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Cytotoxic Effects of Pistacia Atlantica (Baneh)
Fruit Extract on Human KB Cancer Cell Line

Zohreh Jaafari-Ashkvandi', Saeed Yousefi Shirazi?, Somayeh Rezaeifard?, Azadeh Hamedi*,
Nasrollah Erfani>*

ABSTRACT

Plants with anticancer properties are considered as cancer preventive and treatment sources, due to their some biological effects.
Apoptosis induction and anti-proliferative effects of Baneh extract on various cancer cell lines have been reported. Hence, this study
was designed to evaluate the cytotoxic effects of this fruit on KB and human gingival fibroblast cell lines (HGF). KB and HGF cells were
treated with various concentrations of ethanolic Baneh extract and cisplatin as positive control. Cytotoxic activity and apoptosis induction
were investigated using WST-1and Annexin V assays. Data were analyzed using ANOVA and student’s t-tests. IC,  after 24 and 48 hours
treatment were respectively 2.6 and 1 mg/mL for KB cell line, and 1.5 and 1.6 mg/mL for HGF cell. During 48 hours Baneh extract induced
apoptosis without significant necrosis, in a time- and dose-dependent manner. The induction of apoptosis in KB cells was significantly
higher than HGF. It seems that ethanolic extract of Baneh contains compounds that can suppress KB cell growth through the induction
of apoptosis. Within 48 hours, less cytotoxic effects were observed on normal fibroblast cells; therefore, it might be a potential
anticancer agent.
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Cytotoxic effects of Baneh on KB cells

INTRODUCTION

Squamous cell carcinoma (SCC) is the most common head
and neck cancer. Despite advances in the medical research
and therapies, 5-years survival rate is not favorable, yet.
Surgery is the first therapeutic management and many pa-
tients require adjuvant radio-and chemotherapy (1). These
anticancer approaches induce many non-specific involun-
tary cellular effects, cell death, tissue toxicity and several
complications in patients (2). Today, there is an ever grow-
ing interest toward herbal medicine to treat cancer, due
to low tissue toxicity and specific toxic effects on cancer
cells (3). Herbs can act as alternative and complementary
medicine. Natural compounds can reduce inflammation
and counteract chemotherapy resistant (4).

Pistacia atlantica (P. atlantica) is a member of Anac-
ardiaceae family, which grows from the Mediterranean
basin to central Asia. P. atlantica subsp. krudica, known as
Baneh is distributed in west mountainous region of Iran.
The unripe fruits and the seeds of the plant are widely used
as edible fruit, as nuts or in foods. The oleo-gum resin of
the plant as well as its fruits and seeds are used in Persian
Traditional Medicine (PTM) for treating digestive, hepat-
ic, skin and kidney diseases (5, 6). Recently, different parts
of the plant has exhibited some biological effects, such as
anti-arteriosclerosis, , anti-inflammatory, antifungal and
antimicrobial effects as well as cytotoxic properties in var-
ious human cancer cell lines (7). The main goal of antican-
cer agents is to induce tumoral cell death and control cell
cycle (8). Previous studies on the cytotoxic effects of P. at-
lantica have shown the induction of apoptosis in prostate,
colon, lung and breast cancer cell lines (9-11). These effects
mostly are contributed to neutralizing free radicals, metal
chelating and regulating of enzymatic activity due to pres-
ence of some component, such as flavonoids and polyphe-
nols in this plant (12).

Polyphenolic components of the plant could also reg-
ulate the cell cycle progression through regulating genes
that are related to cell proliferation and apoptosis (13).
P. atlantica extract down-regulated cyclin A protein and
S-phase of cell cycle in human colon carcinoma cell line
(10). Also, it has induced GO/G1 arrest and has decreased
the expression of cyclin D1 and cyclin dependent kinase 4
(CDK4) in breast cancer cell line (11).

Due to the potential cytotoxic effects of Baneh extract
on several human cancer cell lines, this study aimed to
evaluate its cytotoxic effect on KB (subline of HeLa cells
with oral cancer properties) and normal human fibroblast
cell line of the oral cavity. KB cells initially isolated from
an oral SCC, however, they have been reported to be con-
taminated with HeLa cells and are considered as a subline
of the these cells (14).

METHODS AND MATERIAL

PLANT MATERIALS

Fresh fruit of Baneh (P. atlantica subsp. krudica) was col-
lected in Fars province (April, 2016) and was authenticat-
ed by a pharmcognosist at Shiraz University of Medical
Sciences. The fruits were grinded and then macerated in

31

70% ethanol in a dark and closed glass container (3 x 48
hours). The collected hydroalcoholic extract was concen-
trated by a rotary evaporator at 40 °C and stored at -20 °C.

CELL LINE AND CULTURE

KB cells and human gingival fibroblast cell line (HGF) were
purchased from the Pasture Institute cell bank in Tehran,
Iran. The cells were cultured in RPMI-1640 and DMEM
(Biosera-UK) medium supplemented with 10% fetal calf
serum, 1% penicillin and 1% streptomycin (Biosera-UK),
respectively. The cell cultures were grown in a 5% CO, in-
cubator at 37 °C.

CYTOTOXICITY ASSAY
Cell viability of both cell lines was assessed by WST-1 test.
The cells were cultured in 96 well, flat-bottoms microplates
with a final volume of 200 pL/well. Total of 10,000 cell/
well were incubated in 5% CO, at 37 °C for 24 hours. Then,
Baneh extract with 0, 0.25, 0.5, 0.75, 1 mg/mL dilutions and
also cisplatin with 0, 20, 40, 80 ug/mL dilutions (as posi-
tive control) were added and incubated at 37 °C, 5% Co,.
After 24 and 48 hours treatment, 10 puL. WST-1 solution was
applied to the wells and incubated for 4 hours, again. Fi-
nally, the wells were shaken for 1 minute and optical den-
sity (OD) was measured by spectrophotometry at 480 nm
using multimode microplate reader. The culture medium
background was subtracted from the results and cytotox-
icity percentage was calculated by the following formula:
(OD of treated cells/OD of control cells) x 100 - 100.
Then, IC,  values - the concentration that inhabits 50%
cell growt - were obtained by curve expert software, ver-
sion 13, in plant extract and control groups. Each experi-
ment was performed triplicate and the results were pre-
sented as mean +SD.

ANNEXIN V/7AAD APOPTOSIS ASSAY
KB and HGF cells were treated with IC, , %2 IC, and 2 x IC, |
concentrations of Baneh extract for 48 hours. The treated
and untreated (control) cells were trypsinized and stained
with Annexin V/7AAD (Ann V/7A) kit (BD, USA) to detect
apoptotic and necrotic cells. The cells were detected by
FACS Calibur flow cytometr (BD Biosciences, USA) and
were analyzed using flow Jo software package. According
to the manufacture’s instruction, data were classified as:
viable cells when the stained cells were: Ann (-), 7A (-),
early apoptosis: Ann (+), 7A (-), Late apoptosis: Ann (+),
7A (+) and necrotic: Ann V (-), 7A (+). Each analysis was
performed 3 times and the means were reported.

Data analyzed by SPSS, version 15 using ANOVA and
Mann-Whitney tests.

RESULTS

CELL VIABILITY ASSAY

Cell viability was assessed by WST-1 at 24-48 hours. IC,
values for KB and HGF cells after treatment with Baneh
extract and cisplatin are shown in Tablel. Baneh extract
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showed growth inhibition in a dose-and time-dependent
manner in KB cells. In HGF cells, the more potent cytotoxic
effect was found in 24 hours; however, after 48 hours IC, |
was slightly elevated. Similar results were found in cells
treated with cisplatin.

Tab. 1 Cytotoxic effect of Baneh extract and cisplatin after 24 and
48 hours on KB and HGF cells using WST-1 test.

IC,, KB
24h 48h

IC,, HGF

Agent
& 48h

24 h

Baneh extract
(mg/mL)
Cisplatin
(ng/mL)

26+0.04 10+0.02 15+0.05 ) 1.6+0.03

62+21 | 146+18 | 1541+3 | 193+35

APOPTOSIS INDUCTION

Apoptotic and necrotic KB and HGF cells were detected
by Ann V/7A staining assay using flow cytometry after
48 hours. The profile of cell distribution is shown in Fig-
ures 1 and 2. The percentage of viable, apoptotic and ne-
crotic cells are found in Table 2. Flow cytometric analysis
of apoptosis in KB cell line after 48 hours incubation with
different concentration of Baneh extract is illustrated in
Figure 3. According to the results, in KB cells a significant
(>60%) early apoptosis was induced after 48 hours with
1 mg/mL concentration. Also, there was no significant
percentage of necrotic cells after 48 hours of treatment.
HGF cells showed about 10% apoptosis during that time
in IC_, concentration (Figure 4). ANOVA analysis revealed
significant differences between the treated and untreated
KB cells in the percentage of live, apoptotic and necrotic
cells. Post-hoc Dunn analysis showed that the difference
was significant between the percentages of the live and the
early apoptotic populations, as well as between the early
and the late apoptotic populations. Furthermore, ANOVA
and Dunn analysis revealed this pattern to be repeated in
treated and untreated HGF cells; however, there was no
significant difference in the percentages of the late apop-
totic and necrotic cells in this cell line (Table 2).

Tab. 2 The percentage of live, apoptotic and necrotic cells in all
study cell lines.

Concentration KB HGF

IC,, 12.92 + 0.31* 88.73 +1.00*
Live cell

Ctrl (0) 91.45+0.20 | 95.50 +1.22
Early IC,, 74.00 £ 0.10* | 12.44 +1.00*
apoptosis | ctr| 6.13 + 0.05 432031
Late IC,, 1262+ 034* | 111:0.01
apoptpsis Ctrl 2.33+0.18 0.20 +0.03

IC,, 0.49 +0.11 0.18 + 0.05
Necrosis

Ctrl 0.17 £ 0.05 0.05+0.00

* Significant when compare to control (using Dunn post-hoc test).
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Fig. 1 Annexin V/PI apoptotic assay on Baneh extract treated
KB cells after 48 hours.
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Fig. 2 Annexin V/P| apoptotic assay on Baneh extract treated
HGF cells after 48 hours.

DISCUSSION

Insufficient apoptosis is a feature of cancer cells. The reg-
ulation of apoptosis is a promising target for many an-
ti-cancer drugs (8). Recently, many herbal compounds are
recognized with cytotoxic effects on various cancer cells,
which can be used as lead compounds for developing new
anticancer agents. Natural compounds exert chemotoxic
effects via the induction of apoptotic pathways (15). In the
present study, the cytotoxic effects of Baneh hydroalcohol-
ic extract on KB and HGF cells were assessed by evaluating
cell viability and apoptosis rate. The hydroalcoholic ex-
tract is enriched with bioactive polyphenolic compounds
(16).

The results showed that Baneh extract exert cytotoxic
effects on both cell lines, but it was more pronounced in
KB cells after 48 hours. However, this cytotoxic effect was
not very potent, especially on HGF cells. Extract IC, val-
ues demonstrated that the plant could have cytotoxic com-
pounds and these values could be a result of the additive
effect of different compounds in extract. Flow cytometry
assay after 48 hours defined that Baneh extract induced
apoptosis without significant induction of necrosis. Apop-
tosis is a well-controlled cell death mechanism for removal
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Fig. 3 Flow cytometric analysis of apoptosis in KB cell line after 48 hours treatment with different concentration of Baneh extract;
A: untreated cells (control), B: 0.5, C: 1(IC,,), D: 2 mg/mL concentrations.
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Fig. 4 Flow cytometric analysis of apoptosis in HGF cell line after 48 hours treatment with different concentration of Baneh extract;
A: untreated cells (control), B: 0.8, C: 1.6 (IC_,), D: 3.2 mg/mL concentrations.

of damaged cells. There are two apoptotic pathways: ex-
trinsic pathway, which is activated via membrane death
receptors and intrinsic pathway, which is activated by al-
teration in mitochondrial membrane; both pathways re-
sultin activation of caspases. Insufficient apoptosis plays a
crucial role in cancer development (13). Increased apopto-
sisand cell cycle arrest have been observed in some cancer
cell lines in response to various extracts of Baneh. Rezaei
et al. stated that treatment of TD47 cells (human breast
cancer cell line) for 48 hours, entailed cell cycle arrest via
downregulation of cyclin D1 and CDK4. Also, they found
that apoptosis was increased to 30% in treated cells, which
was more powerful than doxorubicin (11, 15).

In another study, they found that pericarp polyphenol-
ic-rich extract of Baneh induced apoptosis and inhibited
cell cycle progression (via delay in S-phase) in human co-
lon carcinoma cells (HT29)(10). Amiri et al. observed ap-
optosis induction in prostate cancer cell line (PC3) after
treatment with ethanolic Baneh skin extract (9).

Some studies reported that plants of Anacardiaceae
family could induce apoptosis via different mechanisms.
The leaves of Lithraea molleoides activated P53-independ-
ent apoptosis in hepatocellular carcinoma cell lines (17).
Also, poly (ADP-ribose) polymerase (PARP) cleavage and
caspase activation were induced by Semecarpus anacardi-
um nut oil in leukemia and breast cancer cell lines (12, 18).

P. lentiscus extract lead to cleavage of procaspase-3 and ac-
tivation of caspase in oral cancer cells (19). Baneh extract
caused a time-dependent activation of caspase 3 and PARP
cleavage in TD47 cells (15).

Polyphenolic compounds including flavonoids and
non-flavonoids were found in all parts of Baneh nut. Many
polyphenols could act as potent anti-cancer agents due
to their antioxidant properties (9, 20). Also, polyphenols
have induced activation of apoptotic transcription factor
and enhanced apoptosis in many cancer cells (12). Flavo-
noids arrested different cell cycle phases and reduced tu-
mor growth in animal models (21).

According to the results of cell viability assay in 24 and
48 hours, Baneh extract induced more powerful cytotox-
ic effects on HGF cells in 24 hours; however, IC,  was in-
creased after 48 hours of treatment. This pattern was also
found in the study of ethanolic extract of Baneh skin on
mouse fibroblast cell line (L929) in comparison with PC3
cells. However, the researchers did not find a significant
difference in cytotoxic effects of Baneh extract on L929
cell line after 48 and 72 hours (9). It seems that normal fi-
broblasts could become resistance to cytotoxic effects of
the plant compounds over time. Furthermore, HGF cells
are mesenchymal cells; hence, it is possible to react with
herbal compounds in a different manner in comparison
with neoplastic epithelial cells.
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There are two cell death mechanisms that can be in-
duced by cytotoxic agents and drugs; apoptosis and necro-
sis. In the present study, Baneh extract increased apopto-
sis without significant necrosis. Necrosis can stimulate
pro-inflammatory response that can lead to infiltration
of immune cells in the tumor site. This process result in
increasing effects of cytotoxic drugs, but also an inflam-
matory response can activate mitogens or cytokines and
promote cell growth, migration and tumor metastasis (22,
23). Many anticancer agents, such as cisplatin, taxol and
5-fluorouracil (5-FU), which are routinely used for head
and neck cancers, act via induction of both mechanisms
(24). Furthermore; a few studies have shown that necro-
sis might be a preferred mechanism for anticancer treat-
ments (25). Due to dual function of anticancer agents it
is necessary to evaluate usefulness as well as side effects
of any potential anticancer agent through in vivo stud-
ies. Further studies are expected to search for the exact
mechanism of tumoral cell death, as well as monitoring
the effect of Baneh extract on non-tumoral host tissues as
well as emphasizing the clinically relevant action of this
compound.

CONCLUSION

The study findings indicated that Baneh extract was able
to induce apoptosis, without significant increase of ne-
crosis in KB cells. During 48 hours, cytotoxic effect was
more pronounced in KB cells rather than HGF. Based on
the results, Baneh extract may contain metabolites, which
could be considered as anticancer agents, however fur-
thers studies are suggested to determine their structures
and the possible mechanisms of action.
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