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ABSTRACT activities could be attributed in part to the phenolics/flavanoids features
Plants have been an important source for discovery of anticancer of the extract that has been demonstrated to act as cytotoxic agents. The
compounds. With the current decline in the number of new molecular experimental evidence obtained in the laboratory model could provide a

rationale for the traditional use of plant as a source of easily available effective

entities from the pharmaceutical industry, novel anticancer agents are ; : ; ’ ;
anticancer agents to the people, particularly in developing countries.

being sought from traditional medicines; therefore the anticancer efficacy
of many plants that are used in traditional medicine is yet to be verified. The 100 -
objective of the study was to evaluate the cytotoxic potential of ethanolic ——BRL3A —8—\(CF-7
leaf gall extract of Terminalia chebula are evaluated against buffalo rat liver
3A, MCF-7 (Human mammary gland adenocarcinoma) and A-549 (Human
lung cancer) cell lines. The cytotoxic effect of the ethanolic extract was
evaluated by MTT assay. The extract was potent and effective in inducing
cytotoxic effects in all the cell lines with an IC; value of 305.18 + 1.7 ug/mL,
643.13 + 4.2 ug/mL, and 208.16 + 3.7 ug/mL, respectively. The extract
was more effective against A549 cell lines when compared to others.
The presences of phenolics, triterpenoids, and flavonoids were identified
in the extract. The extract showed total phenolic and flavonoid content of 20
478 + 2.2 mg of gallic acid equivalent/g d.w and 538 + 1.4 mg of quercetin
equivalent/g d.w, respectively. This higher content of total phenolics and
flavonoids found in the ethanolic extract was directly associated to higher o 400 400 00 500 1000
cytotoxicity activity. Conclusion: The ethanolic leaf gall extract of T chebula Concentration (ug/ml)

showed effective cytotoxic activities; which might be attributed to the
phenolics/flavonoids present in higher concentration. Future work will be Access this article online
interesting to know the chemical composition of the extract and also better Website: www.phcogres.com
understand the mechanism of action of the constituents present in the ~ Correspondence: .
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INTRODUCTION Terminalia chebula (Gaertn.) Retz. (Combretaceae), is an important
medicinal plant native to tropical regions of Southern Asia viz., India,
Nepal, China, Sri Lanka, Malaysia, Vietnam. It is commonly known
as black myrobalan and haritaki, which is amply referred to as “King
of medicines” as it has been the component of many formulations for
the treatment of various diseases in all the streams of Indian system

Plants and plant-based herbal preparations have been used to treat
ailments since prehistoric times, and thus the treatment of various
diseases with plant-based medicines has remained an integral part of
many cultures across the globe. Side effects of several allopathic drugs
and development of resistance to currently used drugs have led to
increased emphasis on the use of plant materials as a source of medicines
for a wide variety of human ailments. The World Health Organization  This is an open access article distributed under the terms of the Creative Commons

estimates that 4 billion people (i.e., 80% of the World’s population) use Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as the author is credited

and the new creations are licensed under the identical terms.

herbal medicines in some aspects of primary healthcare, and there is a
growing tendency to “Go Natural”!"?! It is well established that plants
have always been a useful source, for the occurrence of anticancer o reprints contact: reprints@medknow.com

compounds.®¥ Approximately 60% of the currently used anticancer

chemotherapeutic drugs (vinblastin, vincristine) are derived from plant | cite this article as: Ravi Shankara BE, Ramachandra YL, Rajan SS,
resource.®”! Although most of the plants used in the traditional medicine Sujan Ganapathy PS, Yarla NS, Richard SA, et al. Evaluating the anticancer

have been identified and their applications are well-documented, the potential of ethanolic gall extract of Terminalia chebula (Gaertn.) Retz.
(combretaceae). Phcog Res 2016;8:209-12.

anticancer efficacy of many plants is yet to be verified.
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of medicines such as Ayurveda, Siddha, Unani, and Homeopathy.(®*!
It consists of gall-like excrescences formed by plant insect Dixothrips
onerosus (Thysanoptera) on the leaves, petioles and branches.!"” These
galls are commonly known as Karkatshringi, which is an important
Ayurvedic drug used in preparations such as the dasamularista,
cyavanaprasa, and shringyadi churna and used in the treatment of
diseases such as swasa (asthma), yakshma (tuberculosis), ajeerna
(indigestion), hydroga (heart diseases), jwara (fevers) and yakrt roga
(liver disorders) to mention a few.™ Karkatshringi also finds usage
in the treatment of children’s ear infections, suppress hemorrhage
from gums, and also used to suppress bleeding from nose."!! Hakims
considered galls useful in pulmonary infections, diarrhea, and
vomiting."! Although the accepted source of Karkatasringi is the galls
of Rhus succedanea L., however Pistacia integerrima and T. chebula
are also generally used in the preparations.” Gall extracts of
T. chebula have been found to possess antioxidant, antiinflammatory,
antibacterial, antityrosinase, and antiaging activities.!*'*) In an earlier
study it was found that the ethanolic leaf gall extract of T. chebula
possessed potent anthelmintic activities.?®! Henceforth, in the present
study, the cytotoxic potential of ethanolic leaf gall extract of T. chebula
is evaluated to exemplify its further potential use and develop it as an
anticancer agent.

MATERIALS AND METHODS

Buffalo rat liver 3A (BRL3A) cell line, MCF-7 (Human mammary
gland adenocarcinoma) and A-549 (Human lung cancer cell
line) cell lines were procured from the National Centre for Cell
Sciences, Pune, India. Fetal bovine serum (FBS), penicillin,
streptomycin and amphotericin B were purchased from SRL, India.
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide
(MTT, No M5655) purchased from Sigma (St Louis, MO, USA).
All the chemical reagents and solvents of analytical grade were
purchased from SRL Chemicals, India.

Plant material

The gall induced leaves of T. chebula were purchased from local
market of Bengaluru, India. The plant materials were authenticated by
Dr. S. Sundara Rajan, and the voucher specimen (JU-RUV-52) were
deposited at the Research Centre of Vrikshayurveda, Jain University,
Bengaluru. The galls were cleaned with distilled water, dried and crushed
into fine powder using an electric grinder.

Preparation of extract

The coarsely powdered gall materials were extracted with ethanol solvent
in Soxhlet apparatus for 24 h. The extracts were evaporated to dryness
under reduced pressure using a Rotavapor (BuchiFlawil, Switzerland),
and a portion of the residue was used for the assay.

Phytochemical analysis

Qualitative analysis

The preliminary qualitative phytochemical analyses of carbohydrates,
saponins, alkaloids, flavonoids, fixed oils and fats, phenolic and tannins,
glycosides, phytosterols and triterpenoids in the ethanolic extracts were
carried out using the standard methods as described.>?2

Quantitative analysis
Determination of total phenolic content

The total phenolics content in the ethanolic leaf gall extract of T. chebula
was determined using Folin - Ciocalteau reagent method, employing
gallic acid as standard. Briefly, 200 ml ethanol extract (2 mg/ml) was
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made up to 3 ml with distilled water, then mixed thoroughly with 0.5 ml
of Folin - Ciocalteu reagent. After mixing for 3 min, 2 ml of 20% (w/v)
sodium carbonate was added and allowed to stand for a further 60 min
in the dark. The absorbance of the reaction mixtures was measured at
650 nm, and the results were expressed as mg of gallic acid equivalent
(GAE)/g of dry weight.

Determination of total flavonoid content

Total flavonoid content in the ethanolic leaf gall extract of T. chebula
was determined using the aluminum chloride colorimetric method as
described by Chang et al.®® In brief, 50 ul of ethanol extract (2 mg/ml)
was made up to 1 ml with methanol then mixed with 4 ml of distilled
water and subsequently with 0.3 ml of 5% NaNO, solution. After 5 min
of incubation, 0.3 ml of 10% AICI3 solution was added and then allowed
to stand for 6 min, followed by adding 2 ml of 1 M NaOH solution to the
mixture. Then water was added to the mixture to bring the final volume
to 10 ml and the mixture was allowed to stand for 15 min. The absorbance
was measured at 510 nm. Total flavonoid content was calculated as
quercetin from a calibration curve. The calibration curve was prepared
by preparing quercetin solutions at concentrations 12.5-100 mg/ml in
methanol. The result was expressed as mg quercetin equivalent (QUE)/g
of dry weight.

In vitro cytotoxicity assay (MTT assay)

BRL3A, MCF-7 and A-549 cell lines that were procured were cultured
in Dulbeccos Modified Eagle Medium supplemented with 10%
inactivated FBS, penicillin (100 IU/mL), streptomycin (100 ug/mL) and
amphotericin B (5 ug/mL) in a humidified atmosphere of 5% CO, at 37°C
until confluent. The cells were dissociated with trypsin phosphate versene
glucose solution (0.2% trypsin, 0.02% ethylenediaminetetraacetic acid,
0.05% glucose in phosphate-buffered saline [PBS]). The stock cultures
were grown in 25 cm® culture flasks, and all experiments were carried
out in 96 microtiter plates (Tarsons India Pvt. Ltd., Kolkata, India).
All these cell lines were cultured, and cytotoxicity test were carried
out using MTT assay.””?®! The trypsinized 70-80% confluent cell
lines (BRL3A, MCF-7, and A-549) of 1 x 10° cells/well were seeded in
a 96 well plate and incubate for 24 h at 37°C, and varying concentrations
(0-1000 pg/ml) of ethanolic leaf gall extract of T. chebula are added
and incubated at 72 h. After 72 h, the drug solutions in the wells were
discarded and 50 uL of MTT in PBS was added to each well. The plates
were gently shaken and incubated for 3 h at 37°C in 5% CO, atmosphere.
The supernatant was removed and 100 puL of propanol was added, and
the plates were gently shaken to solubilize the formed formazan. The
absorbance was measured using a microplate reader at a wavelength
of 540 nm. The percentage growth inhibition was calculated using the
following formula and concentration of test drug needed to inhibit cell
growth by 50% (CTC,)) values is generated from the dose-response
curves for each cell line.

[(Abs.control — Abs.test)] 5
(Abs.test -100)

Inhibitory rate %= 100

Statistical analysis

The experiments were carried out in triplicate, and results are given
as the mean + standard deviation. The data in all the experiments
were analyzed (Microsoft Excel 2007) for statistical significance using
Student’s t-test, and differences were considered significant at P < 0.05.

RESULTS AND DISCUSSION

In the discovery of potent drugs for cancer treatment, plants have always
been a potential source as lead molecules.*” MTT is a simple, reliable
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technique, which measures cell viability and can be used for screening
anti-proliferative agents.””?® MTT assay is a spectrophotometric
analysis, which uses (3-[4,5-dimethyl-thiazol-2-yl]-2,5-diphenyl
tetrazolium bromide), known as MTT, a yellow color, water soluble
compound. The MTT enters the cells through the plasma membrane
and in contact with superoxide produced by the mitochondrial
activity, is oxidized to MTT-formazan, a slat purplish color, which is
insoluble in water. Then the oxidation of MTT is proportional to the
mitochondrial activity and therefore to cell viability.?® When the
ethanol leaf gall extract of T. chebula was screened for their cytotoxic
(anticancer) effect against BRL3A cell line, MCF-7 (Human mammary
gland adenocarcinoma) and A-549 (Human lung cancer cell line)
cell lines, it was found that the extract was potent and effective in
inducing cytotoxic effect at increasing concentration of the extract
tested [Figure 1]. The extract showed cytotoxic effect in BRL3A,
MCEF-7, and A-549 cells with an IC,, value of 305.18 + 1.7 ug/mL,
643.13 + 4.2 ug/mL, and 208.16 *+ 3.7 ug/mL, respectively [Table 1];
indicating that the extract was more effective against A549 cell lines when
compared to others. The preliminary phytochemical analysis shows the
presence of flavonoids, steroids, triterpenes and alkaloids in the ethanolic
gall extract of T. chebula [Table 2]. Further, the quantitative estimation of
total phenolic and flavonoid content indicated the presence of phenolics
and flavonoids up to 478 + 2.2 mg of GAE/g d.w and 538 + 1.4 mg of
QUE/g d.w, respectively [Table 3]. This significantly high presence of
phenolics and flavanoids in the extract® might be responsible for the
cytotoxic effects on BRL3A, MCF7, and A549 cancer cell lines. This is in
agreement with the earlier work of Lee et al.?’! and Saleem et al.,b*! who
have shown that Terminalia species containing phenolic compounds
that are rich in the hydroxy group are believed to be responsible for
the cytotoxic activity. In our study, the ethanol extract of the gall of T.
chebula is also found to be rich in phenolics (478 + 2.2 mg/g). Most of the
phenolic compounds in plants such as gallic acid, caffeic acid, flavonoids,
and its derivatives are known to exhibit various pharmacological actions
like antioxidant, free radical scavenging, pro-oxidant toxicity, and
apoptosis.**?l The cytotoxic effects of the phenolic compound against
various cell lines were shown to be higher than the gallic acid used.”
However, some studies have shown that most of the phenolic compounds
have same cytotoxicity effect as gallic acid on cancer cell lines.?*!
Further, it has been demonstrated that the phenolic compounds in
polar extracts are shown to have inhibition of proliferation and induce
cell death by apoptosis and necrosis.®™ The results of this study show
that the phenolic and flavonoid content which is higher in the ethanolic
extract of gall extracts of T. chebula had significant cytotoxic potential,
thus could act as lead for the development of anticancer agents These
observations justify the ethnobotanical approach for the search of novel
bioactive compounds for therapeutic application.

CONCLUSION

The result of this study establishes the anticancer activities of T. chebula
leaf gall extracts, whereby it exerted potent cytotoxic effect on BRL3A,
MCEF-7, and A-549 cells. The potential anticancer activities exhibited
by leaf gall extracts of T. chebula may be due to the rich presence of
phytoconstituents such as the phenolics/flavanoids that have been
demonstrated to act as cytotoxic agents. The experimental evidence
obtained in the laboratory model could provide a rationale for the
traditional use of plant as a source of easily available effective anticancer
agents to the people, particularly in developing countries. Further work
will be interesting to know the chemical composition and also better
understand the mechanism of action of the constituents of the extract
exerting anticancer activities for developing it as a drug for therapeutic
application.
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Figure 1: Cytotoxic activity of ethanolic gall extracts of Terminalia chebula
on buffalo rat liver 3A, MCF-7, and A 549 cell lines. Extracts were incubated
with 10° viable cells at concentrations ranging from 0 to 1000 ug/ml for
48 h. Cell viability was determined by the MTT method

Table 1:1C, values of ethanolic leaf gall extract of Terminalia chebula

Cell lines IC,, value (ug/ml)
BRL3A 305.18+1.7
MCE-7 643.13+4.2
A 549 208.16+3.7

Results represent means+SD (n=3). SD: Standard deviation; BRL3A: Buffalo rat
liver 3A

Table 2: Preliminary phytochemical analysis of ethanolic leaf gall extract of
Terminalia chebula

Chemicalconstituents Ethanol
Flavonoids +
Steroids +
Triterpenes +
Tannins -
Saponins =
Alkaloids +
Glycosides -
Carbohydrates -

+: Presence; —: Absence

Table 3: Total phenolic and flavonoid content of ethanolic leaf gall extract of
Terminalia chebula

Total flavonoids
(mg of GAE/g d.w) (mg of QUE/g d.w)
Ethanolic 478+2.2 538+1.4

Results represent means+SD (n=3). SD: Standard deviation; GAE: Gallic acid
equivalent; QUE: Quercetin equivalent

Gall extracts Total phenolics
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