e  In s p h i n c t e r  p r e s s u r e ,  but  the  dose r e q u i r e d  to  produce a 
g i v e n  magn i tude  o f  response was l a r g e r  as compared to  t h a t  o f  I n t r a - a r t e r l a l  
r o u t e .  

FIG. 2. summarizes the  dose - response  curves  o f  I . a .  and I . v .  a d m i n i s t e r e d  
g a l a n l n  In caus ing  a r i s e  In LES p r e s s u r e .  T ~  t h r e s h o l d  doses f o r l ~ a u s l n g  r i s e  
In LESP w i t h  I . a .  and I . v .  r o u t e s  a re  2 . 5 X 1 0 - - -  mo l s / kg  and 1 .0X10-  mo l s / kg  
r e s p e c ~ y e l y .  The D~n (a dOS~nCaUslng 50~ o f  the  maximal r i s e  In LESP) Is 
1.0X10 - -  m o l s / k g  a n a - l . 0 X l O  - -  m o l s / k g  by I . a .  and I . v .  r o u t e s  r e s p e c t i v e l y .  
The l a t e n c y  o f  t he  onse t  o f  r i s e  In LESP w i t h  I n d i a - a r t e r i a l  a d m i n i s t r a t i o n  o f  
g a l a n l n  In the  maximal  e f f e c t i v e  dose o f  6 . 4 X 1 0 - - -  m o l s / k g  was 14 .3±0 .9  sec and 
the  d u r a t i o n  o f  the  e x c i t a t o r y  a c t i o n  o f  g a l a n l n  on LES was 488 .6±69 .8  sec.  
When a d m i n i s t e r e d  I n t r a v e n o u s l y ,  the  l a t e n c y  o f  onse t  o f  r l s ~  In LESP and I t s  
d u r a t i o n  o f  a c t i o n  f o l l o w i n g  maximal e f f e c t i v e  dose o f  1X10- were 39 .3±5 .2  and 
6 8 0 . 0 ± 2 0 . 0  sec r e s p e c t i v e l y .  T a c h y p h y l a x l s  t o  f r e q u e n t  a d m i n i s t r a t i o n  o f  
g a l a n l n  was no t  obse rved  when the  p e p t l d e  was g i v e n  e i t h e r  I . a .  or  I . v .  

In o r d e r  t o  examine the  s i t e  o f  a c t i o n  o f  g a l a n l n  on the  s p h i n c t e r ,  the  
a c t i o n s  ~ the  p e p t l d e  a d m i n i s t e r e d  I . a .  In the  maximal e f f e c t i v e  dose 
( 6 . 4 X l O - - - m o l s / k g ;  I . a . )  were examined b e f o r e  and a f t e r  d i f f e r e n t  a n t a g o n i s t s .  

As seen In TABLE I ,  c h o l l n e r g l c  a n t a g o n i s t  a t r o p i n e ,  the  = - a d r e n e r g l c  
a n t a g o n i s t  p h e n t o l a m l n e ,  5-HT e x c i t a t o r y  a n t a g o n i s t  m e t h y s e r g l d e  or  h i s t a m i n e  
e x c i t a t o r y  a n t a g o n i s t  p y r l l a m l n e ,  f a i l e d  to  a n t a g o n i z e  the  e x c i t a t o r y  e f f e c t  o f  
g a l a n l n  on the  s p h i n c t e r  p r e s s u r e .  Na loxone In the  doses which a n t a g o n i z e d  
e x c i t a t o r y  e f f e c t  o f  e n k e p h a l l n s  on the  s p h i n c t e r  a l s o  f a i l e d  to  m o d i f y  the  
e f f e c t  o f  g a l a n l n .  P r o s t a g l a n d l n  s y n t h e s i s  I n h i b i t i o n  by Indomethac ln  t r e a t m e n t  
a l s o  d i d  no t  m o d i f y  the  e x c i t a t o r y  e f f e c t  o f  g a l a n l n .  Mo reove r ,  t e t r o d o t o x l n  
which b l o c k s  n e u r a l l y  med ia ted  responses a l s o  f a i l e d  to  m o d i f y  the  e f f e c t  o f  
g a l a n l n .  

LESP (mm Hg)  

GALANIN  ( e . 4 x l o  -11 mollKg; i.a. ) 

FIG. 1. 
A t r a c i n g  showing an Inc rease  In lower esophagea l  s p h i n c t e r  p ressu re  (LESP) 
In response t o  the  maximal  e f f e c t i v e  dose o f  g a l a n t n  a d m i n i s t e r e d  I n t r a -  
a r t e r i a l l y .  
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E f f e c t s  o f  g a l a n l n  a d m i n i s t e r e d  e i t h e r  I . a .  o r  I . v .  on the  r e s t i n g  tone  In 
the  lower  esophagea l  s p h i n c t e r  p ressu res  (LESP). Each p o i n t  r e p r e s e n t s  
mean fSE o f  5 o b s e r v a t i o n s  In f i v e  a n i m a l s ,  one o b s e r v a t i o n  In each a n i m a l .  

I n f l u e n c e  o f  a a l a n l n  on the  b l ood  o r e s s u r e  and h e a r t  r a t e :  

G a l a n l n  caused a r l s ~ . l n  b l o o d  p ressu re  w i t h o u t  t a c h y p h y l a x l s  The I . a .  
a d m i n i s t r a t i o n  o f  1.0X10 - -1  m o l s / k g  o f  g a l a n l n  which caused a s i g n i f i c a n t  r i s e  
in LESP, caused ~B ly  m in ima l  r i s e  In b l o o d  p r e s s u r e .  However,  the  D 5_ o f  I . v .  
g a l a n l n  ( 1 . 0 X 1 0 -  which caused 50X o f  the  maximal r i s e  In LESP w i t h  ~ a l a n l n )  
caused a s i g n i f i c a n t  r i s e  In b l ood  p ressu re  f rom 150±8/120±5 t o  200±6/158±3 mm 
Hg o f  s y s t o l i c / d i a s t o l i c  b l o o d  p r e s s u r e  v a l u e s  (p<O.05) .  The h i g h e r  doses o f  
g a l a n l n  caused g r e a t e r  r i s e  In b l o o d  p r e s s u r e .  The h y p e r t e n s i v e  e f f e c t  o f  
g a l a n l n  was no t  a s s o c i a t e d  w i t h  t a c h y c a r d l a .  The h e a r t  r a t e  remained unchanged 
187¢12 ve rsus  160±15 bea ts  per  mln (p>O.05) ,  w i t h  DRn doses w h i l e  h i g h e r  doses 
caused b r a d y c a r d l a .  These s t u d i e s  a re  c o n s i s t e n t  wT~h the  v i ew  t h a t  the  
h y p e r t e n s i v e  e f f e c t  o f  g a l a n l n  may be due to  v a s o - c o n s t r l c t l v e  a c t i o n  o f  g a l a n l n  
on v a s c u l a r  smooth musc le .  
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TABLE I 

I n f l uence  o f  D i f f e r e n t  A n t a g o n i s t s  on the Rise In LES Pressure Caused by 
Galan ln  ( 6 . 4 X 1 0 - - -  mo ls /kg )  

no. of  Basal F ina l  Rise In % Rise p Value 
observ .  LESP LESP LESP 

(mmHg) (mmHg) 

c o n t r o l  5 76+-5 184+-11 108 .+7  143.+7 
a t r o p i n e  5 68.+5 1 6 2 . + 2 2  94 .+17  134+-14 
(30Fg/kg) 

c o n t r o l  5 76.+5 184.+11 108 .+7  143+-7 
phento lamlne  5 58.+10 137.+18 79.+9 146+-15 
( lmg /kg )  

c o n t r o l  5 51+-6 122!16 71+-10  137.+6 
methyserg lde  5 46.+2 106.+7 60+.5 130+-8 
(200 Fg/kg) 

c o n t r o l  5 70±6 180+-9 1 0 2 + - 7  144+-7 
Indomethacln 5 55+-4 133+-8 78+-8 146±22 
(10 mg/kg) 

c o n t r o l  5 51±6 122!16 71+-10  137+-6 
na loxone 5 58±4 150±26 92!23 153+-29 
(4 mg/kg) 

c o n t r o l  5 75+-5 182!11 106+-7  142!7 
t e t r o d o t o x l n  5 56!2 134!12 78+-11 139+-17 
(5-20 Fg/kg) 

>0,05 

>0.05 

>0.05 

>0.05 

>0.05 

>0.05 

* The va lues  In t h i s  and subsequent t a b l e s  represen t  mean +- SE. 

I n f l uence  o f  a a l a n l n  on LES r e l a x a t i o n :  

Vagal e f f e r e n t  s t i m u l a t i o n  caused f requency-dependent  r e l a x a t i o n  o f  the 
lower esophageal s p h i n c t e r .  As shown in TABLE I I ,  g a l a n l n  caused a 
s i g n i f i c a n t  Increase In the r e s t i n g  LES pressures .  There fo re  the 
d e t e r m i n a t i o n  o f  the r e l a x a t i o n  a f t e r  g a l a n l n  became somewhat comp l i ca ted  as 
i t  d i f f e r e d  from the parameters  used to exDress I t s  e f f e c t .  The r e s i d u a l  LES 
pressure  a f t e r  g a l a n i n  was s i g n i f i c a n t l y  h igher  than the c o n t r o l  at a l l  
f r equenc ies  o f  vagal  s t i m u l a t i o n  (p<O.05).  S i m i l a r l y ,  percent  f a l l  In LESP 
was s i g n i f i c a n t l y  reduced w i th  g a l a n l n  at a l l  the f r equenc ies  (p<O.05).  The 
a b s o l u t e  va lues  o f  the f a l l  In p ressure  showed a b l p h a s l c  e f f e c t :  at sma l le r  
f r equenc ies  o f  s t i m u l a t i o n  these va lues  are sma l le r  a f t e r  g a l a n l n ,  but w i th  
l a rge r  f r e q u e n c i e s  o f  s t i m u l a t i o n  the va lues  a f t e r  g a l a n l n  were l a rge r  than In 
c o n t r o l s .  I t  appears tha t  the o v e r a l l  e f f e c t  o f  g a l a n l n  was to  I n h i b i t  vagal 
s t i m u l a t e d  s p h i n c t e r  r e l a x a t i o n .  
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TABLE I I  

I n f l u e n c e  o f  G a l a n l n  (1 .0X10 - 9  m o l / k g ;  I . v . )  on F a l l  
S t l m u l a t l o n  

In LESP by Vagal 

Vagal No. o f  Basal Res idua l  F a l l  In %Fal l  In 
s t l m ,  o b s e r v .  LESP LESP LESP LESP 
(Hz) (mmHg) 

0 .5  c o n t r o l  20 71±4" 51±3" 20!17 28!1+ 
g a l a n l n  20 13318 127±8 7!1 6!1 

1 c o n t r o l  20 76 !2"  46!1"  30!2~ 3812~ 
g a l a n l n  20 128!5 11114 17!2 13!1 

2 c o n t r o l  20 75!6"  36!3"  40±3~ 5412~ 
g a l a n l n  20 12919 10017 2915 22!3 

5 c o n t r o l  20 68 !2"  14!1" 54!2"  80!1~ 
g a l a n l n  20 12713 60!4 67!3 53!2 

10 c o n t r o l  20 73!4"  1512* 58!3"  80!2~ 
g a l a n l n  20 121±3 37±2 84!2 6911 

* C o n t r o l  
C o n t r o l  

ns Con t ro  
(p .O .O5) .  

L i k e w i s e ,  
a l s o  s i g n i f i c a n t  

v a l u e  Is s i g n i f i c a n t l y  s m a l l e r  than g a l a n l n  v a l u e  (P<O.05) .  
v a l u e  Is s i g n i f i c a n t l y  l a r g e r  than g a l a n l n  v a l u e  (P<O.05) .  

I v a l u e  Is no t  s i g n i f i c a n t l y  d i f f e r e n t  f rom g a l a n l n  v a l u e  

the  f a l l  In LESP In response to  esophageal  d i s t e n s i o n  was 
ly  a n t a g o n i z e d  by g a l a n l n  (p<O.05;  TABLE I I I ) .  

TABLE I I I  

I n f l u e n c e  o f  G a l a n l n  (1 .0X10 - 9  m o l s / k g ;  I . v . )  on Fa 
D i s t e n s i o n  

I In LESP by Esophageal 

Eso. No. o f  Basal  Res idua l  F a l l  In ~ F a l l  In 
G i s t .  o b s e r v .  LESP LESP LESP LESP 

( c . c . )  (mmHg) 

1 c o n t r o l  15 68±5* 44!4"  24!31 
g a l a n l n  15 114117 99!14 15!5 

ns 
2 c o n t r o l  15 67!6*  35!4"  32!3 

g a l a n l n  15 119!7 87110 32~8 

5 c o n t r o l  15 74 !5"  28!3"  45!3"  
g a l a n l n  15 134114 60~7 74!9 

36±2~ 
12!3 

48!3+ 
27!7 

ns 62!2 
55!2 

= C o n t r o l  v a l u e  Is s i g n i f i c a n t l y  s m a l l e r  than g a l a n l n  v a l u e  (P<O.D5).  
+ C o n t r o l  v a l u e  Is s i g n i f i c a n t l y  l a r g e r  than g a l a n l n  v a l u e  (P<O.05) .  
ns COntro l  v a l u e  Is 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 g a l a n l n  v a l u e  
(P>O,05) .  
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The s p h i n c t e r  r e l a x a t i o n  In response to  loca l  In t ramura l  s t i m u l a t i o n  was 
a l so  s i g n i f i c a n t l y  an tagon ized  by g a l a n l n .  The f a l l  In LESP w i t h  loca l  
s t i m u l a t i o n  In c o n t r o l  exper imen ts  was 88.2 ~ 1.6 percent  ( f rom 38.2 ! 2.8 to  
4.5 ± 0.6 mmHg). Th is  response was an tagon ized  to  72.9 ! 2 .3 percent  ( f rom 77.2 

3.6 to  21.0 ~ 2.3 mmHg; p<O.05; n - 4 In four  an ima l s ) .  The f a l l  In LESP w i t h  
I s o p r o t e r e n o l  (0.025 Fg/kg; I . a . )  was however not m o d i f i e d  by g a l a n l n  (85.6 
4.3 versus 88.3 ± 6.2 pe rcen t )  (p>O.O5). 

D iscuss ion  

These s t u d i e s  show tha t  g a l a n l n  e x e r t s  separa te  a c t i o n s  at the LES, namely, 
c o n t r a c t i o n  o f  the s p h i n c t e r  and I n h i b i t i o n  of  I t s  r e l a x a t i o n .  

LES c o n t r a c t i o n  In response to  g a l a n l n  Is due to  a d i r e c t  a c t i o n  on the 
smooth muscle.  Th is  Is ev idenced by the fac t  tha t  LES c o n t r a c t i o n  In response 
to  g a l a n l n  was not m o d i f i e d  by a n t a g o n i s t s  o f  p o t e n t i a l  e x c i t a t o r y  t r a n s m i t t e r s  
and TTX. The d i r e c t  a c t i o n  of  g a l a n l n  on the LES smooth muscle Is s i m i l a r  to  
I t s  d i r e c t  c o n t r a c t i l e  a c t i o n s  In the o ther  smooth muscles (11 ,19 ) .  The 
h y p e r t e n s i v e  e f f e c t  o f  g a l a n l n  was not assoc ia ted  w i th  t a c h y c a r d l a  sugges t i ng  
tha t  t h i s  e f f e c t  may be due to  p e r i p h e r a l  v a s o c o n s t r i c t i o n .  At no dose leve l  
was the r e l a x a t i o n  o f  LES by g a l a n l n  observed e i t h e r  In the absence or presence 
o f  TTX. Thus g a l a n l n  cou ld  not be a n o n c h o l l n e r g l c ,  nonadrenerg lc  I n h i b i t o r y  
n e u r o t r a n s m l t t e r  In the LES as suggested by s t u d i e s  In the dog small  I n t e s t i n e  
(12) .  

The I n h i b i t o r y  e f f e c t  o f  g a l a n l n  on n e u r a l l y  mediated LES r e l a x a t i o n  was 
d i f f i c u l t  to  assess because g a l a n l n  caused marked Increase in the r e s t i n g  LESP. 
O v e r a l l ,  the e f f e c t  o f  g a l a n l n  appears to  be I n h i b i t i o n  o f  LES r e l a x a t i o n  In 
response to  vagal  s t i m u l a t i o n ,  esophageal d i s t e n t i o n  or In t ramura l  nerve 
s t i m u l a t i o n .  T h e r e f o r e ,  t h i s  e f f e c t  which Invo lves  a l l  m o d a l l t l e s  o f  n e u r a l l y  
mediated r e l a x a t i o n  may Induce I n h i b i t i o n  of  the re lease  o f  I n h i b i t o r y  
n e u r o t r a n s m l t t e r .  Th is  e f f e c t  was not due to a n o n - s p e c i f i c  a c t i o n  on the 
muscle,  as the I n h i b i t o r y  e f f e c t  o f  I sop ro te reno l  on the LES was not an tagon ized  
by g a l a n l n .  Recent s t u d i e s  In o ther  l a b o r a t o r i e s  have a l so  shown tha t  g a l a n l n  
modulates the a c t i v i t y  o f  In t ramura l  neurons (13 ,20 ) .  

There Is some ev idence to  suggest tha t  g a l a n l n  may act  v i a  separa te  recep to r  
subtypes to  e x e r t  I t s  e f f e c t  on the muscle or the nerves (11) .  I t  Is not known 
I f  the dual e x c i t a t o r y  e f f e c t  o f  g a l a n l n  on the s p h i n c t e r  muscle and the 
I n h i b i t o r y  modu la t i ng  e f f e c t  on in t ramura l  i n h i b i t o r y  nerves Is mediated by 
sepa ra te  r e c e p t o r  sub types .  

These e f f e c t s  o f  g a l a n l n  on the lower esophageal s p h i n c t e r  may be o f  p h y s i o l o g i c  
Importance as abundant s u p p l i e s  o f  g a l a n l n  Immunoreact ive myen te r l c  neurons and 
nerve f i b e r s  I n n e r v a t i n g  the s p h l n c t e r i c  c i r c u l a r  muscle have been demonstrated 
(14) .  
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