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A B S T R A C T   

This study aimed at analysing the effects of coconut (Cocos nucifera L.) kernel extract (CKE) on 
oxidative stress, C-MYC proto-oncogene, and tumour formation in a skin cancer model. Tumor-
igenesis was induced by dimethylbenz[a]anthracene (DMBA)/12-O-tetradecanoylphorbol-13-ac-
etate (TPA). In vitro antioxidant activity of CKE was assessed using 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH), hydrogen peroxide (H2O2), total phenolic and flavonoid content assays. CKE showed a 
higher antioxidant activity then ascorbic acid (*P < 0.05, ****P < 0.0001). HPLC and NMR study 
of the CKE revealed the presence of lauric acid (LA). Following the characterization of CKE, mice 
were randomly assigned to receive DMBA/TPA Induction and CKE treatment at different doses 
(50, 100, and 200 mg/kg) of body weight. LA 100 mg/kg of body weight used as standard. 
Significantly, the CKE200 and control groups’ mice did not develop tumors; however, the CKE100 
and CKE50 treated groups did develop tumors less frequently than the DMBA/TPA-treated mice. 
Histopathological analysis revealed that the epidermal layer in DMBA-induced mice was thicker 
and had squamous pearls along with a hyperplasia/dysplasia lesion, indicating skin squamous cell 
carcinoma (SCC), whereas the epidermal layers in CKE200-treated and control mice were normal. 
Additionally, the CKE treatment demonstrated a significant stimulatory effect on the activities of 
reactive oxygen species (ROS), glutathione (GSH), catalase (CAT), and superoxide dismutase 
(SOD), as well as an inhibitory effect on lipid peroxidase (*P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001) and c-MYC protein expression (*P < 0.05, **P < 0.01, ***P < 0.001, ****P <
0.0001). In conclusion, CKE prevents the growth of tumors on mouse skin by reducing oxidative 
stress and suppressing c-MYC overexpression brought on by DMBA/TPA induction. This makes it 
an effective dietary antioxidant with anti-tumor properties.   
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1. Introduction 

Skin cancer is the most common type of cancer in humans, with increasing incidence, morbidity, and mortality rates worldwide [1, 
2]. It can be broadly classified into two types: non-melanoma skin cancers (NMSC), which originate from cells derived from the 
epidermis, and melanoma cancer, which results from dysfunction of the melanocytes [2]. According to Global Cancer Statistics 2020, 
there are 1,198,073 incidences of NMSC and 63,731 deaths worldwide [1,3]. The most common types of NMSC among Caucasians are 
squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) [1,4–7]. SCC accounts for 20 % of NMSC cases worldwide, while BCC 
accounts for 80 % [8]. However, NMSC incidence has increased by 3–8% annually since 1960, 18–20 times higher than melanoma [2, 
9,10]. Even compared to BCC, SCC is more common in the Indian subcontinent [11]. Therefore, there is a need to develop novel 
anti-cancer agents that can target SCC initiation and progression. According to current knowledge, the development of SCC is char-
acterized by Deoxyribonucleic acid (DNA) damage brought on by ultraviolet (UV) radiation, which leads to an excessive proliferation 
of invasive squamous cells and metastasis [8,12,13]. Understanding the initial, promoting, and progressing stages of tumor formation 
is made possible by the use of animal models of carcinogen-induced skin cancer [14]. It has been demonstrated that 7,12-Dimethylbenz 
(a)anthracene (DMBA), a tumor initiating agent and 12-O-tetradecanoylphorbol-13-acetate (TPA), a tumor promoter are the most 
frequently used chemical carcinogens in chemically-induced skin cancer models [14–17]. These models induce two-stage sub-cu-
taneous skin carcinogenesis, which closely resembles human SCC [14–17]. This DMBA/TPA induced skin cancer model has been 
previously employed to generate novel anti-cancer agents such as salidroside, phospholipase Cepsilon and hesperidin [15,17,18]. 
Nevertheless, the mechanisms of action of these studies are restricted. In support of these studies, we also utilized DMBA/TPA induced 
skin cancer to investigate the anticancer activity of coconut (Cocos nucifera L.) kernel (CK) extract (CKE). 

The coconut fruit’s interior, or CK, is a food item with a high nutritional value and an abundance of vitamins, minerals, and fibre 
[19]. It belongs to the Arecaceae family. In India, the coconut tree is referred to as “Kalpavriksha” (the tree that gives everything) [19] 
and CK used as a traditional herbal medicine, offers numerous health benefits such as anti-aging, anti-bacterial, antifungal, antioxi-
dant, and lipid reduction, making it a valuable tool for overall health [19,20]. Virgin Coconut Oil (VCO), extracted from CK by using 
traditional methods, exhibits high antioxidant properties and reduces oxidative stress by increasing catalase (CAT), superoxide dis-
mutase (SOD), glutathione peroxidase (GPx) and glutathione reductase activity in cells [21–23]. It also shows anticancer properties 
against lung, liver and oral cancer cell lines [24–26]. Research also shows VCO’s phenolic extract affects human hepatocellular 
carcinoma cells [27]. Additionally, it has been reported that VCO treated human neuroblastoma cells showed better mitochondrial 
health and reduced the release of reactive oxygen species (ROS), oxidative stress response genes, and inflammatory genes [28]. 
Moreover, its primary component, lauric acid (LA), also provided effective antioxidant activity within the cell, thereby providing cell 
protection and inhibited neuroinflammation [28]. Even, other study claimed that coconut oil’s LA treatment kills human colon cancer 
cells by up to 93 % after 48 h of treatment by inducing oxidative stress and apoptosis in the cells [29]. More recent study also 
demonstrated that LA treatment prevents liver from ethanol-induced hepatotoxicity by reducing oxidative stress, inducing apoptosis 
and upregulating hepatocyte nuclear factor-4 alpha (HNF4α) [30]. However, the effect of coconut byproducts or LA alone on skin 
cancer is not well documented yet. Thus, an extensive investigation was conducted to better understand the anticancer effects of CKE 
on DMBA/TPA-induced skin cancer in relation to oxidative stress and c-MYC gene expression. 

The c-MYC proto-oncogene, a key player in cancer development and progression, overexpression enhances pluripotency and 
tumorigenicity [31]. As with oxidative stress in cells, c-MYC plays a pivotal role in the development and metastasis of cancer [32]. Its 
regulation of cellular proliferation, differentiation, and apoptosis is disrupted by irregular expression, leading to aggressive growth 
behavior in cells, a phenomenon observed in human cancer, prompting researchers to target this gene for cancer treatment [33–39]. 
According to reports, the development of SSC is facilitated by the activation of proto-oncogenes such as over-expression of c-MYC 
and/or the inactivation of tumor suppressor genes like p53 mutation in keratinocytes of both animal and human skin [34,40–43]. 
According to our earlier study, a c-MYC can increase the cancer stemness of cancer stem cells (CSCs) by controlling the HIF-2α stemness 
pathway through NANOG and SOX2 [44]. Another study indicated that when c-MYC is activated, normal cells experience apoptosis 
with restricted growth factors, but tumor cells are resistant to c-MYC’s apoptotic effects [45]. Furthermore, overexpression of the 
c-MYC gene during the carcinogenesis process promotes gene amplification in normal cells, which increases the proliferation of cancer 
cells commonly seen in human cancer [34,46]. More significantly, ROS production and DNA damage in cells are also induced by c-MYC 
[47,48]. According to Graves et al. (2009), the regulation of ROS homeostasis is dependent on c-MYC activity [48]. These in-
vestigations therefore suggested that c-MYC is crucial for increasing oxidative stress in cells as cancer progresses. However, it is un-
known, whether CKE affects c-MYC-induced oxidative stress in skin cancer. Therefore, in this study we investigated the effects of CKE 
on oxidative stress, the c-MYC proto-oncogene, and tumour formation using a SCC skin cancer model induced by DMBA/TPA. Our goal 
was to provide non-toxic dietary product as chemopreventive options for the clinical treatment of NMSC. 

Here we report that CKE delays or inhibits skin cancer in mice by acting as potent a potent dietary antioxidant that boosts the 
activities of glutathione (GSH), CAT, SOD, and reduces ROS and lipid peroxidase (MDA). By decreasing the overexpression of the c- 
MYC protein, CKE may also act as a c-MYC-mediated oxidative stress inhibitor. Our study also reveals c-MYC-mediated oxidative stress 
mechanism in DMBA/TPA induced skin cancer. Thus, CKE therefore functions as potent anticancer drug against DMBA/TPA induced 
skin cancer. 
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2. Materials and methods 

2.1. Reagents and kits 

DMBA, TPA, Thiobarbituric acid (TBA), Trichloroacetic acid (TCA), Lauric acid, Acetic acid, Sodium dodecyl sulphate (SDS), N- 
butanol-pyridine, 5,5′-dithiobis (2-nitrobenzoic acid) (DTNB), L-Glutathione, reduced (GR), β-NADPH (#N-1630-Sigma-Aldrich), 
Hydrogen peroxide (H2O2), Phosphate buffer, Bradford Reagent and Bovine Serum Albumin (BSA), Paraffin, 40 % formalin, Hema-
toxylin & Eosin (H&E) Reagents were purchased from Sigma-Aldrich Co. (Mumbai, India). Superoxide Dismutase (SOD) Activity Assay 
Kit and DPPH (2, 2-diphenyl-1-picrylhydrazyl) Antioxidant Assay Kit were purchased from abcam, Mumbai India. The Super sensitive 
TM Polymer-HRP IHC Detection system and ready-to-use antibody of anti-c-MYC protein [9E10] (#AM318-M) was acquired from 
BioGenex, CA, USA. 

2.2. Collection and preparation of coconut kernel 

The coconut fruits were gathered from Gauhati University’s botanical garden in Guwahati, Assam. Botanical Survey of India (BSI) 
in Shillong, Meghalaya, India, completed the identification and authentication (BSI/ERC/2015/Plant identification/806). Using a 
scrapper, 2–3 coconut kernels were then removed, and they were freeze-dried for a further 20–25 days at 4◦C. 

2.3. High performance liquid chromatography (HPLC) analysis 

The sample preparation procedure was simple [49,50]. A 1.0 g of CKE was combined with 1 ml of HPLC-grade methanol that was 
purchased from the Merck company in Mumbai, India. Next, a 0.45 μm filter was used to filter the mixture. The standard graph of LA 
was obtained using pure LA (Merck, Mumbai, India). 

The Agilent 1260 Infinity HPLC (analytical) system was utilized to ascertain the Lauric acid content in CKE. The apparatus con-
sisted of an SPD-10Avp ultraviolet detector, an LC-10ADvp pump, a SIL-10ADvp auto sampler, a DGU-14A degasser, and a SCL-10Avp 
system controller. The stationary C18 column was operated at room temperature. The mobile phase was HPLC-grade methanol, 
flowing at a rate of 0.5 ml/min. The injection volume for every chromatographic run was 50 μl. A wavelength of 203 nm was used for 
the detection process. Next, we used the Agilent 1260 Infinity HPLC (preparative) system under the same conditions to isolate the 
targeted peak that we had obtained from CKE. The HPLC analysis was performed under the supervision of Guwahati Biotech Park, 
Guwahati, Assam. 

2.4. Nuclear magnetic resonance (NMR) 

To identification and structural analysis of isolated targeted compound from CKE in liquid phase was characterized by 1H NMR and 
13C NMR using 400 MHz Varian MercuryPlus NMR Spectrometer under the supervision of Sophisticated Central Instruments Facility, 
Indian Institute of Technology (IIT) Guwahati, Assam. The instrument is equipped with Oxford superconducting magnet of frequency 
400 MHz (9.4 T) with probe capacity of 5 mm 1H 13C/X and Mercury 400 high resolution NMR console. 

2.5. DPPH free radical scavenging assay 

The anti-oxidant activities of CKE on DPPH were measured using previously described method [51–53]. The absorbance was 
measured at 517 nm. Each test was run in triplicate, and the following equation [54] was used to determine the percentage of DPPH 
Scavenging activity: 

DPPH Scavenging Activity(%)=
Control Absorbance − Test Absorbance

Control Absorbance
x100 (i)  

2.6. H2O2 free radical scavenging assay 

The antioxidant activities of CKE on H2O2 were determined by using previous method [51,53,55]. The absorbance was measured at 
230 nm. Each test was run in triplicate, and the following equation [56] was used to determine the percentage of H2O2 Scavenging 
activity: 

Hydrogen Peroxide Scavenging Activity(%)=
Control Absorbance − Test Absorbance

Control Absorbance
x100 (ii)  

2.7. Calculation of IC50 value 

The average percent of scavenging capacity was determined through the use of linear regression plots for IC50 values, where the 
ordinate denotes the average percent of scavenging capacity and the abscissa denotes the concentration of the tested plant extracts. 
The amount of sample needed to scavenge 50 % of H2O2 (IC50 H2O2) and 50 % of DPPH (IC50 DPPH) was then calculated. 
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2.8. Total phenolic content (TPC) 

The Folin-Ciocalteau reagent was used to estimate the TPC of the CKE, as previously described [57]. Briefly, 80 % methanol was 
used to dissolve 1 mg of CKE. A mixture of 1500 μl freshly prepared Folin-Ciocalteu regent and 300 μl CKE solution was combined. 
After that, 1300 μl of 7.5 % Na2CO3 was added to the mixture, and it was left to stand at room temperature for 30 min in the dark. The 
absorbance was measured at 760 nm. Each test was run in triplicate and the TPC was expressed as mg of gallic acid equivalent (GAE) 
per 1 g of CKE [58]. 

2.9. Total flavonoid content (TFC) 

The TFC of CKE was analyzed by the method described by Adekola et al., 2017 with slight modification [58]. Briefly, ethanol was 
used to dissolve 1 mg of CKE. After that, 500 μl of CKE solution was combined with 30 μl of 5 % NaNO2. After 5 min, 300 μl of 10 % 
AlCl3 was added and mixed. Following an additional 5 min, 200 μl of 1 N NaOH was combined with. The absorbance was measured at 

Fig. 1. Schematic illustration of the in vivo experimental plan to assess the anticancer potential of CKE treatment in a model of skin 
squamous cell carcinoma (SCC) induced by DMBA/TPA. Serving as the control group, Group I mice were fed a regular diet and did not receive 
any medical attention. A single topical dose of 400 nm DMBA was administered to Group II, Group III, Group IV, Group V and Group VI mice. One 
week after the DMBA induction, multiple topical applications of 5 nmol TPA were applied. In addition, CKE200 (200 mg/kg body weight), CKE100 
(100 mg/kg body weight), CKE50 (50 mg/kg body weight), and LA100 (100 mg/kg body weight) were administered weekly to Group III, Group IV, 
Group V, and Group VI mice that served as treatment groups. The treatments began 1 week before the tumour initiation process and continued for 
ten weeks. 

S. Sandhya et al.                                                                                                                                                                                                       



Heliyon 10 (2024) e29385

5

515 nm. Each test was run in triplicate and the TFC was expressed as mg of quercetin equivalent (QE) per 1 g of CKE [58]. 

2.10. Animals and treatments 

Eight to nine-weeks-old Swiss albino mice, Mus musculus, were obtained from Zoology Department, Gauhati University, Assam, 
India and kept in well-ventilated polypropylene cages under germ-free condition with a 12 h light and dark cycle. All Protocols for 
animal experimentation were approved by the Institutional Animal Ethics Committee, (IAEC) at Gauhati University (IAEC/PER/ 
2014–2015/02). Five groups of mice were randomly assigned. For every group, ten mice. Fig. 1 depicts the in vivo study’s experi-
mental design. By employing the cutaneous two-stage skin carcinogenesis protocol as previously mentioned [59,60], skin cancer was 
induced in mice. In brief, after three days of shaving the mice’s backs, a single dose of 400 nmol DMBA was applied topically to initiate 
the tumor. One week later, the mice received multiple topical applications of 5 nmol TPA twice a week up to eight weeks. Mice in 
Group I (control) were fed a regular diet in the absence of any medication. The mice in Group II (DMBA/TPA) were solely given 
DMBA/TPA induction. In addition to DMBA/TPA induction, Group III (CKE200), Group IV (CKE100), Group V (CKE50); additionally 
received a dose of 200, 100, and 50 mg CKE/kg body weight, respectively, prior to 30 min before TPA application until 10 weeks. 
Group VI (LA100) also received DMBA/TPA induction similar to Group II, but in addition they received a dose 100 mg LA/kg body 
weight. LA treatment was used as positive control for CKE. Each week, the body weights and counts of skin tumors (>1 mm) in each 
animal were recorded. By cervical dislocation, all grouped animals were sacrificed at the conclusion of the experiment for histopa-
thology, immunohistochemistry, and biochemical analyses [61]. 

2.11. Histopathology analysis 

The skin and tumor tissue were embedded in paraffin blocks after being fixed for 24–48 h in 10 % neutral buffered formalin [10 % 
formalin +90 % distilled water + 9 g sodium chloride (NaCl) + 12 g sodium phosphate (Na2HPO4)] [62]. Using a microtome (Model: 
LEICA RM2245), sections with a thickness of 5.0 μm were cut and then stained with H&E. 

2.12. Immunohistochemistry (IHC) analysis 

IHC was done using a Super sensitive TMPolymer-HRP IHC Detection system kit, according to manufacturer’s instructions [44,63]. 
Mouse c-MYC antibody (Santa Cruz Biotechnology) was used in 1:100 dilution. 

2.13. RNA extraction and real time qPCR assay 

Total RNA extraction from skin/tumor tissue were performed using the RNeasy Mini Kit (Qiagen #74106), followed by cDNA 
isolation using the Sensiscript RT Kit (Qiagen: 205213). The nano-drop UV spectrophotometer was utilized to confirm the purity of the 
RNA samples by measuring 260nm/280 nm ratios. Next, using TaqMan Gene Expression Assays (Applied Biosystems, Foster City, CA, 
http://www.appliedbiosystems.com), real-time quantitative reverse transcription-polymerase chain reaction (qPCR) was carried out 
at 50 cycles using 2 ng of starting cDNA. Briefly, the RNA levels were calibrated using the ΔΔCT method using SDS software, version 
2.2.1 (Applied Biosystems, Foster City, USA) as described [44,64]. The RNA levels were normalized to GAPDH as an endogenous 
control. We used the MYC (Mm01224449_m1) and GAPDH (Mm99999915_g1) mouseTaqMan Gene Expression primers [51]. 

2.14. Oxidative stress analysis 

To assess the antioxidant potential of CKE in DMBA/TPA induced mice, we measured the levels of ROS, MDA, GSH, SOD, and CAT 
in the skin, tumour, and liver tissue obtained from mice of all groups at the end of the experiments (15 weeks). Antioxidant enzyme 
activity in tissues is analyzed using GSH, SOD, and CAT, while ROS and MDA serves as an indicator for oxidative stress analyses. PBS 
phosphate buffer saline (PBS-pH 7) containing 2 % foetal bovine serum (FBS) (#RM9954 – Hi Media Laboratories Pvt. Ltd, Mumbai, 
India) was used to thoroughly wash every sample. 10 % tissue homogenate (w/v) from a portion of the sample was prepared using a 
lysis buffer (pH 6.7) containing 50 mM sodium phosphate (Na2HPO4) and 1 mM ethylene-diamine-tetraacetic acid (EDTA) (#E9884- 
Sigma Aldrich) in a biosafety cabinet (#1300 Series Class II, Type A2, Thermo Fisher, USA). The homogenate was then centrifuged at 
12000g for 15 min. Thus, the supernatant was collected for protein, ROS, MDA, GSH, SOD, and CAT estimation. 

2.14.1. Protein estimation 
The Bradford assay was used to estimate the protein content of 10 % tissue homogenate using BSA as a standard as described [65]. 

Briefly, 0.1 ml of prepared tissue homogenate was mixed with 3 ml of standard Bradford reagent. Incubated for 40–45 min at room 
temperature after gently mixing with a vortex. The absorbance was measured at 595 nm. 

2.14.2. Measurement of reactive oxygen species (ROS) activity 
The ROS activity was estimated using an ELISA kit in accordance with manufacturer instructions of sigma aldrish as described 

previously [66]. Briefly, the fresh tissue homogenate was centrifuged for 20 min at 3000RPM, collected, and analyzed for ROS levels. 
The relative fluorescence unit (RFU) was measured after 30 min by using Gemini Spectra MAX microplate reader (Molecular Devices, 
Sunnyvale, CA [67]. 
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2.14.3. Lipid peroxide (MDA) assay 
Estimation of lipid peroxidase level in 10 % tissue homogenate were calculated according to method describe by Ohkawa et al., 

1979 & Dhawan et al., 1999 [68,69]. Briefly, a mixture of 0.1 % SDS, 20 % acetic acid, and 0.8 % TBA solution was added to 100 μl of 
prepared 10 % tissue homogenate. 100 μl of prepared 10 % tissue homogenate added in a mixture of 0.1 % SDS, 20 % acetic acid and 
0.8%TBA solution. After heating for 30–35 min, this mixture was cooled and separated using an N-butanol-pyridine mixture. The 
absorbance was recorded at 532 nm and content of MDA was expressed as nmol/mg protein. 

Fig. 2. Isolation and characterization of Coconut Kernel Extract (CKE). A. Standard Process of Isolating CKE from Coconut Kernel. B. HPLC 
chromatogram showing largest peak of lauric acid (LA) at 8.1 73 min as compared to standard peaks of pure LA at wavelength 203 nm. C. 1H NMR 
spectrum of LA. D. Chemical structure of LA. E & F. Bar diagram showing IC50 value of CKE against DPPH activity and H2O2 activity in comparison 
to ascorbic acid. G. Bar diagram showing total phenolic content (TPC) equivalent to gallic acid (GAE) and total flavonoid content equivalent to 
quercetin (QE) in CKE. H. Line graph showing the mice’s body weight over the course of an acute oral toxicity study, spanning 21 days. Data are 
expressed as mean (N = 3) ± Standard error of mean (SEM), *p < 0.05, ****p < 0.0001, t-test. 
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2.14.4. Catalase activity (CAT) assay 
The Catalase activity was estimated using the procedure outlined in Aebi (1984) [70]. Following the addition of 100 μl of prepared 

10 % tissue homogenate to 50 mM phosphate buffer (pH 7), 30 mM solution of H2O2 was added to the mixture. After adding H2O2, the 
absorbance was measured at 240 nm in less than 2 min. The activity of the enzyme was expressed as μmol of H2O2 reduced/mg 
protein/minute. 

2.14.5. Glutathione (GSH) assay 
The method of Daniela et al., 1660 was slightly modified to estimate the glutathione level [71]. 100 μl of 10 % tissue homogenate 

was added to a mixture containing 0.925 ml of phosphate buffer, 5 μl of DTNB, 20 μl of TCA, 20 μl of NADPH, and 20 μl of GR. The 
absorbance was measured at 412 nm as soon as the samples were added. The GSH level was expressed as nmol/mg of protein. 

2.14.6. Superoxide dismutase (SOD) assay 
The superoxide dismutase activity was estimated according to manufacturer instructions using the SOD determination kit (#19160- 

sigma Aldrich). The absorbance was measured at 450 nm. The SOD level was expressed as unit per mg (U/mg) of protein with U/mg of 
protein, with one unit of the enzyme equal to the quantity needed to inhibit 50 % of SOD activity. 

2.15. Statistical analysis 

The statistical analysis was performed using GraphPad Prism 10.0 (Hearne Scientific Software, Chicago, IL, USA). The significance 
of the difference in groups was analyzed using one-way analysis of variance (ANOVA) with the Dunnett post hoc test. t-test was used for 
in vitro antioxidant capacity comparison. Additionally, correlation analysis in between antioxidant activity with TPC and TFC were 
expressed as Pearson correlation co-efficient. Data are expressed as means ± SEM (*P < 0.05, **P < 0.01, ***P < 0.001, and ****P <
0.0001). 

3. Results 

3.1. Isolation and characterization of coconut kernel extract (CKE) 

Fig. 2A shows the standard process of isolating CKE from CK. In brief, the CK was scraped with a scrapper and freeze dried at 4◦C for 
20–25 days. Following that, dried CK was used to extract CKE continuously for three days, 6 h a day, using a soxhlet apparatus. CKE 
was obtained as thick, colourless wax or oil after evaporation, and it was then stored at 20◦C. The sample was immediately charac-
terized by HPLC analysis following the acquisition of CKE. The findings show that CKE at wavelength 203 nm has three distinct peaks 
at retention times of 8.173, 7.293, and 6.012 min (Fig. 2B). The highest peak, which had a retention time of 8.173 min, was relatively 
near to the standard LA retention time of 8.123 min, out of three peaks (Supplementary Fig. 1A). Studies have previously indicated that 
48–53 % LA is present in coconut oil, which validates our findings [28,72,73]. Thus, in order to verify the presence of LA in CKE, we 
separated the compound using a preparative HPLC column at retention time 8.173 min and subjected to 1H (Figs. 2C) and 13C NMR 
(Supplementary Fig. 2D) characterization. The isolated compound was identified as LA based on the results (Fig. 2D). However, we 
were unable to locate the remaining peaks depicted in Fig. 2B. 

Furthermore, CKE samples were put through assays for the free radical scavengers DPPH and H2O2 assays in order to evaluate the 

Fig. 3. Average body weight and tumor formation in response to CKE treatment in DMBA/TPA induced skin cancer model. A. A repre-
sentative graph showing the mice’s weekly body weights for each group over a period of 15 weeks. B. A representative graph displaying the total 
number of tumors observed in each group of mice over a period of 15 weeks. Data are expressed as mean (N = 8) ± Standard error of mean (SEM), 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, one way ANOVA analysis. 
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antioxidant potential of CKE in vitro [51]. Additionally, total phenolic content (TPC), and total flavonoid content (TFC) also measured 
in CKE [57,58]. Our findings demonstrated that in comparison to ascorbic acid, the CKE demonstrated a high IC50 value (38.41 ± 4.32; 
****P < 0.0001) against DPPH (Fig. 2E) and a low IC50 value (0.171 ± 0.03; *P < 0.05) against H2O2 (Fig. 2F). CKE also showed high 
TPC (64.29 ± 4.32 mg GAE/g of CKE) and TFC (122.67 ± 7.15 mg QE/g of CKE) (Fig. 2G), indicating a higher potential for anti-
oxidants. Even, Pearson correlation analysis suggested a strong positive correlation between antioxidant activity of CKE with TPC 
(DPPH, R2 = 0.87; H2O2, R2 = 0.68) and TFC (DPPH, R2 = 0.77; H2O2, R2 = 0.77). Our findings are consistent with earlier research 
showing a co-relation between antioxidant activity and phenolic and flavonoid compounds in a number of locally produced herbal 
extracts [74] and coconut fruit extract [75]. Additionally, we looked into the acute oral toxicity effect of CKE in accordance with the 
acute oral toxicity OECD/OCED (423) guidelines in order to assess the maximum dose limit of CKE in vivo [51,76]. CKE treated mice 
did not exhibit any physical symptoms associated with toxicity, such as breathing difficulties, gasping, writhing, palpitations, or death, 
nor did they show significant changes in body weight in comparison to the control group (****p < 0.00001) (Fig. 2G). Therefore, 200 
mg/kg of mice’s body weight, or a 1:10 ratio of 2000 mg oral dose, was determined to be the maximum CKE dosage for an in vivo 
study. 

3.2. CKE significantly maintains body weight and inhibits or delays the tumor formation in DMBA/TPA induced mice 

Over a 15-week period, we tracked the body weights and tumor formation of each group of mice in order to investigate the impact 
of CKE on the DMBA/TPA induced mice. As demonstrated by Fig. 3A, CKE significantly aids mice in maintaining body weight in a dose- 
dependent manner against DMBA/TPA induction. On the other hand, mice that were given DMBA/TPA without receiving any 
treatment exhibited a notable reduction in body weight in comparison to control group (**P < 0.01). Remarkably, mice in the control 
and CKE200 treated groups did not exhibit any tumor formation until the end of the experiment, whereas mice in the DMBA/TPA, 
CKE50, and CKE100 treated groups did exhibit tumor formation (*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001) (Fig. 3B & 
Supplementary Fig. 2). Nonetheless, compared to mice given DMBA/TPA, fewer tumors were found in the CKE100, CKE50 and LA100 
treated groups. Importantly, our findings indicated that LA100-treated group mice are more comparable to mice in the CK200-treated 
group. Out of the eight mice treated with LA100, we found that only one had two tumors formed. Additionally, concluded that when 
the rate of tumor growth increased, mice’s body weight decreased. 

Subsequently, we conducted a histopathological examination of skin and skin tumor samples from each mouse group to verify if 
CKE treatment prevents or delays the formation of tumors in mice. In both control and CKE200-treated mice, the normal squamous 

Fig. 4. Histopathology of skin/tumors at the end of 15 weeks in different treatment groups (40£magnification). A & C. Images showing the 
normal skin histoarchitecture of the control and CKE200 treated groups, respectively. The region between two arrow signs showing a well-defined 
epidermis, the underlying dermis, and subcutaneous tissue. B. Aberrant histoarchitecture displaying thickness of epidermal layer, triangle sign 
showing well-differentiated squamous papilloma with hollow centered squamous keratin pearl, and star sign indicating dysplastic lesions in DMBA/ 
TPA induced mice. D-F. Skin histoarchitecture in the CKE100, CKE50, and LA100 treated groups showing corrugated epidermis with hyper-
proliferative indicated by star sign and well-developed papilloma. Scale bar-20 μm. 
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epithelial cells and epidermal layers were readily apparent (Fig. 4A & C). Mice treated with DMBA/TPA, CKE100, CKE50, and LA100 
showed clear signs of necrotic keratinocytes and characteristic squamous pearls with hyperplasia/dysplasia in some squamous 
epithelial cells located in the dermis (Fig. 4B, D, 4E & 4F). The development of dysplastic squamous epithelial cells will eventually 
result in an invasive form of squamous cell carcinoma, as demonstrated by the full thickness keratinocyte dysplastic squamous 
epithelial cells with atypical nuclei in DMBA/TPA induced mice at 20 weeks (Supplementary Fig. 3). 

3.3. CKE significantly reduces oxidative stress in DMBA/TPA induced mice 

In a biological system, oxidative stress is caused by ROS like superoxide radical (O2− ), hydroxyl radical (OH), and H2O2, which 
ultimately damage DNA and cause cell necrosis or apoptosis [77]. Therefore, the one factor that may be in charge of disrupting cellular 
signalling during a body’s normal mechanism is oxidative stress within the cell. Thus, in order to study oxidative stress and antioxidant 
enzyme activity, we measured the activity of ROS, MDA, GSH, CAT and SOD in liver and skin/tumor tissue that were taken from 
CKE-treated groups as well as control, LA100-treated and DMBA/TPA-induced groups [78]. It was observed that the ROS level in the 
skin/tumor (****p < 0.0001) and liver (****p < 0.0001) were significantly higher in DMBA/TPA induced mice in comparison to 
control, CKE200 and LA100 treated mice. The significant lower ROS level was observed in CKE200 treated mice compared to CKE100 
(**p < 0.01) and CKE 50 (****p < 0.0001) treated mice (Figs. 5A & 6A). MDA level (**p < 0.01, ****p < 0.0001) in the mice treated 
with DMBA/TPA was significantly higher than that of the control and CKE-treated mice (Figs. 5B & 6B), suggesting an inhibitory effect. 
Conversely, a noteworthy rise in GSH levels (***p < 0.001, ****p < 0.0001)) was noted in mice treated with CKE200, CKE100, CKE50 
and LA100 when compared to control and DMBA/TPA-induced mice (Figs. 5C & 6C), suggesting a possible antioxidant effect of CKE. 
Comparing CKE200, CKE100, and CKE50 treated groups to DMBA/TPA-induced mice, however, dose-dependently higher levels of 
GSH (***p < 0.001, ****p < 0.0001) were observed. Similarly, CAT (****p < 0.0001; Figs. 5D & 6D) and SOD (****p < 0.0001; 
Figs. 5E & 6E) levels were significantly higher in the CKE treated groups compared to the DMBA/TPA induced group. These results thus 
indicated that CKE decreases reactive oxygen species generation and lipid peroxidase, and increases glutathione, catalase, and su-
peroxide dismutase activity to reduce oxidative stress in DMBA/TPA-induced mice. 

Fig. 5. Oxidative stress analysis in skin/tumor. A-D. The Bar Diagram showing comparative ROS, MDA, GSH, CAT and SOD level in the Skin/ 
tumor tissue obtained from each grouped mice at the end of the experiment. Data are expressed as mean (N = 8) ± Standard error of mean (SEM), 
*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001, one-way ANOVA analysis. 
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3.4. C-MYC inhibitory effect of CKE in DMBA/TPA induced mice 

Proto-oncogene c-MYC modulates or controls a number of transcriptional pathways in cells, including angiogenesis, stem cell 
differentiation, apoptosis/survival, cell division, and immortalization [42]. However, it has been consistently noted that the majority 
of human cancers exhibit aberrant or excessive c-MYC gene expression, suggesting that c-MYC is a key player in the cancer progression 
[79–81]. Thus, in order to examine the impact of CKE on c-MYC protein expression, we used unstained histopathological slides for IHC 
staining in accordance with the manufacturer’s instructions. We found that the majority of blue colour cells in the control (Fig. 7A) and 
CKE200-treated (Fig. 7C) groups of mice indicated negative staining of c-MYC protein expression. But in the grouped mice treated with 
DMBA/TPA (Fig. 7B), CKE100 (Fig. 7D), CKE50 (Fig. 7E), and LA100 (Fig. 7F) there were strong brown colour cells appeared that 
suggested positive c-MYC protein expression. Fig. 7G illustrated the quantification plot of c-MYC IHC score based on percentage of 
positive (brown) cells of each grouped mice. The significant decreased IHC score was observed in Control (****p < 0.0001) and 
CKE200 (****p < 0.0001) treated mice as compare to DMBA/TPA induced mice. Similarly, qPCR data confirms the significant 
increased c-MYC relative RNA levels in DBMA/TPA (***p < 0.001), CKE100 (**p < 0.01), CKE50 (**p < 0.01) and LA100 (*p < 0.05) 
treated mice as compare to CKE200 treated mice (Fig. 7H). Therefore, we deduced that CKE might have an inhibitory effect on the 
c-MYC gene; however, since CKE50 and CKE100 treated mice expressed the c-MYC gene positively (Fig. 7D & E), the dosage of CKE 
should be increased to inhibit the c-MYC gene. 

4. Discussion 

The study aimed to investigate the anti-cancer activity of CKE against DMBA/TPA-induced skin SCC by protecting cellular 
mechanisms like reducing oxidative stress and suppressing c-MYC gene expression. SSC, a subtype of NMSC, is the second most 
prevalent cancer in the world and is distinguished by abnormal keratinocyte proliferation [2,82]. More significantly, the Indian 
subcontinent has a higher prevalence of SCC [11]. The DMBA/TPA-inducing mouse model of skin cancer undergoes three phases of 
tumor formation: initiation, promotion, and progression, resulting from a specific mutation in the H-ras oncogene [61,83]. Therefore, 
studying the impact of CKE on the development of skin cancer will be greatly aided by the DMBA/TPA-induces model. In the current 
scenario, synthetic chemotherapeutic drugs are expensive, have side effects, and can cause multiple organ toxicity, leading to 

Fig. 6. Oxidative Stress Analysis in Liver. A-D. The Bar Diagram showing comparative ROS, MDA, GSH, CAT and SOD level in the liver tissue 
obtained from each grouped mice at the end of the experiment. Data are expressed as mean (N = 8) ± Standard error of mean (SEM), *p < 0.05, **p 
< 0.01, ***p < 0.001, ****p < 0.0001, one-way ANOVA analysis. 
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Fig. 7. IHC analysis of c-MYC expression in skin/tumors of different treatment groups at the end of 15 weeks (40£ magnification). 
Regarding the expression of the c-MYC protein, blue indicates negative expression and brown indicates positive. A & C. Control and CKE200 treated 
groups showing strong negative (blue) staining of c-MYC protein in normal appearing cells. B, D, E & F. Representative images of DMBA/TPA, 
CKE100, CKE50, and LA100 treated groups showing scattered positive (brown) staining of c-MYC protein in tumor cells. Scale bar-20 μm G. Bar 
graph showing c-MYC IHC score based on percentage of positive (brown) cells of each grouped mice. H. Bar diagram showing c-MYC relative RNA 
levels of each grouped mice. Data are expressed as mean (N = 3) ± Standard error of mean (SEM), *p < 0.05, **p < 0.01, ***p < 0.001, ****p <
0.0001, one-way ANOVA analysis. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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treatment failure [61]. Additionally, drug resistance in tumors makes them difficult to treat [84–86]. Consequently, research on 
naturally occurring anticancer or chemopreventive drugs are receiving increased attention. Therefore, as indicated in Fig. 2A, we first 
isolated CKE from CK using conventional methods and then put it through a characterization procedure in an effort to find a potent, 
non-toxic, dietary product-based anticancer drug with high antioxidant properties from easily accessible food sources. Identification of 
major bioactive compound contained in CKE, its in vitro antioxidant capacity based on DPPH, H2O2, TPC and TFC analysis, and its 
potential for acute toxicity in vivo are all evaluated during the characterization process. The presence of LA in CKE was verified by 
HPLC analysis (Fig. 2B), and its chemical structure was revealed by 1HNMR (Fig. 2C & D) and 13CNMR (Supplementary Fig. 1B). 
Additionally, we found that CKE significantly outperforms ascorbic acid in terms of antioxidant potential (****P < 0.0001, DPPH, 
Fig. 2E; *P < 0.05, H2O2, Fig. 2F). CEK also exhibits high TPC and TFC (Fig. 2G). According to these findings, there may be a correlation 
between the antioxidant activity and phenolic/flavonoid compounds of CKE, as suggested by yeni et al., 2021 and Leliana et al., 2022 
[74,75]. Moreover, during in vivo acute oral toxicity studies, CKE demonstrated non-toxicity up to 2000 mg/kg body weight in mice. 
These findings implied that CKE is a naturally occurring antioxidant that is not harmful to the body. 

Further, in order to explore a potent natural antioxidant-based anticancer drug, we have chosen to study the entire extract of CK 
(CKE), which is a combination of numerous compounds present in CKE, rather than focusing on a single compound. In this regard, a 
study demonstrated that combining naturally occurring inhibitors as blocking and suppressing agents in cancer chemoprevention 
treatment against DMBA-induced mammary tumors was more effective than single-agent treatment [87]. Moreover, a few compounds 
found in VCO have been reported to already exhibit anticancer activity. For example, LA, a medium-chain saturated fatty acid (MCFA) 
found in coconut oil (also found in human breast milk, approximately 6.2 % of total fat [72], induces apoptosis in colon cancer (Caco-2 
and IEC-6) cells by modifying glutathione levels and cell cycle phases [88]. Similarly, Coconut oil’s short-chain saturated fatty acids 
(SCFA), including capric, caproic, and caprylic acids, have shown significant anticancer effects on human colorectal cancer (HCT-116), 
breast cancer (MDA-MB-231) and skin cancer (A-431) cell lines [89]. Moreover, scientific evidence shows that coconut oil, when added 
to the diets of lab animals induced with chemically induced cancer, can completely negate carcinogenic effects [90,91]. Thus, ac-
cording to the aforementioned reports, coconuts are rich in compounds that exhibit anticancer properties. Therefore, together, these 
compounds may serve as potent anticancer agents by preventing or inhibiting tumor growth at various stages. Additionally, we 
employed standard LA as a positive control for the CKE. We have set the LA dosage at 100 mg/kg of mice body weight in order to make 
it comparable to Group III (CKE200, the group that received 200 mg/kg of mice body weight). Since reports suggested that approx-
imately 50 % of lauric acid is present in coconut oil [28,72,92]. 

The study revealed a significant decrease in body weight in DMBA/TPA-induced mice compared to control and CKE-treated groups, 
with a dose-dependent decrease observed in the CKE50, CKE100, and CKE200 groups (Fig. 3A). Surprisingly, mice in the CKE200 and 
control groups showed no tumor formation until the end of the experiment, while mice in the DMBA/TPA, CKE100, CKE50, LA100 
treated groups did show tumor formation (Fig. 3B & Supplementary Fig. 2). However, the CKE100, CKE50, and LA100 treated groups 
showed fewer tumors than the mice given DMBA/TPA. Significantly, only one of the eight mice given LA100 developed two tumors, 
which is strikingly similar to the mice given CKE200, who did not develop any tumors in any of the individual mice. The study also 
confirmed SCC development in DMBA/TPA, CKE100, CKE 50, and LA100 treated mice compared to control and CKE200-treated 
groups. Histopathological analysis showed squamous pearls and hyperplasia in some epithelial cells in DMBA/TPA induce mice 
(Fig. 4B), while normal epidermal layers were observed in both CKE200-treated (Fig. 4C) and control (Fig. 4A) mice. CKE200 
treatment may protect the skin epidermal layer by thinning and losing the waviness of the epidermal layer compared to control mice as 
shown in Fig. 4A & C. Thus, the study indicates that CKE treatment alters the epidermal layer of mice’s skin, potentially inhibiting or 
delaying tumor formation in DMBA/TPA-induced mice, with dose-dependent effects. 

To better understand the underlying cellular mechanism that helps prevent or delay tumor formation in DMBA/TPA-induced mice, 
we further investigate the antioxidant defense mechanism of CKE based on oxidative stress analysis. Oxidative stress disrupts ROS, 
contributing to carcinogenesis by affecting cellular targets like proteins, carbohydrates, and phospholipids, potentially damaging DNA 
or other biomolecules [93,94]. Skin has antioxidant defenses that eliminate ROS, but high UV light doses can overwhelm these de-
fenses [95–97]. Thus, the accumulation of ROS causes a variety of skin cancers as well as other inflammatory conditions of the skin [98, 
99]. ROS significantly contribute to tumor initiation and promotion, enhancing metabolic activation during multistep carcinogenesis 
[96,100,101]. Chemically produced mouse skin tumors have been shown to have insufficient antioxidant capacity or excessive ROS 
production [101–103]. Similarly, we also found that significant increase oxidative stress in DMBA/TPA induce mice compare to 
control and CKE-treated groups. According to Deepika et al. (1999), the liver is the functional organ involved in the process of drug 
metabolism and detoxification [101]. Consequently, we assessed the concentration of ROS, antioxidant enzymes like GSH, SOD and 
CAT, and MDA, a marker of oxidative stress, in the skin, tumor and livers of mice treated with control, DMBA/TPA, and CKE/LA. 
Increased MDA levels are thought to encourage the growth of cancerous cells through the production of ROS [104]. In our biological 
system, oxidative stress produces MDA or other aldehydes that link proteins with nucleic acid. By creating cross-links between these 
proteins in the form of amino acids and DNA, these molecules may alter transcription and replication, which may result in the for-
mation of tumors [101–105]. Here, we found that mice induced with DMBA/TPA had skin/tumor (Fig. 5A–E) and liver (Fig. 6A–E) 
with significantly increased ROS and MDA levels, and decreased GSH, SOD, and CAT levels. These findings suggest that oxidative stress 
is increased in these animals, which can lead to skin carcinogenesis. In contrast to DMBA/TPA-induced mice, the skin/tumor 
(Fig. 5A–E) and liver (Fig. 6A–E) of mice treated with CKE 200, CKE 100, CKE 50, and LA100 displayed decreased ROS and MDA levels, 
and increased GSH, SOD, and CAT levels, indicating CKE’s oxidative stress inhibitory effect. Our findings align with the many research 
that have shown reduced GSH, SOD, and CAT levels in the genesis of skin cancer [100,106,107]. These findings therefore indicate that 
CKE supports an antioxidant-based defense mechanism that protects mice against oxidative stress and the skin carcinogenesis caused 
by DMBA/TPA. Most significantly, based on our findings in Figs. 3–6 indicates LA100-treated group mice is more comparable to mice 
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in the CK200-treated group mice. 
Additionally, to explore CKE effect on c-MYC expression in DMBA/TPA induced mice, we performed IHC and qPCR analysis of Skin 

and tumor tissue obtained from all grouped mice. According to reports, the development of SSC is influenced by the activation of proto- 
oncogenes like c-MYC overexpression and/or the inactivation of tumor suppressor genes like p53 mutation (34, 40–43). c-MYC was 
one of the first oncogenes to be identified as being involved in the development of cancer. It was discovered that c-MYC’s over-
expression increased pluripotency and tumorigenicity [28]. Basic helix-loop-helix leucine zippers, or bHLH-Zip, are proteins that the 
MYC gene normally encodes. These proteins can control apoptosis, differentiation, and cellular proliferation [33,34]. However, 
aberrant expression of c-MYC results in more aggressive cell growth behaviour both in vitro and in vivo [35], which is frequently seen 
in human cancer [32]. Nevertheless, c-MYC activity significantly increases the development of somatic cells reprogramming into 
pluripotency [108] and induced pluripotent stem cells isolated from mouse embryonic and adult fibroblasts [109]. Thus, these reports 
implied that pluripotency, tumorigenicity, and c-MYC expression may be strongly correlated in the cases of cancer stem cells (CSCs) 
and embryonic stem cells (ESCs) [108]. Accordingly, c-MYC activation has come to be recognized as a marker for the start and 
continuation of carcinogenesis [110]. Our IHC (Fig. 7A–F) and qPCR (Fig. 7G) results showed significant increased expression of 
c-MYC protein in the skin/tumor of mice treated with DMBA/TPA, CKE100, CKE50, and LA100, and significant decreased c-MYC 
expression in control (Fig. 7A) and CKE200-treated (Fig. 7C) mice. Thus, we concluded that CKE might inhibit the c-MYC gene; 
however, since the c-MYC gene was expressed positively in mice treated with CKE100 and CKE50 (Fig. 7D & E), the dosage of CKE 
needs to be increased in order to inhibit the c-MYC gene. 

Taken together, our results showed that c-MYC mediated oxidative stress in DMBA/TPA induced mice. Since it has been reported 
that c-MYC act as inducer for ROS generation and DNA damage, and the regulation of ROS homeostasis is control by c-MYC activity in 
the cells [47,48,110]. Consequently, CKE may prevent skin cancer progression by modulating c-MYC mediated oxidative stress 
induced by DMBA/TPA. However, larger clinical intervention studies such as the long-term effect of CKE dosage on weight loss, 
cardiovascular disease, total and low-density lipoprotein (LDL) cholesterol, oxidative stress etc. based on in vitro and in vivo studies 
required before implementing CKE for clinical application [111–116]. 

5. Conclusion 

The study investigated the effects of CKE on oxidative stress, C-MYC proto-oncogene, and tumor formation in a skin cancer model 
induced by DMBA/TPA. LA found to be major component in CKE. CKE exhibits invitro antioxidant activity. CKE treatment significantly 
inhibited tumor development by reducing c-MYC expression and modulating oxidative stress induced by DMBA/TPA. Thus, CKE acts 
as a dietary potent antioxidant and c-MYC inhibitor by modulating c-MYC mediated oxidative stress brought on by DMBA/TPA, that 
delays or prevents mouse skin from skin cancer. However, the observation of the c-MYC protein expression level in normal skin 
represents a significant technical limitation of the study. Since all skin tissue obtained from CKE and LA treated groups except the 
DMBA/TPA treated group showed negative expression of the c-MYC protein while all tumor tissue demonstrated strong positive 
expression of the protein. Thus, for the CKE treatment for skin cancer to be clinically successful, more pre-clinical research is required. 
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