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Abstract. The e f f e c t  o f  c a p s a i c i n  p r e t r e a t m e n t  on a d r e n a l  
ca techo lamine  s e c r e t i o n  induced  by i n t r a v e n o u s l y  a d m i n i s t e r e d  
c a p s a i c i n  was i n v e s t i g a t e d  i n  a - c h l o r a l o s e  and  u r e t h a n e  a n e s t h e -  
t i z e d  rats. I n  n e o n a t a l  v e h i c l e  p r e t r e a t e d  r a t s ,  c a p s a i c i n  (200  
p g l k g ,  i v )  caused  a  r a p i d  and s i g n i f i c a n t  i n c r e a s e  i n  a d r e n a l  
e p i n e p h r i n e  s e c r e t i o n ,  b u t  n e o n a t a l  c a p s a i c i n  p r e t r e a t m e n t  ( 5 0  mg/ 
kg,  s c ,  on t h e  2nd day o f  l i f e )  s i g n i f i c a n t l y  r educed  b o t h  t h e  
b a s a l  and capsa ic in - induced  e p i n e p h r i n e  s e c r e t i o n  f rom t h e  a d r e n a l  
medul la .  Adu l t  c a p s a i c i n  p r e t r e a t m e n t  ( 6  i n c r e a s i n g  d o s e s / 6  d a y s ,  
t o t a l  310 mg/kg, s c )  a l s o  r educed  b o t h  t h e  b a s a l  and c a p s a i c i n -  
s t i m u l a t e d  a d r e n a l  e p i n e p h r i n e  s e c r e t i o n ,  though i t  was l e s s  e f f e c -  
t i v e  compared w i t h  t h e  n e o n a t a l  c a p s a i c i n  p r e t r e a t m e n t .  These  
r e s u l t s  s u g g e s t  t h e  p a r t i c i p a t i o n  o f  c a p s a i c i n - s e n s i t i v e  n e u r o n s  i n  
capsa ic in - induced  c a t e c h o l a m i n e  s e c r e t i o n  from t h e  a d r e n a l  medul la .  
0 1988 Soc i e ty  for  Experimental Biology and Medic ine  

Introduction. We have r e c e n t l y  found 
t h a t  t h e  d i e t a r y  s u p p l e m e n t a t i o n  o f  
c a p s a i c i n ,  a  pungent p r i n c i p l e  o f  h o t  
r e d  pepper ,  i n  h i g h  f a t  d i e t - f e d  r a t s  
r e s u l t s  i n  l o w e r i n g  o f  t h e  p e r i r e n a l  
a d i p o s e  t i s s u e  we igh t  ( I ) ,  and t h a t  t h e  
e f f e c t  o f  c a p s a i c i n  i s  brough t  a b o u t  by 
t h e  enhancement o f  ene rgy  metabol ism 
( 2 )  t h r o u g h  t h e  s e c r e t i o n  o f  c a t e c h o l -  
amine f rom t h e  a d r e n a l  medu l l a  ( 3 , 4 ) .  
I n t r a v e n o u s l y  a d m i n i s t e r e d  c a p s a i c i n  
c a u s e s  a  marked i n c r e a s e  i n  a d r e n a l  
s y m p a t h e t i c  e f f e r e n t  n e r v e  a c t i v i t y .  
The a d r e n a l  ca techo lamine  s e c r e t i o n  
induced  by c a p s a i c i n  is  blocked by 
c h o l i n e r g i c  b l o c k e r s .  F u r t h e r ,  c a p s a i -  
c i n  d o e s  n o t  c a u s e  c a t e c h o l a m i n e  s e c r e -  
t i o n  f rom p e r f u s e d  i s o l a t e d  a d r e n a l  
g l a n d s  ( s u b m i t t e d  e l s e w h e r e ) .  These  
r e s u l t s  c l e a r l y  s u g g e s t  t h a t  t h e  

! I 

# Format ion  and  metabo l i sm of t h e  pun- 
g e n t  p r i n c i p l e  o f  Capsicum f r u i t s ,  p a r t  
X X I  . 

* To whom a l l  co r respondence  s h o u l d  be  
a d d r e s s e d .  

capsa ic in - induced  a d r e n a l  c a t e c h o l a m i n e  
s e c r e t i o n  i s  main ly  th rough  a c t i v a t i o n  
o f  t h e  c e n t r a l  ne rvous  system.  

On t h e  o t h e r  hand,  b o t h  n e o n a t a l  and 
a d u l t  c a p s a i c i n  p r e t r e a t m e n t  w i t h  
pharmaco log ica l  d o s e s  p roduces  s e l e c t i v e  
d e g e n e r a t i o n  o r  n e u r o t r a n s m i t t e r  
d e p l e t i o n  o f  p r imary  a f f e r e n t  p e p t i d -  
e r g i c  n e u r o n s  ( f o r  a  r e v i e w ,  s e e  r e f .  
5 ) .  The p r e s e n t  s t u d y  was performed t o  
examine t h e  p a r t i c i p a t i o n  o f  c a p s a i c i n -  
s e n s i t i v e  n e u r o n s  i n  t h e  c a p s a i c i n -  
induced  a d r e n a l  c a t e c h o l a m i n e  s e c r e t i o n ,  
w i t h  b o t h  n e o n a t a l  and a d u l t  c a p s a i c i n  
p r e t r e a t m e n t .  

Materials  and Methods. M a t e r i a l s .  
C a p s a i c i n  was purchased f rom F luka  AG 
(Buchs, S w i t z e r l a n d ;  L o t  No. 258397 186 ;  
f o r  c a p s a i c i n  p r e t r e a t m e n t )  and Sigma 
Chem. Co. ( S a i n t  L o u i s ,  MO; g r a d e  I ;  L o t  
No. 72F-06841; f o r  measurement o f  t h e  
a d r e n a l  e p i n e p h r i n e  r e s p o n s e ) .  A l l  
o t h e r  c h e m i c a l s  were o f  g u a r a n t e e d  
r e a g e n t  g rade .  
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Animals. Newborn Wis ta r  r a t s  were pre- 
t r e a t e d  on t h e  2nd day of l i f e  w i t h  
c a p s a i c i n  (50 mg/kg, s c )  ( 6 )  o r  t h e  
v e h i c l e  (0.9% NaCl s o l u t i o n  c o n t a i n i n g  
2% e t h a n o l  and 10% Tween 80) .  A t  t h e  
age  of  9 - 12 weeks (240 - 320 g ) ,  t h e  
a d r e n a l  catecholamine response t o  
c a p s a i c i n  was examined i n  male r a t s .  
Male a d u l t  r a t s  (220 -250 g)  were g iven  
6 c o n s e c u t i v e  d a i l y  doses  (10,  20, 30, 
50, 100 and 100 mg/kg, s c )  of c a p s a i c i n  
under l i g h t  e t h e r  a n e s t h e s i a  (7 ) .  
The capsaicin- induced a d r e n a l  ca techol -  
m i n e  response  was a l s o  examined i n  
t h e s e  r a t s .  A s  shown under R e s u l t s ,  
n e o n a t a l  v e h i c l e  p r e t r e a t m e n t ,  which i s  
thought  t o  have a g r e a t e r  e f f e c t  t h a n  
a d u l t  v e h i c l e  p r e t r e a t m e n t ,  h a r d l y  
a f f e c t e d  t h e  capsaicin- induced a d r e n a l  
catecholamine s e c r e t i o n .  Therefore ,  
non-treated r a t s  were used a s  c o n t r o l s  
f o r  t h e  a d u l t  c a p s a i c i n  p re t rea tment .  

Results. I n  n e o n a t a l  v e h i c l e  pre-  
t r e a t e d  r a t s ,  c a p s a i c i n  evoked a r a p i d  
and s i g n i f i c a n t  i n c r e a s e  i n  e p i n e p h r i n e  
s e c r e t i o n  from t h e  a d r e n a l  medulla. 
T h i s  response  was very  s i m i l a r  t o  t h a t  
observed i n  non-treated r a t s .  On t h e  

> t r e a t -  o t h e r  hand, n e o n a t a l  c a p s a i c i n  prc- 
ment r e s u l t e d  i n  a decrease  i n  b a s a l  
e p i n e p h r i n e  s e c r e t i o n  and l i t t l e  
response  of t h e  a d r e n a l  medulla t o  
c a p s a i c i n  (F ig .  1 ) .  With t h e  a d u l t  
c a p s a i c i n  p r e t r e a t m e n t ,  both t h e  b a s a l  
and capsaicin- induced a d r e n a l  epineph- 
r i n e  s e c r e t i o n s  decreased ,  bu t  t h e  
degrees  o f  t h e  r e d u c t i o n  were s m a l l  
compared w i t h  t h o s e  of n e o n a t a l  
c a p s a i c i n  p re t rea tment  (F ig .  2 ) .  The 
a d r e n a l  catecholamine l e v e l s  i n  n e o n a t a l  
c a p s a i c i n  and v e h i c l e  p r e t r e a t e d  r a t s  
a f t e r  t h e  a d r e n a l  venous blood c o l l e c -  
t i o n  d i d  n o t  d i f f e r .   able I)  

Measurement of Adrenal Catecholamine 
S e c r e t i o n .  Adrenal venous blood Discussion. Both n e o n a t a l  and a d u l t  
c o l l e c t i o n  was performed a s  described c a p s a i c i n  p re t rea tment  reduced t h e  b a s a l  
p r e v i o u s l ~  ( 4 )  with  a s l i g h t  modifica- and capsaicin- induced a d r e n a l  epineph- 
t i o n .  The r a t s  were a n e s t h e t i z e d  wi th  r i n e  s e c r e t i o n .  For t h e s e  r e a s o n s ,  i t  
*chloralose and ure thane  (75mg/kg and is thought  t h a t  c a p s a i c i n  p re t rea tment  
750 mg/kg Respiration mav d e ~ l e t e  catecholamine from a d r e n a l  
and t h e  r e c t a l  t empera ture  were main- 
t a i n e d  c o n s t a n t  by means of  an  a r t i f i -  
c i a l  r e s p i r a t o r  and a d i r e c t  c u r r e n t  
h e a t i n g  pad, r e s p e c t i v e l y .  Adrenal 
venous blood was taken  cont inuous ly  from 
t h e  l e f t  a d r e n a l  gland f o r  15 min. 
Capsa ic in  (200 pg/kg) was i n f u s e d  
through t h e  r i g h t  femoral  v e i n  f o r  1 
min. Afer t h e  c o l l e c t i o n  of a d r e n a l  
venous blood,  both s i d e s  of t h e  a d r e n a l  
g lands  i n  n e o n a t a l  v e h i c l e  and c a p s a i c i n  
p r e t r e a t e d  r a t s  were e x t i r p a t e d ,  and 
then  a d r e n a l  catecholamine was e x t r a c t e d  
wi th  0.4 N p e r c h l o r i c  a c i d .  Plasma 
catecholamine was p u r i f i e d  u s i n g  
a c t i v a t e d  alumina. Both plasma and 
a d r e n a l  catecholamine s  were  assayed by 
high-performance l i q u i d  chromatography 
wi th  e l e c t r o c h e m i c a l  d e t e c t i o n  ( 3 ,  4) .  
We have r e c e n t l y  r e p o r t e d  t h a t  c a p s a i c i n  
causes  t h e  p r e f e r e n t i a l  s e c r e t i o n  of 
ep inephr ine  from t h e  a d r e n a l  medulla 
(4) .  Therefore ,  on ly  a d r e n a l  epineph- 
r i n e  s e c r e t i o n  is d e a l t  w i t h  i n  t h i s  
r e p o r t .  
S t a t i s t i c a l  a n a l y s i s .  The s i g n i f i c a n c e  
of d i f f e r e n c e s  between means wi th  t h e  
same v a r i a n c e  and w i t h  d i f f e r e n t  v a r i -  
ances  by t h e  E- tes t  was e v a l u a t e d  by 
S t u d e n t ~ s  t-test and Aspin-Welchss 
t e s t ,  r e s p e c ~ i v e l y .  

medulla. But t h e  r e s i d u a l  a d r e n a l  
catecholamine a f t e r  t h e  a d r e n a l  venous 
blood c o l l e c t i o n  d i d  n o t  d i f f e r .  
The t o t a l  s e c r e t e d  ep inephr ine  and 
norep inephr ine  were about  2.5% and 0.3% 
( n e o n a t a l  v e h i c l e  p r e t r e a t e d  r a t s ) ,  and 
0.5% and 0.1% ( n e o n a t a l  capsaicfin pre- 
t r e a t e d  r a t s ) ,  r e s p e c t i v e l y .  The a c t u a l  
a d r e n a l  catecholamine c o n t e n t s  a r e  ex- 
p ressed  a s  t h e  sum of  t h e  amounts o f  
r e s i d u a l  and s e c r e t e d  catecholamine.  
Even a f t e r  t h e s e  c o r r e c t i o n s ,  t h e  ad- 
r e n a l  catecholamine c o n t e n t s  aire n o t  
d i f f e r e n t  between v e h i c l e  and c a p s a i c i n  
p r e t r e a t e d  r a t s .  These r e s u l t s  show 
t h a t  a d r e n a l  catecholamine c o n t e n t s  a r e  
n o t  a f f e c t e d  by c a p s a i c i n  p re t rea tment .  

Neonatal c a p s a i c i n  p r e t r e a t m e n t  c a u s e s  
d e p l e t i o n  of s e v e r a l  p u t a t i v e  neuro- 
t r a n s m i t t e r s  i n  t h e  primary a f f e r e n t  
neurons i n c l u d i n g  subs tance  P, vaso- 
a c t i v e  i n t e s t i n a l  po lypept ide ,  cholecys-  
t o k i n i n  and c a l c i t o n i n  gene-related 
p e p t i d e  (5) .  Adult c a p s a i c i n  p r e t r e a t -  
ment a t  l e a s t  d e p l e t e s  subs tance  P i n  
t h e  primary a f f e r e n t s  (8). I n t r a a r t e r i -  
a 1  i n j e c t i o n  of  c a p s a i c i n  enhances t h e  
a c t i v i t y  of primary a f f e r e n t  neurons 
( 9 ) .  Substance P i s  a n e u r o t r a n s m i t t e r  
of t h e  s m a l l  unmyelinated primary a f f e r -  
e n t  neurons a t  t h e  l e v e l  of t h e  s p i n a l  
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Fig.  1.  E f f e c t  o f  n e o n a t a l  c a p s a i c i n  p r e t r e a t m e n t  on  c a p s a i c i n -  
i n d u c e d  a d r e n a l  e p i n e p h r i n e  s e c r e t i o n .  C a p s a i c i n  ( 2 0 0  
p g / k g ,  i v )  was a d m i n i s t e r e d  f o r  1 min f rom t i m e  0  i n  neo- 
n a t a l  v e h i c l e  ( c o n t r o l ,  0 )  and c a p s a i c i n  (0) p r e t r e a t e d  
r a t s .  The v a l u e s  a r e  means + S.E.M. o f  t h e  d a t a  f o r  4-6 
r a t s .  A s t e r i s k s  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  f rom 
b a s a l  v a l u e s  a t  time 0  ("p < 0.05, **p < 0 .01) .  By 
p a i r e d  a n a l y s i s ,  a l l  p a i r s  e x c e p t  0-3 min f r a c t i o n s  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  ( p  < 0 .05) .  

Fig. 2. E f f e c t  o f  a d u l t  c a p s a i c i n  p r e t r e a t m e n t  on c a p s a i c i n -  
i n d u c e d  a d r e n a l  c a t e c h o l a m i n e  s e c r e t i o n .  C a p s a i c i n  ( 2 0 0  
p g / k g ,  i v )  was a d m i n i s t e r e d  f o r  1 min f rom t i m e  0  i n  non- 
t r e a t e d  ( c o n t r o l ,  0 )  and c a p s a i c i n  p r e t r e a t e d  (a) r a t s .  
The v a l u e s  a r e  means + S.E.M. o f  t h e  d a t a  f o r  4-5 r a t s .  
A s t e r i s k s  i n d i c a t e  s i g n i f i c a n t  d i f f e r e n c e s  f rom b a s a l  
v a l u e s  a t  t i m e  0  (*p < 0.05,  **p < 0.01) .  By p a i r e d  
a n a l y s i s ,  a l l  p a i r s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  ( p <  0.05). 

c o r d  ( l o ) ,  and c a p s a i c i n  c a u s e s  sub- 
s t a n c e  P s e c r e t i o n  f rom t h e  s p i n a l  c o r d  
( 1 1 ) .  I n t r a t h e c a l  i n j e c t i o n  o f  sub- 
s t a n c e  P a t  t h e  l e v e l  o f  t h e  s p i n a l  
c o r d  c a u s e s  a d r e n a l  ca techo lamine  
s e c r e t i o n  (12) .  From t h e s e  f a c t s ,  
c a p s a i c i n  is  t h o u g h t  t o  c a u s e  s u b s t a n c e  
P r e l e a s e  f rom t h e  s p i n a l  c o r d  by 

a c t i v a t i o n  o f  t h e  pr imary a f f e r e n t  
neurons  and /o r  t h e  s p i n a l  c o r d ,  which 
a c t i v a t e  t h e  a d r e n a l  s y m p a t h e t i c  
e f f e r e n t  n e r v e s  and t h e n  enhance t h e  
a d r e n a l  ca techo lamine  s e c r e t i o n .  I n  
t h i s  s t u d y ,  b o t h  n e o n a t a l  and a d u l t  
c a p s a i c i n  p r e t r e a t m e n t  d e c r e a s e d  t h e  
a d r e n a l  ca techo lamine  s e c r e t i o n  induced  

Table I. A d r e n a l  c a t e c h o l a m i n e  c o n t e n t s  i n  n e o n a t a l  v e h i c l e  
and  c a p s a i c i n  p r e t r e a t e d  r a t s  a f t e r  t h e  a d r e n a l  
venous  b lood  c o l l e c t i o n .  

N e o n a t a l  E p i n e p h r i n e  N o r e p i n e p h r i n e  Dopamine 
p r e t r e a t m e n t  ( p g / g l a n d )  ( p g / g l a n d  o q d g l a n d )  

The v a l u e s  a r e  means + S.E.M. A s t e r i s k  i n d i c a t e  a  s i g n i f i c a n t  
d i f f e r e n c e  f rom v e h i c l e  p r e t r e a t e d  r a t s  ( p  < 0.001). 



RAPID COMMUNICATION 373 

by i n t r a v e n o u s l y  a d m i n i s t e r e d  c a p s a i c i n .  
The r e s u l t s  s u g g e s t  t h a t  such  neurons  a s  
mentioned above p a r t i c i p a t e  i n  t h e  cap- 
sa ic in - induced  catecholamine s e c r e t i o n  
from t h e  a d r e n a l  medul la .  A s  t o  sensory  
neurons,  t h e  e f f e c t  o f  c a p s a i c i n  pre- 
t r e a t m e n t  i s  more profound i n  neona tes  
t h a n  a d u l t s  (5) .  There fore ,  t h e  d i f f e r -  
ence i n  t h e  lowering e f f e c t  on b a s a l  
and capsaicin- induced a d r e n a l  c a t e c h o l -  
m i n e  s e c r e t i o n  o f  n e o n a t a l  and a d u l t  
c a p s a i c i n  p r e t r e a t m e n t  may have been 
r e l a t e d  t o  such  a c t i o n s  a s  mentioned 
above. 

I n  t h e  s p l a n c h n i c  n e r v e s  and /or  t h e  
a d r e n a l  medul la ,  some p e p t i d e s  e x i s t  
(13-15). These p e p t i d e s  may modulate  
a d r e n a l  ca techo lamine  s e c r e t i o n .  Sub- 
s t a n c e  P i n h i b i t s  o r  p ro longs  a d r e n a l  
ca techo lamine  s e c r e t i o n  (16) .  Bombesin 
and v a s o a c t i v e  i n t e s t i n a l  p o l y p e p t i d e  
enhance catecholamine s e c r e t i o n  
d i r e c t l y  (17 ,  18).  On t h e  o t h e r  hand, 
n e o n a t a l  c a p s a i c i n  p r e t r e a t m e n t  c a u s e s  
a t  l e a s t  s u b s t a n c e  P d e p l e t i o n  from t h e  
s p l a n c h n i c  n e r v e s  and a d r e n a l  g l a n d s  
(16) .  Capsa ic in  may e l i c i t  s e c r e t i o n  of  
t h e s e  p e p t i d e s .  But i n  t h e  c a s e  of 
a d r e n a l  ca techo lamine  s e c r e t i o n  by 
c a p s a i c i n ,  t h e  p a r t i c i p a t i o n  of t h e s e  
p e p t i d e s  is  thought  t o  be small,  
b e c a u s e  c a p s a i c i n  d i d  n o t  enhance 
ca techo lamine  s e c r e t i o n  from t h e  
per fused  a d r e n a l  g land  ( submi t ted  
e l sewhere ) .  

These r e s u l t s  c l e a r l y  s u g g e s t  t h a t  
c a p s a i c i n - s e n s i t i v e  neurons,  t h e  func- 
t i o n  o f  which is  impai red  by t h e  c a p s a i -  
c i n  p r e t r e a t m e n t ,  a r e  invo lved  i n  t h e  
a d r e n a l  ca techo lamine  s e c r e t i o n  induced 
by i n t r a v e n o u s l y  i n f u s e d  c a p s a i c i n .  
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