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ABSTRACT

Objective: Hepatocellular carcinoma (HCC) is the third most frequent cause of cancer-related death in the Philippines. The prevalence of this disease 
continuously poses a great challenge to the medical and health sectors of the country, especially in discovering safe, efficacious and cheap alternative 
medicines with less or no adverse side-effects. Among our endemic medicinal plant species that belong to Moraceae family, Ficus pseudopalma (FP) 
remains understudied. To the best of our knowledge, there are no reports into the molecular mechanisms underlying the growth inhibitory effects of 
FP against HCC. We provided evidence that FP enhances apoptotic cell death of HepG2, specifically targeting DNA damage.

Methods: To assess the apoptotic and genotoxic abilities of the plant extract, trypan blue exclusion test, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, comet, terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling and caspase-3 activations 
assays were performed.

Results: Results showed that the crude extract of FP dose-dependently inhibited cell growth of HepG2 recording an inhibitory concentration of 
353.342 µg/ml. Interestingly, all assays indicated apoptotic DNA fragmentation of HepG2 cells at concentrations of 300 µg/ml and 1000 µg/ml. 
In particular, changes in morphological features such as aggregation of chromatin, cell shrinkage, and the formation of apoptotic bodies were also 
observed in treated HepG2 cells.

Conclusion: The data strongly suggest that FP may be used as an alternative, natural, cheap, readily available, and potent cancer chemoprotective 
agent by inhibiting cell growth and promoting cell death. The study provides the first molecular evidence on the plant that induces apoptosis for the 
development of phytotherapeutic regimen for cancer prevention or treatment.

Keywords: Ficus pseudopalma, Cytotoxicity, Apoptosis, Comet assay, Terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end 
labeling assay, Caspase assay.

INTRODUCTION

The prevalence of cancer had been continuously increasing all 
throughout the world. In the Philippines, cancer ranks the third 
leading cause of mortality [1]. Among the most common types of 
cancer, hepatocellular carcinoma (HCC), which is usually associated 
with liver cirrhosis, hepatitis B and hepatitis C, is prevalent in the 
country.

To date, the current conventional available treatment on HCC had 
shown adverse side effects that pose a threat to the health and general 
well-being of patients with liver cancer. Phytotherapy is one of the 
current medical therapies available in developing countries in treating 
cancer concomitant with the orthodox practice allowing use of safe and 
effective botanicals instead [2].

Preliminary results on the crude extract of Ficus pseudopalma (FP), 
one of the 150 endemic ethnomedicinal Ficus species in the Philippines 
that belong to the Moraceae family, revealed antioxidant [3,4] and 
anti-urolithiatic activities [5] as well as cytotoxic against human 
hepatocarcinoma (HepG2) [6] and anti-proliferative and apoptotic 
activities to prostate cancer cells (PRST2) [7]. Its pharmacologic effects 
have been attributed to its contents such as phytosterols, pentacyclic 
triterpenes, phenolics and flavonoids [4,8]. To date, however, the 
putative molecular bases are sorely lacking using HepG2. Therefore, 
it was the objective of this study to further explore the mechanisms 
of action of FP, specifically its anti-proliferative and apoptotic effects 
on HepG2.

METHODS

Plant preparation and extraction
Fresh leaves of FP were harvested in Bicol, Philippines. The plants were 
sent to the National Museum of the Philippines for proper identification. 
Extraction procedure was based on the protocol discussed [3]. Briefly, 
dried leaves of FP were ground and soaked with 95% ethanol (RCI 
Labscan) for 1 week, with a 24 hrs collection interval. The resulting 
ethanolic extract was concentrated through rotary evaporator (Eyela, 
USA). The collected crude extract was air-dried and kept in an amber 
bottle at 4°C.

Cell culture and maintenance
Liver cancer cell lines, HepG2 (85011430), was purchased from the 
European Collection of Cell Culture, Health Protection Agency, Porton 
Down, Salisbury, Wiltshire, United Kingdom through Sigma-Aldrich. 
The cell line was authenticated using the Amp FISTER® SGM Plus® 
polymerase chain reaction (PCR) amplification kit and the ABI Prism 
3730 genetic analyzer. Further analysis was performed such as DNA 
barcoding of the mitochondrial cytochrome C oxidase sub-unit 1 gene, 
mycoplasma detection using Vero indicator cell line and Hoechst 33258 
fluorescent detection system as well as PCR analysis. Cell count, viability 
and confluency tests of cells on resuscitation from frozen condition was 
also performed.

HepG2 was cultured in a T-75 flask using Dulbecco’s modified Eagle 
medium (DMEM) nutrient mixture F-12 HAM supplemented with 15 
mM HEPES, NaHCO3, pyridoxine, L-glutamine (Sigma-Aldrich) and 10% 
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fetal bovine serum (FBS) (Sigma-Aldrich) as the culture media. The 
cells were maintained at 37°C in 5% CO2 incubator, wherein the culture 
medium was changed every 2-3 days. The study was performed in the 
tissue culture laboratory of the University of Santo Tomas Research 
Center for Natural and Applied Sciences.

Tryphan blue exclusion test
Confluent HepG2 cells were seeded in a 6-well microplate at a density 
of 1.0 × 106 cells/mL and were incubated for 24 hrs at 37°C. The cells 
were then treated with different concentration of the crude ethanolic 
leaf extract of FP for 24 hrs and incubated at 37°C. After which, the 
cells were detached using 0.05% trypsin - ethylenediaminetetraacetic 
acid (EDTA) (Gibco, Life Technologies) and were centrifuged at 3000 
rpm for 5 minutes. Cell supernatant was discarded, and the cells were 
re-suspended in DMEM. An aliquot of 10 µL of the cells suspension was 
added with similar volume of 0.4% trypan blue solution (Sigma-Aldrich). 
Cell viability was assessed using TC-10 automated cell counter (Bio-Rad).

Cytotoxicity test: 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay
Confluent (80%) HepG2 cells were seeded in 96-well microplates at a 
density of 3.0 × 104 cells/mL and were incubated for 24 hrs at 37°C. The 
culture media of each cell were replaced with different concentrations of 
the crude ethanolic leaf extract of FP, doxorubicin (Dx) and paclitaxel (Px). 
About 150 µL of the test sample and standard drugs were added to each 
well, and the cells were incubated for 24 hrs at 37°C. After incubation, the 
test sample and standard drugs were removed, and the plate was washed 
with phosphate buffered saline (PBS), pH 7.4 (Gibco, Life Technologies). 
Then, 100 µL of PBS was added to each well together with 10 µL of 5 mg/
mL MTT reagent (Invitrogen). The plate was incubated for 4 hrs at 37°C. 
Then, 50 µL of the current solution was removed and replaced with 50 µL 
of dimethyl sulfoxide (DMSO) Hybri-Max® (Sigma-Aldrich) to dissolve the 
purple formazan crystals that were formed [9]. The plates were then read 
at 570 nm using corona microplate reader SH-1000 (Hitachi, Japan) [6,7].

Assessment of the genotoxic activity against HepG2 cells by comet 
and terminal deoxynucleotidyl transferase (TdT) deoxyuridine 
triphosphate (dUTP) nick end labeling (TUNEL) assays
Comet assay was used in determining the extent of DNA damage that has 
been inflicted by a cytotoxic agent to a certain cell type. As patterned on 
the previously discussed protocol [10,11], 5.0 × 105 cells/mL HepG2 cells 
were used for every trial. Materials consist of cell culture grade phosphate 
buffer saline (pH 7.5), a lysing solution (2.5 M NaCl, 100 mM EDTA, 10 
mM trizma base, 1% triton X-100 and 10% DMSO), electrophoresis buffer 
(300 mM NaOH and 1 mM EDTA), neutralization buffer (0.4 M Tris, pH 
7.5) and a staining solution (2 µg/ml ethidium bromide, Sigma-Aldrich).

The HepG2 cells were treated with trypsin to detach it from the cell 
culture flask. Then, they were washed with PBS and were centrifuged for 
5 minutes at 3000 rpm. The cells were then suspended back to DMEM 
supplemented with 10% FBS to wash off the effect of trypsin. The cell 
viability of HepG2 cells were determined by trypan blue exclusion test 
and the cell density was adjusted and maintained at 1.0 × 105 cells/
mL. 10 µL of cells were then transferred to a tube containing 75 µL 
of 0.5% low melting agar (Sigma-Aldrich). The resulting solution was 
transferred to a covered glass slide (1% normal melting agar, Sigma-
Aldrich) and was chilled (4°C) for 10 minutes. After which, the slide 
was placed on a container with the lysing solution and was chilled for 2 
hrs to allow the lysis of the cells. After 2 hrs, the slide was then washed 
off with the lysing solution and was transferred to the electrophoresis 
set up containing the alkaline electrophoresis buffer (pH>13). The 
slide was allowed to stand for 20 minutes on the electrophoresis buffer 
before the run was started. After that, the machine was set to 30 V, 3000 
mA for 30 minutes. Then, the slide was washed with the neutralization 
buffer thrice and was stained with ethidium bromide. The slide was 
then viewed under a fluorescent microscope (Optika, Italy).

TUNEL assay was performed using Click-iT® TUNEL Alexa Fluor® imaging 
assay (Invitrogen). The kit utilize a dUTP modified with an alkyne, a 

small, bio-orthogonal functional group that enables the nucleotide to be 
more readily incorporated by TdT than other modified nucleotides.

The assay was done based on the manufacturer’s specifications. Briefly, 
HepG2 cells, cultured in cover slips, were treated with 300 µg/ml 
and 1000 µg/ml crude ethanolic leaf extract of FP, 10 µg/ml Px and 
20 µg/ml Dx for 24 hrs. After which, the cells were washed with PBS 
prior to ethanol fixation (70%). Then, they were permeabilized using 
0.25% Triton X-100. After an incubation for 20 minutes, the cells 
were washed (×2) with DNase free ultrapure water (Invitrogen). After 
which, TdT reaction buffer was added to each cover slips prior to 60 
minutes incubation with tetrathionate reaction cocktail (TdT reaction 
buffer, EdUTP, TdT enzyme). Then, the cover slips were washed with 
3% bovine serum albumin (BSA) (Sigma-Aldrich) and were added with 
click-iT reaction cocktail (click-iT reaction buffer and reaction buffer 
additive). After incubating for 30 minutes, the cover slips were washed 
with 3% BSA and were added with 100 µL ×1 Hoechst 33342 dye. The 
cover slips were then washed with PBS (×2) and were viewed under a 
fluorescent microscope (Optika, Italy).

Caspase-3/CPP32 colorimetric protease assay
The assay was performed to determine the proteolytic activity of 
caspase-3 in mammalian cell lysates using caspas-3/CPP32 colotimetric 
protease assay (Invitrogen). Briefly, apoptosis was induced by treating 
HepG2 cells (1.0 × 106 cells/mL) with the crude ethanolic leaf extract 
of FP (300 µg/ml and 1000 µg/ml), Px (10 µg/ml) and Dx (20 µg/ml). 
Treated cells were washed with PBS and lysed using the lysis buffer 
provided in the kit. The lysed cells were centrifuged for 1 minute at 
×10,000 g and the supernatants were collected on another tubes. Protein 
concentration of each supernatants was determined using Bradford 
assay. About 150 µg of protein from each supernatant was transferred 
to a 96-well microplate and was added to the reaction buffer containing 
1.0 M dichlordiphenyltrichloroethane. Then, 4 mM DEVD-pNA (Asp-
Glu-Val-Asp p-nitroanilide) was added to each well, and the plate was 
incubated for 2 hrs at 37°C. Lastly, the absorbance was read at 450 nm 
using corona microplate reader SH-1000 (Hitachi, Japan).

RESULTS AND DISCUSSION

Cytotoxicity of the crude ethanolic leaf extract of FP
Trypan blue exclusion test is used to rapidly evaluate the viability 
response of the cells against an external factor. Uptake of the dye will be 
clearly observed in dead cells wherein the permeability of the cellular 
membrane is lesser compared to live cells.

Results showed that the crude ethanolic leaf extract of FP was able 
to inhibit the growth of HepG2 cells by decreasing its viability as the 
extract’s concentration increases (Fig. 1).

In order to support the findings that were initially obtained, another 
in-vitro cytotoxicity test for the crude ethanolic leaf extract of FP was 

Fig. 1. Tryphan blue exclusion test. Concentration-dependent 
inhibition of HepG2 cell proliferation by the crude ethanolic 
leaf extract of Ficus pseudopalma. Results are expressed as 

mean±standrad error mean (n=3; p<0.05)
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assessed against HepG2 cell lines by MTT assay. The ability to inhibit cell 
proliferation and induce death to cancer cells were measured through 
the direct reduction of the MTT salt to purple formazan. Initially, the 
plant extract was dissolved in DMSO and was further diluted to the 
desired concentration using DMEM. The final concentration of DMSO 
was maintained below 0.5%, which was found to be non-toxic to 
cells [12]. Results showed that the crude ethanolic leaf extract had a 
concentration-dependent inhibition of HepG2 cell proliferation, with 
an inhibitory concentration 50 (IC50) of 353.342 µg/ml. The observed 
activity was then compared with that of the activities of Px (IC50<10 µg/
ml) and Dx (IC50=18.5 µg/ml) (Fig. 2).

The obtained results corroborated with the previous study that 
was conducted using defatted methanolic leaf extract of FP leaves, 
wherein similar concentration-dependent inhibition of HepG2 cells 
(IC50=300 µg/ml) was observed [6]. Furthermore, ethanolic leaf extract 
of FP, and its two fractions (ethyl acetate and chloroform fractions), 
demonstrated a concentration-dependent inhibition of prostate cancer 
cell lines (PRST2) as previously discussed [7].

Structural analysis of the bioactive compounds present in FP has been 
discussed previously [8] and it was found to contain ursenone, β-amyrin 
fatty acid ester, α-amyrin acetate, β-amyrin acetate, oleanone, lupeol 
fatty acid ester, lupenone, squalene, and polyprenol. Separate studies 
have demonstrated the anticancer potential of these compounds 
though in a different chemical form. Oleanolic and ursolic acid were 
shown to have a good cytotoxic activity toward various cancer cell lines. 
The 2α-hydroxyloleanolic acid inhibited the growth of HepG2, MCF-7 
and Caco-2 cell lines [13]. In a different study, combination of oleanolic 
acid and 5-fluorouracil had synergistically potentiated cell death pf 
Panc-28 human pancreatic cells [14]. On the other hand, ursolic acid 
induced apoptosis in HT-29 and HCT116 colon tumor models [15] and 
some of its derivatives were cytotoxic against HepG2, BGC-823, SH-
SY5Y, HeLa and HELF cell lines [16]. In addition, a study showed that 
the ester derivatives of ursolic acid inhibited the growth of several lung, 
colon, breast and renal cancers, melanoma and leukemia cell lines [17]. 
Considering these findings, the cytotoxic activity of the crude ethanolic 
leaf extract of FP can be attributed to its bioactive constituents.

Genotoxicity of the crude ethanolic leaf extract of FP
To further elaborate the observed cytotoxicity of FP leaf extract, its ability 
to induce DNA fragmentation was assessed by comet and TUNEL assay.

Assessment of cellular apoptosis can be based on both morphological 
and biochemical parameters. The morphology of apoptotic cells 
usually demonstrate the fragmentation of nuclei into sharply defined 
chromatin clumps, early preservation of cell membranes and absence 
of inflammatory reaction [18]. Changes in chromatin structures are 

essential in apoptosis and are assumed to mediate DNA fragmentation 
by endonucleases resulting to a “ladder” of oligonucleosomal fragments 
that are observable on agarose gel electrophoresis [19,20].

In this study, alkaline comet assay was used due to its high sensitivity 
and its ability to detect a broad spectrum of DNA lesions [21,22] and 
is useful in measuring DNA strand breaks in eukaryotic cells [23]. The 
results showed that the crude ethanolic leaf extract of FP was able to 
fragmentize the DNA of HepG2 cells at 300 µg/ml and 1000 µg/ml 
(Fig. 3). Fragmentation is shown as the tail of the comet, which consists 
of denatured DNA strands that migrated out of the cellular membrane 
due to the influence of electric potential [23]. Studies pertaining to other 
Ficus species showed that the comet assay is effective in demonstrating 
the genotoxicity toward cancer cells of the said plant species. In a 
particular study, two phenolic compounds isolated from Ficus rumphii 
displayed a significant activity against HL-60 with IC50 values of 3.3 and 
2.3 µM, respectively [24].

In addition to that, TUNEL assay was performed in order to further 
confirm the DNA degrading activity of the crude ethanolic leaf extract of 
FP towards HepG2 cells. The assay is a good combination of molecular 
biology and morphological observation that are both useful in the 
quantification of apoptotic cells [25]. Moreover, it identifies apoptotic 
cells, wherein genomic DNA is cleaved to a large number of DNA 
double-strand breaks, which resulted from endonucleases activation 
[18,22] which is why it is often used for cytochemical quantification of 
apoptosis induced by various plant extracts toward human cancer cell 
lines [2,26,27] and other in-vivo using rat models [28].

As shown in Fig. 4, the crude ethanolic leaf extract of F. pseudpalma had 
induced apoptosis to HepG2 cells both at 300 µg/ml and 1000 µg/ml, 
though there were more observable condensation and small vesicle 
formation on the cells treated with higher concentration of the crude 
extract. This study corroborates with the results that were previously 
obtained [7] regarding the apoptosis inducing activity of FP and its 

Fig. 2: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide assay. Concentration-dependent inhibition of HepG2 
cell proliferation by the crude ethanolic leaf extract of Ficus 

pseudopalma, paclitaxel and doxorubicin. Results are expressed 
as mean±standrad error mean (n=3; p<0.05)

Fig. 3: Comet assay. Fluorescence micrographs (×400) of 
untreated HepG2 (negative control) (a), HepG2 treated with 10 
μg/ml paclitaxel (b), HepG2 treated with 20 μg/ml doxorubicin 

(c), HepG2 treated with 300 μg/ml of Ficus pseudopalma (FP) 
extract (d), HepG2 treated with 1000 μg/ml of FP extract (e)
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fractions, wherein a concentration-dependent increase in the number 
of apoptotic-labeled human PRST2 was observed. Likewise, other Ficus 
species such as Ficus benghalensis, Ficus deltoidea and Ficus indica were 
shown to have a good genoprotective and anti-mutagenic activities [29-
31]. These attributes can also be related to the ability of Ficus species to 
prevent the occurrence of cancer and other related diseases.

Induction of apoptosis by caspase-3 activation
Caspase-3 belongs to the effector caspases that are responsible for most 
of the cleavages that disassemble the cell leading to apoptosis [32,33]. In 
connection to this, discovery of caspase activators had been given much 
attention, especially in the field of anticancer drug discovery [34,35].

Measurement of caspase activities usually involves peptide substrates 
containing fluorogenic residue at the carboxyl terminal side of the 
cleavage site [32]. In this study, DEVD tetrapeptide backbone was used 
since it was shown to be the consensus sequence of most substrates for 
caspase-3 [36].

Results shown in Fig. 5 demonstrated that the crude ethanolic leaf 
extract of FP was able to stimulate the release of caspase-3 protease 
as reflected on the increased optical density (OD) that were recorded 
for both 300 µg/ml and 1000 µg/ml concentrations. It is, however, 
noticeable that Px treated cells had a lower OD measurement as 
compared to that of the Dx - treated cells that contradicts the results 
presented above (Fig. 2). This can be explained by the fact that Px can 
induce integrin-mediated cell death resulting from inappropriate cell 
adhesion or loss of cell adhesion to the extracellular matrix [37]. Since 
lower number of intact Px - treated cells were obtained, lower amount 
of protein was obtained and was assayed.

There are no data yet on the ability of other Ficus species in activating 
apoptosis via caspase-3 pathway though there are some studies that 
provide insights on the capability of various phytochemicals in inducing 
the release of caspases from cells.

CONCLUSION

The study showed that the crude ethanolic leaf extract of FP was able 
to induce apoptosis to HepG2 cells and induce DNA fragmentation in 
HepG2. Therefore FP has a promissing potential as a chemopreventive 
agent against HCC.

Extensive studies on the endemic ethnomedicinal plants of the 
country, such as FP, had shown to be useful in unraveling more medical 
potentials and provide deeper understanding, through molecular study, 
on the biological and pharmacological actions of these plants.

ACKNOWLEDGMENT

Financial assistance of the study was provided by the Grants-in-Aid 
Program of the Philippine Council for Health Research and Development 
under the Department of Science and Technology.

REFERENCES

1. World Health Organization, World Health Rankings: Liver Cancer in 
the Philippines, 2011. Available from: http://www.worldlifeexpectancy.
com/philippines-liver-cancer. [Last accessed on 2014 July 10].

2. Alshatwi AA, Hasan TN, Shafi G, Syed NA, Al-Assaf AH, Alamri MS, 
et al. Validation of the antiproliferative effects of organic extracts from 
the green husk of Juglans regia L. on PC-3 human prostate cancer cells 
by assessment of apoptosis-related genes. Evid Based Complement 
Alternat Med 2012;2012:103026.

3. Santiago LA, Valerio VL. Assessment of antioxidant activities of crude 
ethanolic leaf extract of Ficus pseudopalma blanco (Moraceae). Int J 
Pharm Front Res 2013;3(1):1-11.

4. Santiago LA, Mayor AB. Lupeol: An antioxidant triterpene in 
Ficus pseudopalma Blanco (Moraceae). Asian Pac J Trop Biomed 
2014;4(2):109-18.

5. Acosta CJ, Macabeo AP, Santiago LA. Assessment of the antiurolithiatic 
and antioxidant properties of Ficus pseudopalma blanco leaves 
(Moraceae). Curr Res Biol Pharm Sci 2013;2(2):22-30.

6. Bueno PR, Buno CB, Santos DL, Santiago LA. Assessment of the 
antioxidant activity of Ficus pseudopalma blanco and its cytotoxic 
effect on hepatocellular carcinoma and peripheral blood mononuclear 
cells. Curr Res Biol Pharm Sci 2013;2(2):14-21.

7. De Las Llagas MC, Santiago LA, Ramos JD. Cytotoxicity and 
apoptotic activity of Ficus pseudopalma blanco leaf extracts against 
human prostate cancer cell lines. Trop J Pharm Res 2014;13(1):93-100.

8. Ragasa CY, Tsai P, Shen CC. Terpenoids and sterols from the endemic 
and endagered philippine trees, Ficus pseudopalma and Ficus ulmifolia. 
Philipp J Sci 2009;132(2):205-9.

9. Nazeema BB, Julie J, Abirami J, Jumareasan R, Muthukumaran T, 
Rajasree S, et al. Anti-cancer Activity of Datura metel on MCF-7 Cell 
Line. Asian J Pharm Clin Res 2014;7(5):181-3.

10. Wang A, Robertson JL, Holladay SD, Tennant AH, Lengi AJ, 
Ahmed SA, et al. Measurement of DNA damage in rat urinary bladder 
transitional cells: improved selective harvest of transitional cells and 

Fig. 4. Terminal deoxynucleotidyl transferase deoxyuridine 
triphosphate nick end labeling assay. Fluorescent micrographs 
(×400) of DNase-treated control HepG2 cells (positive-control) 

(a), untreated HepG2 (negative-control) (b), HepG2 treated with 
10 μg/ml paclitaxel (c), HepG2 treated with 20 μg/ml doxorubicin 

(d), HepG2 treated with 300 µg/ml Ficus pseudopalma (FP) 
extract (e) and HepG2 treated with 1000 μg/ml of FP extract (f)

Fig. 5: Caspase-3 assay. Induction of capase-3 proteases by the 
crude ethanolic leaf extract of Ficus pseudopalma, doxorubicin 

and paclitaxel

a

dc

b

fe



Asian J Pharm Clin Res, Vol 8, Issue 2, 2015, 257-261
 Santiago and Mayor 

261

detailed Comet assay protocols. Mutat Res 2007;634(1-2):51-9.
11. Mirunalini S, Karthishwaran K, Vaithyanathan V. Antiproliferative 

potential of Pergularia daemia (Forsk.) on human oral epidermoid 
carcinoma (KB) cells by inducing apoposis and modifying oxidant 
antioxidant status. Asian J Pharm Clin Res 2014;7(5):85-9.

12. Baratto LC, Porsani MV, Pimentel IC, Pereira Netto AB, Paschke R, 
Oliveira BH. Preparation of betulinic acid derivatives by chemical and 
biotransformation methods and determination of cytotoxicity against 
selected cancer cell lines. Eur J Med Chem 2013;68:121-31.

13. He X, Liu RH. Triterpenoids isolated from apple peels have potent 
antiproliferative activity and may be partially responsible for apple’s 
anticancer activity. J Agric Food Chem 2007;55:4366-70.

14. Wei J, Liu H, Liu M, Wu N, Zhao J, Xiao L, et al. Oleanolic acid 
potentiates the antitumor activity of 5-fluorouracil in pancreatic cancer 
cells. Oncol Rep 2012;28(4):1339-45.

15. Liberty AM, Amoroso JW, Hart PE, Neto CC. Cranberry PACs 
and triterpenoids: Anticancer activities in colon tumor cell lines. 
Proceedings of the second international symposium on human health 
effects of fruits and vegetables. Acta Hortic 2009;841:61-6.

16. Shao JW, Dai YC, Xue JP, Wang JC, Lin FP, Guo YH. In vitro and 
in vivo anticancer activity evaluation of ursolic acid derivatives. Eur J 
Med Chem 2011;46(7):2652-61.

17. Kondo M. Phytochemical studies of extracts from cranberry (Vaccinium 
macrocarpon) with anti-cancer, anti-fungal and cardioprotective 
properties. M.S. Thesis: University of Massachusetts Dartmouth; 2006.

18. De Torres C, Munell F, Ferrer I, Reventós J, Macaya A. Identification 
of necrotic cell death by the TUNEL assay in the hypoxic-ischemic 
neonatal rat brain. Neurosci Lett 1997;230(1):1-4.

19. Christina M, Angelika HL, Bernd P, Martina P. Simultaneous detection 
of a cell surface antigen and apoptosis by microwave-sensitized TUNEL 
assay on paraffin sections. J Immunol Methods 2006;316(1-2):163-6.

20. Jha AN. Ecotoxicological applications and significance of the comet 
assay. Mutagenesis 2008;23(3):207-21.

21. Poletta GL, Gigena F, Loteste A, Parma MJ, Kleinsorge EC, Simoniello 
MF. Comet assay in gill cells of Prochilodus lineatus exposed in vivo to 
cypermethrin. Pestic Biochem Physiol 2013;107(3):385-90.

22. Collins AR. The comet assay for DNA damage and repair: Principles, 
applications, and limitations. Mol Biotechnol 2004;26(3):249-61.

23. Darzynkiewicz Z, Galkowski D, Zhao H. Analysis of apoptosis by 
cytometry using TUNEL assay. Methods 2008;44(3):250-4.

24. Parveen M, Malla AM, Alam M, Ahmad F, Silva PS, Silva MR. Two 

new phenolic compounds from Ficus rumphii and their antiproliferative 
activity. Nat Prod Res 2014;28(9):646-52.

25. Meenakshi J, Anupama, Goswami SK, Datta K. Constitutive 
expression of hyaluronan binding protein 1 (HABP1/p32/gC1qR) in 
normal fibroblast cells perturbs its growth characteristics and induces 
apoptosis. Biochem Biophys Res Commun 2003;300:686-93.

26. Tuncer E, Unver-Saraydin S, Tepe B, Karadayi S, Ozer H, Karadayi K, 
et al. Antitumor effects of Origanum acutidens extracts on human 
breast cancer. J BUON 2013;18(1):77-85.

27. Talib WH, Mahasneh AM. Antiproliferative activity of plant extracts 
used against cancer in traditional medicine. Sci Pharm 2010;78(1):33-45.

28. Keskin N, Mammadov R, Ili P. The effects of Crataegus aronia var. 
dentata Browicz extract on biochemical indices and apoptosis in partially 
hepatectomized liver in rats. Bosn J Basic Med Sci 2012;12(3):177-81.

29. Ramakrishna V, Gupta KP, Setty OH, Kondapi AK. Protective effect 
of Ficus bengalensis L. extract agaists H2O2 induced DNA damage and 
repair in neuroblastoma cells. Free Rad Antiox 2014;4(1):3-7.

30. Farsi E, Shafaei A, Hor SY, Ahamed MB, Yam MF, Asmawi MZ, 
et al. Genotoxicity and acute and subchronic toxicity studies of a 
standardized methanolic extract of Ficus deltoidea leaves. Clinics (Sao 
Paulo) 2013;68:865-75.

31. Sharma S, Sharma GK, Mehta A. Antimutagenic protection of Ficus 
benghalensis extract aganst cyclophosphamide induced genotoxicity in 
rat bone marrow. Asian J Pharm Clin Res 2012;5 Supp 1:84-6.

32. Werner JM, Steinfelder HJ. A microscopic technique to study kinetics 
and concentration-response of drug-induced caspase-3 activation on a 
single cell level. J Pharmacol Toxicol Methods 2008;57:131-7.

33. Pereira C, Lopes-Rodrigues V, Coutinho I, Neves MP, Lima RT, 
Pinto M, et al. Potential small-molecule activators of caspase-7 
identified using yeast-based caspase-3 and -7 screening assays. Eur J 
Pharm Sci 2014;54:8-16.

34. Häcker HG, Sisay MT, Gütschow M. Allosteric modulation of caspases. 
Pharmacol Ther 2011;132:180-95.

35. Olsson M, Zhivotovsky B. Caspases and cancer. Cell Death Differ 
2011;18(9):1441-9.

36. Stennicke HR, Salvesen GS. Biochemical characteristics of 
caspases-3, -6, -7, and -8. J Biol Chem 1997;272(41):25719-23.

37. Sato Y, Morimoto K, Kubo T, Yanagihara K, Seyama T. High 
mannose-binding antiviral lectin PFL from Pseudomonas fluorescens 
Pf0-1 promotes cell death of gastric cancer cell MKN28 via interaction 
with a2-integrin. PLoS One 2012;7:e45922.


