
I »T»1| 
Biol Res 32: 2 9 - 3 3 . 1 9 9 9 1 mjk& 

Effect of cholinergic agonists on 
muscular tonus of the lizard small intestine 
and esophagus 
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A B S T R A C T 

T h e unde r ly ing m e c h a n i s m s of a c e t y l c h o l i n e - i n d u c e d intest inal re laxa t ion in the l izard Liolaemus tenuis tenuis are 
still u n k n o w n . By us ing a c lass ical mode l of intest inal r eco rd ing of i somet r i c con t rac t ion and re laxa t ion in 
con junc t ion wi th specif ic p h a r m a c o l o g i c a l tools , th is ar t ic le s tudies the poss ib le inf luence of E D R F / N O and 
n ico t in ic g a n g l i o n a r recep tors on the A c h - i n d u c e d re laxa t ion in an effort to e luc ida te the p r o b a b l e m e c h a n i s m s 
involved in A C h effect. 
It was obse rved that the re laxa t ion of the l izard in tes t ine e l ic i ted by A C h ( 1 0 7 - 4 x 1 0 4 M ) was not affected by 
h c x a m e t o n i u m (5 x 1 0 4 M ) or t e t rodo tox in ( 1 0 6 M ) . N i c o t i n e ( 1 0 7 to 1 0 4 M ) induced re laxa t ion w a s s ignif icant ly 
an t agon i zed by h e x a m e t o n i u m ; h o w e v e r , it w a s not inf luenced by t e t rodo tox in . 
T h e s e resul ts a l low us to d i scard a neurona l p a t h w a y in cho l ine rg i c - i nduced re laxa t ion , sugges t i ng a m o r e direct 
cho l ine rg ic effect on the s m o o t h m u s c l e , pe rhaps med ia t ed by an u n k n o w n subs t ance re leased by s o m e spec ia l i zed 
t i ssue . 
N-n i t ro -L-a rg in ine , used to b lock N O - s y n t h a s e and N O p roduc t ion , i nduced no c h a n g e s in A C h - i n d u c e d re laxa t ion . 
M e t h y l e n e b lue , a so lub le guany la t e cyc l a se inhibi tor , induced no c h a n g e s in A C h - i n d u c e d re laxa t ion . T h e s e resul ts 
a l low us to d i scard a p r o b a b l e ro le of E D R F / n i t r i c ox ide in the A C h - i n d u c e d re laxa t ion of l izard small in tes t ine , 
p rov id ing e v i d e n c e that this m e c h a n i s m cou ld be different from that r epor ted in o the r spec ies . 

K e y t e r m s : l izard Liolaemus tenuis tenuis, smal l in tes t ine , a c e t y l c h o l i n e , gang l ion i c n ico t in ic r ecep to r s , nitric 
ox ide , re laxat ion 

INTRODUCTION 

W e p r e v i o u s l y r e p o r t e d the i n h i b i t o r y ef
fect of a c e t y l c h o l i n e ( A C h ) on m u s c u l a r 
t o n u s of the sma l l i n t e s t i n e of the l i z a r d s 
Lioalemus gravenhorsti and Liolaemus 
tenuis tenuis. T h e r e su l t s o b t a i n e d s u g 
g e s t e d tha t th i s i n h i b i t o r y effect w a s no t 
m e d i a t e d by a or 6 - a d r e n o c e p t o r s ( W a c y k 
et al., 1984, 1989 ) . 

In the can ine isola ted i l eoco lon ic j unc t i on , 
A C h i n d u c e s r e l a x a t i o n , and th is effect is 
b l o c k e d by i n h i b i t o r s of n i t r i c o x i d e ( N O ) 
b i o s y n t h e s i s ( B o e c k x s t a e n s et al., 1990) . 
N O has b e e n r e p o r t e d to be i n v o l v e d in 
n o n a d r e n e r g i c - n o n c h o l i n e r g i c ( N A N C ) 

r e l a x a t i o n in d i f fe ren t p o r t i o n s of the d i 
g e s t i v e t rac t ( T o t t r u p et al., 1 9 9 1 ; S ta rk et 
al., 1 9 9 3 ; B a k e r et al., 1 9 9 3 ; B o e c k x s t a e n s 
etal, 1 9 9 3 ; L e f e b v r e et al., 1995) . It has 
b e e n fu r the r p r o p o s e d tha t e i t h e r N O or a 
r e l a t e d s u b s t a n c e a c c o u n t i n g for the b i o 
log ica l ac t i v i t y of the v a s c u l a r e n d o t h e -
l i u m - d e r i v e d r e l a x i n g f ac to r ( P a l m e r et al., 
1987 , S a l a s , 1998) s h o u l d be the i n h i b i t o r y 
N A N C n e u r o t r a n s m i t t e r in the c a n i n e i l eo 
c o l o n i c j u n c t i o n ( B o e c k x s t a e n s et al., 
1990) . 

T h e p u r p o s e of the p r e s e n t s t udy was to 
i n v e s t i g a t e w h e t h e r the A C h - e v o k e d r e l a x 
a t ion of l i za rd in t e s t ina l m u s c l e is m e d i 
a ted by g a n g l i o n i c n i c o t i n i c r e c e p t o r s and 

Corresponding author: Jurij Wacyk, Programa de Morfología, ICBM, Facultad de Medicina, Independencia 1075, Correo 7, 
Casilla 70079, Fax 678-6264, Email: dlemus@machi.med.uchile.cl 

Received 21.9.98. In revised form 13.4.99. Accepted 30.4.99 

mailto:dlemus@machi.med.uchile.cl


30 W A C Y K et al. Biol Res 32, 1999, 29-33 

N O . O u r s e c o n d a im w a s to c o m p a r e the 
r e s p o n s e s of t h e s m a l l i n t e s t i n e to n i c o t i n e 
( N i c o ) w i th t h o s e of a n o t h e r s e g m e n t of the 
l i z a rd d i g e s t i v e t rac t . T h e e s o p h a g u s w a s 
c h o s e n . T h e m u s c u l a r c o a t of th is p o r t i o n 
of the d i g e s t i v e t u b e of the l i za rd Liolaemus 
tenuis tenuis c o n t a i n s on ly s m o o t h m u s c l e 
( W a c y k et al, 1 9 8 0 ) . 

MATERIAL AND METHODS 

L i z a r d s Liolaemus tenuis tenuis of e i t h e r 
s ex , w e i g h i n g b e t w e e n 2.5 and 6 g and 
c a p t u r e d in the cen t r a l z o n e of C h i l e , w e r e 
used in t h e s e e x p e r i m e n t s . T h e a n i m a l s 
w e r e d e c a p i t a t e d and the e s o p h a g u s and 
s m a l l i n t e s t i n e q u i c k l y r e m o v e d u n d e r 
T y r o d e s o l u t i o n g a s s e d w i th a m i x t u r e of 
9 5 % 0 2 and 5 % C O r T h i s s o l u t i o n w a s 
u s e d in all e x p e r i m e n t s , and t h e t e m p e r a 
tu re w a s m a i n t a i n e d at 21 ± 1°C. T h e 
e s o p h a g u s ( 6 - 1 2 m m in l e n g t h ) a n d seg 
m e n t s of t h e m i d - s e c t i o n of the s m a l l i n t e s 
t ine ( 8 - 1 4 m m in l e n g t h ) w e r e p l a c e d in 25 
ml o r g a n b a t h s u n d e r a r e s t i n g t e n s i o n of 
5 0 0 m g . 

Af ter the p r e p a r a t i o n s u n d e r w e n t a m i n i 
m u m 3 0 - m i n u t e e q u i l i b r i u m p e r i o d , A C h 
and N i c o w e r e c u m u l a t i v e l y a p p l i e d in in
c r e a s i n g c o n c e n t r a t i o n s . In o t h e r e x p e r i 
m e n t s the c h o l i n e r g i c a g o n i s t s w e r e a d d e d 
a p p r o x i m a t e l y 20 m i n u t e s af ter p r e t r e a t i n g 

ACh ( l o g M) 

F i g u r e 1 

t he e s o p h a g u s w i t h h e x a m e t h o n i u m ( H e x ) 
and t e t r o d o t o x i n ( T T X ) and t h e sma l l in
t es t ine wi th H e x , T T X , N - n i t r o - L - a r g i n i n e , 
and m e t h y l e n e b l u e . T h e c h a n g e s of i s o 
m e t r i c m u s c l e t e n s i o n w e r e r e c o r d e d w i th a 
F T 0 3 fo rce t r a n s d u c e r c o n n e c t e d to a p o l y 
g r a p h ( G r a s s 79 D) a n d e x p r e s s e d in g r a m s 
pe r 100 m g of w e t t i s s u e . R e s u l t s a re g i v e n 
as m e a n ± S E M . S t a t i s t i c a l a n a l y s i s w a s 
p e r f o r m e d u s i n g A N O V A . D i f f e r en ces wi th 
a P - v a l u e of 0 .05 or l ess w e r e c o n s i d e r e d 
s ign i f i can t . 

T h e f o l l o w i n g d r u g s w e r e u s e d : a c e t y l 
c h o l i n e c h l o r i d e , ( - ) - n i c o t i n e , h e x a m e t h o 
n i u m c h l o r i d e , t e t r o d o t o x i n , N - n i t r o -
L - a r g i n i n e , a n d m e t h y l e n e b l u e ( S i g m a 
C h e m i c a l C o . ) . S o l u t i o n s w e r e f resh ly p r e 
p a r e d in T y r o d e ( p H 7 .4) at a p p r o p r i a t e 
c o n c e n t r a t i o n s b e f o r e u s e . 

RESULTS 

A C h ( 1 0 7 - 4 x 1 0 4 M) e l i c i t ed a c o n c e n t r a 
t i o n - d e p e n d e n t r e l a x a t i o n of the i n t e s t i n a l 
m u s c l e t h a t w a s u n a f f e c t e d by H e x (5 x 
10" 4 M ) . In the p r e s e n c e of 1 0 4 M N - n i t r o -
L - a r g i n i n e and 10 5 M m e t h y l e n e b l u e , no 
s i g n i f i c a n t c h a n g e s w e r e d e t e c t e d w i th r e 
spec t to the ac t i on of A C h on the m u s c u l a r 
t o n u s . T T X ( l O 6 M ) , p r e v i o u s l y a d d e d , d id 
no t a n t a g o n i z e t h e i n h i b i t o r y ef fec t of A C h 
on the s m a l l i n t e s t i n e (F ig 1). A N O V A 
a n a l y s i s a l l o w e d us to e s t i m a t e a P - v a l u e of 
0 . 4 5 6 6 , s h o w i n g tha t the v a r i a b i l i t y b e 
t w e e n g r o u p m e a n s w a s no t s i g n i f i c a n t l y 
d i f fe ren t t han the r e s i d u a l va r i ab i l i t y w i t h i n 
the g r o u p s . T h e o b t a i n e d d a t a p r o v i d e no 
e v i d e n c e tha t t h e g r o u p m e a n s differ f rom 
o n e a n o t h e r . 

T o c o m p a r e the e f fec ts of t h e d i f f e ren t 
d r u g s u s e d , m a x i m a l A C h - i n d u c e d r e l a x 
a t i on v a l u e s , as s h o w n in T a b l e 1, w e r e 
a n a l y z e d by m e a n s of o n e - w a y A N O V A . 
T h e r e w e r e n o s i g n i f i c a n t d i f f e r e n c e s 
a m o n g the e x p e r i m e n t a l g r o u p s . N i c o t i n e 
a d d e d to the s m a l l i n t e s t i n e in c u m u l a t i v e 
c o n c e n t r a t i o n s f rom 10 7 to 10 4 M , e v o k e d 
a s i g m o i d a l c u r v e of r e l a x a t i o n . T h e i n t e s 
t ina l m u s c l e r e s p o n s e w a s a n t a g o n i z e d by 
5 x 1 0 4 M H e x (P < 0 .05 at 10 4 M N i c o ) ; 
h o w e v e r , it w a s no t i n f l u e n c e d by 10-6 M 
T T X (F ig 2 ) . 
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TABLE 1 

Effects on maximal relaxation induced by acetylcholine 

* Signi f icance with respect to the control re laxat ion (one -way A N O V A ) . 
ns = non s ignif icant . 
x nig of t ens ion /100 mg of wet t i ssue . 

M A X I M A L R E L A X A T I O N 
( m g / 1 0 0 m g ) * N S I G N I F I C A N C E ' 

C O N T R O L 2 9 9 . 0 ± 5 8 . 1 10 
H E X A M E T H O N I U M 260.7 ± 54.5 8 ns 
L - N N A 359.1 ± 64.7 8 ns 
M E T H Y L E N E B L U E 354 .5 ± 65 .4 7 ns 
T T X 438 .2 ± 7 8 . 1 8 ns 

On the o t h e r h a n d , the e s o p h a g u s s m o o t h 
m u s c l e exh ib i t ed a c o n c e n t r a t i o n - d e p e n d e n t 
t e n s i o n d e v e l o p m e n t af ter the c u m u l a t i v e 
a d d i t i o n of n i c o t i n e . F i g u r e 3 s h o w s tha t 
the c o n t r a c t i o n c u r v e o b t a i n e d w i th (10 7 -
10 4 M) N i c o w a s s ign i f i can t ly (P < 0 .05 ) 
i n h i b i t e d by the a d d i t i o n of H e x (5 x 10~4 

M) and T T X (10 6 M ) . 

DISCUSSION 

W e h a v e r e p o r t e d e l s e w h e r e tha t the in
h ib i t o ry ef fec t of A C h on m u s c u l a r t o n u s 
of t h e s m a l l i n t e s t i n e of t h e l i z a r d s 
Liolaemus gravenhorsti a n d Liolaemus 
tenuis tenuis w a s no t m e d i a t e d a by or 6-
a d r e n o c e p t o r s ( W a c y k et al., 1984 , 1989) 

and the s i te of A C h a c t i o n r e m a i n e d un
k n o w n . 

It h a s b e e n s h o w n in d o g s tha t A C h -
i n d u c e d r e l a x a t i o n of the i l e o c o l o n i c j u n c 
t ion is b l o c k e d by i n h i b i t o r s of N O b i o s y n 
t h e s i s ( B o e c k x s t a e n s etal., 1990 ) . F u r t h e r 
m o r e , N O h a s b e e n r e p o r t e d to be i n v o l v e d 
in N A N C r e l a x a t i o n in d i f f e ren t p o r t i o n s 
of the d i g e s t i v e t rac t ( T o t t r u p et al., 1 9 9 1 ; 
S t a r k et al., 1 9 9 3 ; B a k e r et al, 1 9 9 3 ; 
B o e c k x s t a e n s et al., 1 9 9 3 ; L e f e b v r e etal., 
1995) . 

T h e r e su l t s o b t a i n e d in th is work s h o w 
tha t in the l i za rd , the r e l a x a n t ef fec t of A C h 
is no t b l o c k e d by N - n i t r o - L - a r g i n i n e , a 
p o t e n t i n h i b i t o r of N O - s y n t h a s e ( Ishi i et 
al., 1 9 9 0 ) , no r by m e t h y l e n e b l u e , a we l l 
k n o w n i n h i b i t o r of E D R F / N O effects ( M a r -

Figure 2 Figure 3 
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t in et al., 1985 ) . T h i s s u g g e s t s tha t the 
d e c r e a s e of the m u s c u l a r t o n u s i n d u c e d by 
th is c h o l i n e r g i c a g o n i s t is no t m e d i a t e d by 
N O . T h e i n h i b i t o r y ef fec ts of N i c o and 
A C h w e r e no t a n t a g o n i z e d by T T X , a n d 
Hex fa i led to a n t a g o n i z e the r e l axan t ac t ion 
of A C h . T h e s e r e s u l t s s u g g e s t tha t u n d e r 
t h e e x p e r i m e n t a l c o n d i t i o n s d e s c r i b e d 
a b o v e , t h e s e t w o c h o l i n e r g i c a g o n i s t s a re 
ab l e to c a u s e i n t e s t i n a l m u s c l e r e l a x a t i o n 
t h r o u g h a n o n - n e u r o n a l p a t h w a y . M o r e 
o v e r , t he p o s s i b i l i t y tha t A C h - i n d u c e d r e 
l a x a t i o n c o u l d b e m e d i a t e d by g a n g l i o n i c 
n i c o t i n e r e c e p t o r s is d i s c a r d e d . 

It a p p e a r s r e a s o n a b l e to a s s u m e tha t N i c o 
and A C h ac t on n o n - n e u r o n a l t i s s u e . T h e 
f ind ing t ha t s o m e s e c r e t o r y and g l a n d u l a r 
ce l l s e x p r e s s m u s c a r i n i c and n i c o t i n i c r e 
c e p t o r s s u p p o r t s th i s p o s s i b i l i t y ( G o y a l , 
1989; Ku i jpe r s etal., 1994) . It is a lso k n o w n 
that A C h c a u s e s an i n c r e a s e in g a s t r i c se 
c r e t i o n ( M i h m and W e t z e l , 1987) . U n l i k e 
the sma l l i n t e s t i n e , t he N i c o - i n d u c e d c o n 
t r a c t i o n of the e s o p h a g u s w a s b l o c k e d by 
Hex and T T X , s u g g e s t i n g that th is r e s p o n s e 
w a s m e d i a t e d by i n t r a m u r a l n e u r o n s . 

It is s u g g e s t e d tha t t h e r e is a c h o l i n e r g i c -
i n d u c e d m e c h a n i s m in the l i z a r d sma l l in
t e s t i n e tha t is ab l e to d e c r e a s e the m u s c u l a r 
t o n u s t h r o u g h a n o n - n e u r o n a l p a t h w a y , 
r u l i n g ou t n i t r i c o x i d e m e d i a t i o n . W e do 
not d i s c a r d the p o s s i b i l i t y tha t A C h c o u l d 
b e a c t i n g d i r e c t l y o r r e l e a s i n g a s t i l l u n 
k n o w n m e d i a t o r w i th h y p e r p o l a r i z i n g c o n 
s e q u e n c e s . E l e c t r o p h y s i o l o g i c a l s tud ies a re 
be ing a c c o m p l i s h e d in o r d e r to e l u c i d a t e 
th i s p o i n t . 

SUMMARY 

1. T h e r e s p o n s e s to a c e t y l c h o l i n e and 
n i c o t i n e of t h e s m a l l i n t e s t i n e a n d to 
n i c o t i n e of t h e e s o p h a g u s of t h e l i z a r d 
Liolaemus tenuis tenuis w e r e i n v e s t i g a t e d 
in vitro. 

2. B o t h c h o l i n e r g i c a g o n i s t s c a u s e d r e 
l a x a t i o n of the i n t e s t i n a l m u s c l e . T h e ef
fect of a c e t y l c h o l i n e w a s no t a n t a g o n i z e d 
by h e x a m e t h o n i u m , t e t r o d o t o x i n , N - n i t r o -
L - a r g i n i n e no r by m e t h y l e n e b l u e . T h e ef
fect of n i c o t i n e w a s b l o c k e d by h e x a m 
e t h o n i u m , t h o u g h no t by t e t r o d o t o x i n . 

3 . T h e r e s u l t s s u g g e s t tha t t h e c h o l i n e r g i c 
a g o n i s t s s h o u l d a c t i v a t e n o n - n e u r o n a l t i s 
sue i n d u c i n g the r e l e a s e of an u n i d e n t i f i e d 
m e d i a t o r , d i s t i n c t f rom n i t r i c o x i d e , w h i c h 
c a u s e s a d e c r e m e n t of the m u s c u l a r t o n u s . 

4 . N i c o t i n e i n c r e a s e d the t o n u s of e s o p h 
a g e a l s m o o t h m u s c l e . T h i s e f f ec t w a s 
b l o c k e d by h e x a m e t h o n i u m and t e t r o d o t 
o x i n , s u g g e s t i n g tha t it w a s m e d i a t e d by 
n e r v e c e l l s . 
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