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Genotoxicity of Capsaicin in Cultured Human Lymphocytes
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ABSTRACT : The clastogenic activity of capsaicin, a major pungent and irritating constituent of hot chili
pepper, was evaluated in cultured human lymphocytes. Capsaicin (125, 250, and 500 pM) caused cytogenetic
damage as determined by increased frequency of chromosome/chromatid aberrations compared to the sol-
vent control. The mitotic indices were also decreased in a concentration-related manner in capsaicin-treated
cells. Moreover, capsaicin suppressed ["H]thymidine incorporation into lymphocytes. The clastogenicity and
cytotoxicity of capsaicin towards human lymphocytes were evident without an external metabolic activation
system. Taken together, these findings suggest that capsaicin is a genotoxic agent and may thus represent a

potential health hazard in humans.
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INTRODUCTION

Epidemiological and laboratory studies have shown that the
majority of human cancers are attributable to environmental fac-
tors. Recently, attention has focused on carcinogens in food as
potential causative factors of human cancer (Ames, 1983; Mill-
er and Miller, 1986). Various spices have been used as ap-
petizers, food preservatives, and traditional medicines. Hot
green or red pepper (Capsicum) is one of the most widely used
spices throughout the world (Govindarajan and Sathyanarayana,
1991). The principal pungent and irritating constituent of Cap-
sicum fruits is capsaicin (frans-8-methyl-N-vanillyl-6-nonenam-
ide; chemical structure shown in Fig. 1). The capsaicin content
of hot red pepper ranges from 0.1 to 1.0% (Govindarajan and
Sathyanarayana, 1991). It has been suspected that spicy foods
may play a role in the etiology of human hepatic and gas-
trointestinal carcinogenesis. Capsaicin and chili extracts have
been tested for mutagenicity in bacteria (Toth et al., 1984; Na-
gabhushan and Bhide, 1985 and 1986; Gannett et al., 1988;

Vinitketkumnuen et al, 1991; Azian and Blevins, 1995) and
cultured mammalian cells (Nagabhushan and Bhide, 1985; Law-
son and Gannett, 1989) with or without S9 activation, but
results are discordant (see Table 1; recently reviewed by Surh
and Lee, 1995). Capsaicin has been also reported to be clas-
togenic in rodents, inducing significant increases in the for-
mation of micronuclei in mouse bone marrow (Villasenor and de
Ocampo, 1994). The compound also inhibited DNA synthesis in
the testes of Swiss mice (Nagabhushan and Bhide, 1985). Rats
fed diets containing 10% chili pepper developed hepatomas
(Hoch-Ligeti, 1951). In another study, dietary administration of
capsaicin produced duodenal tumors in Swiss albino mice (Toth

Fig. 1. Chemical structure of capsaicin.
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Table 1. Mutagenicity of capsaicin in bacterial and mammalian cells in culture

Tester strain(s)/cell type Hepatic S9 Mutagenicity References
S. typhimurium TA98, TA100, TA1535 Aroclor 1254-induced rat + Nagabhushan and Bhide, 1985
S. typhimurium TA98 Aroclor 1254-induced rat + Nagabhushan and Bhide, 1986
S. typhimurium TA98 Aroclor 1254-induced rat + Toth et al., 1984

n

. typhimurium TA98, TA1535

. typhimurium TA98, TA100, TA1535
. typhimurium TA98, TA100, TA1535
. typhimurium TA100

Chinese hamster V79

Chinese hamster V79

Lnn e

Aroclor 1254-induced rat -
Phenobarbital-induced rat -
- /+ (Source not specified) -
Source not specified
Aroclor 1254-induced rat -
Syrian golden hamster* +

Gannett et al., 1988

Buchanan et al., 1981
Vinitketkumnuen et al., 1991
+ Azian and Blevins, 1995
Nagabhushan and Bhide, 1985
Lawson and Gannett, 1989

*Hepatocytes used

et al., 1984). Results from studies by other investigators suggest
that capsaicin may act as a co-carcinogen or a tumor promoter
(Agrawal et al., 1986; Jang and Kim, 1988). A case-control study
conducted in Mexico City (Lopez-Carrillo ef al., 1994) found that
chili pepper consumers were at higher risk for gastric cancer than
nonconsumers. However, it remains unclear whether capsaicin in
hot chili pepper is a major causative factor in the etiology of gas-
tric cancer in humans. Moreover, there are no reports of geno-
toxic effects of capsaicin in human cells. Considering the frequent
consumption of capsaicin as a food additive and its current thera-
peutic application to management of patients with neuropathic
diseases, not only the correct information on mutagenic and/or
carcinogenic potential of this compound, but also understanding
of the mechanism of its adverse actions is important. Here we re-
port the clastogenic activity of capsaicin in cultured human lym-
phocytes. This is the first experimental investigation of capsaicin-
induced genotoxicity in human cells.

MATERIALS AND METHODS
Chemicals
Capsaicin (purity, 98%), mitomycin C, cyclophosphamide,
colcemid, dimethyl sulfoxide (DMSO), NADP’, and glucose-6-
phosphate were purchased from Sigma Chemical Co. (St. Louis,
MO). All other solvents and chemicals used were commercial
products of analytical grade.

In vitro human lymphocyte assays

Human peripheral blood from young healthy female donors

was cultured as described previously (Evans and O'Riordan,
1975). For each culture, 0.5 ml of heparinized whole blood
was added to 5 m] of prewarmed KaryoMAX Peripheral Blood
Cell Karyotyping Medium containing phytohemagglutinin and
inactivated fetal calf serum (Gibco BRL, Gaithersburg, MD).
Cultures were incubated for 48 h in a humidified 5% CO, at-
mosphere at 37°C before treatment with capsaicin. In ex-
periments with S9 metabolic activation, cells were centrifuged
at 1,000 rpm for 8 min after 48 h culture, and resuspended in
the same medium plus S9 mix (S9 mix: medium, 1:4, v/v; pre-
pared immediately before use) containing each test compound.
Hepatic postmitochondrial supernatant used for S9 mix was pre-
pared from Aroclor 1254-pretreated (500 mg/kg, i.p. for 5 con-
secutive days) male Sprague-Dawley rats weighing ~200 gram.
S9 mix consisted of 10% S9 and NADP (4 mM) plus glucose-
6-phosphate (5 mM). After 2 h capsaicin treatment, cells were
washed twice with phosphate-buffered saline (pH 7.4),
resuspended in media, and incubated for 22 h. Without S9 ac-
tivation, cultures were treated for 24 h. The final DMSO con-
centration was <1%. Cyclophosphamide and mitomycin C were
included as positive controls for treatment with and without S9
activation, respectively. Two hours before harvesting, colcemid
(final concentration, 0.1 pg/ml) was added to each culture for
mitotic arrest. Cells were collected by centrifugation and
resuspended in 6 ml of prewarmed (37°C) 0.075 M KCl for 8
min at 37°C. Cells were pelleted then fixed in acetic acid-
methanol (1:3, v/v). Coded slides were stained with Giemsa.
For evaluation of clastogenicity, a total of 200 well-spread
metaphase cells from each duplicate culture were scored for
gaps, breaks, and exchanges. Only cells with 46 chromosomes
were examined. We regarded an unstained region less tham the
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width of a chromatid as gap apd greater than the width of a
chromatid as a break. Gaps were not included in the de-
termination of the total frequencies of aberrant cells. The mi-
totic index was estimated from 2,000 cells per culture and ex-
pressed as percentages of control values (Sbrana et al., 1984).

Determination of (*H)thymidine incorporation

The assay for thymidine incorporation was conducted by treat-
ing lymphocyte cultures with capsaicin in medium containing [H]
thymidine (New England Nuclear Co., Boston, MA; 2-3 uCi/ml)
for 24 hrs. After treatment, cells were pelleted then rinsed with
phosphate-buffered saline (pH 7.4) containing nonradioactive thy-
midine (1.25 mM). Cell pellets were solubilized and the ra-
dioactivity (*H) was measured by liquid scintillation counting.

RESULTS AND DISCUSSION

The clastogenic effect of capsaicin in cultured human lym-
phocytes is summarized in Table 2. Without S9 activation, the
increases in the frequency of total chromosome aberrations in-

duced by capsaicin treatment were concentration-dependent. It

&3

is noteworthy that 500 pM capsaicin induced aberrations com-
parable to that induced by 200 uM of mitomycin C (Table 2).
Concurrent with aberrant induction, mitotic indices decreased at
all concentrations of capsaicin tested (Fig. 2). Furthermore, cap-
saicin significantly lowered DNA synthesis in cultured lym-
phocytes as determined by reduced levels of [*H]thymidine in-
corporation (Fig. 3). Since early inhibition of [*H]thymidine in-
corporation has been thought to occur as a result of DNA dam-
age (Painter, 1977), the above finding on the inhibitory effect of
capsaicin on DNA replication in human lymphocytes may pro-
vide another line of evidence for the genotoxic activity of this
compound. To the best of our knowledge, this is the first de-
monstration of cytotoxic and genotoxic response of human cells
to capsaicin.

The addition of hepatic S9 mix lessened the capsaicin-in-
duced clastogenicity (Table 2), an effect possibly due to deac-
tivation of capsaicin through hydrolysis of its amide linkage by
liver carboxylesterase activity (Oi e al., 1992; Park and Lee,
1994) or via aliphatic hydroxylation (Lee and Surh, 1986; Surh
et al., 1995). The relatively short exposure time (2 h) in cul-
tured lymphocytes containing S9 and capsaicin may also ac-

count for the lower clastogenicity than that induced in the cul-

Table 2. Comparison of clastogenic activities of capsaicin in cultured human lymphocytes with and without metabolic activation

system®
% cells with Number of aberrations® Total aberrations
Compound Conc (uM) aberration’ ctg ctb cte csg csb cse TAG TA
Without S9 mix
H,0 - 3 2 1 2 4 2 1 12 6
DMSO - 4 3 2 2 6 3 1 17 8
Capsaicin 125 9 5 4 4 5 8 2 28 18
250 13 10 12 1 7 13 3 46 29
500 24 6 24 5 8 17 8 68 54
Mitomycin C 200 27 7 23 11 9 12 15 77 61
500 33 5 25 5 20 26 20 101 76
With §9 mix
DMSO - 3 1 5 0 0 1 0 7 6
Capsaicin 125 4 2 5 1 0 0 1 9 7
250 4 2 7 1 0 0 0 10 8
500 7 2 10 0 0 2 1 15 13
Cyclophosphamide 50 25 10 20 13 1 13 11 68 57

‘Each compound was incubated with cultured human lymphocytes as described in Materials and Methods. Total 200 metaphase

cells were scored for each dose.
*Excluding those cells with only chromosome/chromatid gaps.

‘Abbreviations: ctg, chromatid gap; ctb, chromatid breaks; cte, chromatid exchange; csg, chromosome gap; csb, chromosome breaks;
cse, chromosome exchange (dicentric, centric ring, etc.); TAG, total aberrant cells including gaps; TA, total aberrant cells ex-

cluding gaps.
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Fig. 2. Inhibition of mitotic indices in cultured human lym-
phocytes treated with capsaicin in the absence of S9 ac-
tivation.
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Fig. 3. Effect of capsaicin on ["H]thymidine incorporation
into human lymphocytes.

tures treated with capsaicin alone. Similar attenuation of geno-
toxicity by S9 addition was observed with other phenolic sub-
stances (Stich et al., 1981). In the presence of S9 mix, cap-
saicin-treated cells displayed higher mitotic index than those
without S9 activation. Furthermore, there was no substantial de-
crease in the mitotic indices by capsaicin-treatment when S9
was present in the media (data not shown). The presence of S9
mix has also been found to markedly ameliorate the cy-
totoxicity of certain semisynthetic podophyllotoxin derivatives
such as etoposide and teniposide (Larripa e al., 1992). Taken
together, the above findings suggest that capsaicin is activated

Ryu and Surh

in human lymphocytes in situ to exert its clastogenicity. Hu-
man lymphocytes have been found to retain some of xenobiotic
metabolizing enzyme activities analogous to those found in
hepatic microsomes, such as aryl hydrocarbon hydroxylase
(Kouri et al, 1981) and cytochrome P450 2E1 (CYP2E1)
(Song et al., 1990). Results of recent studies by Gannett et al.
(1990) suggest that hepatic CYP2E1 is responsible for the ac-
tivation of capsaicin to an electrophilic metabolite. In view of
these findings, capsaicin could be metabolically converted to a
mutagen by CYP2E1 activity present in cultured human lym-
phocytes, but the exact nature of reactive species which might
be formed by metabolically competent human lymphocytes is
yet to be elucidated.

There are contradictory data on bacterial mutagenicity of cap-
saicin (vide infra). Early studies by Toth et al. (1984) revealed
low levels of His" reversion induced by capsaicin in S. typhimu-
rium TA98 in the presence of Aroclor 1254-induced rat hepatic
S9 mix. Capsaicin containing 20% dihydrocapsaicin exhibited
marked mutagenicity in S. fyphimurium TA9S, TA100, and TA
1535 (Nagabhushan and Bhide, 1985 and 1986). However,
these findings were not reproduced by other investigators who
used synthetic capsaicin of higher purity (Gannett ef al., 1988).
Later studies by Vinitketkumnuen et al. (1991) showed that
neither commercial capsaicinoids nor those isolated from chili
extracts were mutagenic to Salmonella typhimurium TA98, TA
100, and TA1535 when tested with or without S9. Azian and
Bievins (1995) have recently reported capsaicin to be mu-
tagenic in the tester strain TA100 in the presence of S9. Few
previous studies on capsaicin-induced mutagenesis discussed
the identity of ultimate mutagenic species formed from cap-
saicin. Early work by Lee and Kumar (1980) suggests hepatic
microsomal monooxygenase-mediated ring epoxidation as a
possible metabolic activation pathway for capsaicin. In line
with this idea, Miller et al. (1983) have demonstrated the co-
valent interaction of tritium-labeled capsaicin to tissue ma-
cromolecules in the presence of rat liver microsomes fortified
with NADPH. An alternate mechanism of metabolic activation
of capsaicin would involve the generation of a phenoxy radical
intermediate through one electron oxidation catalyzed by perox-
idase activity or hepatic microsomal cytochrome P450, prob-
ably CYP2EI, as suggested by Lawson and Gannett (1989). Ir-
reversible interaction of the reactive metabolite of capsaicin
with the active site(s) of CYP2E1 would lead to the loss of ca-
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talytic activity of the same enzyme, which, in turn, may prohi-
bit further activation of not only capsaicin but also other xe-
nobitotics catalyzed by this isoform (Surh ef al., 1995). Re-
cent studies by Boersch and co-workers (1991) have revealed
the formation of a fluorescence dimer from capsaicin in the
presence of peroxidase activity and hydrogen peroxide, lend-
ing further support to the possibility of one electron oxidation
of capsaicin. The chemical stability or electrophilicity of such
reactive species of capsaicin would considerably affect the cap-
saicin-induced genotoxicity. In addition, the ability of host
cells to metabolically activate capsaicin is considered to be
another limiting factor for its interaction with nuclear DNA, a
critical event leading to mutations. While human lymphocytes
have capacity to metabolize capsaicin to mutagenic species,
such activation is unlikely to occur in tester strains used for
conventional bacterial mutagenicity assays including the Ames-
Salmonella assay. Therefore, the bacterial mutagenicity of cap-
saicin would be anticipated to be solely dependent on an ext-
ernal activation system such as S9 mix.

In view of widespread occurrence and frequent consumption
of capsaicin in the form of dietary capsicum, the better und-
erstanding of its genotoxic effects as well as metabolic fate in
humans is crucial. Capsicum is one of the most frequently con-
sumed spices, particularly in South East Asian and Latin Am-
erican countries where per capita daily intake of capsicum
fruits ranges from 2.5 to 15 g (Govindarjan and Sathy-
anarayana, 1991). The genotoxicity of capsaicin in cultured hu-
man lymphocytes together with bacterial mutagenicity data sug-
gest that this dietary phytochemical may have great public
health importance. Further epidemiological studies which em-
ploy reliable biomarkers are needed to precisely link the geno-
toxicity of capsaicin to its possible risk in human populations.
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