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Abstract--The interaction of capsaicin with microsomal drug-metabolizing systems was assessed to 
determine the role that bioactivation of capsaicin may play in the induction of hepatotoxicity and 
neurotoxicity. Capsaicin produced a type I spectral change in rat hepatic microsomes in a high affinity 
(K~ = 8/A/I) concentration-dependent manner and was approximately equipotent with SKF-525A in 
inhibiting ethylmorphine demethylation. Capsaicin (10 mg/kg, s.c.) inhibited biotransformation in vivo 
as measured by prolongation of pentobarbital sleep time. Reactive metabolites of capsaicin were studied 
using [3H]dihydrocapsaicin. [3H]Dihydrocapsaicin bound irreversibly to hepatic microsomal protein 
after in vitro incubation or in vivo administration. No binding was observed in spinal cord or brain. 
Although the bioactivation and subsequent covalent binding of capsaicin equivalents may initiate events 
associated with the hepatotoxicity of capsaicin, it appears that capsaiein-induced neuropathy does not 
involve covalent interactions with neuroproteins in spinal cord or brain. 

Capsaicin (8-methyl-N-vanillyl-6-nonenamide), the 
principle pungent and irritating component of hot 
peppers, is thought to produce hepatic necrosis 
following repeated administration [1]. In addition, 
administration of capsaicin or the capsaicin analog 
dihydrocapsaicin (8-methyl-N-vanillyl-nonanamide) 
to rats or guinea pigs results in a specific neuropathy 
characterized by chemogenic analgesia and depletion 
of the putative peptide neurotransmitter, substance 
P, from primary afferent neurons in dorsal root 
ganglia and dorsal spinal cord [2-4]. The mechanism 
by which capsaicin may produce hepatocellular dam- 
age and primary sensory afferent neuron dysfunction 
is unknown. We have investigated the interactions 
of capsaicin and dihydrocapsaicin with drug-metab- 
olizing systems in order to assess the role that bio- 
activation may play in the etiology of capsaicin- 
induced toxicities. 

METHODS 

Animals. Adult female Sprague-Dawley rats 
weighing approximately 200 g were used in all experi- 
ments. Animals were housed in metal hanging cages 
with free access to food and water. Temperature was 
maintained at 20-23 °, and light dark cycles were 
alternated at 12-hr intervals. All  animals were killed 
by decapitation. 

Microsome preparation. Immediately following 
decapitation, the liver of each animal was perfused 
through the hepatic portal vein with ice-cold 0.05 M 
Tris-HC1 buffer, pH 7.4, containing 1.15% KCI. 

* Address correspondence to: Matthew S. Miller, Ph.D., 
Institute of Neurotoxicology, Albert Einstein College of 
Medicine, 1300 Morris Park Ave., Bronx, NY 10461, U.S.A. 

Livers were removed, cut into small pieces, and 
homogenized with a Potter-Elvehjem glass-Teflon 
homogenizer in 3 vol. of 0.05 M Tris-HC1 buffer, 
pH 7.4, with 1.15% KC1. The homogenate was cen- 
trifuged at 15,000 g for 20 rain at 4 °. The supernatant 
fraction was removed and centrifuged at 100,000g 
for 50min. The resulting microsomal pellet was 
washed by resuspension in 0.05 M Tris-HC1, pH 7.4, 
with 1.15% KC1 followed by recentrifugation at 
100,000 g for 50 min. The washed microsomal pellet 
was suspended in Tris-HC1 buffer, pH 7.4, with 
1.15% KC1. A portion of the microsomes was resus- 
pended in 0 .1M phosphate buffer, pH 7.4, for 
determination of spectral interactions. All steps were 
carried out at 4 ° . Protein concentration was deter- 
mined by the biuret method [5]. 

Spectral interactions. Phosphate-buffered micro- 
somal suspensions were diluted to a protein concen- 
tration of 2.0 mg/ml. Spectra were measured at room 
temperature in 1-cm cells with a Beckman Acta CIII 
dual beam spectrophotometer. Difference spectra 
were obtained by the addition of microliter quantities 
of capsaicin solutions, prepared in distilled water, 
to the sample cuvette. The reference cuvette received 
an equal volume of distilled water. Difference spec- 
tra were recorded between 350 and 500nm. The 
extent of spectral change was considered to be the 
absorption difference between wavelengths of mini- 
mum and maximum absorption. The K, for spectral 
interaction was calculated by Eadie-Hofstee 
analysis. 

Microsomal demethylase assay. Capsaicin (1 mM) 
ancVor ethylmorphine ( l m M )  were incubated for 
15, 30 and 60 rain at 37 ° with microsomal protein 
(2 mg) and NADPH-generat ing system consisting of 
NADP (0.8rag), glucose-6-phosphate (3mg) and 
glucose-6-phosphate dehydrogenase (10 units) in a 
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final volume of 2.0ml. The NADPH-generating 
system was omitted from control incubations. All 
determinations were conducted in duplicate. For- 
maldehyde, produced as a result of demethylation, 
was measured by the method of Nash [6], as modified 
by Cochin and Axelrod [7]. 

Inhibition studies. Ethylmorphine (0.25, 0.5, 1.0 
and 2.0 mM) was incubated at 37 ° with microsomal 
protein (2 mg) and capsaicin (0, 25 and 50 uM) or 
SKF-525A (25 pM) in a total volume of 2.0 ml. After 
15 min, formaldehyde production was assessed by 
the method of Nash [6] as modified by Cochin and 
Axelrod [7] and data were analyzed by Eadie- 
Hofstee analysis. 

Pentobarbital sleep time. Pentobarbital sleeping 
time was measured in female Sprague-Dawley rats 
(250 g). Sodium pentobarbital (30 mg/kg, i.p.) was 
administered to animals 6 hr after treatment with 
capsaicin (10 mg/kg, s.c.) or capsaicin vehicle (10% 
ethanol, 10% Tween 80, 80% saline; 1.0 ml/kg, s.c.). 
Time to regain the righting reflex was measured. 
Upon awakening, animals were killed, and serum 
pentobarbital levels were determined by the method 
of Cooper and Brodie [8]. Data were analyzed by 
Student's t-test. 

Synthesis of dihydrocapsaicin. Capsaicin was sus- 
pended in methanol within a closed hydrogen-filled 
flask attached to a hydrogen-filled manometer. One 
milliliter of 5% palladium on charcoal, in methanol 
(200 mg/ml) previously equilibrated with hydrogen, 
was added to the flask by syringe through a Teflon 
septum. The suspension was stirred constantly, and 
uptake of hydrogen was measured. The reaction was 
considered terminated when hydrogen uptake 
ceased. The suspension was then centrifuged at 
5000g for 20 rain to remove catalyst, and dihydro- 
capsaicin was recrystallized from n-hexane. Contam- 
ination of dihydrocapsaicin with capsaicin was esti- 
mated to be less than 5% by melting point analysis 
and chemical ionization mass-spectroscopy. 

Radiolabeled dihydrocapsaicin was similarly pre- 
pared by the addition of carrier-free tritium gas to 
the reaction flask through a specially prepared glass 
side arm. Specific activity of [3H]dihydrocapsaicin 
was 674 mCi/mmole. 

Binding to microsomal protein. Dihydrocapsaicin 
(1 raM) containing 1/~Ci of [3H]dihydrocapsaicin was 
incubated with NADPH-generating system and 
microsomal protein (2 mg) for 15, 30, 60 and 90 min 
at 37 ° in a total volume of 2.0 ml. Nonenzymatic 
background binding was determined by use of 
microsomes that had been boiled for 5 rain prior to 
incubation or by omission of the NADPH-generating 
system from the incubations. These treatments gave 
essentially the same level for background binding. 
Incubations were terminated by the addition of 2 ml 
of ice-cold ethanol. Unbound radioactivity was then 
extracted with the following series of solvents; 
chloroform/ethanol (1:3), 100% ethanol, 0.01M 
HCI, methanol/ether (3 : 1) and acetone. This solvent 
series extracted 100% of [3H]dihydrocapsaicin that 
had been added to liver, brain and spinal cord homo- 
genates. The resulting protein pellet was digested 
with 1 N sodium hydroxide and neutralized with 1 N 
perchloric acid, and tritium content was determined 
by liquid scintillation counting. Protein content of 

the digestate was determined by the biuret method 
[5]. 

Capsaicin and dihydrocapsaicin metabolites. Cap- 
saicin (1 mM) and dihydroeapsaicin (1 raM) contain- 
ing 1/~Ci of [3H]dihydrocapsaicin were incubated 
with microsomal protein (2 mg) with and without 
NADPH-generating system at 37 ° for 15 min in a 
total volume of 2 ml. Upon completion, incubations 
were frozen immediately in a dry-ice methanol bath 
and lyophilized to dryness. The lyophilizate was 
extracted with 500 yl methanol, and an aliquot of 
the extract was applied to LK5D (80 ,~) silica gel 
thin-layer chromatography plates. Plates were eluted 
with ethylacetate-acetic acid (9:1) and dried. Phen- 
ols were visualized by spraying plates with 1% 
(w/v) dichloroquinone-4-chloroimide (Gibb's 
reagent) in methanol followed by exposure to 
ammonia vapor for 60 sec. Plates containing radio- 
activity were subsequently scored in 1-cm increments 
and scraped for liquid scintillation counting. 

In vivo dihydrocapsaicin binding. Female 
Sprague-Dawley rats (200 g) received a single dose 
of dihydrocapsaicin (10 mg/kg, s.c.) containing 5 uCi 
[3H]dihydrocapsaicin. Liver, brain and spinal cord 
were removed 3, 6, 12 and 24hr after treatment. 
Tissues were homogenized in 0.05 Tris-HCl buffer, 
pH 7.4, containing 1.15% KCI. An aliquot of each 
homogenate was assayed for total radioactivity by 
scintillation counting following digestion with 1 N 
sodium hydroxide and neutralization with 1 N per- 
chloric acid. Bound radioactivity was then measured 
in an aliquot of each homogenate as previously 
described. The remainder of each homogenate was 
centrifuged at 10,000g for 20 min. The supernatant 
fraction (S-9) containing cytosolic and microsomal 
protein was assayed for bound radioactivity by the 
solvent extraction procedure described previously. 

RESULTS 

Capsaicin interacted with rat hepatic microsomes 
to produce a type I difference spectrum. The extent 
of the interaction was concentration-dependent. 
Eadie-Hofstee analysis revealed a K, for spectral 
interaction of capsaicin with hepatic microsomes of 
approximately 8//M (Fig. 1). 

Although rat hepatic microsomes readily de- 
methylated ethylmorphine, no demethylation of cap- 
saicin was detectable (Fig. 2). Addition of equimolar 
quantities of capsaicin to ethylmorphine incubations 
resulted in complete inhibition of ethylmorphine 
demethylation (Fig. 2). More detailed inhibition 
studies revealed that capsaicin inhibited ethylmor- 
phine demethylation in a manner which displayed 
both competitive and noncompetitive characteristics 
(Table 1). The potency with which capsaicin 
inhibited ethylmorphine demethylation was approx- 
imately equal to that of SKF-525A (Table 1). 

Inhibition of biotransformation in vivo by cap- 
saicin was investigated by determining sleeping time 
in response to sodium pentobarbital (30 mg/kg, i.p.). 
A single treatment with capsaicin (10mg/kg, s.c.) 
significantly prolonged pentobarbital-induced sleep- 
ing time (284-+ 17min, capsaicin-treated vs 
133 -+ 9 rain, control; P < 0.001). No differences in 
serum pentobarbital levels were detected (P > 0.2). 
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Fig. 1. Spectral interaction of capsaicin with rat hepatic 
microsomes. (A) Type I difference spectra which resulted 
when capsaicin [5× 10-6M (a), 5×  l0 5M (b), and 
5 × 10 -4 M (c)] interacted with hepatic microsomes. Ami- 
nopyrine (7 raM) (d) and aniline (7 mM) (e) were included 
as controls. (B) Concentration-dependent nature of the 
spectral interaction. The Ks (concentration for one-half 

maximum absorbance) equalled 8 uM. 

Since radiolabeled capsaicin is not  available, 
covalent  binding of capsaicinoids was investigated 
using a radiolabeled active analog of capsaicin, 
[3H]dihydrocapsaicin [2, 3], as substrate for 
microsomal biotransformation systems. 
[3H]Dihydrocapsaicin interacted in a non-extractable 
manner  with microsomal  protein at a rate of approx- 
imately 60 pmoles per mg protein per hr (Fig. 3). 
Hea t  denaturat ion,  removal  of NADPH-gene ra t ing  
system, addition of reduced glutathione (1 mM),  or 
addition of equimolar  SKF-525A (1 mM) signifi- 
cantly inhibited the apparent covalent binding of 
[3H]dihydrocapsaicin to microsomal protein (Fig. 3). 

Analysis of  microsomal metaboli tes of capsaicin 
and dihydrocapsaicin by thin-layer chromatography 
revealed a single metabol i te  peak of radioactivity for 
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Fig. 2. Formaldehyde 
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production by rat liver microsomes 
incubated with 1 mM capsaicin (cap) and/or 1 mM ethyl- 
morphine (em) for 15, 30 and 60 rain with and without the 
NADPH-generating system. No detectable demethylation 
of capsaicin occurred, and the addition of capsaicin com- 
pletely inhibited demethylation of ethylmorphine. Values 

are means -+- S.E. N = three incubations per time point. 
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Fig. 3. Covalent binding of [3H]dihydrocapsaiein to 
microsomal protein during in vitro incubation. 
[SH]Dihydrocapsaicin bound to hepatic microsomes in an 
unextraetable manner at a rate of approximately 60 pmoles 
per hr per mg protein ( . . . . .  ). Binding was inhibited by 
omission of the NADPH-generating system or by prior 
heat denaturation of microsomal protein. Addition of 
reduced glutathione (1 mM) ( . . . .  ) or SKF-525A (1 mM) 
( ) markedly inhibited binding. Points are means 
- S.E. after subtraction of value for heat-denatured micro- 

somes. N = three incubations per time point. 

Table 1. Effects of capsaicin and SKF-525A on Eadie-Hofstee kinetic constants for the 
production of formaldehyde resulting from demethylation of ethylmorphine by rat liver 

microsomes* 

Inhibitor concentration 
(/~M) 

Km Wmax 

Capsaicin SKF-525A r (mM) (nmoles/mg protein) 

0.999 1.83 -+ 0.05 6.0 + 0.2 
25 0.999 2.78 -+ 0.035" 5.3 --- 0.4+ 
50 0.987 3.22 -+ 0.04t 4.6 + 0.2+ 

25 0.999 2.85 + 0.07+ 5.4 + 0.3+ 

* Values are means of four experiments -+ S.E. 
5 P < 0.05 vs no inhibitor by analysis of variance and Scheffe's test. 
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Fig. 4. Thin-layer chromatography of capsaicin, 
[3H]dihydrocapsaicin and metabolites. Microsomal incu- 
bations of capsaicin ( lmM) or [3H]dihydrocapsaicin 
(1 mM) with and without NADPH-generating system were 
chromatographed on LK5D (80 ~)  silica gel plates. Mobile 
phase was ethylacetate-acetic acid (9: 1). Upper frames 
show spots detected after plates were treated with 1% 
2,6-dichloroquinone-4-chloroimide and ammonia. Lower 
frame shows radioactivity profile following chromatography 
of microsomal incubations of [3H]dihydrocapsaicin with 
( ) or without ( . . . .  ) NADPH-generating system. 
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Fig. 6. Covalent binding of [3H]dihydrocapsaicin to rat liver 
protein. Animals received [3H]dihydrocapsaicin (llt mg/kg, 
s.c.; 5/~Ci). Non-extractable radioactivity was determined 
in protein from whole liver homogenates (ll, - - -) and S-9 
fractions (~,, ) at various times after dihydro- 
capsaicin treatment. Levels of total hepatic radioactivity are 
also shown (O, ). All values are means ± S.E. N - five 

animals per group. 

each substrate (Fig. 4). The presence of these peaks, 
which comigrated, was dependent  upon the presence 
of an active microsomal metabolizing system. 

The distribution to selected tissues and in vivo 
covalent binding of [3H]dihydrocapsaicin was inves- 
tigated in rats following administrat ion of dihydro- 
capsaicin (10mg/kg, s.c.) containing 5~Ci  of 
[3H]dihydrocapsaicin. The maximum concentrat ion 
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Fig. 5. Distribution of radioactivity to brain, spinal cord 
and liver of rats treated with [~H]dihydrocapsaicin 

10 m~/kg, s,c. 5 uCi). 

of [3H]dihydrocapsaicin equivalents was found in the 
liver 6h r  after t reatment.  Brain and spinal cord 
concentrat ions did not approach maximum values 
until  24 hr after t reatment  (Fig. 5). 
[3H]Dihydrocapsaicin bound covalently (i.e. non- 
extractable) to hepatic protein,  attaining a maximum 
value of approximately 55 pmoles/mg protein 12 hr 
after t reatment .  Binding to total hepatic protein was 
equal to that measured in the S-9 fraction (Fig. 6). 
No non-extractable radioactivity was detected in 
brain or spinal cord homogenates.  

DISCUSSION 

Capsaicin, the principle pungent  consti tuent of hot 
peppers, has been shown in this study to interact 
with hepatic drug-metabolizing systems in a high 
affinity, concentra t ion-dependent  manner .  This high 
affinity interaction suggests that capsaicin, and its 
analogs, may be potent  inhibitors of biotransfor- 
mation systems. This postulate is supported bv the 
profound inhibit ion of e thylmorphine demethylat ion 
induced by capsaicin in in vitro microsomal incu- 
bations as well as by the prolongation of sodium 
pentobarbi tal  sleeping time produced by adminis- 
tration of capsaicin to rats in vivo. Since capsaicin 
inhibited ethylmorphine demethylat ion in vitro in a 
manner  which was not purely competitive, it was not 
possible to precisely calculate a K~value. However,  
capsaicin at a concentrat ion of 25/~M inhibited ethyl- 
morphine demethylat ion to approximately the same 
extent as did equimolar  SKF-525A. This suggests 
that capsaicin is as potent  an inhibitor of microsomal 
cytochrome P-450 mediated biotransformation reac- 
tions as is SKF-525A. The pharmacological signifi- 
cance of the potent  inhibit ion of biotransformation 
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produced by capsaicin is currently unknown. How- 
ever, the potential for altered biotransformation of 
therapeutic agents as a result of dietary capsaicin 
should be considered. 

Data obtained with [3H]dihydrocapsaicin suggest 
that capsaicinoids are bioactivated to a species which 
is capable of covalently interacting with cellular 
macromolecules. This may explain, at least in part, 
the partially noncompetitive manner in which cap- 
saicin inhibits ethylmorphine demethylation. Thin- 
layer chromatographic data obtained for the metab- 
olites of capsaicin and [3H]dihydrocapsaicin are con- 
sistent with the finding of Lee and Kumar [9] who 
demonstrated that capsaicinoids are biotransformed 
in vitro solely by ring hydroxylation to produce N- 
(4,5-dihydroxyl-3-methoxybenzyl)-acylamides. The 
apparent covalent interaction of dihydrocapsaicin 
with microsomal protein suggests that hydroxylation 
of capsaicinoids proceeds through a reactive inter- 
mediate, most likely an epoxide (Fig. 7). The inhi- 
bition of [3H]dihydrocapsaicin binding to microsomal 
protein observed in the presence of reduced gluta- 
thione further supports the existence of a reactive 
metabolite of capsaicinoids. The significance of cov- 
alent binding of capsaicinoids to hepatic protein has 
yet to be established. However, detection of radio- 
activity bound covalently (i.e. non-extractable) to 
hepatic protein following administration of 
[3H]dihydrocapsaicin in oioo suggests that hepatic 
damage reported after long-term hot pepper con- 
sumption [1] may result from covalent interactions 
between capsaicinoids and hepatic macromolecules. 

Parenteral administration of capsaicinoids has 
been shown to produce depletion of the putative 
peptide neurotransmitter substance P [10, 11] from 
primary afferent neurons which terminate in the 
substantia gelatinosa of the spinal cord [3]. Substance 
P containing neurons in the hypothalamus and corpus 
striatum are unaffected by capsaicinoid treatment 
[3]. Data obtained with [3H]dihydrocapsaicin have 

demonstrated that radioactivity readily gains access 
to the brain, presumably including the hypothalamus 
and corpus striatum, after parenteral administration. 
Therefore, the apparent resistance of hypothalamic 
and striatal substance P containing neurons to the 
action of capsaicinoids appears not to be a result of 
differential distribution of capsaicinoids. Finally, the 
absence of detectable covalent binding of 
[3H]dihydrocapsaicin in brain or spinal cord strongly 
suggests that the mechanism by which capsaicinoids 
deplete the neuropeptide substance P from the spinal 
cord does not involve the bioactivation and covalent 
binding of capsaicinoids to neuronal proteins. 
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