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Chemopreventive Activity of Quercetin During
Carcinogenesis in Cervix Uteri in Mice
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The chemopreventive action of quercetin was examined during 20-methyl cholanthrene induced cervical
neoplasia in virgin Swiss albino mice. The effects were evaluated on the basis of histopathological obser-
vation of the cervical epithelium, micronucleus frequency in vaginal exfoliated cells and some biochemi-
cal parameters in the host liver. Quercetin was found to arrest or reverse the progression of cervical
neoplasia. The micronucleus frequency was reduced following its administration. The potential anti-
carcinogenic effect of quercetin noted in this study is attributed to its antioxidant property which was
reflected in the lipid peroxides and their role in the host detoxification system, as expressed in liver glu-
tathione level, glutathione-S-transferase, glutathione peroxidase, catalase and superoxide dismutase ac-
tivity. As an integral part of the diet quercetin may offer protection to the epithelium from the damaging
effects of carcinogenic chemicals. Copyrightt) 2000 John Wiley & Sons, Ltd.
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reduced form £-NADPH), pyrogallol, diethylenetria-

INTRODUCTION mine penta acetic acid (DTPA) and thiobarbituric acid
. . L . were purchased from Sigma Chemical Co., St Louis, MO,
Quercetin, a bioflavonoid, is a common non-nutrient ysa ~ Sodium dodecyl sulphate (SDS) was purchased
component of many plants (Singleton, 1981) and an from Gibco BRL, USA. Hydrogen peroxide solution
integral part of the human diet. Quercetin has been shovyn(30%) was obtained from E. Merck (India). Hematoxy-
to have both mutagenic (MacGregor, 1900) and anti- |ene,” eosin and giemsa stains were obtained from
mutagenic action (Malaviellet al., 1996). This flavonoid Qualigens Fine Chemicals, India.

is now considered to be an inhibitor of the carcinogenic ™ cepvical carcinoma was' developed in 5-6 week old
process and a potential cancer chemopreventive agenkyiss/Rb virgin female mice by delivering MC into the
(Makitaet al, 1996; Matsukawat al, 1997). No reports  terine cervix through the vaginal opening, at a dose of
are available to date on the effect of this phytochemical 1 mg/kg body weight daily for 30 days (Kehar and
during carcinogenesis of the uterine cervix. Wahi, 1967). One group received MC only. Another

Carcinoma of the uterine cervix can be developed by group received MC and quercetin at the minimal
chemical induction in the mouse. This is a useful murine gffective dose (2%) in the diet. Another group remained
model for screening new chemopreventive agents, asyjithout MC but was fed quercetin. A normal control and
during the carcinogenic process this model displays the 5 yehicle control group were also maintained. Vaginal
various preneoplastic conditions characteristic in hu- eyfoliated cells were collected at weekly intervals and
mans, dysplasia—mild, moderate and severe, which cangmear preparations made for cytological observation,
be identified by cytological and histopathological studies. \yhich was confirmed by histopathological study. No

The present report furnishes our observation on the gyspiasia was noted in the vehicle control group and so
protective effect of dietary quercetin on cervical nis group was discontinued after cytohistopathological
epithelium during chronic exposure to a carcinogen, ghservations. Micronucleus frequency was also exam-
using cytological, histological and biochemical para- ineq in exfoliated cells by following the method of
meters. Schmid (1976) as modified by Vijayalaxmi and Rai
(1996). All biochemical estimations were done on day 31
of the experiment.

GSH was estimated in the liver cytosolic fraction using
MATERIALS AND METHODS DTNB by the method described by Sedlack and Lindsay
(1968). GST activity was measured in the liver cytosol as
20-Methylcholanthrene (MC), quercetin, dithiobis(2- expressed by the formation of CDNB—GSH conjugate
nitro)-benzoic acid (DTNB), 1-chloro-2-4-dinitroben- following the method of Habiget al. (1974). Lipid
zene (CDNB), glutathione (GSH), glutathione reductase peroxidation was estimated in the liver microsomal
(GR), p-nicotinamide adenine dinucleotide phosphate, fraction by measuring the thiobarbituric acid reactive

substances (TBARS) formed in the tissue using the
* Correspondence to: Dr. S. Das, Department of Cancer Chemoprevention, method Of QkhaW@t al. (1979)- _G|Utath|0ne Per0X|daS_e
Chittaranjan National Cancer Institute, Calcutta - 700 026, India. (GPx) activity was determined in the postmitochondrial
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Figure 1. Histological observations: (a) normal uterine cervix,
(b) carcinoma in situ following MC administration. Sections
were stained with hematoxylene and eosin, magnification
x200.

fraction of the liver by the method of Paglia and
Valentine (1967). Activity of catalase (CAT) was
estimatedoy the methodof Luck (1963)in the liver post
nuclear homogenate Superoxidedismutase(SOD) ac-
tivity was determinedby quantificationof inhibition of
pyrogallolautooxidatiorby the methodof Marklundand
Marklund (1974). Protein was estimatedby Lowry’s
method(1951).

RESULTS

Cyto-histological observations

The characteristiccytological picture seenin vaginal

Figure 2. Mild dysplasia observed after quercetin treatment.
For details see Fig. 1.

Copyright© 2000JohnWiley & Sons,Ltd.
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Figure 3. Effect of quercetin on micronucleus frequency.
Micronucleus frequency (MN) was counted per 1000 exfo-
liated cells of uterine cervix in normal (N), normal + quercetin
treated (N + Q), carcinogen treated (MC) and carcinogen
+ quercetin treated (MC + Q) mice. Data represent mean
+ SE (n=38).

exfoliated cells, revealing the normal 5 day oestrus
cycle of prooestruspestrus,metaoestrusnd dioestrus,
was found to be disturbedfollowing MC application.
Histological observation revealed exposure to MC
producedmild dysplasiain 65% after 7 days,of which
96% progressedto carcinomain situ after 30 days
through the stagesof moderateand severedysplasia
(Fig. 1). In carcinogentreatedanimalswhich received
dietary quercetinmild dysplasia(Fig. 1). In carcinogen
treatedanimalswhich receiveddietary quercetin,mild
dysplasiawasobservedn only 34% casesafter 14 days
(Fig. 2). No further progressionwas noted within the
experimental period of 1 month. Micronucleus fre-
guency in the epithelial cells was significantly in-
creasedollowing carcinogenadministration.Quercetin
treatment could reduce the incidence of micronuclei

(Fig. 3).

GSH level and GST activity

Thesewere found to be decreasedn the liver from
those of normal values following exposureto the
carcinogen. Quercetin treatment restored these defi-
cienciesand significantly enhancedthe level of GSH
and the activity of GST above normal values
observed in the present investigation. This effect
was also noted in normal animals. These results are
shownin Fig. 4.

Effect on lipid peroxidation

Considerableelevation of lipid peroxideswas noted
following MC administration.Oral intake of quercetin

Phytother.Res.14, 347-351(2000)
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Figure 4. Effect of quercetin on GSH level and GST activity. Liver
cytosolic fraction was examined in normal (N), normal + quercetin
(N + Q), carcinogen treated (MC) and carcinogen + quercetin treated
(MC + Q) mice to determine GSH level and GST activity. Data

represent mean + SE (n=8).

significantly reducedlipid peroxidationboth in normal
andcarcinogertreatedgroups(Fig. 5).

GPx, CAT and SOD activity

Chronicexposurdo MC produceda significantdecrease
in GPx activity comparedwith normal animals. Con-

comitanttreatmentwith quercetinwas able to increase
this activity. CAT activity, which was significantly

increasedin the carcinogentreatedgroup, returnedto

the normal level following treatmentwith quercetin.
However, quercetin feeding did not affect the CAT

activity in the normal group. There was a decreasédn

SOD activity following MC administration.This also

couldberestoredoy quercetirtreatmentAll theseresults
aredepictedin Fig. 6.

DISCUSSION

Experimentalstudieshad implicateda chemopreventive
role of quercetin during carcinogenesisin the skin
(Elangovanet al., 1994), breast(Pereiraet al., 1996),
colon(Matsukawaetal., 1997)andoral cavity (Makita et
al., 1996), but this is perhapsthe first report to
demonstratethe influence of quercetin during the
developmenbf carcinomain the uterine cervix. Histo-
logical evidenceclearly indicatedthat quercetinarrested
the progressionof carcinogenesidy MC at the mild
dysplasiastage.

Development of cancer involves genetic damage,
which may be either induced or spontaneousiue to
exogenous and endogenousfactors. The increased
micronucleus frequency noted following chronic ex-

Copyright© 2000JohnWiley & Sons,Ltd.

posureof cervicalepitheliumto MC indicatesdamageto
the genetic material in the epithelial cells. Quercetin
could protectthe cells from such damageas expressed
by the reducedmicronucleusfrequencyin the treated
group. These observationssuggestthat quercetin, by
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Figure 5. Effect of quercetin on lipid peroxidation. Estimation
was made in liver microsomal fraction from normal (N),
normal + quercetin (N + Q), carcinogen treated (MC) and
carcinogen + quercetin treated (MC + Q) animals. Data rep-
resent mean + SE (n=8).
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Figure 6. Effect of quercetin on antioxidant defence enzymes. GPX, CAT and SOD activity
were measured in the livers of normal (N), normal + quercetin treated (N + Q),
carcinogen treated (MC) and carcinogen + quercetin treated (MC + Q) animals. Data

represent mean + SE (n=8).

virtue of its protective effect on DNA damage,helps
significantlyto preventthe processof carcinogenesiby
MC.

GSH, the major free thiol presentin all animal cells,
participatesin diverse biological processesjncluding
detoxificationof xenobiotics(Arias and Jakoby,1976).
GST plays animportantrole in initiating detoxification
(SedlackandLindsay, 1968) by catalysingthe conjuga-
tion of GSHto electrophilicforeign compoundgor their
elimination from the system.Reportson the association
of GSH and GST in carcinogenesisand in canceris
often contradictory.Somereportsindicate a decreased
level of GSH in cervical neoplasia and invasive
carcinoma (Kumar et al., 1995; Basu et al., 1991).
DecreasegplasmaGSH wasalso notedin malignancies
of breastJung, liver, prostateandin lymphoma(Beuyer
and Gilbert, 1985). On the other hand,it was seenthat
GSH content in the liver was increasedfollowing
carcinogenadministrationand was in proportionto the
carcinogenic potency (Meister and Griffith, 1979).
Investigatorsalso noted increasedGST activity during
malignancies(Tsuchidaand Sato, 1992; Howie et al.,
1990;Peteretal., 1992,1990).The presentstudyshows
areductionin liver GSHlevel andGST activity after 30
daysof MC exposurealthoughin the initial stageswe
noted a sharp elevation. These results indicate that
initially the host’'s defence system provides cellular
protection by increasingthe level of GSH and GST
activity which help in neutralizingthe xenobiotic. But
chronic exposureto MC ultimately affectsthe defence
mechanismsby significantly depleting the GSH level
and GST activity which are unable to eliminate the
carcinogenlinterestingly,oral administrationof querce-
tin could increasethe GSH level and GST activity both
in normaland carcinogenreatedanimals(after 30 days
MC treatment). This suggestedthat quercetin was
capableof protectingthe body even after 30 days of
MC exposure.The quercetin-inducedncreasein the

Copyright© 2000JohnWiley & Sons,Ltd.

level of GSH and GST activity in normal animals
showedthe preventiveactivity of quercetinwhich can
preparethe body to copewith damage.

Carcinogenesiss enhancedy lipid peroxideswhich
also cause damage to cellular macromoleculesby
generationof reactive species.The MC-induced in-
creasein lipid peroxidesnotedin our study could be
significantly reduced by quercetin. This observation
finds supportfrom areportsuggestinghat quercetincan
protect againstlipid peroxidation(Chenet al., 1996).
Lipid peroxidation can result in the generation of
various reactive oxygen species.Severalenzymesare
involved in the antioxidativedefencesystemto protect
cells and cellular DNA from damageby free oxygen
radicals.To protectcells from damageradicaland non-
radical reactiveoxygenspeciesncluding peroxidesand
superoxidesneed to be inactivated enzymatically by
CAT, SOD and GPx (Vang et al., 1997). Decreased
cellular activities of GPx and SOD were displayedin
the MC treatedgroup comparedwith normal, whereas
the CAT activity was increased.DecreasedGPx and
SOD activity meansthat reactive speciesare accumu-
lating in the body which ultimately cause oxidative
damage to the cells and help the progression of
carcinogenesisQuercetinintake was found to signifi-
cantly increasethe GPx and SOD activity in both the
MC treatedand normalgroupsof animals.But no effect
was noted on CAT activity. IncreasedGPx and SOD
activity removesthe peroxidesand superoxidesvhich
areproducedbothin normalconditionsandalsoin large
amounts during carcinogen metabolism. Thus by
increasingthe GPx and SOD activity quercetin can
preventthe accumulatiorof reactivespeciedy trapping
them.

Fromthepresenstudyit is quiteclearthatquercetinis
capableof protectingthe cervical epithelium from the
damagingeffectof the carcinogerpossiblyby increasing
the body’s defencemechanism.Therefore,this phyto-

Phytother.Res.14, 347-351(2000)
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chemicalwhichis abundantlypresenin manyfruits and
vegetables, should receive attention as a potential
chemopreventiveagent. Further studies are warranted
with respecto determinatiorof its toxicity andeffective
doselevels,sothatit maybeconsideredor preventionof

humancarcinomas.
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