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ABSTRACT
Background: Fucoxanthin (Fx), an distinctive carotenoid occurs on brown 
seaweed, contains several benefits including anti‑cancer effects. To 
investigate the chemopreventive effectual of Fx on 7,12‑dimethylbenz[a] 
anthracene (DMBA)‑alone skin tumor development in Swiss albino mice. 
Materials and Methods: The skin sarcoma being provoked on the hairless 
flipside of the mice’s skin, twice weekly for 8 weeks through challenging 
through DMBA (25 μg on 0.1 ml acetone/mice). Thereafter, the mice were 
oral supplementation with 50 mg/kg body weight (BW), Fx for 25th week a 
frequency of three times/week. Tumor size, change in BW, the cumulative 
quality of papillomas and some oxidative stress‑related parameters were 
measured. Results: Orally administered Fx were notably increased BW, 
delayed tumor incidence with no abnormal pathology in DMBA‑induced 
skin tumor mice. Fx effectively modulates the level of xenobiotic enzymes, 
brought back to the statuses of lipid peroxidation  (LPO) enzymes and 
increased antioxidant enzymes status in squamous cell carcinomas (SCC). 
A  considerable decrease in the protein expression of proinflammatory 
markers that is interleukin (IL) 1‑6, tumor necrosis factor‑alpha (TNF‑α), and 
IL‑β and restored the expression status of inflammatory regulators such as 
nuclear factor‑kappa B  (NF‑κB), cyclooxygenase‑2  (COX‑2), and inducible 
nitric oxide synthase  (iNOS) on serum. These findings were supported 
through histopathological examinations. Hence, it was clear that Fx 
possessed a good anticancer activity against skin cancer. Conclusion: The 
chemopreventive prospective of Fx was eventually owing to its altering 
capacity on the levels of proinflammatory (IL 1‑6, TNF‑α, and IL‑β) cytokines, 
inflammatory  (NF‑κB, COX‑2, and iNOS) markers, LPO, antioxidants, and 
toxin‑eliminating mediators in DMBA‑provoked skin SCC. Thus, it can 
be concluded that the FX indicates the antitumor potential on DMBA 
challenged skin tumor proliferation model on mice.
Key words: Chemoprevention, fucoxanthin, oxidative stress, papilloma, 
skin sarcoma

SUMMARY
•  Skin cancer  (SC) is a foremost reason of morbidity and mortality in global. 

Acute skin‑related illness was caused by immunosuppression and finally SC, 
due to skin overexposure to ultraviolet irradiations, chemicals, and different 
viruses.

•  Fucoxanthin (Fx) diminished inducible nitric oxide synthase, overexpression 
in SC in the 7,12‑dimethylbenz[a] anthracene  (DMBA)‑induced mice and 
considerably augmented interleukin‑6 (IL‑6), serum tumor necrosis factor‑alpha 
and IL‑1b, representative that Fx abridged DMBA‑treated oxidative damage in 
skin tumor growth and also bring apoptosis in SC cells thereby toward skin 
carcinoma.

Abbreviations used: FX: Fucoxanthin; DMBA: 7,12‑dimethylbenz[a] 
anthracene; SCC: Squamous cell carcinoma; BW: Bodyweight; LPO: Lipid 
peroxidation; TNF‑α: Tumor necrosis factor‑alpha; 
IL‑6: Interleukin‑6; COX‑2: Cyclooxygenase‑2.
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INTRODUCTION
Skin cancer (SC) is well thought out as the major widespread infection 
in the human people.[1] The report, consideration illustrates that 
SC represents about 40% of every one of new cancer cases identified 
globally. Among all the human cancers, in India, survey conducted 
mostly accounts about 1%–2% of skin neoplasms in 2014.[2] An 
augment in the SC burden was programmed due to daily life alteration 
and ecological risks. The keratin stratum with resident mechanism of 
the human skin offers an outstanding defense anti‑harmful contacts.[3] 
7,12‑dimethylbenz[a] anthracene (DMBA), an environmental pollutant, 
procarcinogen, which is commonly located in cigarette smoke, that 
mostly interferes through xenobiotics metabolism with causes DNA 
breakage. In addition, it disturbs linkage between proteins and nucleic 
acid, generate makes genomic alteration and exaggeration, those 
mechanisms.[4,5]

A crucial molecular system of an inflammation provokes ailments 
in organisms, include skin illness. According to earlier investigation, 
a kind of proinflammatory markers, for instance, tumor necrosis 
factor‑alpha (TNF‑α) and interleukins (ILs) and the anti‑inflammatory 
factor, transforming growth factor‑beta, are enhanced expression in the 
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skin under different conditions.[6] IL‑1β is produced by macrophages is 
also known as catabolism, which is activated as proteins in macrophages. 
IL‑1β, crucial regulator of the inflammatory response and various 
cellular functions, including cell differentiation and apoptosis.[7] TNF‑α, 
establish in tumor extracts.[8] TNF‑α, as well identified as cachectin, 
is a main function in anti‑tumor effect, inflammatory response, 
immunomodulating activities macrophage‑mediated cytokine through 
several activities.[9] Hence that we have now investigated the preventive 
action of fucoxanthin (Fx) on cancerous progression in tumor‑induced 
mice. The serum statuses of TNF‑α and IL‑6 were also deliberated to 
learn the own immune method.[10]

The herbal plants provide enormous natural bioactive compounds 
with the purpose of protection alongside stress and pathogenic injury. 
Extensive‑term use of sure medicinal plants overcomes carcinomas in all 
animal and human parts of the body.[11] Consequently, it is the significant 
role to recognize natural plant effect that possibly will repress or change 
the progression of carcinoma.[12] Fx is an active phytochemical and it 
belongs in carotenoids which enormously occurs in brown seaweed 
among a different forms with having of an allenic bond, epoxide group, 
and linked carbonyl grouping in a polyene chain.[13]

Several considerations have been confirmed the different pharmacological 
actions of Fx, together with anti‑mutagenic,[14] anti‑obesity,[15] 
anti‑diabetic,[16] anti‑inflammatory,[17] neuroprotective activity,[18] and 
anti‑tumor activity.[19] Liu et al.[20] have been demonstrated that Fx have 
several anti‑cancer found in glioblastoma, colon, melanoma, prostate, 
liver, leukemia, lung cancer, breast, bladder, osteosarcoma, cervical, and 
gastric. Fx represses tumor delay through an enhancing gap junctional 
intercellular communication, a variety of machinery, arresting the cell 
cycle at G1/G0 and inducing cell death.[19,21]

The current study was explored to the possible anti‑cancer efficacy of Fx 
in Swiss albino mice (SAM)‑treated DMBA alone skin carcinogens. We 
examined the tumor incidence (TI), histological evaluation, and levels 
of liver xenobiotic agents, antioxidant, and lipid peroxidation  (LPO) 
in the control and treated mice. In addition, appearance of numerous 
protein markers nuclear factor‑kappa B (NF‑κB), inducible nitric oxide 
synthase  (iNOS), IL1‑β, IL‑6, TNF‑α, and cyclooxygenase‑2  (COX‑2) 
was analyzed using enzymes‑linked immunosorbent test  (ELISA) and 
Western blotting.

MATERIALS AND METHODS
Chemicals
Fx and DMBA was obtained from Sigma‑Aldrich Chemical Pvt. 
Ltd  (USA). IL‑6, IL1‑β, and TNF‑α calorimetric evaluate kits were 
obtained from BioVision research products, USA. Antibodies adjacent 
to NF‑κB, COX‑2, and iNOS were procured from Santa Cruz, CA, USA.

Animals and diet
For this study, male SAM  (68  weeks age), weighing 15–20  g was 
purchased and kept in acclimatized and under the controlled conditions 
as per the all experimental guidelines were followed the ethical 
committee for the careful handling of test animals. Standard pellet 
diet was consists of 21% protein, 5% lipids, 4% crude fiber, 8% ash, 
1% calcium, 0.6% phosphorous, 3.4% glucose, 2% vitamin, and 55% 
nitrogen‑free extract (carbohydrates).

Tumor induction and assessment
SAM was separated into four groups of six mice in each. All 
mice  (totally 24 mice) hair removed were posterior side of our study. 
For skin carcinomas initiation, the DMBA was administered topically 
to mice and keep under observation for 8 weeks. In the last part of the 

25th week, all mice are admitted to slay through cervical displacement. 
Cell proliferation in the skin tumor was removed from everyone mice 
skin tissues and total number of tumor and diameters were determined 
microscopically, with a Vernier caliper. Skin tumor burden  (TB) was 
measured through multiplying the tumor volume  (TV) and number 
of tumors in the mice. The TV was determined via the formula, V 
=  (4/3) π  (D1/2)  (D2/2)  (D3/2) where D1, D2, and D3 are the three 
diameters (mm3) of the SC.

Experimental protocol
All mice were separated into four groups of 6 mice  (n  =  6 every). 
Group  I mice was provided as control, whereas Group  II mice was 
induced by DMBA only 25 μg in 100 μL acetone. Group III mice 
received DMBA and Fx at 50 mg/kg body weight (BW), in 1% DMSO 
correspondingly. Group IV mice received an Fx (50 mg/kg BW) alone. 
Oral supplementation of Fx (50 mg/kg BW) thrice a week, starting from a 
week beginning DMBA treated mice, of the 25 weeks. Toward the end of 
25 weeks, experiment was concluded. Biochemical and molecular‑level 
analysis were euthanized and immediately skin tissue was dissected out 
control and experimental mice.

Histopathological examinations
The skin tumor of the experimental mice was quickly removed and 
cleaned by using the chilled saline solution. Moreover, the normal and 
tumor skin cells were preserved on 10% formalin and entrenched in 
paraffin wax. Afterward, tissue portion of 3–5‑μm thickness was cut with 
a rotary microtome and staining with H and E stain before determine by 
using an under light microscope. The mice eye blood was collected for 
proinflammatory cytokine determination.

Biochemical analysis
The skin tumor tissues and hepatic tissues of experimental mice was 
cleaned with a chilled saline solution and homogenized with the suitable 
buffer. Whole protein substance was examined by the method of Lowry 
et al.,[22] The SC tissues were used to analyze LPO, enzymatic and non‑
enzymatic antioxidant activity.
LPO was measured as conformed by the production of thiobarbituric 
acid reactive substances (TBARS) were demonstrated through Ohkawa 
et al. technique.[23] Reduced glutathione (GSH) was investigated through 
Beutler and Kelly way[24] in accordance with the increased yellow 
color when 5,5’‑dithiobis‑(2‑nitrobenzoic acid) was amalgamated to 
compounds that having sulfhydryl groups. Glutathione peroxidase (GPx) 
level was analyzed through the adopting the hydrogen peroxide that the 
same as depicted in Rotruck et al. method.[25] SOD was determined via 
Kakkar et al. technique[26] through 50% inhibition of the development 
of NADH‑phenazinemethosulfate NBT formazan at 520 nm. Levels of 
catalase (CAT) were analyzed through Sinha, method[27] in accordance 
with the utilization of H2O2 from the enzyme. Color development was 
examined at 620  nm. Cytochrome p450  (Cyt‑p450) and cytochrome 
b5 (Cyt‑b5) contents were determined via the technique of Omura and 
Sato,[28].Cyt‑p450 was examined via the CO various spectra. Reduced 
Cyt‑p450 unites with carbon monoxide to generate a pigment was read 
at 450 nm. Cyt‑b5 was observed through the various spectrums between 
decreased and oxidized Cyt‑b5. The level of Glutathione S‑transferases 
(GST) was investigated as illustrated by Habig et al.[29] via following the 
augment on absorbance at 340 nm utilizing 1‑chloro‑2,4‑dinitrobenzene 
as a substrate. Glutathione reductase (GR) levels were examined from the 
way of Carlberg and Mannervik, (1985)[30] the reduction of glutathione 
disulfide to GR through monitoring the oxidation of NADPH as 
visualized through diminished absorbance at 340 nm.
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Enzymes-linked immunosorbent test
The eye blood was subjected to centrifuge at 12,000 × g for 10 min to 
carefully collect the upper aqueous phase. Then, IL‑6, IL1‑β, and TNF‑α 
status in serum was determined using the mice Quantikine ELISA kit 
(R and D Systems, Inc., Minneapolis, MN, USA) in accordance to the 
manufacturer’s guidelines.

Immunoblot analysis
Immunoblot was employed as follows protein was denatured and 
equal quantity of protein was loaded onto a 10% sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis and electrotransferred to 
PVDF membranes  (Bio‑Rad, Hercules, CA). Membranes were then 
blocked with skimmed milk for 2  h to block non‑specific binding 
regions and subsequently kept with primary antibodies specific to 
anti‑NF‑κB, COX‑2 and iNOS. The membranes were cleaned by using 
a TBST  (TBS‑1%; Tween‑20) washing buffer three times for 10  min 
and kept with particular secondary antibody (1:500 dilutions) for 2 h 
at 37°C. The membrane was cleaned through TBST buffer again for 
three times. The immune reactive protein band finding was performed 
with ECL reagents  (Bio‑Rad, Hercules, CA). Western blots were 
consequently stripped, re‑probed, and practiced for viewing β‑actin. 
The band strength was regularized to the β‑actin. Densitometry was 
employed in IISP‑flatbed scanner and quantities with Total lab‑1.11 
software (SPSS Inc., Chicago, IL, USA).

Statistical study
Values were portrayed as the mean  ±  standard deviation in each 
experiment. Statistical consequence was observed using one‑way analysis 
of variance which was carried out using the SPSS version 17.0 software. 
The tests were regarded statistically notable values set at P < 0.05.

RESULTS
Fucoxanthin increased mice bodyweight in skin 
carcinogens
As shown in Table  1, at the end of the 25  weeks, mice BW and liver 
weight  (LW) changes were measured in the experimental mice. No 
mice BW (36.26 ± 2.76 and 37.50 ± 2.87 gm) and LW (2.30 ± 0.18 and 
2.33 ± 0.18 gm) changes were observed in group 1 and 4 correspondingly. 
In Group  2, BW  (23.65  ±  1.81 gm) and LW  (1.10  ±  0.08) were 
notably (P < 0.05) diminished in the mice treated with DMBA alone. Oral 
supplementation of Fx and DMBA mice shows considerably increased 
BW (33.02 ± 2.51 gm) and LW (2.11 ± 0.16) as compared to Group 1.

Fucoxanthin suppressed in skin tumors
Table  2 depicts TI, TV, and TB in experimental mice. Group  II mice 
showed the 100% tumor development with mean TV  (583.61 mm3) 
and TB  (1848.09 mm3) on the 25th  week. Supplementation of Fx to 
DMBA‑treated (group III) mice totally inhibited TI, TN, TV, and TB as 
compared with Group  I. No tumor development was observed in the 
Group I and Group IV.

Histopathological examination of mice skin tumor 
tissues
The gross appearance of skin detected in a mice treated with alone 
squamous cell carcinoma  (SCC) is depicted in Figure  1 and the 
histological changes were examination for any of the skin tumor tissues 
in the experimental mice  [Figure  2]. Group  1 and IV skin tissues 
were found normal intact epithelial layers. Group  II mice exhibited a 
well‑transformed SC among the development of keratin pearls and 

a discernible penetration of tumor cells in the underlying skin layer. 
Group  III treated mice skin tissues were showing a normal cellular 
architecture through mild‑to‑moderated hyperkeratosis and hyperplastic 
papillomatous lesion.

Status of lipid peroxidation and antioxidant 
activities
Status of TBARS and SOD, GPx, GSH, and CAT levels in skin tumor 
tissues of experimental mice  [Figure  3]. The status of TBARS was 
notably elevated and SOD, GPx, CAT, and GSH were diminished on SC 
tissues while comparing it to control. Orally presupplemented of Fx to 
DMBA challenged mice restored the antioxidants status to normal value. 
Group  I and IV showing no considerable variation in the skin tissue 
levels of antioxidant activities.

Determination of detoxification enzymes
The level of xenobiotic enzymes in the SC tissues of experimental mice 
is depicted in Figure  4. The status of Cyt‑b5 and Cyt‑p450 enzymes 
were higher, whereas GST, GSH, and GR agents were notably lower in 
the hepatic tissues of Group II mice while comparing it to control. Oral 
supplementation of Fx to DMBA‑treated (Group III) mice has revealed the 
intensity of xenobiotics agents to almost normal levels. Group I and IV mice 
showing no notable difference in the status of biotransforming enzymes.

Fucoxanthin-induced expression of inflammatory 
markers
Several cytokines play a key role in mediating acute inflammatory 
reactions that suppressed skin SCC development has been noticed, with 
TNF‑α, IL‑6, and IL‑1 β. TNF‑α is a cell signaling protein  (cytokine) 
created with cells of monocytic lineage and it has been illustrated 
to augment anti‑tumor activities.[31] Moreover, a study showed that 
caspase‑8 acting a pro‑inflammatory function in growing the status of 
IL‑6 and IL‑1 β and is implicated in the maturation of IL‑1 β.[32] Figure 5 
shows the status of serum IL‑6 and IL‑1 β was considerably diminished in 
the DMBA only (Group II). Although, Fx treatment noticeably resulted 
in elevated serum TNF‑α, IL‑6, and IL‑1 β status as compared to control. 
Group I and IV depicted no considerable difference were observed in the 
TNF‑α, IL‑6, and IL‑1 β markers.

Table 1: Effect of Fxon body weight and liver weight of experimental mice

Groups/treatments Body weight (g) Liver weight (g)

Initial Final
Group I 19.13±1.46 36.26±2.76 2.30±0.18
Group II 18.76±1.44 23.65±1.81 1.10±0.08
Group III 19.02±1.45 33.02±2.51 2.11±0.16
Group IV 20.11±1.54 37.50±2.87 2.33±0.18

Values are expressed as mean±SD of six mice. Values not sharing a common 
superscript letter differ significantly at P<0.05. SD: Standard deviation

Table 2: Effect of Fxon tumor incidence, tumor volume and burden of skin 
tumor of experimental mice

Groups/treatments Number 
of mice

TI 
(%)

Tumor 
number

TV TB

Group I 6 ‑ ‑ ‑ ‑
Group II 6 100 19±1.45 583.61±44.69 1848.09±140.75
Group III 6 ‑ ‑ ‑ ‑
Group IV 6 ‑ ‑ ‑ ‑

Values are expressed as mean±SD of six mice. Values not sharing a common 
superscript letter differ significantly at P<0.05. TI: Tumor incidence; TV: Tumor 
volume; TB: Tumor burden; SD: Standard deviation
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Western blotting test of inflammation mediators
The expression patterns of inflammation markers in the experimental 
mice [Figure 6]. The Western blot analysis shows significantly (P < 0.05) 
increased appearance of inflammatory markers were noticed in Group II. 
Oral supplementation of Fx in mice treated with DMBA  (Group  III) 
notably (P < 0.05) restored the expression of the inflammatory mediators 
while comparing it to Group  I. Group  I and IV showing the normal 
appearance of the above markers.

DISCUSSION
SC is a major type of cancer which accounts for the highest morbidity 
and mortality.[33] DMBA stimulates carcinogenesis through the accretion 
of reactive oxygen species  (ROS) and hydroperoxides in keratinocytes 
that will exaggerate usual cell to malignant cells.[34] In this study, DMBA 
challenged mice exhibited reduced body weight and liver mass, which 
may because of oxidative stress caused by inflammation in the epithelial 
mucosa.[33,35‑37] These attributes to the pathological process of initiation 
and progression of SC.[34] This study proved that the Fx at 50 mg/kg BW, 
used a topical application because it was reported that the fastest way of 
absorption of DMBA carcinogen was found in skin tissue. In the present 
experiment, carcinogen‑treated mice exhibited 100% TI and the highest 
cumulative number of tumors. However, treatment with Fx regressed 
of TI and tumor number as well. In addition, DMBA also causes the 
formation of proinflammatory cytokines  (IL 1‑6, IL‑B, and TNF‑α), 
inflammatory markers  (NF‑κB, COX‑2 and iNOS), which act on the 
similar way to Fx mediated inflammation and oxidative stress which 
donate to SC progression.
Oxidative stress as a result of over accretion of ROS along with 
diminished free radical scavenging mechanism has promotes the 
pathogenesis of cancer,[38] inducing LPO, DNA damage by transforming 
various biochemical mechanism and gene expression.[39] Various articles 
were explained the DMBA applied via topical on skin region induces 
ROS leads cancer.[40] This current study proved that the Fx treatment 
at 50 mg/kg BW dose was exhibited a remarkable amelioration effects 
against the DMBA provoked SC through the inhibition of over ROS 
generation, reducing inflammatory mediators, and inflammatory gene 
markers.[41] Fx (50 mg/kg BW) administration was brought to delay the 
prevalence of tumor appearance more in the promotion phase. Such 
diminution of tumor synthesis due to similar factors and in various 
plants has been reported previously.[42] Ascorbic outstanding is the 
most powerful antioxidant beneath physiological circumstance, which 
can precisely scavenge harmful radicals. Such kind of vitamin reduces 
H2O2 to water through ascorbate peroxidase reaction.[43] Fx shows 
anti‑hyperlipidaemic, anti‑angiogenic, anti‑diabetic, and anti‑oxidant 
activities. The precise technique of action of Fx is not clearly known. In 

the same way as a result, the induction of cell death by Fx may destroy the 
cancer cells. The existing work demands further study to deal with the 
exact mechanism and clinical applicability of Fx as a chemopreventive 
agent.[19] In addition, Fx has also been revealed to anti‑cancer effects in 
various chemical‑induced different cancer through evade oxidative stress, 
malformed activation of biotransforming enzymes and preneoplastic 
lesion. In the existing study, we identified that Fx 50 mg/kg BW, dose 
show a chemopreventive effect against DMBA‑induced skin tumor cell 
propagation.
Two most important stages were induced, i.e., initiation and promotion 
of tumorigenesis were induced by well‑known LPO by the free radical 
chain reaction. The complex reactive Malondialdehyde compound was 
synthesized from LPO when levels were increased e.g., malondialdehyde. 
Further, the substances of LPO was informed to be mutagenic and 
carcinogenic with the control group.[39] Exposure to DMBA on skin 
region induces LPO and ROS leading to carcinoma. Caspase was 
activated, when ROS initiate permeabilization of the outer mitochondrial 
membrane, from the inner membrane gap into the cytosol.[44]

Taken together, in our study, oxidative stress noted on the Group  I 
mice, enhanced the LPO  (TBARS) and statuses of CAT, SOD, 
GSH, and GPx amount were diminished on mice were during the 
experimental period. The Fx orally treated is probably to stimulate 
free radical scavenging enzymes in cancerous cells. In skin tissues 
developed enzyme activity when deregulating the formation of ROS 
and LPO diminished the prevalence of papilloma in the region of 
Fx 50 mg/kg BW, treated mice. Histopathological examination revealed 
that DMBA produced severe skin injury. The histopathology research 
demonstrated that Fx  (50  mg/kg b. w) restored the deteriorated 
dermal and epidermal layers of skin in the Group  III mice. On the 
other hand, major changes in histological appearances identified in 
the hypodermis, this part mainly created as chemopreventive agents 
to inhibit the production of ROS synthesis through in  vivo model. 
Finally, oral administration of Fx was delayed the increase and 

Figure  1: Photomicrograph showing the gross appearance, skin tumor 
in the skin tissues of experimental mice.  (Group  I and IV) Control and 
fucoxanthin alone mice; (Group II) 7,12-dimethylbenz[a] anthracene alone 
depicts skin tumor cell proliferation;  (Group  III) 7,12-dimethylbenz[a] 
anthracene + fucoxanthin treated mice

Figure 2: Histopathological changes of the skin tissues of experimental 
mice. Photomicrographs of the skin tissue showing normal histology (×40) 
in  (Group  I) control and  (Group  IV) Fucoxanthin  -alone mice;  (Group  II) 
7,12-dimethylbenz[a] anthracene induced mice showing squamous cell 
carcinoma to keratin pearls generation; (Group III) 7,12-dimethylbenz[a] 
anthracene  +  fucoxanthin treated mice skin demonstrating dysplastic 
and papillomatous development without obviously of infiltrative tumor
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Figure  3: Levels of lipid peroxidation, enzymatic and non-enzymatic anti-oxidants in the skin tissues of experimental mice. Values are expressed as 
mean ± standard deviation of six mice. Values not sharing a common superscript letter differ significantly at (a-c) P < 0.05

Figure  4: Levels of phase I and phase II detoxification enzymes in the hepatic tissues of experimental mice. Values are expressed as mean  ±  standard 
deviation of six mice. Values not sharing a common superscript letter differ significantly at (a-c) P < 0.05
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maintain levels of LPO in DMBA‑induced tumor‑bearing mice, and it 
suggested that delay the frequency of SC.
GSH plays an essential role in normal cell metabolism, which is exposed 
to prevention and development, production of free radicals.[45] We 
suggest that GSH actions were lowered on the DMBA‑treated Group I 
mice, but was developed in Fx‑treated mice, signifying its free radical 
scavenging activity. Chemopreventive properties reported as the free 
radical changing effect on the different cancer models.[46] Antioxidants 
are believed to be secure towards ROS induced stress, which proposed 
that helpfulness in the conversion of the danger of oxidative problems in 
cancer formation.[45] SOD, CAT, and GPx are the antioxidative catalysts 
that stay against ROS. We examined the effects of CAT, SOD, GPx, and 
GSH function on the Fx‑treated mice while comparing it to control mice.
The enzymes for Phase I metabolism are accountable for the major 
conversion of chemical carcinogens into its active intermediate were 
used in the experiments. The elevated level of Cyt‑P450 and b5 enzymes 
was acting as a biomarker for carcinoma identification along with a 
tendency analyzed in the carcinogen‑treated mice. The modulator effect 
of Fx restored the status of Cyt‑P450 and b5 similar to normal levels 
in skin tumor tissues in Fx administered mice. In staining reveals that 
phytochemicals improved  (GR, GST, and GSH) status in biological 
tissues. GSTs make possible the xenobiotic of carcinogens through 
ligands with the carcinogen and GSH finally uridine diphosphate 
glucuronic acid, correspondingly, for its fast biotransformation enzymes 
and remove. In the current study, superior GR, GSH and GST status in 
the skin tissues of treated mice were evidenced after Fx treatment.
In controlling the cellular reaction to cytokines and pathogens, the 
NF‑κB signaling pathway acts a necessary role in regulating cellular 
proliferation and programmed cell death. Regular with this, improper 
signaling of NF‑κB has been played in cancer cell development in 
several cancers such as lymphomas, breast, skin, and bladder tumor and 
excessively high NF‑κB effect and decrease IκB status which indicate that 
uncontrolled of NF‑κB may also involve to skin tumor cell growth. SC 
demonstrated higher status of AP‑1 effector gene expression, associating 
by the degree of malignancy.[47] Gene substances promoting the invasion 
and metastasis are also under AP‑1 controlling.[48] ROS, as causative 
factors in mutagenesis, tumor cell development and carcinogenesis, 
have been demonstrated in the etiology and pathophysiology of human 
infections.[49] Further, to find the molecular action of the inhibition of 
tumors with Fx, the TNF‑α, NF‑кB, and COX‑2 transcription factors 
were studied in tumors from all treatment groups. NF‑ĸB has been 
concerned with cancer as it acting an essential part in inflammation, cell 
growth, cell adhesion, and differentiation.

Carcinoma is a hyperproliferative syndrome to grades starting tumor pre 
and progression stages and eventually generates metastasis into cancer. 
Numerous genes occupied in cellular alteration, propagation, invasion, 
and angiogenesis are controlled with NF‑ĸB. Degradation of cytoplasmic 
NF‑ĸB suppressors, IĸB and its translocation to the nucleus results in 
oxidant stress.[50] Nowadays, the mRNA expression of p65 up‑regulated 
extensively in DMBA/Fx administered mice (50 mg/kg BW). This point 
of regulation of NF‑ĸB, which is possibly payable to the prevention of 
IĸB protein that exists in the cytoplasm and hence, developed the level 
of p65 expression in the skin tissue nuclear reaction. The constitutive 
power activation of NF‑ĸB also come into view to contain a part in 
cell progression,[51] while in control (untreated), readily available was a 
weak expression. Similarly, a change and lower in expression observed 
in DMBA  +  Fx and Fx‑alone orally supplemented mice. This might 
exist remaining to control of NF‑ĸB by these Fx treated. We believe 
the signaling pathway may be a goal for Fx. The numerous effects of 
chemopreventive drugs are suppressors of NF‑ĸB stimulation. These 
inhibitors can inhibit step by step, in the mechanism of NF‑ĸB signaling 
pathways, the translocation of NF‑ĸB into the nucleus, DNA binding 
of the dimmers and connections through the basal transcription 
stimulation.[20]

In addition, Fx action to accelerate elevated serum TNF‑α and IL‑1b 
status similar to DMBA administrated. Augmented TNF‑α and thus 
optimistic skin squamous cell death to inhibit cancer cell growth. 
These findings recommended that Fx‑treated apoptosis may be related 
chiefly to the stimulation of the TNF‑α receptor pathway slightly than 
the initiation of the mitochondrial pathway. After that, we consider 
caspase‑8 possibly will contain encourage the development of IL‑1 β and 
have found a pro‑inflammatory function in raising the status of IL‑1b 
in organizing to restrain the progression of skin SCC.[52] This examined 
and established that Fx diminished iNOS, overexpression in SC in the 
DMBA‑induced mice and considerably augmented IL‑6, serum TNF‑α, 
and IL‑1b, representative that Fx abridged DMBA‑treated oxidative 
damage in skin tumor growth. All mutually, these verdicts recommend 
that Fx is a promising drug for SC therapy.

Figure 5: Fucoxanthin inhibits pro-inflammatory cytokines elevated in the 
serum of experimental mice. The status of circulating pro-inflammatory 
cytokines of interleukin 1-6, interleukin-β and tumor necrosis factor 
alpha were estimated through enzymes-linked immunosorbent test 
procedures. Values not sharing a common superscript differ significantly 
at (a-c) P < 0.05

Figure 6: Protein expression of pro-inflammatory markers in the control 
and experimental mice. The bar diagram is expressed as mean ± standard 
deviation for six mice. a-csignificantly (P < 0.05) different from control and 
experimental mice
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CONCLUSION
As a result, findings of this current investigation suggest that 
the Fx supplementation at various steps of cancer abilities to 
chemo‑preventive possible with modulating the xenobiotic enzymes, 
anti‑LPO, anti‑oxidants and suppress inflammation in mammals. 
The anti‑inflammatory, anti‑cancerous, and antioxidative  effect of Fx 
possibly be a result of promising chemopreventive and therapeutic target 
action in skin carcinogenesis. Yet, additional studies are necessary to 
know the particular function of Fx in the different molecular pathways, 
pertaining to anti‑cancer potential.
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