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Abstract

Canarium odontophyllum or locally known as Dabai in Sarawak is a fruit largely consumed by the locals. Based
on previous studies, the plant possessed various biological activities, such as antimicrobial, antioxidant,

antifungal and anticancer. Our aim was to investigate the mutagenicity and antimutagenicity of C.

odontophyllum acetone leaves extracts by using the Ames test (Salmonella reverse mutagenicity assay).The

Ames test also involved the pre-incubation method against Salmonella typhimurium TA98 and TA100 bacterial

strains in the absence and presence of metabolic activator S9 system. C. odontophyllum crude acetone extracts

were diluted with 10% DMSO to obtain three different concentrations of 3.125, 12.5 and 50 mg/ml. To

determine the mutagenicity effects of the extracts, each concentration of the extract was evaluated based on the

two-fold value of the number of revertant’s colony in negative control plate as the cut-of point. No mutagenic

activity was observed for the frameshift mutation (TA98) and base-pair substitution mutation (TA100) in all

concentrations of C. odontophyllum in the presence and absence of metabolic activator S9 system.

Antimutagenicity test was carried out to determine the potential of C. odontophyllum extracts to inhibit the

mutation induced by specific mutagens. The highest antimutagenic activity was seen in the presence of
metabolic activator S9 system with inhibition percentage greater than 50% in both bacteria strains TA98 (62.38%)
and TA100 (58.24%). In conclusion, C. odontophyllum acetone leaves extract was not mutagenic and had
significant inhibitory effects on mutagenicity in both bacterial strains with and without the metabolic activator
S9 system. Our results could contribute to the safe use of C. odontophyllum. In addition, based on the significant
antimutagenic activity demonstrated by the C. odontophyllum acetone leaves extracts, the extract could also be

developed as a chemopreventive agent.
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1. Introduction

Natural products are rich source of biological active compounds. Many medicines are either obtained directly
from a natural source or were developed from a lead compound originally obtained from a natural source. They
have been used as traditional medicine since ancient time by the old generations. Natural products can also be
obtained from five different sources such as the plant kingdom, microorganisms, animal sources, marine, venom
and toxin. However, among those five sources, plant is the main source of drug development. It is estimated that
approximately 80% of the world population use plant extracts as traditional medicine for their primary health
care needs (Craig, 1999). It was stated that about 25% of the drugs prescribed worldwide would come from
plants and 11% from 252 drugs considered as basic and essential by the World Health Organization (WHO) are
mainly originated from plant sources (Rates, 2001).

Nowadays people are turning into the use of natural sources as an alternative for treatment of diseases. One of
the potential natural sources is C. odontophyllum. Locally it is known as dabai in Sarawak, and also called as
‘Sibu Olive’ by the local population in Sibu, Sarawak due to its physical appearance is similar to the olive fruit
(Ding & Tee, 2011). It can be found abundant in East Malaysia (Sabah and Sarawak) especially in Sibu, Kanowit
and Kapit (Azlan et al., 2009). The plant can also be found in Indonesia (Kalimantan and Sumatera) as well as in
Palawan, the Philippines.
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There are several previous scientific and pharmacological studies that have been done involving different parts
of the plant which includes the leaves, fruits, pulp, seeds and stem bark. It has been reported that the leaves
extracts of C. odontophyllum exhibited many medicinal properties such as anti-microbial activity (Basri et al.
2014), high antioxidant capacity (Basri et al., 2014) as well as hypoglycemic effect in diabetic induced rats
(Saari et al., 2015). Besides, the fruit was also found to be a very good source for high energy, protein and fat, as
well as minerals such as calcium, magnesium and phosphorus (Azlan et al., 2009). In addition, it was reported
that the peel, pulp and kernel of C. odontophyllum also showed high antioxidant content (Prasad et al., 2011) as
well as antifungal effects against Candida glabrata (Basri et al., 2014). Dabai seed had high anticholinesterase
activity (Hassan, 2014). At the same time, the methanol and acetone extract of the stem bark could also cause
cytotoxicity against human colorectal cancer HCT 116 (Basri et al., 2014). Hence, the plant has a great potential
to be developed as a medicinal agent.

Previous studies also reported that C. odontophyllum possessed many therapeutic uses. However, there was no
report regarding the mutagenicity and antimutagenicity of the plant extract. In order to develop the plants
extracts into a drug, it is important to assess the safety of a compound. One of the basic safety screening test is
the screening for mutagenicity by using the Ames test.

Ames test is a biological assay used to test the potential of a chemical/physical agent to cause permanent genetic
alterations to an organism. It is an important procedure in the safety assessment of many new drugs. Besides, the
study of antimutagenicity of the plant extracts may also be one of the key developments of a chemopreventive
agent.

2. Materials and Method
2.1 Plant Material

Leaves of C. odontophyllum Miq. was obtained from Sarawak, Malaysia. All plant parts were identified and
authenticated by Mr. Sani Miran and deposited in the Herbarium of the Universiti Kebangsaan Malaysia (UKM),
Bangi, Selangor, Malaysia with a voucher specimen number of UKMB 40052. All chemicals were purchased
from Sigma (USA) unless stated otherwise.

2.2 Extraction Method

The extraction was done in 1:5 ratio of sample to solvents where 100 g of dried leaves powder of C.
odontophyllum was soaked in 500 ml of acetone in a 1 L conical flask. Then, the mixture was shaken using
orbital shaker for 24 hours at 100 rpm. After 24 hours, the mixture was then filtered by using Whatman No. 1
filter paper to collect the filtrate obtained. The residue of the leaves was soaked again for the second time in 300
ml of acetone and was left for 24 hours on orbital shaker at 100 rpm. The mixture was then filtered again through
Whatman No. 1 filter paper to collect the filtrate. The first and second filtrate were combined together and
concentrated under reduced pressure using rotary evaporator until it formed a pallet. Then the pallet obtained
was left air-dried under fume hood to remove the remaining solvents in order to get a pure crude extracts. The
final crude extracts were weighed to determine the percentage of yield and kept at 4°C until further used. The
remaining residue from the acetone extraction was air-dried and weighed prior to the extraction of a new
solvent.The percentage of yield extract for each solvent was calculated using the following formula (Basri et al.,
2014):

Weight of crude extracts (g)

Percentage of yield (%) = x100% (1)

Weight of dried leaves powder (g)
2.3 Phytochemical Screening

Phytochemical screening was carried out for alkaloids, tannins, saponins, flavonoids, phenolic compounds and
terpenoids (Basri et al., 2014).

2.4 Preparation of Sample

In order to prepare a stock extract solution of 100 mg/ml, 100 mg of acetone extract were dissolved with 1 ml of
100% dimethyl sulfoxide (DMSO). Then, 9 ml of sterile distilled water was added to the stock solution to dilute
the DMSO solution to 10% concentration. The solution was mixed well with an autovortex until the solution was
completely dissolved. The extract was sterilized by passing through a 0.22 um membrane filter. Then, the sample
had undergone a serial dilution using 10% DMSO solution to a final concentration of 50 mg/ml, 12.5 mg/ml and
3.125 mg/ml. The sample was stored in bijou bottle at 4 °C refrigerator until further use.
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2.5 Bacterial Strains

Salmonella typhimurium TA98 and TA100 strains were used in the mutagenicity and antimutagenicity (Ames)
test. Both strains were mutant histidine dependent bacteria. Genetic analysis was performed for each tester
strains to check their genotype charactersitics. Five genetic analysis tests need to be done on each tester strain
were biotin dependence, histidine dependence, presence of rfa mutation, presence of uvr B mutation and
presence of plasmid pKM101 (Mortelmans & Zieger, 2000).

2.6 Mutagens

2-Nitrofluorene (2-NF), sodium azide (NaN;) and 2-aminoanthracene (2-AA) were purchased from
Sigma-Aldrich and dissolved in dimethyl-sulfoxide (DMSO).

2.7 Mutagenicity Testing

The method used to perform the mutagenicity test (Ames test) involved the pre-incubation method as described
by Maron and Ames (1983). About 500 pl of S9 mix (for the test with metabolic activation system) or phosphate
buffer (for the test without metabolic activation system) was added into a sterile test tube followed by 100 ul of
acetone leaves extracts for each concentrations and finally 100 pl of overnight grown bacterial culture. Then, the
mixture was pre-incubated in reciprocal shaker waterbath at 37 °C for 20 minutes. After 20 minutes, 2 ml of top
agar supplemented with histidine/biotine (0.5 mM) was added into test tube. The mixture was gently mixed and
poured onto the glucose minimal agar plate. After the agar had been solidified, all the agar plate was incubated
invertedly at 37 °C for 48 hours and the number of revertant colonies growth per plate was counted and
compared with the negative control plate.

2.8 Antimutagenicity Testing

In antimutagenicity test of acetone leaves extracts of C. odontophyllum, 500 pl of S9 mix (for the test with
metabolic activation system) or phosphate buffer (for the test without metabolic activation system) was added
into a sterile test tube followed by 100 pl of acetone leaves extracts for each concentrations, 100 pl of positive
control solution and finally 100 pl of overnight grown bacterial culture. Then, the mixture was pre-incubated in
reciprocal shaker waterbath at 37 °C for 20 minutes. After 20 minutes, 2 ml of top agar supplemented with
histidine/biotine (0.5 mM) was added into test tube. The mixture was gently mixed and poured onto the glucose
minimal agar plate. After the agar has been solidified, all the agar plate was incubated invertedly at 37 °C for 48
hours and the number of revertant colonies growth per plate was counted and compared with the positive control
plate. The results for antimutagenicity test were reported in mutagenicity inhibition percentage (MIP). It was
calculated by using the equation as follows:

MIP (%) = (1 — T/M) x 100% 2)
Where, T, as the number of revertants colonies per plate in the presence of mutagen and plant extract and M as
the number of revertants per plate in the presence of mutagen only without the plant extracts. The data obtained
was classified into three groups which were 0-25%, no antimutagenic effect; 25-40%, a moderate antimutagenic
effect; value greater than 40% showed a strong antimutagenic effect (Negi et al., 2003).
2.9 Statistical Analysis

All data were expressed as mean + standard error mean (SEM). Statistical analysis was performed using
Statistical Package for Social Science (SPSS) version 22 by employing one-way ANOVA. The data were
considered statistically significant when p < 0.05.

3. Results
3.1 Percentage Yield of the Plant Extracts

Results of the percentage yield of the C. odontophyllum leaf crude extract from the sequential extraction of
hexane, acetone and methanol were presented in Table 1. Based on Table 1, methanol was found to produce the
highest percentage yield of 7.48% while hexane extract showed the lowest percentage of extraction yield which
was 4.32%. Acetone appeared to produce the second highest extraction yield of 5.01% from the dried powdered
leaves.
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Table 1. The percentage of yield in three different solvents in the extraction of C. odontophyllum leaves

Extraction solvent Weight of powdered sample (g) Weight of dry crude extract (g) Percentage yield (%)
Hexane 100.000 4323 4.323
Acetone 91.200 4.583 5.025
Methanol 85.227 6.417 7.477

3.2 Phytochemical Screening

Table 2 showed the phytochemical screening of the C. odontophyllum acetone leaves extracts. Based on Table 2,
the screening test clearly demonstrated that alkaloid, tannin, terpenoid and phenol were detected in the acetone
leaves extracts. On the other hand, saponin and flavonoid however were absent in the acetone leaves extracts of
C. odontophyllum. The amount of active compound presence in the acetone leaves extracts was evaluated based
on the colour intensity resulted from the particular phytochemical test.

Table 2. Results of phytochemical contents of C. odontophyllum acetone leaves extracts

Phytochemical test Acetone extract
Alkaloid ++

Tannin ++

Saponin -

Flavonoid -

Phenol +

Terpenoid +

Note. (-): Absence of active compound; (+): Lower presence of active compound; (++): High presence of active
compound.

3.3 Mutagenicity Studies

Figures 1(a) and 1(b) showed the mean number of bacterial revertant colonies of S. typhimurium strain TA98 and
TA100 for the mutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic activation
system at three different concentrations compared to negative control. Based on the results, it showed that none
of the concentrations induced two fold increase in the mean number of revertants relative to the negative control
group in both bacteria strains TA98 and TA100.

Besides, our study also indicated that there was a significant different (p < 0.01) in the number of revertant
colonies of the S. typhimurium strains TA98 for all of the tested doses of C. odontophyllum acetone leaves
extracts compared to the negative controls. Whereas bacteria strain TA100 showed high significant different
value (P < 0.001) in all three concentrations compared to the negative controls.
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Figure 1. (a) The mean number of bacterial revertant colonies of Salmonella typhimurium strain TA98 for
mutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic activation system compared to
negative control (n = 3); (b) The mean number of bacterial revertant colonies of Salmonella typhimurium strain
TA100 for mutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic activation system
compared to negative control (n = 3)

Note. **: Significance compare to negative control (p < 0.01); ***: Significance compare to negative control (p
<0.001); <: Twice of the mean number of bacterial revertant colonies on negative control plate.

Figures 2(a) and 2(b) showed the mean number of bacterial revertant colonies of S. typhimurium strain TA98 and
TA100 for mutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic activation system at
three different concentrations compared to negative control. Based on the results, it showed that none of the
concentrations produced twice the mean number of revertants relative to the negative control group in both
bacteria strains TA98 and TA100.

Our study also indicated that there was significant different (p < 0.001) in the number of revertant colonies of the
S. typhimurium strains TA100 at all tested doses of C. odontophyllum acetone leaves extracts compared to the
negative controls. Whereas bacteria strain TA98 showed significant different (P < 0.05) only at two
concentrations (12.5 mg/ml and 50 mg/ml) and the lowest concentration of 3.125 mg/ml also showed significant
different (P < 0.01) compared to the negative controls group.
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Figure 2. (a) The mean number of bacterial revertant colonies of Salmonella typhimurium strain TA98 for
mutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic activation system compared to
negative control (n = 3); (b) The mean number of bacterial revertant colonies of Salmonella typhimurium strain
TA100 for mutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic activation system
compared to negative control (n = 3)

Note. *: Significance compare to negative control (p < 0.05); **: Significance compare to negative control (p <
0.01); ***: Significance compare to negative control (p < 0.001); €«: Twice of the mean number of bacterial
revertant colonies on negative control plate.

3.4 Antimutagenicity Studies

Figures 3(a) and 3(b) demonstrated the mean number of bacterial revertant colonies of S. typhimurium strain
TA98 and TA100 for the antimutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic
activation system at three different concentrations compared to the positive control. One-way analysis of
variance (ANOVA) test showed a significant difference between the treatment dose 50 mg/ml (p < 0.001) and
12.5 mg/ml (P < 0.05) with the positive control for bacteria strain TA98. On the other hand, there was significant
differed in the number of revertant colonies of the S. typhimurium strains TA100 in all tested doses of C.
odontophyllum acetone leaves extracts compared to the positive control (p < 0.001).

The highest Mutagenicity Inhibitory (MIP) value of 2-nitrofluorene and sodium azide were 41.52% for bacteria
strain TA98 and 48.52% for bacteria strain TA100 respectively, Both (at concentration of 50 mg/ml) showed
strong antimutagenic activities. On the other hand, at the concentration of 3.125 mg/ml the plant leaves extracts
did not exhibit any antimutagenic activity towards 2-nitrofluorene as it has showed the lowest MIP value which
was 20.58% whereas at concentration of 12.5 mg/ml the MIP value reported was 25.63% indicating a moderate
antimutagenic activity for strain TA98. Meanwhile, for bacteria strain TA100 the acetone leaves extracts showed
a moderate antimutagenic activity with MIP value of 39.49% at concentration of 3.125 mg/ml and strong
antimutagenic activity with MIP value of 43.17% at concentration of 12.5 mg/ml.
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Figure 3. (a) The mean number of bacterial revertant colonies of Salmonella typhimurium strain TA98 for
antimutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic activation system
compared to positive control (n = 3); (b) The mean number of bacterial revertant colonies of Salmonella

typhimurium strain TA100 for mutagenicity tests of C. odontophyllum acetone leaves extracts without metabolic
activation system compared to positive control (n = 3)

Note. *: Significance compare to positive control (p < 0.05); ***: Significance compare to positive control (p <
0.001).

Figures 4(a) and 4(b) demonstrated the mean number of bacterial revertant colonies of S. typhimurium strain
TA98 and TA100 for the antimutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic
activation system at three different concentrations compared to the positive control. One-way analysis of
variance (ANOVA) test showed a significant inhibition of revertant colonies but only at two concentrations of 50
mg/ml (p < 0.001) and 3.125 mg/ml (P < 0.05) for the bacteria strain TA98. On the other hand, there was
significant different (p < 0.001) at the number of revertant colonies of the S. typhimurium strains TA100 in two
tested doses of 12.5 mg/ml and 50 mg/ml as well as concentration of 3.125 mg/ml (P < 0.05) of C.
odontophyllum acetone leaves extracts compared to the positive control.

The highest MIP value of 2-aminoanthracene were 62.38% for the bacteria strain TA98 and 58.24% for bacteria
strain TA100 both at concentration of 50 mg/ml where both showed strong antimutagenic activities. At the
concentration of 12.5 mg/ml the acetone leaves extracts of C. odontophyllum did not exhibit any antimutagenic
activity towards 2-aminoanthracene as it showed the lowest MIP value which was 21.22% whereas at
concentration of 3.125 mg/ml the MIP value reported was 34.73% indicated a moderate antimutagenic activity
for strain TA98. Meanwhile, for bacteria strain TA100 the acetone leaves extracts showed a moderate
antimutagenic activity with MIP value of 26.44% at concentration of 3.125 mg/ml and 32.04% at concentration
of 12.5 mg/ml.
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Figure 4. (a) The mean number of bacterial revertant colonies of Salmonella typhimurium strain TA98 for
antimutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic activation system compared to
positive control (n = 3); (b) The mean number of bacterial revertant colonies of Salmonella typhimurium strain
TA100 for antimutagenicity tests of C. odontophyllum acetone leaves extracts with metabolic activation system
compared to positive control (n = 3)

Note. *: Significance compare to positive control (p < 0.05); ***: Significance compare to positive control (p <
0.001).

4. Discussion

In our study, the extraction of the C. odontophyllum leaves was done through sequential extraction method. The
extraction method started with hexane which was the lowest polar solvent, followed by the acetone which was a
semi polar and lastly methanol which had the highest polarity. Out of the three extracts, methanol exiracts
resulted in the highest percentage of yield with 7.447% followed by acetone with 5.025% and hexane with
4.323%. High polarity of methanol produced the highest yield of extracts compared to the other solvents. Our
results were consistent with the previous study done by Basri and Nor (2014) where the highest yield was also
obtained from the most polar solvent.

Analysis of phytochemical screening of the acetone extract of C. odontophyllum leaves revealed the presence of
all phytochemical compounds tested except for saponin and flavonoid. High amount of alkaloid and concentrated
tannin were also observed from the test. Acetone organic solvents were reported to extract more tannin and
phenolic compounds compared to methanol (Tiwari et al., 2011). However, in the previous study on the leaves
extracts, more bioactive constituents had been detected which included saponin and flavonoid which were absent
in this study (Basri & Nor, 2014).

The maturity of the plant part might affect the quantity of an extract and its secondary metabolite composition
resulting in variation of the phytochemicals extracted. Antioxidant study from Thi and Hwang (2014) of the
aronia leaves showed that immature aronia leaves were more potent to have antioxidative ingredients due to its
high content of polyphenols.
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It was reported that C. odontophyllum and its extract had moderate to strong antimutagenic activities. With the
treatment of C. odontophyllum, the inhibition rates against 2-nitrofluorene ranged from 20.58 to 41.52% for
strain TA98 and from 39.49 to 48.52% for strain TA100. While in other test with metabolic activation system C.
odontophyllum leaves extracts showed antimutagenic activity at rates ranging from 21.22 to 62.38% for TA98
and 26.44 to 58.24% for the TA100.

The highest antimutagenic activity can be seen in the presence of S9 metabolic activation system with inhibition
percentage greater than 50%. Based on previous studies, it was reported that the mutagenicity inhibition rate was
found to be effective in the presence of metabolic activation system (Horn & Vargas, 2003). Metabolic activation
system was prepared from 9000 g supernatant fraction of rat livers homogenate induced with Aroclor 1254
enzyme (OECD, 1997). The mutagenicity of S9 mutagen, 2-aminoanthracene was suppressed by acetone
extracts of C. odontophyllum leaves by inactivation of the 2-aminoanthracene catalysed by the cytochrome P450
system thus prevented the occurrence of point mutation.

Besides, antimutagenic activity was also claimed mainly due to the tannin content which was a phenolic
compound that could affect the mutagenic activities (Kada et al., 1985; Tanaka et al., 1998). Previous study done
by (Imanishi et al., 1991) had reported that in the presence of metabolic activation system S9, tannin showed
effective antimutagenic activity at low concentration thus enhance the activity of DNA excision repair by
activating the repair enzyme (Shimoi et al., 1985).

The study in concordance with the observation of significant antimutagenic activity of two plants Mayftenus
ilicifolia and Peltastes peltatus, both contained flavonoid and tannin. They reported presence of flavonoids and
tannins or their derivatives in the samples were previously described as possessing antimutagenic properties by
interfering the mutagen activation (Horn & Vargas, 2003). Therefore, high content of tannin from the acetone
leaves extract of C. odontophyllum could possibly responsible for its significant antimutagenic effect towards the
mutagen used in the Ames test.

Investigation of antimutagenic activity of plant extracts is essential in the discovery of new chemopreventive
agent. Non-mutagenic and significant antimutagenic activity showed by C. odontophyllum acetone leaves
extracts provides a scientific validation for the traditional use of these plants. Our results contributed to valuable
data on the safe use of C. odontophyllum and its potential chemopreventive effects.

5. Conclusion

In conclusion, C. odontophyllum acetone leaves extracts was not shown to be mutagenic and had inhibitory
effects on the mutagen induced mutagenicity in the Ames test. C. odontophyllum acetone leaves extract was
unable to induce frameshift mutation in Salmonella typhimurium bacteria strain TA98 and base-pair substitution
mutation in Salmonella typhimurium TA100 in the absence and presence of metabolic activation system. The
extracts also exhibited significant antimutagenic effect as it can inhibit the mutagenic activity of 2-nitrofluorene,
sodium azide and 2-aminoanthracene mutagen in both Salmonella typhimurium bacteria strains TA98 and TA100
in the presence and absence of metabolic activation system.
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Appendix

Appendix 1. Mutagenic activities of C. odontophyllum acetone leaves extracts without (-S9) and with (+S9)
metabolic activation system

Strain Concentration Mean + SEM (-S9) Mean = SEM (+S9)
TA98 Negative control 26.83+7 14+2

TA98 3.125 mg/ml 26.78+3 14.17+3

TA98 12.5 mg/ml 24.78+3 17.33+1

TA98 50 mg/ml 21.56+3 14.83+3

TA100 Negative control 133.17£3 103.33£10

TA100 3.125 mg/ml 110.5+14 117.5+8

TA100 12.5 mg/ml 136.17£10 88.33+6

TA100 50 mg/ml 126.5+5 95.83+9

Note. Negative control = 10% DMSO.

Appendix 2. Antimutagenic Activities of C. odontophyllum Acetone Leaves Extracts Without (-S9) and With
(+S9) Metabolic Activation System

Strain Concentration Mean = SEM (-S9) Inhibition rate (%) Mean £ SEM (+S9) Inhibition rate (%)

TA98 Positive control 30.78+2 N/A 38.88+5 N/A

TA98 3.125 mg/ml 24.44+2 20.58 25.3843 34.73
TA98 12.5 mg/ml 22.89+2 25.63 30.63£3 21.22
TA98 50 mg/ml 18+2 41.52 14.6342 62.38
TA100 Positive control 390.22+9 N/A 217.38+6 N/A

TA100 3.125 mg/ml 236.11+5 39.49 159.90+7 26.44
TA100 12.5 mg/ml 221.78+16 43.17 147.72+9 32.04
TA100 50 mg/ml 200.89+7 48.52 90.78+12 58.24

Note. Positive control; Strain TA98 (-S9 = 2-NF, +S9 = 2AA), Strain TA100 (-S9 = NaNj3, +S9 = 2AA); N/A =
Non-applicable.
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