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Abstract

The preliminary study is aimed at evaluating the cytotoxic activity of crude extracts from the stem
bark of Canarium odontophyllum against colorectal carcinoma cell HCT 116. Result of the extrac-
tion yield showed that distilled water produced the highest yield (10.58%) followed by methanol
(6.55%) whereas acetone extracted the lowest yield (4.58%) from C. odontophyllum stem bark.
Phytochemical screening test revealed the presence of terpenoid, flavonoid, tannin, saponin and
phenolic compound in all the stem bark extracts of C. odontophyllum. Acetone extract of C. odon-
tophyllum stem bark showed significantly higher (p < 0.05) cytotoxic effect with ICs, of 0.062 +
1.04 mg/ml compared to methanol extract with ICso 0.122 * 4.92 mg/ml. No cytotoxic effect was
observed by the aqueous extract despite its high extraction yield. In conclusion, acetone and me-
thanol extracts from C. odontophyllum stem bark exhibited promising cytotoxic activity against
human colorectal cancer cell line HCT 116 and paves way for further investigation in view of its
mode of cancer cell death.
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1. Introduction

Colorectal cancer (CRC) is the third most common malignant neoplasm in the world after breast and lung cancer,
but it is more prevalent in developed countries [1]. In Malaysia, a high proportion of metabolic diseases such as
hypertension and diabetes type 2 are linked with colorectal carcinomas [2]. In fact, the most common cancer
among Malaysian men during the period of 2007 until 2011 was colorectal, followed by lung cancer whereas
colorectal cancer came in second after breast cancer in women [3]. Colorectal cancer is the second most com-
mon cause of death with 3500 cases per year and has become a major public problem [4].

Globally, 80% of the population depends on traditional medicine for primary health care and an estimated 25%
of the drug or drugs used in the pharmaceutical industry are derived from natural plant [5]. It has recently been
reported that “the use of natural products has become the single most successful strategy in the discovery of
novel drugs” [6]. Historically since the 1950s, modern medicine began more systematically to examine the nat-
ural organisms as a source of useful anti-cancer specifically from plant, which has proven that its derivatives can
be used for treatment or prevention of cancer in human [7]. According to Pezzuto [8], plant extracts have poten-
tial for use as a cancer chemotherapeutic agent as it can inhibit the process of carcinogenesis [9].

Canarium odontophyllum Mig. belongs to the Burseraceae family which can be found in the tropical rainfor-
est of Sarawak, Malaysia particularly in the rural towns of Sarikei, Sibu and Kapit. The fruit or locally known as
“dabai” among the Malaysian has an oblong-shaped with average length of 3 - 4 cm, weighing 10 - 13 g and is
usually consumed as a side meal [10]. The fruit is seasonal being only available during the period from October
to December and along with its lack of promotion therefore, the economic potential of the fruit has not been ful-
ly explored and utilized [11]. Most of the previous literature reported pharmacological activity on the fruit of C.
odontophyllum and until now, there is no past research conducted on the stem bark from C. odontophyllum.
However, tannin extracted from the stem bark from Canarium album showed a very good DPPH radical sca-
venging activity and ferric reducing power [12] and the ethanol extract from the barks of Canarium patentiner-
vium Mig. showed significant antimicrobial and radical scavenging activities which were attributed to the pres-
ence of tannin and flavonoids [13]. The present study was therefore, initiated from the success story of taxol
from the bark of the Pacific yew tree, Taxus brevifolia, which was shown to kill ovarian cancer cells by promot-
ing microtubule polymerization [14] and the willow bark extract which suppressed the growth and induced
apoptosis in human colon cancer cells [15]. Bearing in mind of the anti-tumor property of constituents isolated
from the bark of willow tree and Pacific yew tree, we therefore aimed to investigate the cytotoxic effect of bark
extract from Canarium odontophyllum against human colorectal cancer cells HCT 116 and this is the first pre-
liminary study which employed the stem bark from this underutilized plant as potential source of cytotoxic agent
against colon cancer cell lines HCT 116.

2. Materials and Methods
2.1. Plant Material

Fresh stem bark of C. odontophyllum was flown in from Sarawak, Malaysia to the Herbarium Universiti Ke-
bangsaan Malaysia in Bangi, Malaysia where it was authenticated and deposited in with voucher specimen No.
UKMB40052. Prior to analysis, the fresh stem bark was washed thoroughly with clean wet cloth and was then
spread on the tray to dry in the oven at 45°C for several days. The dried stem bark was ground into powder using
an electrical blender.

2.2. Preparation of Extracts

Solvents with different degree of polarity namely acetone, methanol and distilled water were used for extraction.
One hundred gram of the powdered stem bark C. odontophyllum were soaked each in 500 ml acetone in the ratio
of 1:5. The mixture was subjected to agitation using electrical shaker for 24 hours at room temperature. The
mixture was then filtered using the Whatman filter paper No. 1 to collect the filtrate obtained. The process was
repeated using the remaining residue with 500 ml acetone. Both filtrates were then mixed and concentrated un-
der reduced pressure using a rotary evaporator. The extracts obtained were finally pounded to dryness under
fume hood in order to produce a crude acetone extract. The same procedure was repeated in the preparation of
methanol extract.

In the preparation of aqueous extract, the mixture of the powdered bark in distilled water was centrifuged at
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3000 rpm for 5 min. The supernatant was then collected and the whole process was repeated using the remaining
residue with 500 ml distilled water. The supernatant was combined and freeze-dried at —50°C under vacuum for
12 hours in order to produce a fine crystal-like crude aqueous extract. All the extracts were stored in air-tight
jars at 4°C until further use.

The acetone and methanol extracts were dissolved with 100% DMSO whereas the aqueous extract was dis-
solved in sterile distilled water to a final concentration of 0.0625 mg/ml, 0.125 mg/ml, 0.25 mg/ml, 0.5 mg/ml
and 1 mg/ml. All the extracts were sterilized by passing through a 0.22 um membrane filter.

2.3. Phytochemical Screening

Phytochemical screening assay used in this study was a modification of the previous literature [16]. Phytocons-
tituent tests were carried out for terpenoids, flavonoids, alkaloids, tannins, saponins and phenolic compounds.
For terpenoid identification test, 2 mg of each extract was dissolved in 2 mL CHCI; followed by drops of H,SO,.
Positive indication for the presence of terpenoid was determined by the formation of reddish brown. For flavo-
noid identification test, about 2 mg of each extract was dissolved with 1 M NaOH followed by drops of 0.6 M
HCI. The yellowish orange of NaOH that turns to colorless upon the addition of HCI confirmed that flavonoid
was present. For alkaloid identification test, 5 mg of each extract was dissolved in distilled water and was added
with 3 drops of Wagner’s reagent to form a blue-black precipitate reveal the positive test. For tannin identifica-
tion test, 2 mg of each extract in 5 mL of distilled water were mixed with a few drops of 15% FeCls. The forma-
tion of blue black precipitate and brownish green precipitate indicated the presence of hydrolysable tannin and
condensed tannin, respectively. Saponin test was done by dissolving 5 mg of each extract with 5 mL distilled
water. The mixture was then heated and shaked and the resulting formation of froth indicated positive result. For
phenolic compound identification test, about 2 mg of each extract in 2 mL of distilled water followed by drops
of 1% FeCls; to produce blue, black or green precipitate revealed the presence of phenolic compound.

2.4. Preparation of Cell Culture

HCT 116 cell line was obtained from American Type Culture Collection (ATCC) (Rockville, MD USA) (ATCC
Number: CCL-247™). The cell was cultured in McCoy 5A media (1x) (Sigma-Aldrich, USA). Culturing of the
HCT 116 cell line was carried out in a sterile laminar flow chamber to avoid any contamination. Human colo-
rectal cancer cells HCT 116 was cultured in McCoy 5A media and was completed with the addition of 10% calf
serum. Cells in an incubator were at high humidity incubation environment of 5% carbon dioxide (CO,) and at a
temperature of 37°C. The cultured cells were observed and checked daily by using inversion microscope to see
the morphology and cell growth, while ensuring that no contamination occurs in a culture flask. The cells were
sub-cultured up to 70% - 90% collisions between the cells. Then phosphate buffer saline (PBS) was used to rinse
the excess media. In addition, the solution of Trypsin-EDTA (0.25% Trypsin/EDTA 0.03% per annum) was also
used to remove the cells from the surface of the tissue culture flask.

2.5. Evaluation of Cytotoxic Activity

MTT assay was performed based on a modification of a previous method [17]. A total of 200 ul HCT 116 cells
at a concentration of 5.0 x 10* cells/ml were seeded into the wells of 96-microtiter plate. The cells were incu-
bated for 24 hours to ensure their attachment to the surface of the wells. Then the cells were treated with each of
the extracts at 1 mg/ml as well as menadione (1 uM) as a positive control. A total of 20 pl of MTT solution
concentration at 5 mg/ml was added to each of the wells for 24 hours after treatment. The plates were incubated
in an incubator at 37°C with 5% CO, for 4 hours. Consequently, 200 ul DMSO was added to each well to dis-
solve the formazan crystals at room temperature. The plates were then incubated in the incubator for 15 minutes.
The plate was shaken on an automatic mixer for 5 minutes and the results were recorded using an ELISA plate
reader at a wavelength of 570 nm. The cytotoxic effect was measured and the addition of MTT was conducted in
the dark room to avoid degradation of the active ingredient which was photosensitive. As for control, the blank
compound was used in the absence of cell lines. The results were recorded as 1Cs, value which represented the
concentration of the cytotoxic agent that inhibits the growth of cancer cells using the formula given below:

Absorbance of treated sample (mean)
Absorbance of control (mean)

% Cell viability = x100%
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The percentage of cell viability against the concentration of test compounds was plotted. The half maximal
inhibition concentration (1Cs) was calculated based on the equation in the plotted graph.

2.6. Statistical Analysis

Data were presented as mean + standard error mean (SEM). The results were analysed using Statistical Package
for the Social Sciences (SPSS) version 16. Statistical significance was determined by student t-test and p value
less than 0.05 was considered as significant.

3. Results

Table 1 showed the result of the percentage yield of extracts from the powdered bark of C. odontophyllum in
acetone, methanol and distilled water as extraction solvents. Out of the three extracts, aqueous extract produced
the highest yield of 10.58%. Methanol extract was produced from 6.55% of dried powdered bark. The lowest
yield was recorded by the acetone extract at 4.58%. Distilled water was capable of producing the crude extract
more than 2 times that of acetone as the extraction solvent. On the other hand, methanol was found to have the
same extractive potential as acetone.

As shown in Table 2, the phytochemical screening result revealed that the three extracts contained all the
phytoconstituents tested except alkaloid. Flavonoid, tannin, saponin, terpenoid and phenolic compounds were
found to be present in the acetone, methanol and aqueous extracts from C. odontophyllum bark. However, the
concentration of these phytoconstituents was not determined because the aim of the present study was to corre-
late the presence or absence of the phytochemicals responsible for the cytotoxic activity of the crude extracts
from the stem bark of the plant.

From the preliminary result for cytotoxic screening of the stem bark extracts from C. odontophyllum, the
HCT116 cell line was not inhibited by the aqueous extract at the range of concentration studied. From Figure 1,
acetone extract displayed the strongest cytotoxic effect with ICs, value of 0.062 + 1.04 mg/ml whereas the me-
thanol extract was shown to be moderately cytotoxic against HCT 116 cell with 1Csy of 0.122 + 4.92 mg/ml
(Figure 2). It was demonstrated that the cytotoxic effect of the acetone was significantly higher (p < 0.05) than
the methanol extract. However, since the 1Cs, value could not be obtained for aqueous extract therefore, it is as-
sumed that the 1Csy to be more than 1 mg/ml as shown in Figure 3. With respect to positive control, menadione
was cytotoxic towards HCT116 cell at 1Cs of 0.120 uM (Figure 4).

Table 1. Percentage yield of various solvent extracts from Canarium odontophyllum.

Solvents Weight of powder sample (g) Weight of sample extract (g) Percentage of yield (%)
Acetone 84.22 3.86 4.58
Methanol 83.79 5.49 6.55
Aqueous 100 10.58 10.58

Table 2. The results of the phytochemical screening in acetone, methanol and aqueous extracts from C. odontophyllum stem

bark.
Phytochemical content Acetone extract Methanol extract Aquoeus extract

Flavonoid + + +

Tannin + + +

Saponin + + +

Alkaloid - - _

Terpenoid + + +

Phenolic compound + + +

(+): Presence of constituent; (—): Absence of constituent.
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Figure 1. Cytotoxic effect of acetone extract from stem bark of C. odontophyllum on HCT116 cell
viability at concentration range 0 - 1 mg/ml following 24 hours of treatment. Each point represents
the mean of triplicates from 3 different experiments = SEM.
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Figure 2. Cytotoxic effect of methanol extract from stem bark of C. odontophyllum on HCT116 cell

viability at concentration range 0 - 1 mg/ml following 24 hours of treatment. Each point represents
the mean of triplicates from 3 different experiments + SEM.

4. Discussion

Our findings demonstrated that water appeared to be the best solvent in the extraction of polar components from
the stem bark of C. odontophyllum. This is in consistent with [18] that water extracted the highest yield of phe-
nolic compounds from the seed of Agriophyllum pungens. In another study [19] which compared the extractive
potential of water, acetone and ethanol from the bark of Pinus radiate, the largest yield was also obtained using



D. F. Basri et al.

water as an extraction solvent. Hence, it can be postulated that the most polar solvent produced the highest yield
from the bark extract of C. odontophyllum. On the other hand, acetone extract resulted in the lowest percentage
yield of extract from C. odontophyllum bark which is supported by [20] that the extractive yield from the stem
bark of Alstonia scholaris and stem of Tinospora cordifolia were lower in acetone compared to methanol as ex-
traction solvent. This is probably because acetone is incapable of dissolving polar compounds from the bark of
C. odontophyllum as in agreement with [21] that acetone is not a suitable solvent in extracting polar compounds
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Figure 3. Cytotoxic effect of aqueous extract from stem bark of C. odontophyllum on HCT116 cell
viability at concentration range 0 - 1 mg/ml following 24 hours of treatment. Each point represents
the mean of triplicates from 3 different experiments + SEM.
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Figure 4. Cytotoxic effect of menadione on HCT116 cell viability at concentration range 0 - 1 uM
following 24 hours of treatment. Each point represents the mean of triplicates from 3 different expe-
riments £ SEM.
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like phenols due to its nonpolar entity.

The stem barks of C. odontophyllum extracted by acetone, methanol and distilled water indicated the presence
of flavonoid, tannin, saponin, terpenoid and phenolic compounds. Phenolic compounds account for the protec-
tion against carcinogenesis, antioxidant and cytotoxic effects towards cancer cells. Among the phenols found in
natural products, flavonoid contributes to the significant share of phenolic compounds [22]. It is postulated that
phenolic compounds specifically flavonoid and tannin in the barks of C. odontophyllum might be responsible for
the cytotoxic activity of acetone and methanol extracts against HCT 116 cell line in the present study. Previous
study [23] reported that ethanol extracts from the stem barks of Canarium patentinervium Mig. accumulate sub-
stantial amounts of flavonoids and tannins which could be well correlated with the activities measured against
HCT 116. The significantly higher cytotoxic activity demonstrated by the acetone extract from C. odontophyl-
lum compared to its methanol extract against HCT 116 cells was in accordance with [24] that reported acetone
extract from the stem bark of Cephalotaxus griffithii contained the highest amount of total phenolics and flavo-
noids and showed a more effective cytotoxicity than the methanol extract towards HeLa cells. However, the low
extraction yield of acetone extract which indicated that less amount of polar components including phenolic
compounds, flavonoid and tannnin were dissolved, the significantly stronger cytotoxic effect of acetone extract
than methanol extract could possibly be attributed to the presence of terpenoid, which generally tend to be less
polar. Terpenoid from the bark extracts of Cryptomeria japonica was shown to display cytotoxic effect against
oral squamous cell carcinoma KB [25]. Therefore, the presence of terpenoid from the acetone extract of C.
odontophyllum stem barks could possibly accounted for its anti-proliferation effect against HCT 116 colon can-
cer cell line. On the other hand, methanol as an extraction solvent is capable of dissolving various polar com-
pounds as well as certain group of non-polar compounds which are fairly soluble in it [26] and as such, the less-
er cytotoxic activity of methanol extract in comparison to the acetone extract may be due to these variety of
phytoconstituents acting in antagonism to reduce the cytotoxic effect against HCT 116 cell line. This is in line
with [27] that despite potentially valuable combination of phytochemicals in combating cancer drug resistance,
the different phytochemicals can show opposing effects to produce antagonism.

The lower ICsq value indicates that the anti-cancer agent has stronger cytotoxic effect against the cell lines.
Despite its highest extraction yield, aqueous extract produced ICsy value greater than 1 mg/ml in the MTT
screening assay. The absence of cytotoxic activity by the aqueous extract against HCT 116 cells could be due to
the using distilled water in the extraction of the phytocompounds from the stem bark of C. odontophyllum. Wa-
ter as an extraction solvent, results in producing high content of impurities such as organic acids, sugars and so-
luble proteins along with polar compounds which could interfere with the identification and quantification of
anti-proliferation components with cytotoxic potential [28].

5. Conclusion

In conclusion, the acetone extract of C. odontophyllum stem bark which showed absence of alkaloid content,
displayed promising cytotoxic activity against human HCT116 colon cancer cell line. However, further work on
the evaluation of cytotoxic effect of C. odontophyllum stem bark extracts is in progress in order to determine the
mechanism of cancer cell death. In addition to this, assessment of its cytotoxic effect on the normal colon cancer
cells is also ongoing to determine its safety profile prior to development as an anti-colon cancer agent.
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