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ABSTRACT: 

Cancer is one of the most common devastating disease affecting millions of people per year. It has been 
estimated as the second leading cause of death in humans. In the present study, the cytotoxicity of ethanolic leaf 
extracts of Gmelina arborea  (Verbenaceae) was tested against Colon cancer (COLO 201), Gastric cancer (HT-
29) and Human oesophagel cancer (TE-2) cell lines using the thiazolyl blue test (MTT) assay. Ethanolic leaf 
extracts of G. arborea was exhibited a prominent inhibitory effect against COLO 201 (IC 50- 20±0.15 mg/ml), 
HT-29 (IC 50-12±0.32 mg/ml) and TE-2 (IC 50- 16±0.05mg/ml) under in vitro condition. From the results it 
could be found that G. arborea ethanolic leaf extract has potent in vitro cytotoxic activity. 
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INTRODUCTION 

Cancers are characterized by the deregulation of cell signaling pathways at multiple steps. However, 
most current anticancer therapies involve the modulation of a single target. The lack of safety and high cost of 
mono targeted therapies have encouraged alternative approaches. Cancer is a major public health burden in both 
developed and developing countries. It was estimated that there were 10.9 millions new cases, 6.7 million 
deaths, and 24.6 million persons living with cancer around the world [1].There is a compelling evidence from 
epidermiological and experimental studies that highlight the importance of compounds derived from plants 
phytochemicals to reduce the risk of colon cancer and inhibit the development and spread of tumors in 
experimental animals. The advantage of using such compounds for cancer treatment is their relatively non-toxic 
nature and availability in an ingestive form [2]. Plants have long history of use in the treatment of cancer. 
Several studies have been conducted on herbs under a multitude of ethnobotanical grounds. For example, 
Hartwell has collected data on about 3000 plants, those of which possess anticancer properties are subsequently 
used as potent anticancer drugs [3]. Plant secondary metabolites and their semi-synthetic derivatives continue to 
play an important role in anticancer drug therapy [4]. These include vinblastine, vincristine, the camptothecin 
derivatives, topotecan and irinotecan, etoposide, derived from epipodophyllotoxin and paclitaxel (Taxol). 
Several promising new agents are in clinical development based on selective activity against cancer related 
molecular targets, including flavopiridol and combretastin A4 phosphate, and some agents which failed in 
earlier clinical studies are stimulating renewed interest. Sixty percent of currently used anticancer agents are 
derived in one way or another from natural sources [5]. 

Gmelina arborea Roxb. (Family: Verbenaceae) is locally known as ‘Gambhari’. In English it is known 
as the ‘Candahar tree’ or ‘White teak’. It is a moderate sized, deciduous tree, found distributed in deciduous 
forests throughout the greater part of India up to an altitude 1500 meters [6].The root and bark of Gmelina 
arborea are stomachic, galactagogue laxative and anthelmintic; improve appetite, useful in hallucination, piles, 
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abdominal pains, burning sensations, fevers, 'tridosha' and urinary discharge. Leaf can be used for stomach 
disorders, can be given orally for coughs, headache, gonorrhoea, and ulcers, and can be used topically for 
scorpion stings and snakebites. Flowers are sweet, cooling, bitter, acrid and astringent. They are useful in 
leprosy and blood diseases. This woody plant part has been used as cardiotonic in traditional Indian medicine. It 
also has been found to prevent abortions in the early stages of pregnancy [7]. The stem bark and heartwood 
possess hypoglycaemic action [8]. The stem bark can be used as an antidiarrhoeal and for treatment of 
intermittent fevers. Wood is suitable for molding, furniture, interior wood working, ship building, plywood, pulp 
and paper, and can be used for carpentry and fodder. Lignans, iridoid glycosides, flavonoids, furanoresorcinol, 
and an isoxazole alkaloid were isolated from the heartwood. The stem bark and heartwood contain a number of 
chemical constituents such as lignans, gmelinol, n-hexacosnol, n-octanol along with β- sitosterol [9]. An apiose-
containing coumarin glycoside was isolated from the root [10]. 

MATERIALS AND METHODS 

Collection of plant material: The leaf of Gmelina arborea was collected during blooming season (November, 
2010) from nearby sholas of Kothagiri Hills the Nilgiri District, Western Ghats, Southern India, Tamil Nadu. 
The plants were identified and authenticated by a plant taxonomist.  

Preparation of extract: The leaf of the plant was cleaned of dirt and ground to powder, using a commercial 
mill. Dried powder was defatted with light petrol (60-80 ºC) and filtered. The residue was extracted with 90% 
ethyl alcohol by using Soxhlet extraction apparatus. Then solvent was completely removed under reduced 
pressure and the extract was stored in vacuum desiccators. The percentage yield of the extracts was calculated.  

Cancer cell lines: Colon cancer cells (COLO 201), Gastric cancer cells (HT-29) and Human oesophagel cancer 
cells (TE-2) cell lines were provided by Department of Biotechnology, Anna University, Chennai, Tamilnadu. 

Cytotoxicity analysis with MTT Assay 

  The cytotoxic effect of ethanolic leaf extract of G. arborea was evaluated by MTT assay using 
COLO 201, HT-29 and TE-2 cancer cell lines. This MTT assay was performed by [11]. Cytotoxicity of the plant 
extracts on the cell lines was determined using the MTT Proliferation Assay kits from ATCC and Sigma 
Aldrich. The HEp-2 and NCI-H292 cell lines were maintained in a suitable medium (Dulbecco's modified 
Eagle’s Minimum Essential Medium [Sigma]) with the addition of 10% fetal bovine serum (Sigma) and 1% L-
glutamine (200 mM). Cell viability was determined by 0.4% Trypan blue (Merck). Cell counting was performed 
on a microscope using a hemocytometer. The cell suspensions were distributed in 96-well culture plates (198 μL 
in each well). These were incubated at 37°C and 5% humidity in an appropriate incubator. The assay is based on 
the conversion of yellow tetrazolium salt MTT to purple formazan crystals by metabolically active cells. Cells 
were seeded in 96-well flat bottom tissue culture plates at a density of approximately 1–1.2 × 104 cells/well and 
allowed to attach for 24 hours at 37ºC. The cells were then incubated with (0, 2, 4, 8, 16 and 32 µg/mL) plant 
extracts for 24 hours. Control cultures received 100 μL of medium, and blank wells without cells contained 100 
μL of medium. After the drug exposure period, the cells were grown for additional 24 hours in extract-free fresh 
medium. A volume of 10μL of the MTT reagent was then added to each well, and the plate was incubated for 4 
h at 37ºC. The MTT crystals were then solubilized overnight with 100 μL of the MTT detergent reagent. 
Absorbance measurements were made at 570nm using a Spectrophotometer. Cytotoxicity was expressed as the 
percentage of cells surviving relative to untreated cultures. Percentage inhibitions [100 - (absorbance of test 
wells/absorbance of control wells) x 100] were calculated and plotted against the concentrations used to 
calculate the IC50 values [12]. The experiments were performed in triplicate. 
 

Statistical analysis: The data were expressed as means ± S.E. Significant differences among the groups were 
determined by one-way analysis of variance using the DMRT statistical analysis program. 
 
RESULT  

The present study describes the ethanolic leaf extract of Gmelina arborea on cell proliferation percent 
inhibition of three human cell lines viz. Colon cancer cell – COLO 201, Gastric cancer cell – HT- 29 and 
Human Oesophagal cancer cells TE-2 are presented in the Tables 1-4 and Fiqures 1-4. The viable cell 
proliferation percent inhibition after incubation with ethanolic leaf extract displayed anticancer activity, with an 
IC50 value of 12 mg/ml in COLO 201 cancer cells and diluted other concentrations of the extract of G. arborea 
displayed anticancer properties by inhibiting cell proliferation of gastric cancer cells HT-29 with an IC 50 value 
of 12 mg/ml. Again, the leaf extract displayed anticancer activity by inhibiting cell proliferation with an IC50 
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value of 15mg/ml. The various concentrations and percent of inhibition of cell proliferation of three cell lines 
that is Colon cancer cell – COLO 201, Gastric cancer cell – HT-29 and Human Oesophagal cancer cells TE-2 
(Table 1, 2 & 3 and Fig. 1, 2 & 3) are evaluated. The maximum cell proliferation percent inhibition was found to 
be 62% in Colon cancer cell- COLO 201, 80% in Gastric cancer cell – HT-29 and 70% in Human Oesophagal 
cancer cells TE-2. 
 

DISCUSSION 

Plant substances continue to serve as viable source of drugs for the world population and several plant-
based drugs are in extensive clinical use [13]. Agents capable of inhibiting cell proliferation, inducing apoptosis 
or modulating signal transduction are currently used for the treatment of cancer [14]. The use of multiple 
chemo-preventive agents or agents with multiple targets on cancer cells are considered to be more effective in 
cancer treatment [15]. Medicinal plants are playing an important role in the health care since time immemorial. 
Activities of medicinal plants were due to the safe, compared with costly synthetic drugs that have adverse 
effects. 

As seen from the results of the MTT assay, G. arborea leaf extracts induced varying levels of 
cytotoxicity on different cell lines. The maximum cell proliferation percent inhibition was found to be in Gastric 
cancer cell – HT-29 (80%) and next level of inhibition found to be in Human Oesophagal cancer cells TE-2 
(70%). In the present study, the cytotoxic effect of ethanolic G. arborea leaf extract on COLO 201, HT- 29 and 
TE-2 cells were evaluated by MTT assay. MTT assay is a well-established in vitro method for cytotoxicity 
against cancer cell lines, and here it was utilized to determine the selective activity of the extract. Different 
dilutions of extract were treated and IC50 values were calculated. In a parallel study, it was investigated for the 
antiproliferative activity against other cancer cell lines, namely COLO 201, HT-29 and TE-2. In these cell lines, 
at the concentration of 32 µg/ml, the extract was not toxic and the proliferation rates of the cells were not 
significantly different from that of the controls (untreated cells). The toxicity of the extract on normal culture 
and the exact determination of IC50 value was another point to be further assessed in order to clarify their 
safety. 

Different cytotoxicity of the tested G. arborea leaf extract on various cell lines were based on the 
phytochemical constituents and relative content of biologically active substance. The literature data provided the 
presence of flavonoids, steroids, glycosides, terpenoids, saponins and phenolic acids in the family Verbenaceae 
[16]. These phytochemicals are responsible for anti-proliferative effects.  Flavonoids have been shown to 
possess antimutagenic and antimalignant effects [17]. Further more, flavonoids have a chemopreventive role in 
cancer through their effects on signal transduction in cell proliferation [18] and angiogenesis [19].  

 
Chitra et al.,[20] evaluate the antitumour activity of the ethanolic extract of leaves of Vitex negundo has 

been evaluated against Dalton’s ascitic lymphoma in Swiss albino mice at the dose of 250 & 500 mg/kg, body 
weight. The experimental parameters used were tumour volume, tumour cell count, viable tumour cell count, 
mean survival time and increase in life span to assess antitumour activity. The extract administered orally for 14 
consecutive days to tumor bearing group of animals. The extract increase the life span of Dalton’s ascitic 
lymphoma treated mice and restore the hematological parameters as compared with the Dalton’s ascitic 
lymphoma bearing mice in dose dependant manner. The ethanolic extract of leaves of V. negundo showed 
significant antitumour activity in tested animal models. The ethanolic extract of leaves of V. negundo was found 
to be cytotoxic to mouse lung fibroblast (L-929) cells in long term chemosensitive cytotoxic assay.  

 
Premna herbacea Roxb. or Pygmaeopremna herbacea (Roxb.) (Verbenaceae)  is used for treatment of 

cancer and rheumatism in Thailand [21]. Phenolic compounds, including flavonoids are especially promising 
candidates for cancer prevention [22]. Much information is available on the reported inhibitory effects of 
specific plant phenolic compounds and extracts on mutagenesis and carcinogenesis [23]. Plant extracts 
containing catechin, epicatechin, quercetin, kaempferol, rutin etc, have shown to decrease proliferation of breast, 
pancreatic, prostate and other cancer cell lines [24].  

 
The discovery of many noval chemotypes showing a range of cytotoxic activities, including Taxales 

and camptothecines. The first clinically used drug was isolated from Catharanthus roseus of Apocynaceae i.e. 
Vincristine and Vinblastine. Taxol is a diterphenoid compound isolated from Taxus brevifolia and these 
molecules called taxanes by the US department of agriculture for the national cancer institute. The uses of 
various parts of T. brevifolia and other Taxus species, T. canadiensis, T. baccata were used for the treatment of 
non-cancerous conditions. The leaves of T. baccata are used in the traditional Asiatic Indian ayurvedic medicine 
system, with one reported in the treatment of cancer. Paclitaxol, occurs in the leaves of various Taxus species 
has provided a major renewable natural sources of natural drugs. It is used in the treatment of breast, ovarian 
and non-small lung cancer, and has shown efficacy against Kaposi sarcoma [25]. Another important addition to 
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the anticancer drug armamentarium is the class of clinically-active agents derived from camptothecin, which is 
isolated from the Chinese ornamental tree Camptotheca acuminate. Topotecin and irinotecan, originally 
developed by Japanese company, YAKUH Honsha, are now in clinical use. These are used for the treatment of 
ovarian lung cancer and colorectal cancers [24]. The two clinically active agents, etoposide and teniposide 
which are semisynthetic derivatives of the natural product, epipodophyllotaxin may be considered as being more 
closely linked to a plant, Podophyllum species used for the treatment of cancer. P. peltatum and P. emodii from 
India have a long history of medicinal use, including the treatment of skin cancers and warts. The major active 
constituent of this plant is Podophyllotaxin. With the identification of an increasing number of molecule targets 
associated with particular cancers; anticancer drug discovery is now based on high throughput screening of 
compounds against a range of such target [25]. Natural products discovered from medicinal plants have played 
an important role in the treatment of cancer. Based on the present results of G. arborea, is anticipated that this 
plant could provide potential bioactive compounds for the development of new ‘leads’ to combat cancer 
diseases. 
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Fig.1. Cell proliferation percent inhibition of ethanolic leaf extract of Gmelina arborea on human Colon cancer cell line (COLO 201) 
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Fig.2. Cell proliferation percent inhibition of ethanolic leaf extract of Gmelina arborea on human Gastric cancer cell line (HT 29) 
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Fig.3. Cell proliferation percent inhibition of ethanolic leaf extract of Gmelina arborea on human oesophagal cancer cell line (TE 2) 
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Fig.4. IC 50 values calculated from dose response curves of three human cancer cell lines (COLO 201, HT 29 & TE 2) 

 

Table 1. Self proliferation percent inhibition of ethanolic extract of Gmelina arborea on celline: Colon cancer cells-COLO 201. 

S. N0 
Concentration 

(mg/ml) 
% of inhibition 

1 0 0 

2 2 12 

3 4 20 

4 8 32 

5 16 48 

6 32 62 
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Table 2. Self proliferation percent inhibition of ethanolic extract of Gmelina arborea on celline: Gastric cancer cells-HT-29. 

S. N0 
Concentration 

(mg/ml) 
% of inhibition 

1 0 0 

2 2 12 

3 4 22 

4 8 38 

5 16 70 

6 32 80 

 

Table 3. Self proliferation percent inhibition of ethanolic extract of Gmelina arborea on celline: human Esophagel cancer cells-TE 2. 

S. N0 
Concentration 

(mg/ml) 
% of inhibition 

1 0 0 

2 2 11 

3 4 17 

4 8 32 

5 16 52 

6 32 70 

 

Table 4. IC 50 values calculated from dose response curves. 

S. No Cell lines IC 50 Value (mg/ml) 

1 Colon Cancer Cells COLO 201 20±0.15 

2 Gastric Cancer Cells HT 29 12±0.32 

3 Esophageal Cancer Cells TE 2 16±0.05 
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