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Abstract. We recently reported that ca'psaicin, a pungent 
principle of hot red pepper, evokes catecholamine secretion from 
the rat adrenal medulla. In this study, the effects of some 
pungent principles of spices on adrenal catecholamine secretion 
were investigated as compared with that of capsaicin. An increase 
in catecholamine, especially epinephrine, secretion was observed 
not only on capsaicin infusion but also on piperine (a pungent 
principle of pepper) and zingerone (ginger) infusion. Even on 
infusion of the same amount (650 nmol/kg, i.v.), the order of 
poten.cy as to catecholamine secretion was capsaicin >> piperine 
> zingerone. - While, sulfur-containing and volatile pungent 
principles, allylisothiocyanate (mustard, etc.) and diallyldisul- 
fide (garlic, etc.), did not even cause slight catecholamine secre- 
tion. Furthermore, these adrenergic secretagogues were readily 
transported via the gut into the body. These results indicate that 
some pungent principles of dietary spices can induce a warming 
action via adrenal catecholamine secretion. o 1988 Society for Experimental 
Biology and Medic i n c  

Introduction Spices with a hot taste 
have long been used as important seaso- 
nings to enhance the palatability of 
food and also been used as medicinal 
drugs all over the world (1). They have 
specific plant origins, as shown in 
Table 1, and can be chemically classi- 
fied into two groups, namely, volatile 
sulfur-containing compounds and non- 
volatile ones. In particular, capsaicin 

Formation and Metabolism of Pungent 
Principle of Capsicum Fruits. Part XXII. 

(CAP) , a pungent principle of hot red 
pepper, has been extensively examined as 
a relatively selective substance for 
peptidergic sensory neurons (2-5). 

When CAP-containing food is eaten by 
humans, the pungent principle is suppo- 
sed empirically induce a warming action 
although no biochemical or physiological 
studies on the energy metabolism 
involved have been reported except 
for those of Henry and Emery (6) and 
ours. The former reported that the 
intake of spiced food (meals with chilli 
and mustard sauces) results in a marked 
increase in the energy metabolic rate 

To whom correspondence should be (6)* In Our very recent papers' we 
addressed. This work was supported in postulated that CAP enhances the energy 
part by Grants-in-Aid for Scientific metabolism in rats through activation of 
Research from the Ministry of Education, the sympathetic nervous system (7-9) 
Science and Culture of Japan (N~. and then stimulates the lipid metabolism 
61470127) and the Urakami Foundation (10) Furthermore, we have demonstrated 
to K. I. directly that CAP evokes catecholamine 
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Table 1. The common names, plant origins and chemical structures of typical 
pungent principles of spices. 

Pungent principle abbreviation origin chemical structure 

capsaicin CAP hot pepper C ~ H C O ( C ~ , C H = C ~ H <  
CH, 

C", 

plperlne PIP pepper Ha5i0& CH=CHCH=CHCON3 

H,CO 

zingerone ZIN ginger HO @ C H 2 ~ ~ a ~ ~ ~ ~ ,  

allylisothlocyanate AlTC mustard rtc C%=CHCHflCS 

dlallyldlsulflde DADS garlic etc CH~=CHCYSSCH&H=CH, 

secretion from the adrenal medulla of 
anesthetized rats mainly through the 
action of the central nervous system(l1). 
The present study was carried out to 
investigate whether pungent principles 
other than CAP cause the adrenal medulla 
to secrete catecholamine or not in ane- 
sthetized rats. Furthermore, it was 
performed to clarify the gastrointesti- 
nal absorption of some adrenergic secre- 
tagogue principles in rats in situ. 

Materials and Methods 
Materials. CAP (grade I) and piperine 
(PIP) were purchased from Sigma Chemical 
Co. (Saint Louis, MO). Zingerone (ZIN) 
was obtained from K & K Laboratories 
(Plainview, NY). Allylisothiocyanate 
(AITC) and diallyldisulfide (DADS) were 
purchased from Tokyo Chemical Industry 
Co. (Tokyo, Japan). All other chemicals 
were of guaranteed reagent grade. 

Preparation of animals and sampling of 
plasma. Male Wistar rats weighing 
220-260 g were used after anesthetiza- 
tion with urethane (750 mg/kg, i.p.) and 
chloralose (75 mg/kg, i .p. ) . The rats 
were infused with each pungent principle 
solution (650 nmollkg), in 0.9% saline 
with 0.5% Tween 80 and 0.1% ethanol, 
into the right femoral vein by means of 
an infusion pump for 1 min. The dose of 
capsaicin used were 650 nmol = 200 pg/kg 

rat. The amount was equivalent to a 60 
kg manss ingestion of 4 g of dry hot 
pepper containing 0.3% of capsaicin, the 
normal amounts usually taken by Asian 
people (up to 5 g dry hot pepper/kg man 
per meal) (12). Hexamethonium bromide 
and atropine sulfate (1 mg/kg and 5 
mg/kg, respectively) were injected 5 min 
before the pungent principle administ- 
ration. The operation procedure was 
described in detail elsewhere (13). 

Gastrointestinal absorption of pungent 
principles in situ. Male Wistar rats 
weighing 220-260 g were used after over- 
night fasting. The rats were anesthe- 
tized with urethane-chloralose as desc- 
ribed above. Emulsions (500 pl), compo- 
sed of 2.6 mM PIP or ZIN, 2% Tween 80 
and 0.4% ethanol in saline, were inject- 
ed into the jejunal loop (4 cm) and then 
left in situ for 60 min. The operation 
and extraction procedure were described 
elsewhere (14). 

Measurement of plasma catecholamine 
~atecholamine(=) in the adrenal venous 
plasma was determined by the HPLC-EC 
method described in detail elsewhere (8). 

Measurement of PIP and ZIN. The HPLC 
system consisted of a Shimadzu Model 
LC-3A (Kyoto, Japan), a Cosmosil 5Cg 
separation column (150 x 4.6 nun I.D.; 
Nakarai Chemicals, Kyoto), a Shimadzu 
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blockers + PIP 
8 - . . . - . -  - ' I  

I blockers + ZIN -i-m . . - .  
F i g .  1. E f f e c t s  o f  c a p s a i c i n  (CAP), p i p e r i n e  ( P I P ) ,  z i n g e r o n e  

(ZIN) ,  a l l y l i s o t h i o c y a n a t e  (AITS) a n d  d i a l l y l d i s u l f i d e  
(DADS) on 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 .  R a t s  w e r e  
i n t r a v e n o u s l y  i n f u s e d  w i t h  e a c h  pungen t  p r i n c i p l e  s o l u -  
t i o n  ( 6 5 0  nmol/kg)  o r  t h e  v e h i c l e  ( a  0.9% NaCl s o l u t i o n  
c o n t a i n i n g  0.1% e t h a n o l  a n d  0.5% Tween 8 0 )  f o r  1 rnin. 
A d r e n a l  venous  b lood  was c o l l e c t e d  f o r  1 5  min a f t e r  t h e  
s o l u t i o n  a d m i n i s t r a t i o n .  The v a l u e s  a r e  means  + SEM 
f o r  4-9 r a t s .  Means n o t  s h a r i n g  a  common s u p e r s c r i p t  
l e t t e r  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  a t  p  < 0.05.  

F i g .  2 .  E f f e c t s  o f  c h o l i n e r g i c  b l o c k e r s  o n  t h e  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 u s e d  by p i p e r i n e  and  z i n g e r o n e .  A, 
p i p e r i n e  ( P I P )  a d m i n i s t r a t i o n ;  B, z i n g e r o n e  (ZIN) 
a d m i n i s t r a t i o n ;  c l o s e d  c i r c l e s ,  P I P  o r  ZIN ( 6 5 0  nmol lkg ,  
i . v . )  was a d m i n i s t e r e d  f o r  1 min a t  t i m e  0  w i t h o u t  
c h o l i n e r g i c  b l o c k e r s ;  c l o s e d  s q u a r e s ,  hexarnethonium 
b romide  and  a t r o p i n e  s u l f a t e  ( 1  mg/kg a n d  5  rng/kg, i . v . ,  
r e s p e c t i v e l y )  i n j e c t e d  5  rnin b e f o r e  6 5 0  nmol/kg of  P I P  
o r  ZIN a d m i n i s t r a t i o n ;  open  c i r c l e s ,  t h e  v e h i c l e ,  a  
0.9% NaCl s o l u t i o n  c o n t a i n i n g  0.1% e t h a n o l  and  0.5% 
Tween 80 .  The  v a l u e s  are means 2 SEM f o r  6-9 rats. 

Model SPD-2A uv detector (280 nm) and an 
E1A microcomputer. The mobile phases 
for PIP and ZIN analysis were 50% and 
30% CH3CN, respectively. The flow rates 
for PIP and ZIN analysis were 0.7 and 
0.6 ml/min, respectively. The retention 
times of PIP and ZIN were 10 and 6 min, 
respectively. The detection limits for 
PIP and ZIN were 1 and 3 ng at a signal- 
to-noise ratio of 5:1, respectively. 

Statistical analysis The data are 
presented as means + SEM, and were 
statistically analyzed by means of ana- 
lysis of variance (15) and Duncanvs 
Multiple-Range test (16). 

Results and discussion 
CA secretion with pungent principles - 
of spices The results of our previ- - 
ous in situ experiments suggested that 
CAP evokes CA secretion from the adre- 
nal medulla of anesthetized rats (9). 
In the present study, an increase in CA 
secretion was observed not only on CAP 
infusion but also on PIP and ZIN infu- 
sion (Fig. 1). Even on infusion of the 
same amount (650 nmol/kg , i . v .) , CAP 
evoked greater CA secretion than PIP or 
ZIN. The total amount of epinephrine 
(E) secreted over 15 min with infusions 
of the vehicle, CAP, PIP and ZIN were 
339.2 + 44.6 (n=7), 1253.5 + 170.7 
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(n=4) ,  718.8 + 194.0 (n=7) and 632.8 + 
65.4 ng/kg (n=9) ,  r e s p e c t i v e l y .  On t h e  
o t h e r  hand,  norepinephrine(NE) s e c r e t i o n  
was a l s o  obse rved  when CAP, P I P  and ZIN 
were i n f u s e d  i n t o  rats. The v a l u e  be ing  
f a i r l y  low compared w i t h  t h a t  f o r  E  
s e c r e t i o n  i n  e a c h  c a s e  ( d a t a  n o t  shown). 
While,  s u l f u r - c o n t a i n i n g  v o l a t i l e  pun- 
g e n t  p r i n c i p l e s ,  AITC and DADS, d i d  n o t  
c a u s e  even s l i g h t  CA s e c r e t i o n  from t h e  
a d r e n a l  medu l l a  of a n e s t h e t i z e d  rats 
( F i g .  1 ) .  

Time-course o f  t h e  r e s p o n s e  t o  P I P  and 
ZIN - 

F i g u r e  2  shows t h e  t ime-courses  o f  E 
s e c r e t i o n  from t h e  a d r e n a l  medul la .  A 
moderate  i n c r e a s e  i n  E s e c r e t i o n  was 
s e e n  i n  r a t s  i n f u s e d  w i t h  a  P IP  o r  ZIN 
s o l u t i o n  (650 nmol/kg, i . v . ) ,  i n  c o n t -  
r a s t  t o  a  s i g n i f i c a n t  i n c r e a s e  on CAP 
i n f u s i o n  (650  nmol/kg = 200 pg/kg,  i . v . ) ,  
a s  p r e v i o u s l y  r e p o r t e d  ( 9 ) .  However, E  
s e c r e t i o n  began w i t h o u t  a  d e t e c t a b l e  l a g  
a f t e r  t h e  i n f u s i o n  o f  b o t h  P I P  and ZIN. 
i n  t h e  same manner a s  i n  t h e  c a s e  o i  
CAP. 

E f f e c t s  of c h o l i n e r g i c  b l o c k e r s  on PIP  
and ZIN-induced a d r e n a l  CA s e c r e t i o n  - 

C h o l i n e r g i c  b l o c k i n g  by hexametho- 
nium bromide ( n i c o t i n i c  r ecep to r -b lock-  
a d e )  and a t r o p i n e  s u l f a t e  ( m u s c a r i n i c  
r ecep to r -b lokade)  d e c r e a s e d  t h e  CAP- 
induced  a d r e n a l  E  s e c r e t i o n ,  a s  p r e v i -  
o u s l y  r e p o r t e d  (11) .  A s  shown i n  F ig .  2 ,  
t h e  p r e t r e a t m e n t  o f  r a t s  s i m u l t a n e o u s l y  
w i t h  b o t h  c h o l i n e r g i c  b l o c k e r s  s i g n i f i -  
c a n t l y  a t t e n u a t e d  t h e  P I P  and ZIN-indu- 
ced E s e c r e t i o n ,  a s  i n  t h e  c a s e  o f  CAP. 
These  r e s u l t s  s u g g e s t  t h a t  t h e  P I P  and 
ZIN-induced a d r e n a l  CA s e c r e t i o n  is 
e l i c i t e d  th rough  a c t i v a t i o n  o f  t h e  
a d r e n a l  s y m p a t h e t i c  n e r v e s  i n  t h e  same 
manner a s  i n  t h e  c a s e  o f  CAP, a s  
r e p o r t e d  p r e v i o u s l y  ( 1 1 ) .  

G a s t r o i n t e s t i n a l  a b s o r p t i o n  of CAP, 
and ZIN i n  s i t u  ---- 

S i n c e  t h e  above pungent p r i n c i p l e s  
t h a t  a c t i v a t e  sympa the t i ca l ly -med ia ted  
a d r e n a l  s e c r e t i o n  a r e  d a i l y  t a k e n  i n  
a s  food components,  knowledge o f  t h e i r  
g a s t r o i n t e s t i n a l  a b s o r p t i o n  is  ve ry  
i m p o r t a n t .  We have demons t ra t ed  t h a t  
CAP is  r e a d i l y  t r a n s p o r t e d  v i a  t h e  
g a s t r o i n t e s t i n a l  t r a c t  and t h e n  absorbed  
th rough  non-ac t ive  t r a n s p o r t  i n t o  t h e  
p o r t a l  v e i n  (12 ) .  However, i t  is  n o t  
known whether  P I P  and ZIN c a n  be  a b s o r -  

bed o r  n o t .  So t h e  r a t e s  o f  a b s o r p t i o n  
o f  CAP, P I P  and ZIN from t h e  g a s t r o -  
i n t e s t i n a l  t r a c t  o f  rats  were  i n v e s t i -  
g a t e d ,  i n  l i g a t e d  j e j u n a l  l o o p s .  A 
s i g n i f i c a n t  amount o f  t h e s e  pungent  
p r i n c i p l e s  d i s a p p e a r e d  f rom t h e  l o o p s  
i n  1 hour .  S i n c e  no m e t b b o l i t e  d e r i v e d  
from t h e s e  pungent  p r i n c i p l e s  was d e t e c -  
t e d  i n  t h e  g u t  c o n t e n t s ,  t h e  r a t e s  o f  
a b s o r p t i o n  o f  CAP, P IP  and ZIN c o u l d  be  
de te rmined  t o  be  85.0  2 2.5 (n=4) ,  
86.7 5 5.0 (n=4) and 96.5 + 2.5 % of  
t h e  d o s e  p e r  hour  p e r  4  cm-length o f  
l o o p  (n=4) ,  r e s p e c t i v e l y .  

The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  o n l y  
n o n - v o l a t i l e  pungent  p r i n c i p l e s ,  namely, 
P IP  and ZIN, l i k e  CAP, c a n  evoke CA 
s e c r e t i o n  from t h e  a d r e n a l  medu l l a  o f  
r a t s ,  and t h a t  t h e  s t i m u l a t o r y  sympathe- 
t i c  CA r e l e a s e  is  mediated by c h o l i n e r -  
g i c  r e c e p t o r s .  A s  a p o s s i b l e  mechanism 
f o r  a l l  t h e  sympa the t i ca l ly -med ia ted  
e f f e c t s  o f  t h e  p r i n c i p l e s ,  pungent  
p r i n c i p l e - i n d u c e d  hypo tens ion  might  be  
c o n s i d e r e d .  D e t a i l e d  s t u d y  on t h e  
mechanism is now i n  p r o g r e s s .  When CAP, 
P IP ,  and /o r  ZIN-containing s p i c e d  food 
is e a t e n  and t h e s e  materials a r e  absor -  
bed i n  t h e  g a s t r o i n t e s t i n a l  t r a c t ,  
i n c r e a s e d  s e c r e t i o n  o f  CA from t h e  
a d r e n a l  medu l l a  w i l l  be  induced .  There- 
f o r e ,  it is  c o n s i d e r e d  t h a t  t h e  s e c r e -  
t i o n  of CA evoked by d i e t a r y  pungent 
p r i n c i p l e s  is  a  d a i l y  phenomenon. 
Fur the rmore ,  i t  is noteworthy t h a t  
t h e  s y m p a t h e t i c  ne rvous  sys tem,  v i a  
CA, p l a y s  a c r i t i c a l  r o l e  i n  t h e  r e g u l a -  
t i o n  o f  mammalian the rmogen ic  r e s p o n s e s  
t o  d i e t a r y  i n t a k e  and c o l d  exposure  
(15-18). So t h e  p r e s e n t  f i n d i n g s  a r e  
s t r o n g  b iochemica l  and p h y s i o l o g i c a l  
e v i d e n c e  f o r  t h e  p o s s i b l e  warming 
a c t i o n ,  the rmogenes i s ,  due  t o  pungent  
p r i n c i p l e - c o n t a i n i n g  s p i c e d  foods .  
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