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MECHANISM BY WHICH PEPPERMINT O I L  EXERTS I T S  RELAXANT EFFECT 
ON GASTROINTESTINAL SMOOTH MUSCLE 

B.A. T a y l o r ,  H.L. D u t h i e  & D.K. Luscombe ,*Depar tment  of S u r g e r y ,  U n i v e r s i t y  of 
Wales Col lege of Medicine, C a r d i f f ,  and Div is ion  of C l i n i c a l  Pharmacy, Welsh 
School of Pharmacy, UWIST, Card i f f .  

T r a d i t i o n a l l y  peppermint o i l  has  been used a s  a c a r m i n a t i v e  agent  i n  t h e  r e l i e f  
of f l a t u l e n c e  and c o l i c  pain. However, more r e c e n t l y  a t t e n t i o n  h a s  focussed on 
i t s  u s e  i n  p r o v i d i n g  s y m p t o m a t i c  improvement  i n  p a t i e n t s  w i t h  t h e  i r r i t a b l e  
bowel syndrome (Rees e t  a1 1979). It h a s  a l s o  been demonstrated t h a t  peppermint 
o i l  p o s s e s s e s  a r e l a x a n t  e f f e c t  on r e c t o s i g m o i d  m o t i l i t y  when a d m i n i s t e r e d  
t o p i c a l l y  (Duthie 1981). Using guinea p ig  i s o l a t e d  i leum w e  have a l ready  shown 
t h a t  peppermint o i l  possesses  marked smooth muscle i n h i b i t o r  p r o p e r t i e s  (Taylor  
e t  a1 1983)  and i t  i s  t h e  p u r p o s e  of  t h i s  s t u d y  t o  e x a m i n e  t h e  p o s s i b l e  
mechanism by which t h i s  t a k e s  place.  

P e p p e r m i n t  o i l  c o n s i s t s  of  a number  of c o n s t i t u e n t s  s u c h  a s  m e n t h o l  ( 4 4 % ) ,  
menthone (33%), c i n e o l e  (12%) and menthyl a c e t a t e  (4.4%), and s o  it was f i r s t l y  
n e c e s s a r y  t o  d e t e r m i n e  w h i c h  of  t h e s e  c o m p o n e n t s  i s  r e s p o n s i b l e  f o r  t h e  
b i o l o g i c a l  a c t i v i t y  of p e p p e r m i n t  o i l .  Us ing  g u i n e a  p i g  i s o l a t e d  i l e u m  
s u s p e n d e d  i n  Tyrode's s o l u t i o n  b u b b l e d  w i t h  5% C02 i n  02. a t  37OC, r e l a x a t i o n  
c u r v e s  t o  cumula t ive  doses  of peppermint  o i l  and each of i t s  c o n s t i t u e n t s  were 
c a r r i e d  out  using carbachol  as t h e  agonis t .  Doses r e q u i r e d  t o  b r i n g  about 50% 
r e l a x a t i o n  (ID50) w e r e  t h e n  compared.  Menthol  (3.0 x 10-5w/v)  was  t h e  most  
a c t i v e  c o n s t i t u e n t ,  being more a c t i v e  than peppermint o i l  (4.4 x 10-5v/v) w h i l e  
m e n t h o n e ,  m e n t h y l  a c e t a t e  and  c i n e o l e  w e r e  c o n s i d e r a b l y  l e s s  a c t i v e  t h a n  
peppermint  o i l .  

U s i n g  s t r i p s  ( 3 0  x 3 m m )  of  human i s o l a t e d  t a e n i a  c o l i  s u s p e n d e d  i n  n o r m a l  
Krebs '  s o l u t i o n  b u b b l e d  w i t h  5% C02 i n  O 2  a t  37OC, pep e r m i n t  o i l  and  m e n t h o l  
i n h i b i t e d  basa l  tone  and c o n t r a c t i o n s  t o  carbachol  (10-7-10-4M) and t o  potassium 
c h l o r i d e  ( 5  - 150mM) i n  a n o n - c o m p e t i t i v e  manner .  I n  c a l c i u m  - f r e e ,  
d e p o l a r i s i n g  Krebs' s o l u t i o n  (mM: NaCl 82.7; K C 1  40.0; NaHCO 25.0; NaH2P0 1.4; 
g l u c o s e  11.5) p a r a l l e l  s h i f t s  i n  dose response  curves  t o  ca jc ium (0.1 - 28 mM) 
i n d i c a t e d  t h a t  peppermint  o i l  and menthol possess  s p e c i f i c  calcium a n t a g o n i s t  
a c t i v i t y .  To f u r t h e r  i n v e s t i g a t e  t h i s  e f f e c t  we s t u d i e d  t h e  i n f l u x  of 45Ca2+(p 
mole/kg wet  weight)  i n t o  carbachol  (10-6M) or potassium (80mM) s t i m u l a t e d  r i n g s  

guinea p i f  i leum (7 - 15 mg) suspended i n  b u f f e r e d  HEPES s o l u t i o n  conta in ing  
"Ca2+ (10-  mCi /ml) .  F o l l o w i n g  a r b a c h o l  or p o t a s s i u m  s t i m u l a t i o n  t h e  
e x t r a c e l l u l a r  c o n c e n t r a t i o n  of Cab+ i n c r e a s e d  s i g n i f i c a n t l y  ( p  < 0.001). 
However, i n  t h e  presence of menthol 0.64 mM) no such i n f l u x  was observed. The 
c a l c i u m  a n t a g o n i s t ,  v e r a p a m i l  (lO-'M) l i k e w i s e  i n h i b i t e d  45Ca2+ u p t a k e  i n  
response  t o  carbachol  and potassium s t i m u l a t i o n .  In a d d i t i o n ,  peppermint o i l  
and  m e n t h o l  i n h i b i t e d  c a r b a c h o l  - i n d u c e d  c o n t r a c t i o n s  of  t h e  g u i n e a  p i g  
i s o l a t e d  i l e u m  suspended i n  ca lc ium - f r e e  Tyrode's s o l u t i o n  on t h e  readmiss ion  
of calcium ions ,  f u r t h e r  i n d i c a t i n g  t h a t  peppermint o i l  and menthol a r e  a b l e  t o  
i n h i b i t  carbachol  - induced i n f l u x  of e x t r a c e l l u l a r  calcium ions. 

I t  i s  c o n c l u d e d  t h a t  m e n t h o l  i s  t h e  c o n s t i t u e n t  m a i n l y  r e s p o n s i b l e  f o r  t h e  
r e l a x a n t  a c t i v i t y  of p e p p e r m i n t  o i l  on g a s t r o i n t e s t i n a l  s m o o t h  m u s c l e .  The 
mechanism by w h i c h  t h i s  i s  b r o u g h t  a b o u t  i s  a s s o c i a t e d  w i t h  t h e  a b i l i t y  of 
menthol t o  decrease  t h e  i n f l u x  of e x t r a c e l l u l a r  calcium i o n s  through p o t e n t i a l  
dependent channels .  
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