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	 The high incidence and mortality of skin cancer along with the development of 
chemotherapy resistance have urged researchers to look into alternative strategies to combat 
cancer. Chemoprevention is one of the well-researched strategies using natural products. 
Canarium odontophyllum Miq. (dabai) is a local seasonal fruit that is mainly found in 
Sarawak, Malaysia. The leaves of the fruit harbor many medicinal useful phytochemicals 
that provide a new insight for chemoprevention. The present research has been planned to 
study the chemopreventive activity of methanolic extract of C. odontophyllum Miq. leaves on 
UVB induced B164A5 melanoma cells through its antioxidant profiles. The extract displayed 
statistically significant (p<0.05) antioxidant activity by enhancing superoxide dismutase, SOD 
(1023.02 ± 106.74 U/mg protein) and catalase (0.12 ± 0.003 U/mg protein) activities compared 
to negative control. Low oxidative damage was also observed whereby the protein carbonyl and 
malondialdehyde levels were significantly reduced (p<0.05), 1.69 ± 0.296 nmol/mg protein and 
1.181 ± 0.03 nmol/mg protein respectively. In conclusion, the extract exhibited a promising skin 
cancer chemoprevention activity through its significant antioxidant activities. These findings 
evidently pave the path for further investigations in chemoprevention strategy.
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	 Skin cancer is considered as one of the 
most widely recognised types of abnormal growth 
in humans1. Skin cancer can be categorized into 
melanoma and non-melanoma skin cancer. Non-
melanoma skin cancer consists of squamous cell 
carcinoma and basal cell carcinoma2. According 
to World Cancer Research Fund International 
20183, melanoma skin cancer has ranked as the 19th 
most commonly occur in men and women while 

non-melanoma skin cancer is ranked at 5th. Based 
on the Globocan 2020, International Agency for 
Research on Cancer (IARC)4, there is about 0.33 % 
of new melanoma skin cancers have been reported 
in Malaysia and ranked at 26th among the newly 
reported cancers. 
	 Many skin cancers contributing factors 
have been identified such as ultraviolet (UV) 
radiation, genetic factors, sunburn, colour of skin, 
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family history and present of melanocytic naevi5 

& 6. However, UV radiation has been identified as 
a major contributing factor to skin cancer7. UV 
radiation can be subdivided into three different 
radiations which are UVA (315 – 400 nm), UVB 
(280 – 315 nm) and UVC (100 – 280 nm). UVB is 
substantial enough to cause cellular damages and 
leads to skin cancer8.
	 Chronic UV radiation exposure can result 
in lots of damages such as cell cycle alteration, 
DNA chain breaks, gene mutation, oxidative 
damage, base modification and photoproducts such 
as cyclopyrimidine dimers and 6-4 photoproducts9. 
Under normal conditions, the pro-oxidant and 
antioxidant system is in its best state of balance. 
However, the balanced state can be disrupted 
when there is overwhelmed production of free 
radicals due to repeated UV radiation exposure. 
It can be resulted in a tremendous production of 
cellular oxidative damages products such as protein 
carbonyl (PC) and malondialdehyde (MDA) and 
followed by DNA mutation and carcinogenesis as 
the ultimate effects 9 & 10.
	 Chemoprevention is a strategy that using 
natural or synthetic compounds to prevent, slow 
or reverse the carcinogenesis11. In cancer research, 
many scientists have eyeing on chemoprevention 
strategy due to its benefits overweigh the effects of 
the current anticancer therapy and its chemotherapy 
resistance. Chemoprevention primarily reduces 
or prevents cancer development and hence, 
avoiding anticancer therapy and its side effects12. 
On top of that, numerous significant studies 
have shown that crude extract or plant-based 
isolated phytochemicals are considerably active 
chemoprevention agents as they provide anti-
inflammatory, antioxidant and anti-oncogenic 
activities towards different types of cancer13.
	 As for the present study, an underutilized 
local seasonal fruit, Canarium odontophyllum Miq. 
was investigated. C. odontophyllum Miq. locally 
known as “dabai” and mainly found in Sarawak, 
Malaysia. The fruits usually blossom during the end 
of the year from October to December14. The fruits 
were extensively studied for their phytochemicals 
content and biological activities previously15, 16 

& 17. The fruits consist of phenolic compounds, 
flavonoids, ethyl gallate, anthocyanidins and 
anthocyanins17. Hence, it becomes our interest to 
disclose the in-vitro potentiality of the methanolic 

leaves extract of C. odontophyllum Miq as a 
potential skin cancer chemoprevention agent 
through its antioxidant profile. In previous 
study18, the methanolic leaves extract had shown 
no cytotoxicity at lower range of concentrations 
against UVB irradiated B164A5 melanoma cells. 
Hence, in this study, IC10, 0.17 mg/mL have been 
used to  treat the cells. 
     In this study, UVB irradiated B164A5 melanoma 
cells were used as a testing vehicle. B164A5 
melanoma cell is one of the most common and 
versatile models in skin cancer studies19ÿ 20 & 21. 
The cell line is derived from the skin melanoma 
of a C57BL/6 strain mouse. It has fibroblast-like 
characteristic and melanin-producing capacity22. 
Additionally, there is a significant cell viability 
reduction post 24 hours of UVB radiation. Hence, 
this cell model can be employed for photo-
protective effects study23. 

Materials and Methods

Plant materials and preparation of extracts  
	 Leaves of C.odontophyllum Miq were 
authenticated by Herbarium Universiti Kebangsaan 
Malaysia in Bangi, Malaysia with voucher 
specimen no. UKMB 40052. The leaves were 
thoroughly rinsed and cut into small pieces. The 
leaves pieces were dried in an oven at 45p C until 
a constant weight was obtained. Finally, the leaves 
were ground by using a blender. The ground leaves 
powder was subjected for solvent extraction. The 
extraction was carried out by using methanol 
through the succession method24. In the ratio of 1 
part of leaves powder (89.69 g) were soaked in 5 
part of methanol (450 mL). By using the magnetic 
stirrer, the mixture was mixed for 24 hours. After 
that, the mixture was filtered by using filter paper 
to collect the residue and filtrate. The residue was 
dried and mixed with another 450 mL methanol for 
the second round of extraction. Both filtrates were 
mixed and filtered by filter paper and subjected 
under reduced pressure through a rotary evaporator. 
The methanolic extracted crude was air dried and 
stored at 4p C.
Leaves extract stock solution (100 mg/mL) 
preparation 
	 About 100 mg of extract powder was 
weighed and dissolved in 1 mL of 100 % dimethyl 
sulfoxide (DMSO). The mixture was then mixed 
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vigorously by using an electronic vortex for 30 
minutes. By using the 0.22 µm filter membrane, 
the mixture was filtered for sterility. The filtered 
extract solution was kept at -20p C until further 
use.
Cell culture 
	 The B164A5 murine melanoma cell line 
was purchased from the European Collection 
of Authenticated Cell Culture (ECACC). The 
cells were cultivated in Dulbecco’s Modified 
Eagle Medium (DMEM). This culture media 
was enriched with 10 % fetal bovine serum, 1 % 
PenStrep, glucose and L-glutamine. The cells were 
incubated in a humidified atmosphere at 37p C 
in 5 % CO2. Sub-culture was done when the cell 
confluency had reached 80 %.
Cell lysate preparation
	 The cell lysate was prepared according 
to Inayat-Hussain et al24 and Jung et al25. 1 x 105 
cells/mL cells were seeded on 6 wells plate and 
incubated for 24 hours at 37p C in 5 % CO2. On 
the next day, the cell culture media was discarded 
and replaced with 1 mL phosphate-buffered 
saline(PBS). The cells were subjected to UVB 
exposure at 30 mj/cm2 for 36.4 seconds. After the 
UVB exposure, the PBS was discarded and the 
cells were treated with 0.17 mg/mL leaves extract, 
50 µg/mL ascorbic acid as a positive control and 
untreated cells (only cell culture media) were 
regarded as negative control. The cell plates were 
further incubated for 24 hours at 37p C in 5 % CO2. 
On the following day, the media was discarded 
and washed with PBS. The cells were collected 
through the trypsinization process. The cells were 
then transferred to centrifuge tubes and centrifuged 
at 3000 rpm for 3 minutes. The supernatant was 
removed and the cell pellet was washed with PBS 
by centrifugation too. After that, the cell pellet was 
lysed with 100 µL chilled lysis buffer ( 0.1 % Triton 
X-100 in 10 mM phosphate buffer, pH 7.2). The 
lysed cells were subjected to 3 cycles of sonication 
and 20 seconds for each cycle. Centrifugation with 
microcentrifuge at 13000 x g for 10 minutes at 4p 
C was followed. The supernatant (cell lysate) was 
collected and stored at -80p C for up to 2 days. The 
cell lysate was used for antioxidant and oxidative 
stress assays. 
Superoxide dismutase (SOD) assay 
	 The assay was carried out by referring 
to Beyer & Fridovich26 with slight modifications. 

1 mL of aliquots containing (27 mL 50mM, pH 
7.8 phosphate buffer, 1.5 mL 300 mg/10mL 
L-methionine, 1 mL 14.1 mg/10mL nitro blue 
tetrazolium chloride (NBT) and 0.75 mL 1 % Triton 
X-100) was added into the test tubes and followed 
with 20 µL sample. As for blank, 20 µL phosphate 
buffer was added instead of sample. Then, 10 µL 
4.4 mg/100mL riboflavin was added to all the tubes. 
After mixing well, about 250 µL mixtures were 
transferred into the 96 wells plate. The plate was 
then placed in a box illuminated with 20 W lamp 
for 7 minutes. Absorbance reading was taken at 560 
nm. The SOD activity was calculated as follows 
and expressed in U/mg protein.

  
% inhibition  =  [ OD of blank – OD of sample /             

OD of blank ] x 100

Enzyme activity (U/mL)   = % inhibition / 50 x 
volume of reaction sample

Specific activity (U/mg protein)  =  enzyme 
activity U/mL/ protein concentration 

  
Catalase assay
	 The test was done as described by Aebi27. 
To the test tubes, about 100 µL sample was added 
then followed with 800 µL 50 mM phosphate 
buffer, pH 7.0 and 100 µL 0.02 % Triton X-100. 
The mixture was allowed at room temperature for 
10 minutes. Then, 2 mL 30 mM hydrogen peroxide 
was added into the tubes and mixed well. Without 
any delays, absorbance reading was taken at 240 
nm for each 1 minute for 4 minutes. The decrease 
in absorbance was recorded and the activity of 
catalase was determined as below formula and 
expressed as U/mg protein.
     

Catalase activity (U/mg protein) = DOD/min x 
total reaction volume x dilution factor/
E x volume of sample assay x protein 

concentration

where
E is extinction coefficient, 43.6 /M/cm.
Malondialdehyde (MDA) assay 
	 Ledwozyw et al28 method was applied in 
carrying MDA assay. A calibration curve (0 – 25 
nmol/mL) was constructed before sample analysis. 
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1,1,3,3-tetraethoxypropane (TEP) was used as 
a standard solution for calibration curve. As for 
sample analysis, 0.5 mL sample and 2.5 mL 19.93 
% trichloroacetic acid (TCA) were added into a test 
tube. The mixture was mixed well and incubated 
for 15 minutes at room temperature. About 1.5 
mL 0.05 M thiobarbituric acid (TBA) was added 
into the mixture and placed in the 100 p C boiling 
waterbath for 1 hour. After that, the test tubes 
were be cooled at room temperature. About 4 mL 
n-butanol was added and mixed vigorously for 3 
minutes. The tubes then were centrifuged at 3000 
rpm for 10 minutes. The supernatant layer was 
collected for absorbance reading at 532 nm. The 
MDA level was calculated against the calibration 
curve and expressed as nmol/mg protein.

MDA level (nmol/mg protein) = MDA / protein 
concentration

Protein carbonyl (PC) assay 
	 The protein carbonyl level was according 
to Levine et al29 with some modifications. About 200 
µL sample was pipetted into two test tubes separately. 
About 800 µL 2,4-dinitrophenylhydrazine (DNPH) 
was added into sample tubes whereas 800 µL 2.5 
M hydrochloric acid (HCl) into the tube which 
regarded as blank. All the tubes were subjected 
for one hour dark room temperature incubation. 
For each 15 minutes interval during incubation 
period, each tube was briefly vortex. 1 mL 
20 % TCA was added  and mixed. The tubes 
were incubated for 5 minutes on ice. By using 
microcentrifuge, centrifugation was done at 10 
000 x g for 10 minutes at 4p C. The supernatant 
was removed and the pellet suspended with 1 mL 
10 % TCA. The tube was placed on ice and left 
for 5 minutes. The tubes were then centrifuged 
with microcentrifuge as described previously. The 
supernatant was removed and the pellet was mixed 
with 1 mL of ethanol / ethyl acetate (1:1) mixture. 
The mixture was re-suspended with spatula and 
vortex thoroughly. The tubes were then centrifuged 
again. The previous steps ( begin with ethanol / 
ethyl acetate mixture) were repeated for 2 times. 
After the final microcentrifugation, the pellet was 
re-suspended with 500 µL guanidine hydrochloride 
and mixed. Again, the tubes were then centrifuged. 
A volume of 200 µL supernatant was transferred 
into the 96 wells plate and absorbance readings 

were taken at 370 nm. The protein carbonyl level 
was calculated as below formula and expressed as 
nmol/mg protein.

Protein carbonyl (nmol/mg protein) =  OD 
sample – OD blank x total final volume  /  E x 

sample volume x protein concentration
 
where 
E is extinction coefficient, 0.011 µM-1cm-1.
Statistical analysis 
	 The SPSS v25 software was used in 
analysing the results. Each data was presented 
as the mean ± standard error of mean (SEM) of 
triplicates from 3 different experiments (n=3). 
Independent t-test was used for mean comparisons. 
p value <0.05 was considered as statistically 
significant.

Result and Discussion

	 As human skin is the external largest 
barrier, undoubtedly it can be continuously 
subjected to many extrinsic noxious insults which 
include chemicals, viruses and UV radiation. 
In addition, these are all contributing factors, 
particularly UVB radiation, to skin cancer30 

& 31. Exposure of UVB can cause tremendous 
production of free radicals which will lead to 
oxidative damages. To counteract the oxidative 
stress, an effective antioxidant defense system is 
required32.
	 In our body, we have a collections of 
antioxidant defense system which is categorised 
into first, second, third and fourth line defense 
antioxidants. The first line is the only enzymatic 
antioxidants defense system that comprises of 
SOD, CAT and glutathione peroxidase. These 
enzymes are very effective to neutralize any 
molecules that have the potential to become free 
radicals or the free radicals that have the capability 
to produce other free radicals33. 	
	 Hence ,  i t  i s  re levant  to  f ind  a 
chemoprevention agent that can provide an 
effective antioxidant activity. Previous numerous 
studies have shown that agents from natural 
resources such as medicinal plants, herbs and 
their phytochemicals have provided promising 
chemopreventive effects against many cancers34. 
In this study also it was found the antioxidants 
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Fig. 1. Superoxide dismutase level of C.odontophyllum Miq leaves extract. The extract was treated with UVB 
induced B164A5 melanoma cells at a concentration of 0.17 mg/mL and the SOD level was measured. The 

results were expressed as mean ± SEM of triplicates from 3 different experiments (n=3). *Indicated statistically 
significant to the negative control (p<0.05). Neg; negative control & A.acid; ascorbic acid

Fig. 2. Catalase level of C.odontophyllum Miq leaves extract. The extract was treated with UVB induced 
B164A5 melanoma cells at a concentration of 0.17 mg/mL and the catalase level was measured. The results were 
expressed as mean ± SEM of triplicates from 3 different experiments (n=3). *Indicated statistically significant to 

the negative control (p<0.05). Neg; negative control & A.acid; ascorbic acid.

potentiality of the Canarium odontophyllum Miq 
leaves extract against UVB induced B164A5 
melanoma cells.
	 SOD is known as the first detoxification 
enzyme as well as the most powerful endogenous 

cellular antioxidant33. It was found that the extract 
had significantly induced the SOD level (1023.02 
± 106.74 U/mg protein) and the activity was 
significantly (p<0.05) higher than the negative 
control (625.35 U/mg protein) (Figure 1). The SOD 
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Fig. 3. Malondialdehyde level of C.odontophyllum Miq leaves extract. The extract was treated with UVB induced 
B164A5 melanoma cells at a concentration of 0.17 mg/mL and the MDA level was measured. The results were 

expressed as mean ± SEM of triplicates from 3 different experiments (n=3). *Indicated statistically significant to 
the negative control (p<0.05). Neg; negative control & A.acid; ascorbic acid.

Fig. 4. Protein carbonyl level of C.odontophyllum Miq leaves extract. The extract was treated with UVB induced 
B164A5 melanoma cells at a concentration of 0.17 mg/mL and the PC level was measured. The results were 

expressed as mean ± SEM of triplicates from 3 different experiments (n=3). *Indicated statistically significant to 
the negative control (p<0.05). Neg; negative control & A.acid; ascorbic acid

acts by catalysing the dismutation of superoxide 
radicals into hydrogen peroxide and molecular 
oxygen which reduces the superoxide radical’s 
action33. Observed findings in this study were in 

agreement with Shakirin et al16 where the kernel 
oil extracted from Canarium odontophyllum Miq. 
fruit was also significantly enhanced the SOD level 
in healthy rabbits in-vivo model and provided a 
protective effect.
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	 In addition, it was also found that the 
extract was able to catalyse the decomposition 
of hydrogen peroxide into water and molecular 
oxygen. It can be proven through catalase assay 
in which the level was increased up to 0.12 ± 
0.003 U/mg protein and it was three folds higher 
than the negative control, 0.04 ± 0.008 U/mg 
protein (Figure 2). By decomposing the hydrogen 
peroxide, it completed the detoxification process 
which initiated by SOD33. The significant finding 
was similar to Gazuwa et al35 where the Canarium 
schweinfurthii oil had successfully induced the 
blood catalase level in paraquat-induced lipid 
peroxidation rats model.
	 Above findings were also supported with 
our oxidative damage markers’ evaluation. ROS 
generated during UVB exposure would damage the 
cell membrane and organelles which lead to lipid 
peroxidation and protein oxidation by-products 
such as MDA and PC respectively36,37 & 38. From 
this study investigation, both MDA and PC were 
significantly (p<0.05) reduced with the value of 
1.181 ± 0.037 and 1.69 ± 0.296 nmol/mg protein 
respectively (Figure 3 & 4). The results were in 
accordance with Budin et al39 where the aqueous 
extract of leaves of Canarium odontophyllum 
Miq. had provided a protective effect by reducing 
the MDA and PC level in streptozotocin-induced 
diabetic rats.
	 Ascorbic acid was well known as a 
potent antioxidant which could scavenge the 
free radicals by donating electrons and reduced 
the oxidative stress40. Hence, ascorbic acid was 
regarded as a positive control in our study. Through 
our findings, the ascorbic acid had significantly 
(p<0.05) increased the antioxidant activities and 
also significantly (p<0.05) reduced the oxidative 
stress. In comparison, our extract had exhibited a 
comparable antioxidant activity to ascorbic acid.
	 Based on the previous studies41 & 42, the 
phytochemical screening in methanolic extract of 
leaves from C. odontophyllum Miq. had shown that 
it contained saponin, terpenoid, tannin, phenolic 
compounds and flavonoid, without the presence 
of alkaloid. Based on this study, it can postulated 
that those phytochemicals were responsible for the 
chemopreventive activity through their antioxidant 
mechanism. The extract could be considered 
to have a specific photo-protective mechanism 

as the extract had the capability to increase the 
antioxidant enzymes, SOD and catalase. 

Conclusion

	 In conclusion, the methanolic leaves 
extract from C. odontophyllum Miq. had shown its 
promising protective effects against UVB induced 
B164A5 melanoma cells. Based on these findings, 
the extract possessed an effective antioxidant 
mechanism to be developed as a potential skin 
cancer chemoprevention agent.
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