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Effects of Capsaicin on Free Radi-
cals and the Telomerase Activity of
J5 Hepatoma Cell Line

Abstract

Oneof themgjor congtitutions, capsaicinin chili (CapsicumannumL. var. acuminatum Fingerh) was
shown to be an antioxidant agent in this study. It had free radical scavenging effectstoreducea , a -
diphenyl, B -picrylhydrazyl freeradicals, superoxideanionsand hydrogen peroxide, and theeffectswere
better than those of vitamin E, one of the most commonly used antioxidants. Moreover, thetelomerase
activity and humantelomerasereversetranscriptasegeneexpressonweresignificantly inhibitedin b cells
treated with capsai cin. Capsai cin wasableto induce apoptosisin J5 cdlls. | C 50 of capsaicin of hepatoma
cellswas 300mM and was lower than that of NTL 003 cells (non-tumor human liver cells, fine needle
biopsy specimen) (1000mM). Theanchorageindependence of J5 cellswaslost after thecdlsweretreated
with capsaicin. Takentogether thesefindings, it indicatesthat capsaicin could beapotential chemothera-
peutic agent for the treatment of tumor.

|l ntroducti on

Capsacin(CAPS), themgjor pungent principlein different speciesof hot peppers, isknownfor itshot
and burning taste. Since CAPS hasaphenolic hydroxyl group, it could be used asan antioxidant agent. It
isknown that the antioxidant reaction isrelated to the reaction of freeradicals, and that the over-produc-
tion of freeradicalsin the human body may induce diseases such as cancer.

Freeradica sand active oxygen species(ROS)are produced daily by the metabolic processin human
bodies. Under normal conditions, the defense system of the human body is able to scavenge the free
radical sand active oxygen species. However, if the human body isexposed to certain harmful substances
such aschemical toxins, smoke, radioactiveraysor subjected to great mental or physical stress, thismay
causethe over-production of freeradical sand ROSthat are too numerousfor the body’s defense system
to scavenge. Thesefreeradicasarelikely to attack cell membranes, or have abad impact on genesinthe
cell nucle of humanbodies® @,

Present studieswere carried out to investigate the scavenging effectsof CAPSonthel)freeradica
formed by a , a -dyphenyl, B -picrylhydrazyl (DPPH); 2)superoxide anion produced by nitro blue
tetrazolium(NBT); phenazinemethosul phate(PM S); anddi hydromi coti neami dadenibedinucl eolide(NADH)
and 3)hydrogen peroxide. Moreover, theIC_ of CAPS of hepatoma cells and non-tumor human liver
cells(NTL 003)weredetermined.

CHzNHCO (CH2)4 CH=CH CH(CH 3) 2

OCH3
OH

Figure 1. The structure of CAPS



Materials and Met hods

DPPH, NBT, PMS, NADH were purchased from Sigma.
Telomerase PCR ELISA Kit was obtained from Roche.
Moloney murineleukemiavirusreversetranscriptase(M-MLV RT)wasthe product of GIBCOBRL, USA.

Freshly prepared 0.4 mM DPPH methanol solutionwasmixed with variousconcentrationsof CAPS.
After incubation at room temperature for 10 min, the absorbance of each reaction mixture was deter-
mined at 517 nm.

One mL methanolic solution containing 300y M NBT, 120y M PMS, and 936y M NADH
wasadded to various concentrationsof CAPS. Thereaction mixtureswereincubated at RT for 5min, and
the absorbance of each reaction mixture was measured at 560 nm.

Hydrogen peroxide scavenging effect of CAPS

Two mL of 4mM hydrogen peroxide(H202)in phosphate buffered saline(PBS; pH 7.4)was added
toequal volumeof variousconcentrationsof CAPS. Thereaction mixtureswereincubated at RT for 5min
and the absorbance of each reaction mixture was determined at 230 nm.

J5 cellg(6 x 106)weretreated with various concentrationsof CAPSfor 24 hr. Cellular proteinswere
extracted for measuring thetel omeraseactivity withaTelomerase PCR EL I SA Kit. Thereaction products
were subjected to 10 % nondenaturing polyacrylamide gdl e ectrophores (PAGE)and thegel sweredried
under vacuum and then bl otted onto anylon membrane. Thebiotin-streptavidin complexeswerevisualized
by adding disodium 3-(4-methoxyspiro{ 1, 2-dioxetane-3, 2'-(5'-chloro )tricyclo- [3.3.1.13,7] decan} -
4-yl phenyl phosphate(CSPD)

Inhibitory effectsof CAPSon hTERT expression by RT-PCR

hTERT cDNA was obtained by PCR from 5u g of RNAs extracted from J5 cells treated with
various concentrations of CAPS(5 x 10°), and the reaction products were analyzed by 1.5% agarose gel
electrophoresis.

J5 cdllsweretreated with various concentrations of CAPSfor 24 hr, and the cdllsweretreated with
5mg/mL MTT for 6 hr. The absorbances of the reaction products were measured at 570 nm with an
ELISA reader.

J5 cells(1 x 106)weretreated with various concentrations of CAPSfor 18 hr. DNA was extracted,
digested overnight in 0.5 mg/mL of proteinase K, and treated with 10u L of RNase A for 1 hr. The
cellular DNA wasanalyzed by 1.5% agarose gel eectrophoresis.

J5 cellswere incubated with various concentrations of CAPSfor 24 hr at 37 . Thetreated cells
werewashed twicewith PBS and fixed with 3% paraformal dehydein PBS. Thefixed cellswere stained
with 16 ug/mL Hoest33258 and observed(excitation, 360 nm; emission, 490-505 nm)by fluorescence
MiCroscopy .
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Fig. 4A. Inhibitory effects of CAPS on the
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Fig. 4B. Inhibitory effects of CAPSon the expression
of hTERT nRNA in J5 cells as shown by agarose gel
el ectrophoresis
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Fi g. 5A. Apoptosi s of J5cel |l sinducedby CAPSas shown
by agarose gel el ectrophoresis

THARRE .9 e
Fig.5B-1.Cytochemicd stainingof B cdllstreatedwith CAPS

ik

Fig. 5B-2. Cytochemical staining of J5 cellstreated with C

a. J5 cellstreated with ethanol, and observed
onabluefilter set.

b. J5 cellstreated with ethanol, and observed
on aphase contrast filter set.

c. J5 cellstreated with 600 £gM CAPS, and
observed on abluefilter set.

d. J5 cellstreated with 600 £gM CAPS, and
observed on aphase contrast filter set.
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DI scussi on

1.Present investigation revea ed that CAPS had great freeradica / ROS scavenging effectsin vitro.
The scavenging effects of CAPSwerefound to bein adose dependent manner. The effectsof CAPSon
scavenging DPPH freeradica (Fig. 3A.), superoxideanion (Fig. 3B.), and hydrogen peroxide (Fig. 3C.)
werehigher thanthose of vitamin E, one of themost commonly used antioxidants.

2.CAPS had significant inhibitory effects on telomerase activity (Fig. 4A.) and the expression of
hTERT genemRNA in human hepatomacell line, J5 cells(Fig. 4B.). Thetedlomerase activity of 5 cells
wasamost completely inhibited at the concentration of 6001M.

3.Under normal conditions, adrug used for the cancer treatment isableto induce apoptosisin tumor
cdls. Indeed, CAPS had the effect. CAPSwas demonstrated to induce gpoptosisin J5 cellsas shown by
theformation of DNA laddering by agarosegel electrophoresisand DNA fragmentation by cytochemical
staining (Fig. 5A. and Fig. 5B.).

4.1C50 of CAPSon hepatomacel line, J5 cellsand non-tumor liver cells, NTL 003 wasdetermined
to be 300£gM and 1000y M, respectively (Fig. 6). It indicates that the hepatoma cells are more sensi-
tiveto CAPSthan non-tumor liver cdlls. Therefore, it suggeststhat CAPSor itsderivatives could beused
aspotential chemotheragpeutic agents.

5.Theconcentrationsof CAPSwhich can either inhibit thetelomeraseactivity, suppresshTERT gene
expression, or induce apoptosisin hepatomacellswereall lower thenthe IC_ of NTL 003 cells. This
might explainwhy the1C, of J5 hepatomacellswasthreetimeslower thanthe|C, of NTL 003 cells.

6.According totheresult by Yusakaand K enzo, the mechanism of the antioxidant activity of CAPS
isproposed asfollows®:



CH.R CHR CHR CHR

OCH, OCH,@ OCH, OCHs
OH O OH OH
CAPS Resonance structures of CAPS radical

(phenolic hydroxyl group)

N

DPPH * DPPH, R=NHCO(CH,),CH=CHCH(CH.),

During an antioxidant reaction, CAPS actsasan “ H-radical donor, “ which providesahydrogen-
radical to afreeradical to form astable compound. After the reaction, the CAPS-radica will form reso-
nance structuresthat it will stop thefreeradica sfrom attacking cellsin the human body.

Concl usi on

CAPSwasdetermined to be agood antioxidant which can scavengefreeradicalsand caninhibit the
viability of J5 hepatomacells. Hepatomace lsweremore sensitivetoit then non-tumor liver cells.
In conclusion, CAPS and itsderivatives could be used as potential chemotherapeutic agents.
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