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Modulating effect of resveratrol and quercetin on oral
cancer cell growth and proliferation

Tawfik MA ElAttar and Adi S Virji
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Resveratrol and quercetin are polyphenols which have been
detected in significant amounts in green vegetables, citrus
fruits and red grape wines. Beneficial effects attributed to
these compounds include anti-inflammatory, antiviral and
antitumor properties. The effect of resveratrol and quercetin
on growth of human oral cancer cells is unknown. Resver-
atrol and quercetin, in concentrations of 1 to 100 M, were
incubated in triplicates with human oral squamous carcino-
ma cells SCC-25 in DMEM-HAM's F-12 supplemented with
fetal calf serum and antibiotics in an atmosphere of 5% CO,
in air at 37°C for 72 h. Cell growth was determined by
counting the number of viable cells with a hemocytometer.
Cell proliferation was measured by means of incorporation of
[*Hjthymidine in nuclear DNA. Resveratrol at 10 and 100 uM
induced significant dose-dependent inhibition in cell growth
as well as in DNA synthesis. Quercetin exhibited a biphasic
effect, stimulation at 1 and 10 xM, and minimal inhibition at
100 uM in cell growth and DNA synthesis. Combining 50 M
of resveratrol with 10, 25 and 50 uM of quercetin resulted in a
gradual and significant increase in the inhibitory effect of
quercetin on cell growth and DNA synthesis. We conclude
that resveratrol or a combination of resveratrol and querce-
tin, in concentrations equivalent to that present in red wines,
are effective inhibitors of oral squamous carcinoma cell
(SCC-25) growth and proliferation, and warrant further
investigation as cancer chemopreventive agents. [C. 1999
Lippincott Williams & Wilkins.]
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Introduction

Flavonoids are naturally occurring diphenylpropa-
noids which occur primarily as glycosides in plant
foods. They appear in animal and human cells
following consumption of vegetables, fruits, and
beverages such as tea and wine."? Interest in
flavonoids has increased because of their potential
role in prevention of human cancer.

Flavonoids are classified into two major groups: the
anthocyanins and anthroxanthines. The anthro-
xanthines are subdivided into the flavones, flavonones
and flavonols.? Flavonols, such as quercetin, myricetin,
isorhamnetin and kaemferol, and the corresponding
flavonones, apigenin and luteolin, have antioxidant
properties,”> and their consumption has been asso-
ciated with a reduced risk of c:mcer,“’S thrombosis®’
and cardiovascular disease.®’

Quercetin  (3,5,7,3,4-pentahydroxyflavone) is a
common dietary component. It has been stated
that quercetin and other flavonoids present in
foods cannot be absorbed in the intestines because
they are bound to sugars as glycosides and that
there are no intestinal enzymes that can split these
glycosidic bonds. Only free flavonoids can be
absorbed.'*!!

In several in vitro experiments quercetin showed
growth inhibitory effects on various human cancer cell
lines such as colon,'? breast,'>'* ovarian,'® gastro-
intestinal'® and leukemic.'’ Recently quercetin has
been shown to down-regulate signal transduction in
human breast carcinoma cells.'®

Resveratrol (3,4',5-trihydroxystilbene) is a natural
phytoalexin non-flavonoid phenol which was identi-
fied in the skin of red grapes and grape products.'? Its
physiological function is thought to reside in the
protection of plants from environmental stress and
fungal infection. Resveratrol has been suggested to play
arole in the prevention of heart disease associated with
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red wine consumption, as it inhibits the synthesis of
thromboxane in platelets,”® leukotrienes in neutro-
phils21 and biological oxidation reactions associated
with the generation of free radicals.? Resveratrol was
also found to be antimutagenic,“ and can inhibit
cellular events associated with tumor initiation, promo-
tion and progression.“

Resveratrol and quercetin are major components of
red wines. The average concentration of resveratrol in
commonly available red wines is approximately 2.0-
40.0 uM, while that of quercetin is approximately 0.4-
40 uM.?®

Although the wvarious biological activities of
flavonoids, including anti-inflammatory, cytostatic,
cytotoxic, anticancer and antiviral properties, have
been shown only with individual flavonoids, the
effect of combinations of quercetin and resveratrol
has not yet been established. Therefore, the goal of
this research was to (i) investigate the effect of each
of resveratrol and quercetin, alone and in combina-
tion on the growth and proliferation of human oral
squamous carcinoma cell line SCC-25; and (i)
compare the efficacy of resveratrol and quercetin
with that of classical chemotherapeutic agents,
indomethacin and cisplatin, in inhibition of growth
and proliferation of cancer cells.

Materials and methods

Human tongue squamous carcinoma cells (SCC-25)
were purchased from ATCC (Rockville, MD). The
cell line was developed by Rheinwald and
Beckett.2° Cisplatin, indomethacin, resveratrol and
quercetin were obtained from Sigma (St Louis,
MO). Cells were grown in DMEM-HAM’s Nutrient
F-12 (50:50) supplemented with 10% fetal calf

serum, penicillin (100 TU/mb), streptomycin
(100 ug/mb), amphotericin B (0.25 pg/ml) and
hydrocortisone (0.4 mg/ml). The medium was

changed 3 times weekly; subcultures were initiated
by transfer of about 2x 10° cells to culture flasks
and then cultured at 37°C in a water-saturated
atmosphere of 5% CO, in air.

Measurement of cell growth

Cells were used during the exponential growth curve.
Cells were cultured in triplicates starting at an initial
density of 260 x10°/ml medium for 72 h in the
presence of test agents. At the end of the incubation
period, adherent cells were trypsinized and viable cells
were counted in a hemocytometer.
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Measurement of cell proliferation (DNA
synthesis)

Cell proliferation inhibition is almost invariably asso-
ciated with a decrease in DNA synthesis. Determina-
tion of DNA synthesis was performed as previously
described.?’

Cell viability

Cell viability was determined by incubating treated
cells in 0.1% (w/v) Trypan blue in PBS, and counting
the total number of cells and the number of those
excluding the stain (the viable ones), using a
hemocytometer. If cell viability in treated cultures
was lower than 80%, then it is not valid to refer to the
effect of test agents as growth inhibition but rather a
cytotoxic effect.

Statistical analysis

The results are presented as means+SEM of three
experiments, each performed in triplicate. Student’s ¢
test was used to evaluate the statistical significance of the
difference between experimental and control groups.

Results

Treatment of oral squamous carcinoma cells (SCC-25)
with indomethacin, cisplatin, resveratrol, quercetin,
and a combination of resveratrol and quercetin
produced the following effects on cell growth and
DNA synthesis.

Indomethacin

At 0.1-10 M indomethacin induced significant dose-
dependent inhibition in cell growth (35.0+6.7-
50.0+4.4%) as well as in DNA synthesis (0.0+0.9-
45.0+7.5%) (Table 1, Figures 1 and 2).

Cisplatin

At 0.1-10 uM cisplatin induced significant dose-
dependent inhibition in cell growth which varied
from 68.0+ 1.0 to 97.0+0.5%. At same concentration
range cisplatin caused significant dose-dependent
inhibition in DNA synthesis (0.6+7.4-76.01+0.7%)
(Table 1, Figures 1 and 2).
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Table 1. Effect of indomethacin, cisplatin, resveratrol, quercetin and resveratrol —quercetin combinations on cell growth
(cell count) and incorporation of [*H]thymidine (DNA synthesis) in SCC-25 per culture flask

Concentration Cell growth DNA
(M)
% Inhibition % Stimulation +SEM p % Inhibition % Stimulaton +SEM p
Indomethacin
0.1 35.0 - 6.7 <0.02 0 - 0.9 >0.2
1.0 420 - 59 <0.01 26.0 - 14 <0.01
10.0 50.0 - 4.4 <0.01 450 - 75 <0.02
Cisplatin
0.1 68.0 - 1.0 <0.001 0.6 - 7.4 >02
1.0 89.0 - 06 <0.001 21.0 - 34 <02
10.0 97.0 - 0.5 <0.001 76.0 - 0.7 <0.001
Resveratrol
1.0 - 1.9 1.2 >0.2 - 20 4.0 >0.2
10.0 13.6 - 1.2 <0.02 130 - 24 <0.02
100.0 99.5 - 0.1 <0.001 99.0 - 04 <0.001
Quercetin
1.0 - 36.2 3.0 <0.01 - 24.0 24 <0.1
10.0 - 40.8 27 <0.001 - 11.0 46 <02
100.0 12.3 - 27 <0.2 23 - 15 >0.2
Resveratrol (R) + Quercetin (Q)
R(50) + Q(10) 453 - 21 <0.01 - 24.0 46 <0.1
R(50) + Q(25) 47.7 - 20 <0.01 25.0 - 20 <0.02
R(50) + Q(50) 62.0 - 0.7 <0.01 56.0 - 1.6 <0.001

Values represent the mean + SEM of percent inhibition or percent stimulation of three replicate cultures within each experiment. p values are
compared to corresponding control groups. Dashes represent no effect.
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Figure 1. Effect of indomethacin, cisplatin, resveratrol, quercetin and resveratrol-quercetin combinations on cell growth {cell
count) of human oral squamous carcinoma cell, SCC-25. RQI & R (50 ¢M) + Q (10 pM); RQII = R (50 M) + Q (25 uM);
RQIll 823 R (50 M) + Q (50 uM). *p<0.2; *"p<0.1; **p<0.02; ***p<0.01.
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Resveratrol

At 10 and 100 uM resveratrol induced significant
inhibition in cell growth (13.6+1.2 and 99.540.1%)
and DNA synthesis (13.0+ 2.4 and 99.0 1+ 0.4%) (Table
1, Figures 1 and 2).

Quercetin

At 1 and 10 uM quercetin caused significant stimula-
tion (36.2+ 3.0 and 40.8 + 2.7%) in cell growth as well
as DNA synthesis (24.0+2.4 and 11.0+ 4.6%). How-
ever, at 100 uM quercetin caused significant inhibition
(12.3+2.7%) in cell growth but not in DNA synthesis
(2.3+1.5%) (Table 1, Figures 1 and 2).

Combinations of resveratrol and quercetin

Resveratrol at 50 uM when combined with 10, 25 or
50 uM of quercetin caused significant inhibition in cell
growth which varied between 453+2.1 and
62.0+0.7%. In DNA studies 50 uM of resveratrol
combined with 10 uM of quercetin induced significant
stimulation (24.0+4.6%). However, when 25 or
50 uM of quercetin were combined with 50 uM of

resveratrol, it caused significant inhibition in DNA
synthesis (25.042.0 and 56.0+ 1.6, respectively (Ta-
ble 1, Figures 1 and 2).

Discussion

The data reported in the present study have shown
that resveratrol at the concentration of 1 uM had
negligible stimulatory effect, at 10 uM had some
demonstrable inhibitory effect, and at 100 uM had
significant inhibitory effect on both cell growth and
DNA synthesis. On the other hand, quercetin at 1 and
10 uM concentrations induced significant stimulatory
effect, while at 100 uM it caused minimal inhibitory
effect on cell growth as well as DNA synthesis
(Table 1).

Since resveratrol and quercetin exist in combination
with other flavonoids in fruits and vegetables, we
studied the effect of three concentrations of resvera-
trol and quercetin similar to that found in red wines %>
When quercetin in 10, 25 and 50 uM concentrations
was added to 50 uM of resveratrol, gradual and
significant inhibition in cell growth took place (Table
1). However, in the DNA study the combination of
quercetin and resveratrol had a biphasic effect:
stimulatory when the ratio of quercetin to resveratrol
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Figure 2. Effect of indomethacin, cisplatin, resveratrol, quercetin and resveratrol-quercetin combinations on incorporation of
[PHjthymidine (DNA synthesis) in human oral squamous carcinoma cell, SCC-25. RQI R (50 uM) + Q (10 uM); RQII R
(50 uM) + Q (25 uM); RQIIl B R (50 uM) + Q (50 uM). *p<0.2; *p<0.1; ***p<0.02; ***p<0.01; ***p<0.001.
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was 1:5, and inhibitory when the ratios were 1:2 and
1:1 (Table 1).

Indomethacin and cisplatin in a concentration range
of 0.1-10 uM induced significant dose-dependent
inhibition in cancer cell growth as well as DNA
synthesis. Cisplatin at 10 uM concentration was twice
as potent as indomethacin and 10fold as potent as
resveratrol in inhibition of cancer cell growth.
Resveratrol at 100 uM concentration had the same
effect as that of cisplatin and 2fold the effect of
indomethacin, both at 10 uM, on inhibition of cancer
cell growth.

The only study in the literature on the effect of
quercetin on head and neck cancer was that of
Castillo.”® It was found that quercetin at concentra-
tions of 110 uM and above caused significant inhibi-
tion in squamous cell carcinoma of the tongue. In the
same paper the investigators discovered that quercetin
failed to inhibit lung metastasis induced by B,¢F;o
melanoma cells. There was no relationship between
antioxidant activity of various polyphenolic com-
pounds and metastasis.”®

The biological mechanisms by which flavonoids
may delay or inhibit onset of certain tumors are
currently unknown. However, they may act as in vivo
antioxidants by inhibiting mutagenicity and damage to
DNA, by altering eicosanoid synthesis, and by prevent-
ing or halting the spread of nascent tumors via
alterations in platelet aggregation and angiogen-
esis. 33

The flavonoids quercetin, luteolin and genistein
were found to scavenge oxygen free radicals (H,O,,
O,), inhibit lipid peroxidation, and quench the
formation of 8-hydroxy-2'-deoxyguanosine by UV light
irradiation and fenton reaction.>* The scavenging of
oxygen free radicals and subsequent protection of
cellular macromolecules against oxidative damage may
be responsible for the anticarcinogenic and chemo-
preventive effects of these flavonoids.

Quercetin has been shown to have growth inhibi-
tory effect on human colon cancer cells via the
inhibition of cell-cycle-related 17 kDa protein which
blocks cell transition from G¢/G, into the S phase of
the cycle.>® Quercetin has also been reported to
induce apoptosis in several cell lines of human tumor
cells via inhibition of heat shock proteins.>*3” There
are also several biological mechanisms by which
quercetin could inhibit growth of cancer cells such
as inhibition of macromolecules synthesis,*® glycoly-
sis,> lactate transport® and several protein kinases.*!

Resveratrol inhibited, in a dose-dependent manner,
free radical formation when human promyelocytic
leukemia (HL-60) cells were treated with 12-O-tetra-
hydrodecanoylphorbol - 13 -acetate (TPA).**The com-
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pound also functioned as an antimutagen, as illustrated
by its dose-dependent inhibition of mutagenic re-
sponse induced by treatment of Salmonella typhbinur-
ium strain TM677 with a 7,12-dimethylbenz([a]-
anthracene (DMBA).2> This illustrates the potential
cancer chemopreventive activity of resveratrol. In
addition, resveratrol induced quinone reductase activ-
ity with cultured mouse hepatoma (Hepa 1c1c7) cells,
which is relevant because phase II enzymes, such as
quinone reductase, are capable of metabolically
detoxifying carcinogens.*3

Inhibitors of ribonucleotide reductase, the enzyme
that catalyzes the reductive conversion of ribonucleo-
tides to deoxyribonucleotides, have been shown to be
potential anticancer, antibacterial and antiviral
agents.*>~7 Resveratrol was found to be more potent
inhibitor of ribonucleotide reductase in mammalian
cells than hydroxyurea and 4-hydroxyanisole, the only
ribonucleotide reductase tyrosyl radical scavengers
used clinically as anticancer agents.?’ Tyrosyl radical
scavenging results in inactivation of ribonucleotide
reductase and inhibition of DNA synthesis. The
antiproliferative properties of resveratrol are likely to
be due to its ability to efficiently scavenge the essential
tyrosyl radical and consequently to inhibit DNA
synthesis.*’

In conclusion the data suggest that resveratrol or a
combination of resveratrol and quercetin, in con-
centrations equivalent to that present in red wines,
are effective inhibitors of oral cancer cell growth
and proliferation (DNA synthesis). In nature, resver-
atrol and quercetin have been known to exist in
various ratios. It becomes imperative then to study
the effect of combinations of these two compounds
as they coexist in nature. Our data strongly suggests
that the study of such combinations may prove to
be effective in chemoprevention or treatment of
cancer.
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