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Gossypol, a polyphenolic compound occurring in cot-
tonseed, has antiproliferative effect on a number of cancer
cells in vitro [1-3]. Clinical trials indicate that gossypol is
showing potential as a treatment for adrenal, prostate and
mammary carcinomas, gliomas, endometriosis and uter-
ine myoma [1]. Recent evidence suggests that gossypol
may affect cell cycle distribution and cell cycle regulators
such as cyclin D1 and Rb in human mammary tumor cells
[4]. However, we have insufficient information on the mech-
anism of gossypol-induced antitumor activity.

Apoptosis is characterized by internucleosomal DNA
fragmentation and is associated with morphological chang-
es including chromatin condensation, cell shrinkage, mem-
brane blebbing and disintegration of the cell into membrane-
bound fragments named apoptotic bodies. These chang-
es in cells undergoing apoptosis are easily recognizable
using electron or light microscopy. Internucleosomal DNA
fragmentation may be detected by gel electrophoresis [5].

The study was aimed on the evaluation of the effect
of gossypol at concentration of 25–150 µM on the level
of apoptosis in the human epidermoid larynx carcino-
ma cell line (HEp-2) in vitro.

Cell line and gossypol treatment. The HEp-2 cells
were supplied by the Cell Culture Collection Department,
Foot and Mouth Disease Institute, Ankara, Turkey. HEp-2
cells were cultured at 37 °C in a humidified athmosphere
with 5% CO2 in RPMI 1640 medium (Biological Indus-
tries, Israel) supplemented with 10% heat-inactivated fetal
calf serum, 200 mM L-glutamine, 100 U/ml penicillin and
100 µg/ml streptomycin. The cells were seeded on six-
well plates (Costar, USA) at a density of 5 x 105 cells/ml.
Gossypol acetic acid is referred to in this study as gossy-
pol (1.0 µg/ml = 1.73 µM). Since the gossypol was dis-
solved in ethanol, 99.5% ethanol was used as solvent
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control. To determine the cytotoxic effects on the mor-
phology and growth of HEp-2 cells, gossypol was added
to the cell culture at concentrations of 25–150 µM. Cell
viability was assessed in 6 h after the addition of gossy-
pol by scoring at least 100 cells for Trypan Blue exclusion
[6]. Morphological evaluations of different stages of apo-
ptosis were conducted by fixing the cells in 70% ethanol
followed by staining in 10% Giemsa solution (Merck, Ger-
many). The percentages of apoptotic cells were deter-
mined by counting at least 100 cell fields.

Detection of DNA fragmentation. HEp-2 cells
were incubated in 3 ml of medium with different con-
centrations of gossypol for 6 h using six-well culture
plates, six wells for each concentration. Cells were ced-
imented by centrifugation for 10 min at 1600 rpm, and
the cell pellets were incubated for 1 h at room temper-
ature in phosphate-citric acid buffer. After centrifuga-
tion at 1600 rpm for 5 min, NP-40 and RNase A were
added to the supernatant for 30 min at 37 °C, then pro-
teinase K solution was added and the mixture was in-
cubated at 37 °C for a further 30 min. DNA samples
were analysed by electrophoresis in 1% agarose gel.

Statistics. Since all samples were normally distrib-
uted according to the one-way ANOVA method, Stu-
dent’s t-test was conducted to evaluate the significance
of changes in apoptosis and viability rates.

Apoptotic features were observed in HEp-2 cells
after 6 h exposure to different concentrations of gossy-
pol (Fig. 1):  the rates of apoptosis and cell viability
were 12 ± 1.4% and 80 ±2.9%; 26 ± 1.5% and 84 ±
2.4%; 23 ± 1.3% and 78 ± 2.4%; 10 ± 1.4% and 50 ±
5.4%; 8 ± 1.8% and 25 ± 3.7% for 25, 50, 75, 100 and
150 µM gossypol, respectively. The apoptosis and via-
bility rates differ significantly (p < 0.01) compared to
the control cells. Morphological examination indicated
apoptosis in the treated cells, too (Fig. 2).

The study of internucleosomal DNA fragmentation
in HEp-2 cells has shown that DNA fragmentation was
not observed in the untreated control group (Fig. 3),
whilst in the cells incubated with 50 µM and 75 µM gos-
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sipol, DNA ladder pattern confirmed high apoptosis
rates, whereas in 100 µM and 150 µM concentrations
the DNA ladder pattern were not as distinct (see Fig. 3).
This result is consistent with the low rates of apoptosis
at the higher concentrations of gossypol.

Gossypol is known as a potent inhibitor of phospho-
lipid-sensitive Ca2+-dependent protein kinase (PKC) [7]
and is capable to inhibit the proliferation of a wide range
of cancer cells in vivo and in vitro. Recent observations
have reported its antiproliferative activity in prostate can-
cer cells [8]. Treatment of HT-29 human colon carcino-
ma cells with gossypol not only induced cell cycle arrest
in the G0/G1 phase but also induced apoptosis [6]. Fur-
thermore, treatment with 15–100 µM gossypol resulted
in increased percentage of apoptotic cells in human
chronic myelogenous leukemic K-562 cells [3]. In com-
bination with alkylating agents, gossypol increased the
sensitivity of drug resistant breast cancer cells [9]. In
addition, gossypol increased Ca++ release in human
hepatoma cells [10], which would point to the induction
of apoptosis. Apoptosis-like DNA fragmentation was
reported in HL-60 cells after 6 h incubation with 50–
100 µM gossypol [7]. Recently, it has been reported that
upon 6 h treatment with 50 µM gossypol, the induction
of apoptosis in HL-60 cells was observed [11].

In this study we found that 6 h incubation of HEp-2
cells with 50 and 75 µM concentrations of gossypol in-
creased the rate of apoptosis by 23–26%. This prelim-
inary study may constitute a base for in vivo studies of
gossypol for potential anticancer therapy.
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Fig. 1. Apoptosis and viability rates of HEp-2 cells after 6 h ex-
posure to gossypol. Results are means ± S.D. for six-well cell
cultures; * significant (p < 0.01).

Fig. 2. HEp-2 cells exposed to 75 µM gossypol for 6 h

Fig. 3. 1% agarose gel  electrophoresis of DNA from HEp-2 cells
treated with  50 µM (lane 1), 75 µM (lane 2), 100 µM  (lane 3) and
150 µM (lane 4) gossypol; M: 100 bp DNA size marker; lane 5:
control sample
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ÖÈÒÎÒÎÊÑÈ×ÅÑÊÎÅ ÄÅÉÑÒÂÈÅ ÃÎÑÑÈÏÎËÀ ÍÀ ÊËÅÒÊÈ
ÏËÎÑÊÎÊËÅÒÎ×ÍÎÃÎ ÐÀÊÀ ÃÎÐÒÀÍÈ ×ÅËÎÂÅÊÀ ËÈÍÈÈ HEð-2

IN VITRO

Öåëü: èññëåäîâàòü äåéñòâèå ãîññèïîëà â êîíöåíòðàöèè 25–150 µµµµµM íà àïîïòîç êëåòîê ïëîñêîêëåòî÷íîãî ðàêà
ãîðòàíè ÷åëîâåêà ëèíèè HÅp-2 in vitro. Ìåòîäû: äëÿ îöåíêè àïîïòîçà ïðèìåíÿëè ìîðôîëîãè÷åñêèå ìåòîäû è
àíàëèç ôðàãìåíòàöèè ÄÍÊ. Ðåçóëüòàòû: èíêóáàöèÿ êëåòîê â òå÷åíèå 6 ÷ ñ 50 µµµµµM è 75 µµµµµM ãîññèïîëà ïðèâîäèëà
ê óâåëè÷åíèþ äîëè àïîïòîòè÷åñêèõ êëåòîê íà 26 è 23% ñîîòâåòñòâåííî. Âûâîäû: ðåçóëüòàòû èññëåäîâàíèÿ
ìîãóò ïîñëóæèòü îñíîâîé äëÿ èññëåäîâàíèé âîçìîæíîãî ïðîòèâîîïóõîëåâîãî ýôôåêòà ãîññèïîëà in vivo.
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