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ABSTRACT: Quercus infectoria Olivier (manjakani) is a small tree which is known as oak tree. Previous study
showed that this plant possessed antioxidant activity which contributes to the anti-carcinogenic effect. Flavanols
as one of the major compounds from this plant was reported to inhibit cell proliferation in vitro. This present
study was carried out to determine the potential of galls of Q.infectoria as an antiproliferative agent towards
cervical cancer cells (HeLa) and ovarian cancer cells (Caov-3). The toxicity in vitro was evaluated on non
malignant cell line (MDCK). HeLa and Caov-3 cancer cell lines and MDCK were incubated in 96-wells plate in
the presence and absence of QI galls extracts (methanol, ethanol and aqueous extracts) for 72 hours. The
antiproliferative activity of QI galls extracts towards the cell lines were investigated by Methylene Blue Assay
and the OD values were read at 660nm. The inhibitory concentrations at 50 % cell population (IC50 values)
were determined followed by observation of the morphological features of apoptosis by Hoescht stain. The
lowest IC50 value for HeLa cell line was 2.82±0.21 μg/ml treated with QI galls ethanol extract and the lowest
IC50 value for Caov-3 cell line was 6.50±0.24 μg/ml treated with QI galls aqueous extract. The QI galls ethanol
extract showed relatively low toxicity to normal cell control (MDCK) with IC50 of 74.99±0.09 µg/ml. The cells
treated with QI galls ethanol extracts, morphological changes were consistently observed that eventually leads to
detachment of cells from monolayer and DNA (chromatin) condensate. From the results, it can be suggested that
QI galls extracts have potential as anticancer agent and further study should be carried out to elucidate the active
compound of the extracts.
Keywords: cancer cells, Quercus infectoria Olivier (QI), antiproliferative assay, apoptosis
Introduction
Cancer is a major health problem and leading cause
of death not only in developed countries, but also
in developing countries where approximately 72%
of all cancer cell death worldwide. Although
common methods for cancer treatment have yielded
some advantages, there is an ongoing need for both
improvement of current therapeutic strategies and
need to search for novel agents (Wicaksono et al.,
2009). The interest in natural products research has
resulted in discovery more efficient drugs for
cancer treatment. (Calixto, 2000; Rates, 2001;
Phillipson, 2001).
In this research, a white oak, Quercus infectoria
Olivier (QI) is chosen for antiproliferative activity
towards two types of most common women cancer,
cervical (HeLa) and ovarian (Caov-3) cells. QI is a
small oak, indigenous to Greece and Iran
(Umachigi, 2008). The leaves of Q. infectoria is
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ovate-oblong, sinuate-dentatte, very smooth, and
deciduous (Daniel, 2005). QI is a small tree or
shrub, growing to four to six feet tall. Its stem is
crooked and its leaves on short petioles with a few
short mucronate teeth on each side (Henrietta,
2009). The galls extract contains Tannic acids and
Gallic acids (Dar & Ikram, 1976; Wart & Kumar,
2001; Kokate, 1994) which are powerful
astringents (Pin et al., 2006). Khare (2004) reported
other phytochemicals such as amentoflavone
hexamethyl ether, iso-crytomerin and betasitosterol. The antioxidants such as flavanols
(Goncalves et al., 2008) from this plant may
contribute to the anti-carcinogenic effect
(Shahrzard et al., 2001), which inhibits cell
proliferation in vitro (Scalbert et al., 2005). The
presence of flavanols was studied recently as nontimber products from several species of Quercus.
The QI galls aqueous extract was reported to have
high potential in skin whitening and antioxidant
properties as the extract inhibited the super oxide
and 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activities, and tyrosinase activities
(Rohana et al., 2004). Aqueous extract of QI galls
was reported shown to have high hydrolysable
tannin content which inhibits the lethality of the
Naja kaouthia (Thai cobra) venom (Pithayanukul et
al., 2004). The hydrolysable tannins including
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tannic acid and Gallic acid are powerful astringent
that are prescribed in diarrhea. The extract of QI
galls also shown high antimicrobial activity against
Escherichia
coli
(E.
coli)
O157:H7
(Voravuthikunchai et al., 2004). These studies have
revealed its potential to provide an alternative for
modern medicinal products as well as cosmetics
and skin care products. However, no previous study
was done on the antiproliferative activity of
Quercus infectoria Olivier galls extract.
The ethanol extract of the galls of Q. infectoria
have a high potential as antibacterial agent against
methicillin-resistant
Staphylococcus
aurens
(MRSA) (Voravuthikunchai et al., 2007). Galls of
Q. infectoria possess pleiotropic therapeutic
activities, with particular efficacy against
inflammatory disease. Oral administration of gall
extract significantly inhibited carrageenan,
histamine, serotonin and prostagladin E2 (PGE2)
induced paw edemas The extract also inhibit
various functions of macrophages and neutrophiles
relevant to inflammatory responses (Kaur et al.,
2004). Thus, this present study was designed to
determine the antiproliferative activity of QI galls
extracts towards HeLa and Caov-3 cancer cell lines
and its apoptotic cell death mode of action.
Materials and Method
Plant extracts

IC50 value was determined using graph plotting
percentage of viable cells versus log10
concentration (mg/ml) of extract.
Hoescht 33258 staining
Cells were treated with 2.82ug/ml ethanol crude
extract and incubated for 24, 48 and 72 hours. Then,
the cells were centrifuged at 1000 rpm for 10
minutes and the cell pellets were re-suspended in
2ml of PBS solution for 3 times (Sanchez-Alcazar
et al., 2001). The suspended pellet was then spread
on a clean poly-prep slide (coated with L-lysine)
and left to dry. After completely dry, 4%
paraformaldehyde was added to fix the cells. The
cells were then washed with PBS for three times to
remove the fixatives before deluged with cold (20C) 100% methanol and left at room temperature.
This step is crucial for cell permeabilization (Blau
2002). The slide is then stained with 0.5 μg/ml
Hoescht dye and incubated for 1 h in dark. The
slides were then rinsed with PBS for five times and
then observed under fluorescent microscope at 340380 ηm.
Statistical analysis
The absorbance means were calculated using the
Excel® software (Microsoft, US) and the standard
error of the mean were calculated for 3 wells in
triplicated sampling.

Q. infectoria extract was supplied with courtesy of
Dr. M. Rafiquzzaman from School of Health
Sciences, Universiti Sains Malaysia.

Results

Cell culture

After incubation of cell lines with QI galls extracts
for 72 hours, the QI gall extracts obviously showed
cytotoxic effects towards Caov-3 and HeLa cell
lines in concentration dependent manner (FIG. 1-3).

Cancer cell lines, HeLa and Caov-3 were cultured
in complete medium containing Dulbecco's
modified Eagle medium (DMEM) with Lglutamine supplemented with 10% v/v fetal bovine
serum (FBS) with supplement of 1% antibiotic.
Antiproliferative assay towards HeLa and Caov-3
cell lines
The assay procedure was slightly modified from
Hasmah et al. (2008). Cells were seeded into 96wells plate at concentration 5 x 104 cells/ml and left
overnight prior to attachment. QI galls extracts
(Methanol, ethanol and aqueous extracts) were
added into each well at different concentrations and
incubated for 72 hours in 37C 5 % CO2. The plate
optical density (OD) was read using ELISA
microplate reader (GENios with serial no:
12900400903) at wavelength 655nm (+5nm). The
intensity of wavelength absorb is proportional to
the above of live cells present in the wells. The

Antiproliferative activity

From the results, it can be suggested that the QI
galls extracts were more effective towards HeLa
cell line compared to Caov-3 cell line as it IC50
was 2.82±0.21 μg/ml when treated with ethanol
extract (TABLE 1), p<0.05.
Effect of QI galls extract towards MDCK
The lowest IC50 was proceeded to be tested against
MDCK (control cell line) and the result showed
that the extract showed very low toxicity towards
normal cell.
Hoescht 33258 staining
Result of staining showed the morphological
features of apoptosis when observed under
fluorescent microscope. The intensity of
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fluorescence increased with time due to the
increase of nuclear membrane permeability of
apoptotic cells (FIG. 5). The increased amount of
chromatin condensation which is a characteristic of
apoptotic cells, will showed brighter fluorescence

(Kuck et al., 2001). The more fluorescent intensity
is an indication of increase nuclear pyknosis or
karyorrhexis in cells caused by increase
permeability to cytosolic molecules in apoptotic
cells (Earnshaw, 1995).
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FIG. 1- Cytotoxic effects of QI galls methanol extract towards HeLa and Caov-3 after 72 hours. Each point is mean
percentage (%) of live cells with bar show + standard error mean (SEM).
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FIG. 2- Cytotoxic effects of QI galls ethanol extract towards HeLa and Caov-3 after 72 hours. Each point is mean
percentage (%) of live cells with bar show + standard error mean (SEM).
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FIG. 3- Cytotoxic effects of QI galls aqueous extract towards HeLa and Caov-3 after 72 hours. Each point is mean
percentage (%) of live cells with bar show + standard error mean (SEM)
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TABLE 1- IC50 values of HeLa and Caov-3 cell lines treated with QI galls extracts for 72 hours
IC50 for cell lines (μg/ml)

Extract

HeLa

Caov-3

Aqueous-Mixed group-soxlet

4.47±0.48

10.00±0.018

Aqueous-Mixed group-soaking

8.91±0.48

12.02±0.18

Ethanol-Mixed group-soaking

2.82±0.21

15.40±0.27

Methanol-soaking

3.16±0.08

23.17±0.33

Aqueous-soaking

6.49±0.24

6.50±0.29
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FIG. 4- Cytotoxic effects of QI galls ethanol extract towards HeLa and MDCK after 72 hours. Cisplatin was used as drug
control for HeLa cell line. Each point is mean percentage (%) of live cells with bar show + standard error mean (SEM)

Discussion
The cancer remains one of the leading causes of
death worldwide even today. Various cancer
therapies have currently been tried, including the
use of natural products from higher plants
(Wicaksono et al., 2009). Therefore, the need to
discover an effective, novel and scientifically
reliable natural compound is urgent. Natural
products provide a fertile ground for seeking out
treatments with fewer side effects and equal or
better results (Subhuti, 1999).
The present research describes the antiproliferative
properties of Quercus infectoria galls crude
extracts. The in vitro cytotoxicity activity against
two human cancer cell lines, cervical cancer and
ovarian cancer showed that the most potent extract
was QI ethanolic extracts produced by soaking
method with a percentage of inhibition of 50% at
2.82 ±0.21 μg/ml against the HeLa. All the crude
extracts inhibited cells growth in a concentrationdependent manner. It was reported that types of
solvent used in the extract preparation greatly
influenced the bioactive compound extraction
(Pinelo et al., 2005). Therefore we found the
different effect with different extraction solvents
and methods.

In this study, all the crude extracts of QI galls
having IC50 less than 100 μg/ml towards both HeLa
and Caov-3 cells. The differences between both
values are small explaining the hydrophilic
compounds extracted might have same effects on
the cell lines. These findings revealed the potential
of Quercus infectoria galls extract as an anticancer
agent. Established cancer drug, cisplatin treatment
demonstrated inhibitory effect on HeLa cells
multiplication at lower concentration but shown
toxicity at higher concentration and longer
treatment duration (Majumdar, 2001). QI galls
active compound that inhibited the cancer cell
growth can be achieved by purification of QI galls
extracts via bio-assay guided fractionation. The
phytochemical work carried by Umachigi et al.
(2008) revealed that ethanolic extracts of the galls
of QI contains high amount of tannins, presence of
gallic acid, ellagic acid, syringic acid, -sitosterol
and amenotoflavone, implied that tannin is one of
the active compounds which may be responsible
for the antiproliferative activity. Several
antioxidants in plants have been suggested to
contribute to the anti carcinogenic effects and other
such as flavanols have been able to inhibit cancer
cell proliferation in vitro (Scalbert et al., 2005). It
was suggested by Fellows (1992) that ethanol
extracts more polar compounds compare to other

20

Health and the Environment Journal, 2010, Vol. 1, No. 2
solvent. The focus of discussion was usually given
to methanol extracted compound as it is polar and
lipophilic (Mans et al. 2000) which might contain
important secondary metabolite such as tannins,
ellagitannins and other important metabolites.
Other researches done using different Quercus sp.
also exhibited good IC50 against HeLa cell lines.
The research done by Rocha-Guzman et al. (2009)
using Quercus resinosa leaves shown 50% of
inhibition after 24 hours treatment with 69.34 ± 8.1
μg/mL of the aqueous extract. Antiproliferative
assay done by Goncalves (2008) on Quercus suber
L., showed the IC50 value for aqueous extract on
HeLa cells was 298.80 ug/ml. However, the
ethanol extract was not included in the assay. As
compared to the others, QI galls ethanol extract
shown a better IC50, which is 4.47±0.48 μg/ml.
Established cancer drug, cisplatin treatment
demonstrated inhibitory effect on HeLa cells

multiplication at lower concentration but shown
toxicity at higher concentration and longer
treatment duration (Majumdar, 2001). The
antioxidants present in plants may contribute to the
anti-carcinogenic effect and other such as flavanols
have been able to inhibit cell proliferation in vitro
(Scalbert et al., 2005). The presence of flavanols
was studied recently as non-timber products from
several species of Quercus (Gonclaves et al. 2008).
The extract probably can be subjected to
purification in order to get better IC50. This proved
by fractionation of Hydnophytum formicarium
crude extract exerted better IC50 value towards
HeLa and Caov-3 cell lines after methanol
fractionation (Hasmah et al., 2008). However,
further investigations in needed to elucidate the
active compound of the extracts and its mechanism
of action towards cancer cells for future therapeutic
application as anticancer agent.

Fig. 5- Morphology changes of HeLa cell line of when stained with Hoescht stain 33258 under microscope at magnification
x40, a) no treatment, minimum fluorescence shown as the nuclear membrane is intact; b) treatment with ethanol extract of
QI galls at concentration 2.82±0.21 μg/ml for 24 hours. A low intensity of fluorescence can be seen; c) treatment with
ethanol extract of QI galls at concentration 2.82±0.21 μg/ml for 48 hours with moderate fluorescence intensity indicated that
nuclear membrane is moderately permeable to the stain; d) treatment with ethanol extract of QI galls at concentration
2.82±0.21 μg/ml for 72 hours with higher intensity of fluorescence which indicates its nuclear membrane is highly
permeable to Hoechst stain.
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Nuclear staining has distinguished apoptosis and
necrosis (Eric & Huseyin 2003). The cells treated
with ethanol extracts of Quercus infectoria galls,
exhibited morphological changes that eventually
leads to detachment of cells from monolayer. Cells
that undergo apoptosis with condensation and DNA
fragmentation were detected by Hoescht 33258
staining with the principle of increased cell and
nuclear membrane permeability apoptotic cells
caused by increase mobilization of stain into the
cells. The increased amount of apoptotic cells
characterized by chromatin condensation will
resulted brighter fluorescence (Kuck et al. 2001).
Present study showed DNA (chromatin)
condensation was observed in treated cells,
suggesting the presence in apoptosis in these cells
(Searle et al. 1974).

7.

8.

9.

10.

Conclusion
11.
Results indicated that Quercus infectoria holds
promise of being a novel antiproliferative agent
deserving further investigation. Further purification
of the extract from QI galls and broadens the
screening to other cancer cell lines should be done
in future.
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