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ABSTRACT 

 
Acute exposure of eukaryotic cells to ultraviolet-B (UVB) radiation leads to a number of detrimental effects, one 

such prominent effect of UVB exposure is increased production of free radicals which can lead to oxidative 

damage. Although, the human skin is well equipped with endogenous antioxidant defence system, often increased 

levels of free radicals lead to oxidative damage in skin. Skin inflammation, accelerated skin aging, and formation 

of wrinkles are all consequences of UVB induced photodamage. Hence, it is posited that supplementation of an 

exogenous antioxidant derived from natural products could prevent and reduce oxidative damage in skin cells. 

This study set forth to investigate the antioxidative role of terpenoid rich Canarium odontophyllum Miq. (Dabai) 

extract on acute UVB-induced photodamage human keratinocyte cells (HaCaT). We first evaluated the 

antioxidative capacity of increasing concentrations of crude extracts of TRCO Dabai extracts (62.50 µg/mL, 125 

µg/mL, 250 µg/mL, and 500 µg/mL) through FRAP assay. We found all the tested TRCO extract exhibited 

antioxidative capacity in dosage dependent manner. We further investigated the effects of pre-treatment 250 

µg/mL and 500 µg/mL TRCO on UVB-induced photodamaged HaCaT cell by measuring oxidative stress markers 

of lipid peroxide (LPO content), protein carbonyl (PC) content, glutathione peroxidase (GSH-Px) and glutathione-

S-transferase (GST) activities. Both 250 µg/mL and 500 µg/mL TRCO extract pre-treated UVB-induced HaCaT 

cell group exhibited significantly reduced lipid peroxides content and GST activity compared to the positive 

control (p<0.05). Pre-treatment of 250 µg/mL TRCO extract significant enhanced GSH-Px activity (p<0.05). 

However, no significant difference in protein carbonyl content could be established across all tested groups. 

Therefore, our results suggest that TRCO extract can offer protection against oxidative damages caused by UVB 

exposure, and said protective effects can be attributed by its antioxidant properties. 
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INTRODUCTION 

 

The epidermis layer of human skin forms the 

outermost protective barrier which defends 

against xenobiotic, environmental and 

pathogenic stressors (Grice & Segre, 2011). The 

epidermal layer provides physical separation 

between organisms and the external environment 

(Ghazali et al., 2020) which is important in 

negating effects of environmental stressors. 

However, the protective mechanism of skin is 

predominantly compromised by skin aging. Skin 

aging is influenced by both intrinsic and 

extrinsic factors which results in loss of cellular 

integrity thus resulting in  altered functional 

roles (Landau, 2007). Intrinsic aging is a normal 

physiological occurrence that gradually leads 

loss of skin firmness, thickness as well as 

reduced capacity in skin repair mechanisms 

while extrinsic aging is caused due to 

environmental aspects like cosmetics, pollution, 

poor nutrition and UV irradiation, resulting in 

pre-mature skin aging, coarser skin, skin laxity 

and loss of cell elasticity (Zhang & Duan, 

2018).UV irradiations are well-documented to 

be the primary external factor to accelerate  
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skin aging (Wang et al., 2019). 

 

There are three types of UV radiations 

namely UVA (315- 400 nm), UVB (280 to 320 

nm) and UVC (100 to 280 nm) except for UVC, 

two other ultraviolet radiations penetrate into 

skin in wavelength dependent manner. UVA 

radiation penetrates through epidermis and 

dermis layer while UVB radiation does not 

penetrate deeper than the epidermis layer (You 

et al., 2001). Although both UVA and UVB 

impose damaging effects to the skin, UVB 

radiation is considered more detrimental, as 

UVB radiations are shorter and can be directly 

absorbed by DNA causing mutations in 

pyrimidine bases of DNA leading to initiation of 

skin cancer (Mahendra et al., 2021). In 

particular, UVB ultraviolet irradiation 

accelerates the generation of free radicals 

(Wondrak et al., 2006).When the levels of free 

radicals exceed threshold levels, oxidative 

damage occurs, thus, leading to detrimental 

effects to cellular nucleic acids, cell membranes, 

cellular proteins and lipids (McDaniel et al., 

2018). 

 

Fortunately, skin cells are equipped with 

elaborate antioxidant defence system composing 

of enzymatic and non-enzymatic antioxidants 

which work in cohort to protect cells against 

oxidative damage. The roles of endogenous 

antioxidants against UV induced oxidative 

damage are classified into four major 

mechanisms; i) scavenging and quenching 

reactive species, ii) ending free radical chain 

reactions, iii) repairing molecular damages 

caused by radicals and iv) sequestration of 

transition metal ions (Aguilar et al., 2016). 

These functions are essential in inhibiting 

oxidant reactivity and in safe-guarding from 

cellular oxidative stress. However, the capacity 

of these endogenous antioxidants is not 

unlimited. Overexposure to UV can overwhelm 

the antioxidant defence system (Steenvoorden & 

Beijersbergen van Henegouwen, 1997). 

Therefore, additional photoprotection 

approaches are essential to maintain redox 

balance in cells thus avoiding further oxidative 

injury. 

 

MATERIALS AND METHODS 

 

Plant Material  

Fresh leaves of Canarium odontophyllum Miq 

were    collected    in    December    2019   from 

 (1°26'03.2"N 110°25'52.1"E) Kuching, 

Sarawak. The specimen was brought in with 

export and research and development permits 

obtained from Sarawak Biodiversity Centre 

(Permit No: SBC-2020-EP-58-MWH & SBC-

2019-RDP-20-MWH) by Dr. Muhammad 

Wahizul Haswan Aziz and Associate Prof Dr. 

Dayang Fredalina Basri, University Kebangsaan 

Malaysia (UKM). The specimen was deposited 

in UKM Herbarium with voucher number ID 

ID028/2020.  

 

Preparation of leaf extract of Canarium 

odontophyllum  

 

Solid-liquid solvent extraction method was 

employed to extract Canarium odontophyllum 

Miq. (Dabai) leaves extract.  In the ratio of 1:10, 

40g of C. odontophyllum air-dried and coarsely 

grounded leaves were soaked in 400 mL of n-

hexane solvent for 48 hr at room temperature. 

After 48 hours, the mixture was filtered by using 

Whatman No.1 filter paper to collect the filtrate. 

The filtrate was then concentrated under reduced 

pressure using rotary evaporator until crude were 

formed. The obtained crude was allowed to air-

dry under fume hood for 24 hr to remove 

remaining solvent. The resultant terpenoid rich 

crude was weighed. Terpenoid rich C. 

odontophyllum (TRCO) stock (1mg/mL) were 

prepared by diluting 1 mg of the crude in 

1000mL of DMSO and kept at 4°C until further 

use. C. odontophyllum test concentration ranging 

from 62.50 μg/mL, 125 μg/mL, 250 μg/mL and 

500 μg/mL were prepared by diluting the 

1mg/mL of C. odontophyllum stock in distilled 

water and sterilised using 0.22 μm Millipore 

syringe filter.  

 

Determination of In Vitro Antioxidant 

efficacy of Canarium odontophyllum Miq. 

Leaves Extract via Ferric Reducing 

Antioxidant Power (FRAP) Assay 

 

The ferric reducing antioxidant power of TRCO 

were evaluated in accordance to (Benzie and 

Strain 1996). Essentially, in the presence of 

antioxidants, colorless ferric ion [Fe3+-(2,4,6-

Tris(2-pirydyl)-s-triazine)2]3+is reduced to 

insoluble Prussian blue ferrous ion-TPTZ 

complex [Fe2+-(TPTZ)2]2+ in acidic medium. 

Firstly, FRAP working reagent were prepared in 

10:1:1 ratio by mixing 30 mL of acetate buffer 

(30 mM, pH 3.6), 3 mL of FeCl3 (20 mM) and 3 

mL of TPTZ solution (10 mM). The FRAP 
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working reagent wrapped in aluminium foil and 

placed in 37°C water bath until use. A calibration 

curve using iron (II) sulphate FeSO4 calibration 

is prepared with serially diluted concentrations 

that range from 100 to 1,000 μM.  Ascorbic acid 

as positive control with concentrations ranging 

from 3.125 μg/mL to 50 μg/mL were also 

prepared. The C. odontophyllum Miq. test 

concentrations of 62.50 μg/mL, 125 μg/mL, 250 

μg/mL and 500 μg/mL were also prepared. For 

the assay, 50 μL of FeSO4, ascorbic acid solution 

and C. odontophyllum Miq. test extracts were 

added into respective wells in a 96-well plate in 

which each concentration consisted of 

quadruplicate (n=4). Then, 175 μL of pre-

warmed FRAP reagent were added to the wells. 

Next, the plates were incubated at 37 ºC for 5 

min. Finally, absorbance readings were taken at 

595 nm using microplate reader. The FRAP 

values were expressed as ascorbic acid 

equivalent antioxidant capacity (AEAC) 

(Serbessa, 2019). 

 

Cell culture  

 

The immortalized human keratinocyte (HaCaT) 

cell lines were purchased from Elabscience 

USA, catalogue number EP-CL-0090). The cells 

were cultured in Dulbecco’s Modified Eagle 

Medium (DMEM) containing glucose, L- 

glutamine and sodium pyruvate (HiMedia, 

India), 1% penicillin-streptomycin mixture 

(Nacalai Tesque, Japan) (Pen-Strep, 10 000 

IU/mL) and supplemented with 15% foetal 

bovine serum (FBS) (Sigma-Aldrich®). The 

cells were maintained under standard cell culture 

conditions of 37°C,5% CO2 and 95% humidity.   

 

UVB Treatment of HaCaT Cells  

 

HaCaT cells were seeded in 6 wells cell-culture 

plates at a density of 4 x 104 cell/mL. Cells were 

maintained in DMEM media supplemented with 

1% pen-strep and 15 % FBS until 80% 

confluency were reached. The media was 

removed and cells were rinsed with sterile 

phosphate-buffered saline (PBS). Then, cells 

were divided into 250 µg/mL treatment group, 

500 µg/mL treatment group, negative control, 

and positive control groups. The 250 µg/mL and 

500 µg/mL treatment groups were pre-treated 

with 1 mL of 250 µg/mL and 500 µg/mL C. 

odontophyllum extract prepared in DMEM 

media. Whereas, both positive and negative 

control groups were added with 1 mL DMEM 

media only. Next, cells were incubated at 37 °C, 

5% CO2 and 95% humidity for 30 min. Upon 

incubation, 250 µg/mL, 500 µg/mL C. 

odontophyllum extracts treatment groups and 

positive control group were exposed to UVB 

radiation at 30 mJ/cm2 without culture plate 

cover. Negative control group was not exposed 

UVB irradiation. Then, cells were washed twice 

with 1 mL ice-cold PBS for cell lysate 

preparation.   

 

Cell lysates Preparation 

 

Cell lysates were prepared by adding 400 µL of 

ice-cold RIPA lysis buffer to cells. Next, cells 

were incubated on ice for 5 min. Upon 

incubation, cells were gently scrapped and 

collected in micro-centrifuge tubes. The lysates 

were incubated in ice for 30 min on constant 

agitation. After incubation, cell lysates were 

centrifuged at 16128 RCF/g for 10 min at 4°C to 

remove cell debris. Supernatant of cell lysates 

were carefully collected and protein estimation 

was made based on BCA method.  

 

Determination of Lipid Peroxides (LPO) 

Content, Protein Carbonyl (PC) Content, 

Glutathione Peroxidase (GPx) and 

Glutathione-S-Transferase (GST) Activity  

 

The lipid peroxide (LPO) and protein carbonyl 

(PC) content as well as glutathione peroxidase 

(GPx) and glutathione-s-transferase (GST) 

activities of cell lysate samples were determined 

using relevant commercial kits from 

Elabscience® in accordance to manufacturer’s 

instruction. 

 

Statistical analysis  

Data values are expressed in mean ± standard 

error of measurement (SEM) based on 

experiments performed in triplicates (n=3). One-

way ANOVA test was carried out to compare 

means of various treatment groups. Significant 

level was set to 0.05 wherein results were 

considered statistically significant if p<0.05. 

IBM SPSS Statistics Version 23 and GraphPad 

Prism Version 9 were used for statistical 

analysis. 

 

RESULTS  

 

Antioxidant Capacity of n-hexane extract of 

C. odontophyllum Miq 
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The reducing capacity of TRCO were through 

FRAP Assay. The FRAP values were expressed 

as ascorbic acid equivalent antioxidant capacity 

(AAEAC) in the unit of µg AA (ascorbic acid)/g 

C. odontophyllum Miq leaves extract (Serbessa, 

2019). TRCO extract with concentration of 

range of 62.50 µg/mL, 125 µg/mL, 250 µg/mL 

and 500 µg/mL were tested for its antioxidative 

capacity. Significant difference in FRAP values 

between all the tested extract concentrations 

were observed (p< 0.05). The highest FRAP 

value was exhibited by 500 μg/mL with 

6.75±0.08 μgAA/g (Table 1), followed by 250 

μg/mL expressing 4.27±0.06 μgAA/g, 125 

μg/mL, with 1.66±0.03 μgAA/g while the lowest 

concentration of 62.50 μg/mL exhibited 

1.11±0.07 μgAA/g (n=4) (Fig 1). All the FRAP 

values were statistically significant at p<0.05. 

 
Table 1. Ascorbic Acid equivalent FRAP values of different concentrations of Terpenoid rich Canarium 

odontophyllum (TRCO) extracts 
 

Concentration (µg/mL) Ascorbic acid Equivalent FRAP values (µgAA/g) 

62.5 1.11 ± 0.07 

125 1.66 ± 0.03 

250 4.27 ± 0.06 

500 6.75 ± 0.08 

 

Effects of TRCO Extract on Lipid Peroxides 

(LPO) Content on UVB-irradiated HaCaT 

Cells 

 

In the present study, we assessed the effects of 

TRCO on lipid peroxides content in acute UVB 

exposed keratinocyte cells. We found that the 

highest concentration of lipid peroxides was 

exhibited in UVB only exposed HaCaT cells 

(Figure 2), whereas the control group (non-UVB 

exposed) exhibited lower lipid peroxide 

concentration. A statistically significant 

difference between UVB exposed and control 

group in lipid peroxide concentration was 

observed (p<0.05). Our result further 

demonstrated that pre-treatment with TRCO 

extracts prior to UVB exposure effectively 

reduces lipid peroxide content in HaCat cells 

(Figure 2). Notable lower lipid peroxide content 

was observed in both TRCO extracts pretreated 

UVB-exposed groups compared to UVB only 

exposed group. Both 250 µg/mL and 500 µg/mL 

TRCO treatment groups significantly reduced 

generation lipid peroxides in comparison to 

UVB only treated group (p<0.05). However, no 

significant difference in lipid peroxide content 

was observed between 250 µg/mL and 500 

µg/mL TRCO. extracts pre-treated UVB 

exposed HaCat cells (p<0.05). Both 250 µg/mL 

and 500 µg/mL TRCO extracts pre-treated UVB 

exposed HaCat cells show no significant 

difference in LPO content compared to negative 

control group (non-UVB exposed group) 

(p<0.05). 

Effects of TRCO Extract on Protein Carbonyl 

(PC) Content on UVB-irradiated HaCaT 

Cells 

 

We assessed the effects of TRCO extracts in 

protein carbonyls formation in UVB exposed 

HaCaT cells. Highest protein carbonyl content 

was evident in UVB only exposed group (134.70 

± 15.21 nmol/mgprot) (Figure 3). However, 

when comparing protein carbonyl levels 

between UVB only exposed group to negative 

control group (108.20 ± 10.82 nmol/mgprot), no 

significant difference could not be established 

(p<0.05). We notice that the negative control 

group exhibited relatively high protein carbonyl 

content albeit the absence of UVB exposure. 

Pre-treatment of 250 µg/mL and 500 µg/mL 

TRCO extracts exhibited relatively lower protein 

carbonyl content compared to UVB exposed 

group. However, only 500 µg/mL TRCO extract 

pre-treatment group exhibited significant 

difference in PC content when compared to UVB 

only exposed group (p<0.05). 

 

Effects of TRCO Extract on Glutathione 

Peroxidase (GPx) activity on UVB-irradiated 

HaCaT Cells 

 

We investigated GPx activity in UVB irradiated 

HaCaT cells pre-treated with TRCO extracts. 

UVB exposed HaCaT cells exhibited significant 

depletion (Figure 4) in GPx activity (246.70 ± 

21.45 U/mgprot) compared to control group 

(635.50 ± 10.38 U/mgprot) (p<0.05). The 250 

µg/mL   TRCO   extract    pre-treatment    group 
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exhibited no loss of GPx activity, in fact it 

exhibited increased GPx activity than UVB only 

exposed group (p<0.05). GPx activity in 250 

µg/mL TRCO extract pre-treated group were 

significantly higher than negative control group 

(p<0.05). However, we notice that 500 µg/mL 

TRCO extract pre-treated group exhibited 

significant depletion in GSH-Px activity 

compared to all other tested groups (p<0.05) 

 

Effects of TRCO Extract on Glutathione-S-

Transferase (GST) activity on UVB-

irradiated HaCaT Cells 

 

In our study GST activity in UVB only exposed 

HaCaT cells resulted in highest activity at 0.38 ± 

0.29 U/mgprot (Figure 5). The negative control 

group revealed significantly lower GST enzyme 

activity 0.09 ± 0.10 U/mgprot) in comparison to 

UVB only exposed HaCaT cells (p<0.05). Both 

250 µg/mL and 500 µg/mL TRCO extract pre-

treatment groups expressed significantly 

reduced GST activity compared to UVB only 

exposed group (p<0.05). 

 

DISCUSSION  

 

UVB is one of the main causes of oxidative 

stress in skin. The duration and length of UVB 

exposure determines the severity of the effects. 

UVB radiation induces alterations in skin’s 

biochemical compositions and mechanical 

functionality due to oxidative stress. Accelerated 

skin aging, formation of wrinkles and 

impoverished skin firmness are all signs of 

photodamage (Mishra et al., 2011). Although, 

the human skin is well equipped with 

endogenous antioxidant defence system 

comprising of a myriad of antioxidant 

molecules, often the increased levels of free 

radicals lead to depletion of said endogenous 

antioxidants (Babiarz et al., 2002). Therefore, 

application of exogenous antioxidants on skin 

may help negate ill effects caused by excessive 

free radicals during UVB exposure.   

 

C. odontophyllum Miq (Dabai) is one such 

plant which is known for its nutritional and 

antioxidative values. C.odontophyllum Miq or 

colloquially known as “Dabai” is an indigenous 

plant to Borneo, Sarawak, Sabah, Brunei, 

Kalimantan, and Philippines. Many studies had 

been carried out on various parts of the Dabai 

plant to assess its nutritional and antioxidative 

values. C. odontophyllum plant extracts are 

recognized for its antioxidative activity against 

free radicals (Azlan et al., 2010),as well as for 

targeted cytotoxicity effects against many types 

solid cancers without harming normal cells 

(Latif et al., 2018). C. odontophyllum fruits are 

reported to exhibit high antioxidant capacity 

(Chew et al., 2011). The skin in particular is 

shown to contain polyphenols, phenolic and 

flavonoid compounds which is thought to be 

responsible for the antioxidative capacity (Chew 

et al., 2011). Various other studies have reported 

antioxidative activity in various parts of C. 

odontophyllum plants such as bark (Basri et al., 

2016), pulp (Basri, 2014), peel (Yang et al., 

2003; Chew et al., 2011) fruits and leaves (Basri, 

2014; Basri, 2015). 

 

To date, there are no published data available 

on the antioxidative capacity of n-hexane 

extracted C. odontophyllum, thereof, these 

results serve as the first reported data on 

antioxidative capacity of n-hexane extracts of C. 

odontophyllum. 

 

The antioxidative properties in C. 

odontophyllum leaves extract is of particular 

interest because leaves are constantly exposed to 

UVB radiation stress and thereby, it is 

hypothesized to be equipped with 

photoprotective molecules composed of 

antioxidants in order to mitigate the formation of 

reactive oxygen species observed (Chu et al., 

2008) . Protective antioxidants such as terpenes, 

flavonoids, tannins and polyphenols are well 

characterized in UVB induced leaves (Czegeny 

et al., 2016). C. odontophyllum leaves extracts 

were found to exhibit promising antioxidative 

values (Basri, 2014; Basri, 2015; Budin et al., 

2018). These extracts were found to contain 

terpenoids, tannins and flavonoids.  Previous gas 

chromatography (GC-MS) analysis on the n-

hexane extracts of C odontophyllum leaves 

.wherein the major type of terpenoids were 

identified as spathulenol and phytol (Basri et al., 

2022). The FRAP assay revealed antioxidative 

capacity in all the tested n-hexane C. 

odontophyllum leaves extracts. The 

antioxidative capacity in n-hexane C. 

odontophyllum leaves extracts could be 

contributed by the high presence of terpenoids. 

Studies on spathulenol and phytol terpenoids 

reveal antioxidative activities (do Nascimento et 

al., 2018, Islam; Ali et al., 2018) 
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Studies have confirmed that the presence of 

terpenoids exhibit high reducing activities and 

that, as the content of terpenoids increase the 

ferric reducing capacities also increases (Das et 

al., 2011, Greeshma & Murugan, 2018). 

Therefore, as previously mentioned by  Abdul 

Aziz et al., (2022), terpenoid rich C. 

odontophylum (TRCO) leaf extract can offer 

antioxidative therapeutic effects. 

 

In our study, n-hexane extracts of C. 

odontophyllum were found to exhibit protective 

effects when topically applied on human 

keratinocyte cells prior to acute UVB irradiation 

exposure. UVB is a potent generator of reactive 

oxygen species (ROS) in skin. Under normal 

circumstances, ROS are neutralized through the 

network of endogenous enzymatic and non-

enzymatic antioxidants. However, when 

exposed to external stimuli such like UVB 

radiation, ROS levels are highly elevated, this 

occurrence results in overwhelmed endogenous 

antioxidant system which leads to oxidative 

stress. UVB irradiation is reported to not only 

elevate ROS levels but also most worryingly, it 

is responsible for the depletion of endogenous 

antioxidants such as glutathione peroxidase 

(GSH-Px) and Glutathione-S-Transferases 

(GST).  

 

Glutathione peroxidase and glutathione-S-

transferase are part of endogenous antioxidant 

defence system Jablonska et al., (2015) which 

help to preventing reactive oxygen species 

(ROS) induced oxidative stress in cells. 

Glutathione peroxidases are cytoprotective 

antioxidant selenoenzymes that plays two crucial 

roles; i) the primary function of GSH-Px is to 

catalyse the breakdown of hydrogen peroxides 

(H2O2), lipidic or non-lipidic peroxides to non-

toxic products (e.g. water and oxygen) through 

oxidation of reduced glutathione (GSH), this 

activity of GSH-Px protects cells against lipid 

peroxidation and ii) to maintain redox balance 

between reduced glutathione (GSH) and 

oxidized glutathione (GSSG) in cells (Arthur, 

2001; Xianyong et al., 2017)  

 

Pre-treatment of n-hexane extract of C. 

odontophyllum at a low dose on acute UVB 

exposed human keratinocyte cells (HaCaT) 

resulted in high GSH-Px activity compared with 

untreated-UVB exposed groups. This could be 

due antioxidative activity of TRCO in 

maintaining redox balance by reducing 

formation free radicals upon UVB exposure.  

The increase in GSH-Px activity in exogenous 

antioxidant treated cells is similarly observed in 

many studies including (Arthur, 2001; Xu et al., 

2018; Biernacki et al., 2021; Kunchana et al., 

2021). The enhancement of GSH-Px activity 

also corroborates with the low levels of lipid 

peroxides observed. However, pre-treatment of a 

higher dose of n-hexane extract of C. 

odontophyllum revealed exhibited significant 

depletion in GSH-Px activity compared to all 

other tested groups (p<0.05). Instead of further 

enhancing or maintaining GSH-Px activity, 500 

µg/mL TRCO dose depleted GSH-Px activity to 

even lower than UVB only exposed group. The 

reason for this contradictory behaviour of 500 

µg/mL TRCO dose could indicate the depletion 

of reduced glutathione (GSH) in the UVB 

exposed cells. Xenobiotics are capable of 

inducing oxidative stress in cells which 

eventually leads to depletion of endogenous 

antioxidants in the process of maintaining cell 

redox homeostasis. Reduced glutathione (GSH) 

is part of endogenous antioxidant system which 

plays major role in the detoxification and 

neutralization of reactive oxygen species (ROS). 

GSH is also major substrate for the activity of 

GSH-Px (Eren & Selami, 2020). Therefore, 

depletion of GSH could lead to decreased GSH-

Px activity. We presume that the depletion of 

GSH at 500 µg/mL TRCO extract is what affects 

the non-significant lipid peroxides and protein 

carbonyl content when compared with 250 

µg/mL TRCO extract.      

 

At higher concentration, it can be presumed 

that TRCO further aggravates the oxidative 

damage in cells which leads to severe depletion 

in GSH. This process eventually leads to the loss 

of activity in GSH-Px activity as observed in this 

study. Depletion of GSH can also mean the cells 

are activating cell death machinery which leads 

to apoptosis. Increased oxidative stress is linked 

to cellular damage and induction of cell death. 

Previous study by Abdul Aziz et al. (2022) on 

cell viability of HaCaT cells tested at 500 µg/mL 

TRCO provide evidences of decreased cell 

survivability with increment of TRCO 

concentration. Therefore, the severe depletion of 

GSH-Px activity may indicate cell death due to 

the increased oxidative damage. Studies have 

shown that the concentration of terpenoids 

determines the behaviour of terpenoids. At 

higher concentration, terpenoids act as pro-

oxidants but at much lower concentrations it is 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        104 

 

found to exert antioxidative effects (González & 

Gómez, 2012) Antioxidants such as ascorbate 

can function both as antioxidant and pro-oxidant 

on certain circumstances (Podmore et al., 1998). 

Beneficial antioxidants such as resveratrol, 

curcumin, coenzyme Q10, α-lipoic acid (He et 

al., 2017) is also known to act as pro-oxidants 

and produce overshooting of desired effects 

resulting fluctuations in redox balance. 

 

GST are part of phase II detoxification 

enzymes (Townsend & Tew, 2003) which are 

largely responsible for detoxification of 

xenobiotics and electrophilic free radicals 

through conjugation with GSH. The mechanism 

of GST conjugation involves pairing xenobiotics 

with electrophilic centres to nucleophilic 

portions of GSH to detoxify and prevent toxic 

injuries to cells and tissues (Ishikawa, 1992).  

 

TRCO extract pre-treated groups expressed 

significantly reduced GST activity compared to 

UVB only exposed group (p<0.05).  This trend 

was similarly reported in (Monga et al., 2014). 

Reduced activity of GST in the TRCO pre-

treated group compared to the untreated group 

could point out lower formation of free radicals 

and toxic products associated with UVB 

exposure. The reduced free radicals present can 

be attributed to antioxidative capacity of TRCO 

in scavenging free radicals thus leading overall 

reduction in GST activity. In the event of 

oxidative stress, antioxidative defence system 

are activated to reduce, eliminate, and detoxify 

free radicals to prevent oxidative damage to 

cells. In this case, treatment of exogenous 

antioxidant TRCO resulted in the overall 

reduction in free radicals and its associated 

oxidative stress products thus, not necessitating 

induction of high GST activity. Therefore, when 

there is a cellular redox balance, the need for 

elevated detoxification activity is lower 

(Benincasa et al., 2019). GSTs are not the only 

detoxification enzyme responsible for 

eliminating free radicals, but there are various 

other mechanisms involved in the elimination of 

free radicals as well which were not explored in 

this study. Many factors also affect the activity 

of GST enzyme for example the availability of 

GSH for the conjugation process which could be 

rate-limiting factor for GST activity. Therefore, 

further studies are needed to elucidate the 

involvement of major enzymatic and non-

enzymatic antioxidants in the elimination of 

UVB induced free radicals in the presence of 

TRCO. 

 

Lipid peroxidation on epidermal layers 

is a direct consequence of UVB irradiation 

exposure. Lipid peroxidation occurs due to the 

oxidative deterioration lipids by free radicals. It 

is initiated when ROS attacks and abstracts 

hydrogen from the methylene groups of lipids, 

resulting in lipid radicals. Elevated amount of 

ROS poses two consequences: i) impairing cell 

components and ii) activating specific signalling 

pathways (Finkel & Holbrook, 2000). The 

overwhelming amount of free radicals inflicts 

direct damage to lipids and leads to the 

production of lipid peroxidation products such as 

lipid peroxides, malondialdehyde (MDA), and 4-

hydroxyalkenals (HAE/HNE). Most of these 

lipid peroxidation products are known to be 

highly toxic and mutagenic (Esterbauer et al., 

1990) which causes injury in cells, tissues and 

organs (Ayala et al., 2014). Lipid peroxidation 

products are also strongly associated with 

photodamage and pre-mature skin aging 

(Alvarez & Stratton, 2008). Lipid peroxides are 

prominent indicators of lipid peroxidation which 

formed due to oxidative degradation of 

polyunsaturated fatty acids (PUFA) by free 

radicals.  

 

In our study, we found that the highest 

concentration of lipid peroxides (p<0.05) was 

exhibited in UVB only exposed HaCaT cells, 

whereas the control group (untreated and non-

UVB exposed) exhibited lower lipid peroxide 

concentration. The reason for the increased LPO 

formation upon UVB exposure can be majorly 

attributed to the lipid rich matrix of epidermal 

keratinocytes (Alvarez & Stratton, 2008). As we 

know, lipid peroxides are product of free radicals 

induced oxidation of polyunsaturated fatty acids. 

Skin epidermis is composed of polyunsaturated 

fatty acids such as linoleic acids which are found 

abundantly in ceramides, while arachidonic acid 

(AA) being the second most abundant (PUFA) 

(Knox & O’Boyle, 2021) and omega 3 fatty 

acids (Ziboh et al., 2000). These lipids could be 

primary targets of free radical species such as 

oxyl radicals, hydroxyl radicals and peroxyl 

radicals thus leading to increased formation of 

LPO. Our result is in accordance with Townsend 

and Tew (2003) that reported higher secretion of 

8-isoprostane, an end product of lipid 

peroxidation in UVB- irradiated HaCaT cells 

compared control group and as well as 
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(Ishikawa, 1992) which reported similar 

inclination of increased lipid peroxidation 

product levels in UVB exposed group. Similar 

trend was also observed in few studies which 

evaluated effects of UVB radiation on lipid 

peroxidation products in keratinocyte cells 

(Chapkin et al., 1990; Afaq et al., 2007; Piao et 

al., 2013; Chen et al., 2015; Fehér et al., 2016; 

Fernando et al., 2016; Luangpraditkun et al., 

2020; Lee et al., 2020). 

 

We demonstrated that TRCO extracts of 250 

µg/mL and 500 µg/mL were able significantly 

reduce the generation of lipid peroxidation 

products in HaCaT cells exposed to acute UVB 

exposure. The reduction in lipid peroxides 

formation is presumed to be due to terpenoid 

antioxidant content in TRCO extracts. 

Antioxidants are capable of scavenging free 

radicals which are formed due to acute and 

chronic UVB exposure. When HaCaT cells are 

pretreated with exogenous antioxidants such as 

TRCO extract, the generation of lipid peroxides 

are suppressed. Supplementation of exogenous 

antioxidant helps to scavenge excessive free 

radicals that are generated due to UVB exposure, 

thus, resulting in minimized lipid peroxide 

formation.  

 

Similar to lipids and DNA, ROS induced 

oxidative stress also induces structural and 

functional modifications to cellular proteins due 

to protein oxidation. These structural 

modifications of protein molecules inevitably 

lead to loss of biological functions. Another 

prominent modification of proteins caused by 

ROS is the conversion of proteins to carbonyl 

derivatives (Sitte, 2003). Protein oxidation is a 

natural consequence of aerobic life, however 

environmental stimuli such as UV, 

chemotherapeutic drugs and hyperthermia can 

generate elevated amounts of ROS (Sitte, 2003). 

High amount of protein carbonyls were reported 

on keratinocytes cells that are exposed to UV 

radiation (Ogura et al., 2011). This is because 

UV-induced ROS reacts with amino acids of  

proteins in dermis and epidermis of skin to 

generate protein carbonyls (Yamawaki et al., 

2019). Although the consequence of protein 

carbonyl accumulation in skin physiology 

remains unclear, studies have reported changes 

in skin colour (yellow-dark), alteration in 

collagen and extracellular matrix associated with 

photoaging (Uehleke, 2010), decreased 

moisture-holding capacity that leads to skin 

dryness and trans-epidermal water loss in 

stratum corneum as a result of elevated protein 

carbonyl levels (Baraibar, 2018; Yamawaki et 

al., 2019) and accelerated skin aging by 

amplifying decomposition of elastic fibres and 

collagens (Yamawaki et al., 2019). Even though, 

the body’s innate antioxidant defence system is 

able to quench and eliminate ROS, excessive 

amount of ROS can lead to irreparable protein 

misfolding, to a large extend, which leads to 

selective proteolysis (Sitte, 2003). Therefore, 

strengthening the endogenous antioxidants with 

additional exogenous antioxidants in 

neutralizing the harmful effects of ROS could be 

a good strategy in reducing protein carbonyl 

induced skin damages. 

 

This study assessed the effects of TRCO 

extracts in protein carbonyls formation in UVB 

exposed HaCaT cells. We found that 

pretreatment of 250 µg/mL and 500 µg/mL 

TRCO extracts exhibited relatively lower protein 

carbonyl content compared to UVB exposed 

group. However, when compared to UVB only 

exposed group, no significant difference in 

protein carbonyl content can be established 

(p<0.05). In fact, when comparing protein 

carbonyl levels between UVB only exposed 

group to control group, no statistical significance 

could not be established (p<0.05). We notice that 

the negative control group exhibited relatively 

high protein carbonyl content independent of 

any UVB exposure. This could be attributed to 

other oxidation processes including formation of 

carbonylated proteins through aldehyde and 

amino residues reaction due to lipid peroxidation 

(Chevion et al., 2000; Togni et al., 2019). The 

negligible induction of protein carbonyl content 

between the control group and UVB exposed 

group could be ascribable to few reasons; firstly, 

single exposure to UVB at low dose of 30 

mJ/cm2 may not be sufficient to induce notable 

increase in protein carbonyls. Study by 

Luangpraditkun et al. (2020) revealed enhanced 

protein carbonyl levels when HaCaT cells were 

exposed to single exposure of UVB at 60 

mJ/cm2. Secondly, possibly frequency of 

exposure to UVB may influence protein 

carbonyl content in keratinocytes. HaCaT cells 

which were exposed to repeated dose UVB 

irradiation were shown to express higher protein 

carbonyls content by Lee et al. (2020). Thirdly, 

a study by Ramachandran and Prasad (2008) 

provided that the extent of protein oxidation in 

living epidermal layer of skin is far less than 
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dermal layer due to high antioxidant capacity in 

the epidermis layer, thus, we presume that 

keratinocyte cells which is the major constituent 

of epidermal layer may also similar activities. 

Finally, the generation of protein carbonyls upon 

UVB exposure may require longer period of time 

to exhibit any substantial changes. Time-

dependent fluctuations in reactive species upon 

UVB exposure is possible as different radical 

species act at different times (Sitte, 2003; Ogura 

et al., 2011). Study by Lee et al. (2013) reported 

higher protein carbonyl concentration when 

measured 2 hr after exposing HaCat cells to 30 

mJ/cm2, whereas in our study, cell lysates for 

protein carbonyl measurement were measured 

within 30 mins upon UVB exposure as we 

wanted to examine the immediate effects of 

UVB exposure on keratinocyte cells. Even 

though, 500 µg/mL TRCO extract significantly 

reduced protein carbonyl content in comparison 

to UVB only exposed HaCat group (p<0.05), the 

veritableness of this effect could not be 

established as both positive and negative 

controls indicate non-significant difference in 

protein carbonyl levels. Therefore, further 

studies are needed to establish the effects of 

TRCO in protein carbonyl content in UVB 

induced HaCat cell.  

 

CONCLUSION 

 

To summarise, UVB induced oxidative stress is 

a key factor in the onset and progression of 

photodamage and photoaging of the skin. 

Supplementation of exogenous antioxidants 

such as TRCO extracts as demonstrated in this 

study provide antioxidative and photoprotective 

effects against UVB. Specifically, TRCO gets 

involved in the prevention of UVB-mediated 

oxidative damage in HaCaT cells by lowering 

lipid peroxides levels, lowering glutathione-s-

transferase activity (GST) and increasing 

glutathione peroxidase activity (GSH-Px). 

Taken together, TRCO appears to be a promising 

candidate as exogeneous antioxidant for 

protection against photoaging and photodamage. 

 

ACKNOWLEDGEMENTS 

 

This work was supported by the Government of 

Malaysia, Ministry of Science, Technology, and 

Innovation (Grant: Dana Impak Perdana DIP-

2018-034) 

 

 

Conflicts of Interest:  

 

The authors declare no conflict of interest. The 

funders had no role in the design of the study; in 

the collection, analyses, or interpretation of data; 

in the writing of the manuscript; or in the decision 

to publish the results. 

 

REFERENCES 

 

Abdul Aziz, M.W.H., Basri, D.F., Masre, S.F. & 

Ghazali, R. (2022). Fatty acids and 

terpenoids from Canarium odontophyllum 

miq. leaf and their antioxidant and cytotoxic 

effects on uvb-induced immortalized human 

keratinocytes cells (HaCat). Malaysian 

Applied Biology, 51: 79-87. DOI: 

10.55230/mabjournal.v51i3.2377 

 

Afaq, F., Syed, D.N., Malik, A., Hadi, N., 

Sarfaraz, S., Kweon, M.H., Khan, N., Zaid, 

M.A. & Mukhtar, H. (2007). Delphinidin, an 

anthocyanidin in pigmented fruits and 

vegetables, protects human hacat 

keratinocytes and mouse skin against UVB-

mediated oxidative stress and apoptosis. 

Journal of Investigative Dermatology, 

127(1): 222-232. DOI: 10.1002/mc.20477 

 

Aguilar, T., Navarro, B. & Mendoza Perez, J.A. 

(2016). Endogenous antioxidants: a review of 

their role in oxidative stress. InTech, DOI: 

10.5772/65715 

 

Alvarez, I. & Stratton, S. (2008). Effects of green 

tea polyphenols on UV-induced lipid 

peroxidation in skin cell models. Cancer 

Research, 68(9_Supplement): 3133. 

 

Arthur, J.R. (2001). The glutathione 

peroxidases. Cellular and Molecular Life 

Sciences, 57(13-14): 1825-1835. DOI: 

10.1007/pl00000664. 

 

Ayala, A., Muñoz, M. & Argüelles, S. (2014). 

Lipid peroxidation: production, metabolism, 

and signaling mechanisms of 

malondialdehyde and 4-hydroxy-2-nonenal. 

Oxidative Medicine and Cellular Longevity, 

2014: 360438. DOI: 10.1155/2014/360438 

 

Azlan, A., Mohamad Nasir, N.N. & A, I. (2010). 

Antioxidant properties of methanolic extract 

of Canarium odontophyllum fruit. 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        107 

 

International Food Research Journal, 17: 

319-326. 

 

Baraibar, M. (2018). Protein oxidation at the 

crossroad of skin & hair premature aging. 

DOI: 10.13140/RG.2.2.27864.44803 

 

Basri, D. (2014). Preliminary screening for 

antimicrobial activity of the pulp of 

Canarium odontophyllum Miq. (dabai) fruit.  

Global Journal of Pharmacology, 8(2): 213-

220. DOI: 10.5829/idosi.gjp.2014.8.2.82415 

 

Basri, D. (2014). Screening of antioxidant 

phytoextracts of Canarium odontophyllum 

(Miq.) leaves in vitro. IOSR Journal of 

Pharmacy, 4: 1-6. 

 

Basri, D. (2015). Leaves extract from Canarium 

odontophyllum Miq. (dabai) exhibits 

cytotoxic activity against human colorectal 

cancer cell HCT 116. Natural Products 

Chemistry & Research, 3: 1-4. DOI: 

10.4172/2329-6836.1000166 

 

Basri, D.F., Alamin, Z.A.Z. & Chan, K.M. 

(2016). Assessment of cytotoxicity and 

genotoxicity of stem bark extracts from 

Canarium odontophyllum Miq. (dabai) 

against HCT 116 human colorectal cancer 

cell line. BMC Complementary and 

Alternative Medicine, 16(1): 36. DOI: 

10.1186/s12906-016-1015-2. 

 

Benincasa, C., La Torre, C., Plastina, P., Fazio, 

A., Perri, E., Caroleo, M., Gallelli, L., 

Cannataro, R. & Cione, E. (2019). 

Hydroxytyrosyl oleate: improved extraction 

procedure from olive oil and by-products, 

and in vitro antioxidant and skin regenerative 

properties. Antioxidants, 8: 233. DOI: 

10.3390/antiox8070233 

 

Benzie, I.F.F. & Strain, J.J. (1996). The ferric 

reducing ability of plasma (FRAP) as a 

measure of “antioxidant power”: the FRAP 

assay. Analytical Biochemistry, 239(1): 70-

76. 

 

Biernacki, M., Brzóska, M., Markowska, A., 

Gałażyn Sidorczuk, M., Cylwik, B., Gęgotek, 

A. & Skrzydlewska, E. (2021). Oxidative 

stress and its consequences in the blood of 

rats irradiated with UV: protective effect of 

cannabidiol. Antioxidants, 10: 821. DOI: 

10.3390/antiox10060821 

 

Budin, S.B., Kumar, S., Abd Warif, N.M., Mohd 

Saari, S. & Basri, D.F. (2018). Protective 

effect of aqueous extracts from Canarium 

odontophyllum Miq. leaf on liver in 

streptozotocin-induced diabetic rats. Life 

Sciences, Medicine and Biomedicine, 2(1). 

DOI:10.28916/lsmb.2.1.2018.5 

 

Chapkin, R.S., Ziboh, V.A., Marcelo, C.L. & 

Voorhees, J.J. (1990). Metabolism of 

essential fatty acids by human epidermal 

enzyme preparations: evidence of chain 

elongation. Journal of Lipid Research, 27(9): 

945-954. DOI:10.1016/S0022-

2275(20)38771-X 

 

Chen, A., Huang, X., Xue, Z., Cao, D., Huang, 

K., Chen, J., Pan, Y. & Gao, Y. (2015). The 

role of p21 in apoptosis, proliferation, cell 

cycle arrest, and antioxidant activity in UVB-

irradiated human HaCaT keratinocytes. 

Medical Science Monitor Basic Research, 21: 

86-95. DOI: 10.12659/MSMBR.893608 

 

Chevion, M., Berenshtein, E. & Stadtman, E.R. 

(2000). Human studies related to protein 

oxidation: protein carbonyl content as a 

marker of damage. Free Radical Research, 

33 Suppl: S99-108. 

 

Chew, L.Y., Prasad, K.N., Amin, I., Azrina, A. 

& Lau C.Y. (2011). Nutritional composition 

and antioxidant properties of Canarium 

odontophyllum Miq. (dabai) fruits. Journal of 

Food Composition and Analysis, 24(4): 670-

677. DOI:10.1016/j.jfca.2011.01.006 

 

Czégény, G., Mátai, A. & Hideg, É. (2016). UV-

B effects on leaves—oxidative stress and 

acclimation in controlled environments. 

Plant Science, 248: 57-63. DOI: 

10.1016/j.plantsci.2016.04.013 

 

Das, J., Mao, A.A. & Handique, P.J. (2011). 

Terpenoid compositions and antioxidant 

activities of two indian valerian oils from the 

Khasi Hills of north-east India. Natural 

Products Communications, 6(1). DOI: 

10.1177/1934578X1100600131. 

 

do Nascimento, K.F., Moreira, F.M.F., Alencar 

Santos, J., Kassuya, C.A.L., Croda, J.H.R., 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        108 

 

Cardoso, C.A.L., Vieira, M.d.C., Góis Ruiz, 

A.L.T., Ann Foglio, M., de Carvalho, J.E. &  

Formagio, A.S.N. (2018). Antioxidant, anti-

inflammatory, antiproliferative and 

antimycobacterial activities of the essential 

oil of Psidium guineense Sw. and 

spathulenol. Journal of Ethnopharmcolology, 

210: 351-358. DOI: 

10.1016/j.jep.2017.08.030 

 

Eren, S. & Selami, D. (2020). Glutathione 

peroxidase in health and diseases. 

IntechOpen. DOI: 10.5772/intechopen.91009 

 

Esterbauer, H., Eckl, P. & Ortner, A. (1990). 

Possible mutagens derived from lipids and 

lipid precursors. Mutation Research/Reviews 

in Genetic Toxicology, 238(3): 223-233. 

DOI: 10.1016/0165-1110(90)90014-3 

 

Fehér, P., Ujhelyi, Z., Varadi, J., Fenyvesi, F., 

Roka, E., Juhász, B., Varga, B., Bombicz, M., 

Priksz, D., Bácskay, I. & Vecsernyés, M. 

(2016). Efficacy of pre- and post-treatment 

by topical formulations containing dissolved 

and suspended Silybum marianum against 

UVB-induced oxidative stress in guinea pig 

and on HaCaT keratinocytes. Molecules, 

21(10): 1269. DOI: 

10.3390/molecules21101269 

 

Fernando, M., Piao, M., Kang, K., Ryu, Y., 

Madduma Hewage, S., Chae, S. & Hyun, J. 

(2016). Rosmarinic acid attenuates cell 

damage against UVB radiation-induced 

oxidative stress via enhancing antioxidant 

effects in human HaCaT cells. Biomolecules 

& Therapeutics, 24: 75-84. DOI: 

10.4062/biomolther.2015.069 

 

Finkel, T. & Holbrook, N.J. (2000). Oxidants, 

oxidative stress and the biology of ageing. 

Nature, 408(6809): 239-247. DOI: 

10.1038/35041687 

 

Ghazali, R., Muralitharan, R., Soon, C., Salyam, 

T., Maulana, N., Thaha, U., Halim, R., 

Suhaifi, S., Khalid, M., Ahmad, A. & Kofli, 

N. (2020). Viability and antioxidant effects of 

traditional cooling rice powder (bedak sejuk) 

made from Oryza sativa ssp. Indica and 

Oryza sativa ssp. japonica on UVB-induced 

B164A5 melanoma cells. Asian Pacific 

Journal of Cancer Prevention, 21: 3381-

3386. DOI: 

10.31557/APJCP.2020.21.11.3381 

 

González Burgos, E. & Gómez-Serranillos, M. 

(2012). Terpene compounds in nature: a 

review of their potential antioxidant activity. 

Current Medicinal Chemistry, 19. 

DOI:10.2174/092986712803833335 

 

Greeshma Geetha, M. & Murugan, K. (2018). 

Antioxidant activities of terpenoids from 

Thuidium tamariscellum (c. muell.) bosch. 

and sande-lac. a moss. Pharmacognosy 

Journal, 10(4). DOI:10.5530/pj.2018.4.106 

 

Grice, E.A. & Segre, J.A. (2011). The skin 

microbiome. Nature Reviews Microbiology, 

9(4): 244-253. DOI:10.1038/nrmicro2537 

 

Guo, C., Yang, J., Wei, J., Li, Y., Xu, J. & Jiang, 

Y. (2003). Antioxidant activities of peel, pulp 

and seed fractions of common fruits as 

determined by FRAP assay. Nutrition 

Research, 23(12): 1719-1726. 

DOI:10.1016/j.nutres.2003.08.005 

 

He, L., He, T., Farrar, S., Ji, L., Liu T. & Ma, X. 

(2017). Antioxidants maintain cellular redox 

homeostasis by elimination of reactive 

oxygen species. Cellular Physiology and 

Biochemistry, 44(2): 532-553. DOI: 

10.1159/000485089 

 

Ishikawa, T. (1992). The ATP-dependent 

glutathione S-conjugate export pump. Trends 

in Biochemical Sciences, 17(11): 463-468. 

DOI: 10.1016/0968-0004(92)90489-v 

 

Islam, M.T., Ali, E.S., Uddin, S.J., Shaw, S., 

Islam, M.A., Ahmed, M.I., Chandra Shill, 

M., Karmakar, U.K., Yarla, N.S., Khan, I.N., 

Billah, M.M., Pieczynska, M.D., Zengin, G., 

Malainer, C., Nicoletti, F., Gulei, D., 

Berindan-Neagoe, I., Apostolov, A., Banach, 

M., Yeung, A.W.K., El-Demerdash, A., 

Xiao, J., Dey, P., Yele, S., Jóźwik, A., 

Strzałkowska, N., Marchewka, J., 

Rengasamy, K.R.R., Horbańczuk, J., Kamal, 

M.A., Mubarak, M.S., Mishra, S.K., Shilpi, 

J.A. & Atanasov, A.G. (2018). Phytol: a 

review of biomedical activities. Food and 

Chemical Toxicology, 121: 82-94. DOI: 

10.1016/j.fct.2018.08.032 

 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        109 

 

Jablonska, E., Gromadzinska, J., Peplonska, B., 

Fendler, W., Reszka, E., Krol, M.B., 

Wieczorek, E., Bukowska, A., Gresner, P., 

Galicki, M., Zambrano Quispe, O., 

Morawiec, Z. & Wasowicz, W. (2015). Lipid 

peroxidation and glutathione peroxidase 

activity relationship in breast cancer depends 

on functional polymorphism of GPX1. BMC 

Cancer, 15(1): 657. DOI:10.1186/s12885-

015-1680-4 

 

Knox, S. & O’Boyle, N.M. (2021). Skin lipids in 

health and disease: a review. Chemistry and 

Physics of Lipids, 236: 105055. DOI: 

10.1016/j.chemphyslip.2021.105055 

 

Kunchana, K., Jarisarapurin, W., 

Chularojmontri, L. & Wattanapitayakul, S.K. 

(2021). Potential use of AmLa (Phyllanthus 

emblica L.) fruit extract to protect skin 

keratinocytes from inflammation and 

apoptosis after UVB irradiation. 

Antioxidants, 10(5): 703. DOI: 

10.3390/antiox10050703 

 

Landau, M. (2007). Exogenous factors in skin 

aging. environmental factors in skin diseases, 

E. Tur. Current Problems in Dermatology, 

35: 1-13. DOI: 10.1159/000106405. 

 

Latif, E., Basri, D., & Nagapan, T. (2018). 

Toxicological effect of Canarium 

odontophyllum extract against acute 

lymphoblastic leukemia CCL-119 cell line. 

Journal of Environmental Science and 

Toxicology, 3(1): 1-8. DOI:10.15226/2572-

3162/3/1/00113 

 

Lee, C., Park, G.H., Ahn, E.M., Kim, B.-A., 

Park, C.-I. & Jang, J.-H. (2013). Protective 

effect of Codium fragile against UVB-

induced pro-inflammatory and oxidative 

damages in HaCaT cells and BALB/c mice. 

Fitoterapia, 86: 54-63. DOI: 

10.1016/j.fitote.2013.01.020chu 

 

Lin, C.B., Babiarz, L., Liebel, F., Kizoulis, M., 

Gendimenico, G.J., Seiberg, M., Roydon 

Price, E. & Fisher, D.E. (2002). Modulation 

of microphthalmia-associated transcription 

factor gene expression alters skin 

pigmentation. Journal of Investigative 

Dermatology, 119(6): 1330-1340. DOI: 

10.1046/j.1523-1747.2002.19615.x 

 

Luangpraditkun, K., Charoensit, P., 

Grandmottet, F., Viennet, C. & Viyoch, J. 

(2020). Photoprotective potential of the 

natural artocarpin against in vitro UVB-

induced apoptosis. Oxidative Medicine and 

Cellular Longevity, 2020: 1042451. 

DOI:10.1155/2020/1042451 

 

Mahendra, C., Zainal Abidin, S.A., Htar, T., 

Chuah, L., Khan, S., Ming, L.C., Ying, P.T., 

Counteracting the ramifications of UVB 

irradiation and photoaging with Swietenia 

macrophylla king seed. Molecules, 26: 2000. 

DOI: 10.3390/molecules26072000 

 

McDaniel, D., Farris, P. & Valacchi, G. (2018). 

Atmospheric skin aging—contributors and 

inhibitors. Journal of Cosmetic 

Dermatolology, 17(2): 124-137. DOI: 

10.1111/jocd.12518 

 

Mishra, A., Mishra, A.K. & Chattopadhyay, P. 

(2011). Herbal cosmeceuticals for 

photoprotection from ultraviolet B radiation: 

a review. Tropical Journal of 

Pharmaceutical Research, 10. 

DOI:10.4314/TJPR.V10I3.7 

 

Monga, J., Aggarwal, V., Suthar, S.K., Monika, 

Nongalleima, K. & Sharma, M. (2014). 

Topical (+)-catechin emulsified gel prevents 

DMBA/TPA-induced squamous cell 

carcinoma of the skin by modulating 

antioxidants and inflammatory biomarkers in 

BALB/c mice. Food & Function, 5(12): 

3197-3207. DOI: 10.1039/c4fo00531g 

 

Ogura, Y., Kuwahara, T., Akiyama, M., Tajima, 

S., Hattori, K., Okamoto, K., Okawa, S., 

Yamada, Y., Tagami, H., Takahashi, M. & 

Hirao, T. (2011). Dermal carbonyl 

modification is related to the yellowish color 

change of photo-aged Japanese facial skin. 

Journal of Dermatolology Science, 64(1): 45-

52. DOI: 10.1016/j.jdermsci.2011.06.015 

 

Oh, J.H., Lee, J.I., Karadeniz, F., Park, S.Y., 

Seo, Y. & Kong, C.-S. (2020). 

Antiphotoaging effects of 3,5-dicaffeoyl-epi-

quinic acid via inhibition of matrix 

metalloproteinases in UVB-irradiated human 

keratinocytes. Evidence-Based 

Complementary and Alternative Medicine, 

2020: 8949272. DOI: 10.1155/2020/8949272 

 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        110 

 

Piao, M.J., Kang, K.A., Kim, K.C., Chae, S., 

Kim, G.O., Shin, T., Kim, H.S. & Hyun, J.W. 

(2013). Diphlorethohydroxycarmalol 

attenuated cell damage against UVB 

radiation via enhancing antioxidant effects 

and absorbing UVB ray in human HaCaT 

keratinocytes. Environmental Toxicology and 

Pharmacology, 36(2): 680-688. DOI: 

10.1016/j.etap.2013.06.010 

 

Podmore, I.D., Griffiths, H.R., Herbert, K.E., 

Mistry, N., Mistry, P. & Lunec, J. (1998). 

Vitamin C exhibits pro-oxidant properties. 

Nature, 392(6676): 559-559. DOI: 

10.1038/33308 

 

Prasad, K., Chew, L.Y., Khoo, H.E., Kong, 

K.W., Azlan, A. & A, I. (2010). Antioxidant 

capacities of peel, pulp, and seed fractions of 

Canarium odontophyllum Miq. fruit. Journal 

of Biotechnology and Biomedicine, 2010. 

DOI: 10.1155/2010/871379 

 

Ramachandran, S. & Prasad, N.R. (2008). Effect 

of ursolic acid, a triterpenoid antioxidant, on 

ultraviolet-B radiation-induced cytotoxicity, 

lipid peroxidation and DNA damage in 

human lymphocytes. Chemico-Biological 

Interactions, 176(2): 99-107. DOI: 

10.1016/j.cbi.2008.08.010 

 

Serbessa, G.G. (2019). Antioxidant activities of 

avocado (Persea americana Mill.) and 

banana (Musa paradisiac L.) varieties. 

Anatomy Physiology & Biochemistry 

International Journal, 6(1): 9-14. DOI: 

10.19080/APBIJ.2019.06.555678 

 

Shao, H.-b., Chu, L.-y., Shao, M.-a., Jaleel, C.A. 

& Hong-mei, M. (2008). Higher plant 

antioxidants and redox signaling under 

environmental stresses. Comptes Rendus 

Biologies, 331(6): 433-441. DOI: 

10.1016/j.crvi.2008.03.011 

 

Sitte, N. (2003). Oxidative damage to proteins. 

Aging at the molecular level. T. von 

Zglinicki. Dordrecht, Springer Netherlands, 

27-45. DOI: 10.1007/978-94-017-0667-4_3 

 

Steenvoorden, D.P.T. & Beijersbergen van 

Henegouwen, G.M.J. (1997). The use of 

endogenous antioxidants to improve 

photoprotection. Journal of Photochemistry 

and Photobiology B: Biology, 41(1): 1-10. 

DOI: 10.1016/s1011-1344(97)00081-x 

 

Togni, S., Maramaldi, G., Cavagnino, A., Corti, 

A. & Giacomelli, L. (2019). Vitachelox: 

protection of the skin against blue light-

induced protein carbonylation. Cosmetics, 

6(3): 49. DOI:10.3390/cosmetics6030049 

 

Townsend, D.M. & Tew, K.D. (2003). The role 

of glutathione-S-transferase in anti-cancer 

drug resistance. Oncogene, 22(47): 7369-

7375.DOI: 10.1038/sj.onc.1206940 

 

Uehleke, H. (2010). Untersuchungen mit 

fluoreszenz-markierten Antikörpern: IV. Die 

Markierung von SPACEntikörpern mit 

Sulfochloriden fluoreszierender Farbstoffe. 

Schweizerische Zeitschrift für allgemeine 

Pathologie und Bakteriologie, 22(5): 724-

729. 

 

Wang, Y., Li, W., Xu, S., Hu, R., Zeng, Q., Liu, 

Q., Li, S., Lee, H., Chang, M. & Guan, L. 

(2019). Protective skin aging effects of 

cherry blossom extract (Prunus yedoensis) on 

oxidative stress and apoptosis in UVB-

irradiated HaCaT cells. Cytotechnology, 

71(2): 475-487. DOI: 10.1007/s10616-018-

0215-7 

 

Wondrak, G.T., Jacobson, M.K. & Jacobson, 

E.L. (2006). Endogenous UVA-

photosensitizers: mediators of skin 

photodamage and novel targets for skin 

photoprotection. Photochemical & 

Photobiological Sciences, 5(2): 215-237. 

DOI: 10.1039/b504573h 

 

Xianyong, M., Dun, D. & Weidong, C. (2017). 

Inhibitors and activators of SOD, GSH‐Px, 

and CAT. InTech. DOI: 10.5772/65936  

 

Xu, P., Zhang, M., Wang, X., Yan, Y., Chen, Y., 

Wu, W., Zhang, L. & Zhang, L. (2018) 

Antioxidative effect of quetiapine on acute 

ultraviolet-B-induced skin and HaCaT cell 

damage. International Journal of Molecular 

Sciences, 19. DOI: 10.3390/ijms19040953. 

 

Yamawaki, Y., Mizutani, T., Okano, Y. & 

Masaki, H. (2019). The impact of 

carbonylated proteins on the skin and 

potential agents to block their effects. 



Ahmad et al. 2024                               Antioxidative Properties of Dabai Leaves Extract        111 

 

Experimental Dermatology, 28(S1): 32-37. 

DOI: 10.1111/exd.13821 

 

You, Y.-H., Lee, D.-H., Yoon, J.-H., Nakajima, 

S., Yasui, A. & Pfeifer, G.P. (2001). 

Cyclobutane pyrimidine dimers are 

responsible for the vast majority of mutations 

induced by UVB irradiation in mammalian 

cells*. Journal of Biological Chemistry, 

276(48): 44688-44694. DOI: 

10.1074/jbc.M107696200 

 

Zhang, S. & Duan, E. (2018). Fighting against 

skin aging: the way from bench to bedside. 

Cell Transplantation, 27(5): 729-738. DOI: 

10.1177/0963689717725755 

 

Ziboh, V., Miller, C. & Cho, Y.H. (2000). 

Metabolism of polyunsaturated fatty acids by 

skin epidermal enzymes: Generation of 

antiinflammatory and antiproliferative 

metabolites. The American Journal of 

Clinical Nutrition, 71: 361S-366S. DOI: 

10.1093/ajcn/71.1.361s 

 

 


