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ABSTRACT
Metastatic melanoma, the highly fatal and aggressive disease, has yet to any effectual remedies. Several evidences suggested delicate responsibility
of oxidative/cytotoxic stress in the modulation of tumor microenvironment leading to metastasis. Therefore, conditioning of reactive oxygen
species in tumour and its adjacent arena may play a guardian role for restricting metastatic melanoma. Well-known active biocomponents
like S-allyl Cysteine and Chelerythrine as nontoxic dietary phytochemicals are recently documented as potential anti-tumorigenic and antiinflammatory therapeutics but their role in metastatic melanoma still remains elusive. Therefore, present study was carried out to investigate
the efficacy of S-allyl Cysteine and Chelerythrine against metastatic melanoma to the hepatic tissue. Status of liver function was estimated
by performing ALT, AST, GGT and ALKP assay. ROS accumulation was determined by estimating the altered DCF fluorescence in hepatic
tissue lysates. GSH and TBARS content were measured as a marker of anti-oxidant and cytotoxicity level after the treatment. Analysis on the
marker proteins like Caspases, CytochromeC, BCl2, Bax, VEGF, MMP9 and NF-kb depicted the triggering of p-p53 nuclear translocation and
significant increase in Bax expression that in-turn induced CytochromeC-Caspase9-Caspase3 apoptotic axis after drug administration. Data
also illustrated notable reduction in tumor nodules at liver along-with normalization of liver function as demarcated by the level of biomarkers
in the treated groups. Restoration of enzymatic and non-enzymatic anti-oxidants as well as suppression of VEGF and MMP9 expression as
an effect of attenuated NFkb nuclear localization by S-allyl Cysteine and Chelerythrine effectively delimited extracellular matrix remodeling
as well as angiogenesis, two major prerequisites for metastasis. Combinatorial administration of S-allyl Cysteine and Chelerythrine further
portrayed better efficacy in metastatic tumor regression and tissue restoration by sustaining ROS/antioxidant balance and stabilization of p53
through its phosphorylation, that can be considered as future directives for the development of novel remedial strategy against metastatic
melanoma in liver.
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INTRODUCTION
Melanoma, a predominant skin cancer, originates from
melanocyte. Surgical removal followed by popular
therapies with chemo/radiation-based drugs can cure
primary melanomas. Due to its high aggressive nature
and lack of complete effective therapeutic strategy, it can
able to metastasize into local as well as distant organ
following invasion and this in turn reduces the chances
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of survivability of the patients. Therefore, majority
of melanoma related morbidity is due to metastasis
(Eggermont et al., 2020). Recent studies suggested that
metastatic melanoma is responsible for 80% of skin
cancer related fatality (Jones et al., 2020). According to
the reports only 14% of malignant melanoma patients
can able to survive more than 5-year (Sandru et al., 2014;
Enninga et al., 2017).

2018; He et al., 2020). SAC was also able to inhibit the
proliferation of melanoma cell lines in a dose-dependent
manner and demonstrated significant cytotoxic effects
on Sk-mel3 melanoma cell line as observed in in vitro
assay (Hakimzadeh et al., 2010). Reports demonstrated the
provoking role of CHEL in the development of apoptotic
response in uveal melanoma cells (Kemeny-Beke et al.,
2006).

Evidences from several clinical studies demonstrate
distant metastasis of melanoma cells from their
primary subcutaneous location (Zbytek et al., 2008 and
Tan et al., 2019). Previous works also identified liver
(58.3%) as the second most common target organ for
metastatic melanoma (Bostanci et al., 2014; Ruini et
al., 2020). Metastatic progression encompasses an array
of interrelated events such as dissemination, migration
and establishment of new foci, finally they then grow
to develop fetal metastatic tumor silently (Palmer et al.,
2011; Hao et al., 2019).

Moreover, potential role of CHEL in the suppression of
proliferation and metastasis of human prostate cancer
cells via modulating MMP/TIMP/NF-κB system as well
as inhibition of the migration and invasion of Hep3B
cells in a dose-dependent manner along with change of
cell structure were reported (Yang et al., 2020). While
a series of in vitro experiments including MTT, colonyforming, wound-healing, invasion, apoptosis and cell
cycle assays demonstrated anti-proliferative and antimetastatic effects of SAC on the metastatic HCC cell line
MHCC97L (Ng et al., 2012).

Presently many expensive therapeutic approaches like
surgery followed by chemotherapy, radiation therapy
and immunotherapy etc. are well practiced as remedial
measures; but success rate is not significant (Sundarajan
et al., 2020). Even most of them are coming up with
adverse side effects (Schirrmacher et al., 2019). On this
context, many phytochemicals form traditional medicine
are practiced as potential anti-tumourogenic medicine
considering their efficacy to suppress cancer cell
proliferation by triggering apoptosis through altering the
status of reactive oxygen species (ROS)- the crucial player
for the sustenance of tumour microenvironment and
malignant behavior of tumour cells leading to unfettered
tumour progression as an effect of imbalance in pro- and
anti- apoptotic proteins (Wang et al., 2012 and Kapinova
et al., 2019). S-allyl Cystine (SAC) and Chelerythrine
(CHEL) are two well-known naturally occurring bioactive
phytochemicals with effective anti-tumourogenic effect
against prostate cancer, liver cancer, breast cancer, oral
cancer, neuroblastoma and non-small cell lung cancer
(Kanamori et al., 2020; Yang et al., 2020).

SAC treatment also significantly reduced the migration
of A2780 cells, and markedly decreased the expression
of key proteins such as Wnt5a, p-AKT and c-Jun,
involved in proliferation and metastasis (Xu et al., 2014).
Observations indicated that oral administration of SAC
not only inhibited the growth of primary tumors but also
reduced the occurrence of lung and adrenal metastases
by without causing notable toxicity. This metastatic
suppression was accompanied by a distinct reduction of
viable circulating tumor cells, supporting the potential
use of SAC as an E-cadherin up-regulating antimetastatic
agent for the treatment of androgen-independent
prostate cancer (Kanamori et al., 2020).

Previous reports did not come out with any grade of
subsequent toxicity in therapeutic application of those
drugs in in vivo cancer treatment of nude mice model
(Chmura et al., 2000 and Ng et al., 2012). SAC is an
aged garlic derived water soluble, stable organo-sulfur
compound. Studies suggested the ability of SAC in the
suppression of cell growth, cell proliferation, metastasis
and induction of apoptosis by modulating cellular
ROS dependent activities (Shang et al., 2019). CHEL is
a benzo-phenanthridine alkaloid commonly isolated
from herbal plants like Cheludonium majus, Macleaya
cordata and Sanguinaria canadensis (Kumar et al., 2013).
Various reports suggested anti-diabetic, anti-microbial,
anti-inflammatory, anti-fungal and even anti-cancerous
properties of CHEL (He et al., 2018).
Previous reports also exhibited CHEL mediated apoptosis
in prostate and renal cancer cells through activating
ROS mediated intrinsic cell death pathway (Wu et al.,

Although, therapeutic efficacy of SAC and CHEL on
metastatic melanoma, categorically in liver, still remains
elusive. Here, in this study, we aimed to investigate
therapeutic effect of SAC and CHEL, individual as
well as in combination, on the ectopic metastatic mice
melanoma tumor model. Experimental results depicted
that SAC and CHEL administration-maintained ROS/
antioxidant balance and stabilized p53-axis through its
phosphorylation resulting significant increase in Bax
expression that in-turn turned on intrinsic apoptotic
pathway.
Data also first time illustrated the reduction in tumor
nodules at liver and normalization of liver function in
the treated groups. Analysis on related molecular status
suggested effective delimitation of extracellular matrix
remodeling and angiogenesis by SAC and CHEL via
suppressing VEGF and MMP9 expression as an effect
of reduced level of NFk translocation towards nucleus.
Hence in the summary, our findings first time described
the novel therapeutic role of SAC and CHEL against
B16F10 induced metastatic melanoma in in vivo and
their potential anti-metastatic properties need to be
scrutinized in other in vivo and clinical studies on urgent
basis to give a probable ray of hope in the designing of
therapeutics against metastatic melanoma in future.
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Material and Methods
Unless and until mentioned all chemicals and reagents
were purchased from Merck-Millipore, USA. B16-F10, a
well-established murine mice melanoma cell line, were
collected from IICB, Kolkata, originally purchased from
ATCC, Manassas, Virginia and cultured in Dulbecco’s
modified Eagles medium (HiMedia, Mumbai, India)
supplemented with 10% fetal bovine serum (HiMedia,
Mumbai, India), 1% PenStrep (Life BioSciences, USA)
and 0.1% Fungizone (Life BioSciences, USA) at 37 0C
and 5% CO2 containing humidified air (Chowdhury
et al., 2019 B). Five-week aged male Balb/C mice of
12-15gm weight were purchased and housed in microisolator cages with 12h day/night cycle under hygienic
condition. Animal house was maintained at 27+30C with
a relative humidity of 50-62%. Mice were free access of
standard pellets as food and water through ad libitum. All
animal experiments were designed following Institutional
Animal Ethical Committee Guidelines to reduce the
animal sufferings without hampering the requisites of
statistical analysis (Sengupta et al., 2017 A).
B16F10 melanoma cells were injected subcutaneously to
the left thigh at a dose of 2X106 cells in 200ml phosphate
buffered saline (PBS). Primary tumour was first visualized
after 5-6 days of cell inoculation and progression was
noticed day by day. This group was labelled as ST.
Only PBS injected control animals were simultaneously
maintained as a separate group (n=5) with same diet
and were tagged as Con. After five weeks of B16F10 cell
exposure, a group (n=5) of ST animals were treated daily
with individual SAC (ST+SAC) and CHEL (ST+CHEL) at
a dose of 250mg/kg b.w. and 5mg/kg b.w., respectively,
through gavage for 30days and 60days, sequentially.
Again, another ST group of animals (n=5) received daily
250mg/kg b.w. SAC in combination with 5mg/kg b.w.
CHEL through gavage for 30days, 45days and 60days and
were denoted as ST+SAC+CHEL. Three separate groups
(n=5) of Con mice were treated with 250mg/kg b.w. SAC,
5mg/kg b.w. CHEL and 250mg/kg b.w. SAC+5mg/kg b.w.
CHEL for 60days as negative control and were marked
as Con+SAC, Con+CHEL, Con+SAC+CHEL, respectively
(Kumar et al., 2015; Chatterjee et al., 2019). Alterations
in morphology were identified as dark patches of
melanin synthesis and were evaluated by calculating
tumour numbers in total ten quadrates (Bostanci et al.,
2014). Number of tumour nodules was represented in
4x4mm2 area. Blood was collected from treated as well
as untreated control, B16F10 infused, individual and
combined drug treated animals and serum was isolated
according to the standard protocol (Chatterjee et al.,
2019).
Prepared serum was used as protein source for evaluating
the activities of aspartate transaminase (AST), alkaline
phosphatase (ALKP), alanine transaminase (ALT) and
g-glutamyl transferase (GGT). Assays were performed
by following respective manufacturing kit protocols
at room temperature. ALT and AST (TECO Diagnostics,
CA, USA) activity was measured by estimating NADH
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

oxidation at 320nm of wavelength for 30s intervals
up to 2min. ALKP and GGT analysis absorbances were
measured at 405nm for 30s intervals. Results were
evaluated by determining mean absorbance change per
minute. Values were portrayed in IU/L (Chatterjee et
al., 2019). To evaluate TBA reactive substrate (TBARS)
content, liver tissue was lysed in 10mM TRIS-HCl lysis
buffer pH 7.4 and was used for experimental analysis.
0.4mg of protein in 100ml lysis buffer was added with
2ml TBA-TCA and was boiled for 20min at 100 0C water
bath. Solution was centrifuged at 1000g for 10min at
room temperature and absorbance of supernatant was
measured at 532nm. Values were represented as nmol/
mg protein (molar extinction coefficient: 1.56x105
M-1 cm-1) (Chatterjee et al., 2019).
Hepatic tissue samples were deproteinized with 35%
metaphosphoric acid (Ref). Extracted samples were
neutralized with 0.3M Na2HPO4. 0.6mM DTNB, 0.5U GR
and 0.2mM NADPH were added as final concentration to
the reaction mixture. Formation of reduced glutathioneDTNB conjugate within supernatant was then measured
spectrophotometrically at 412nm (Sengupta et al., 2017
A). Data were presented in mole/mg protein. Superoxide
dismutase (SOD) activity was measured from chloroform
methanol extract following the standard protocol
(Sengupta et al., 2014).
Values were quantified spectrophotometrically (UV-1240
Pharma Spec, Shimadzu, Kyoto, Japan) by calculating
the changes in pyrogallol auto-oxidation at 420nm in
presence of catalase enzyme. One unit of SOD activity
is equal to the 50% suppression of superoxide mediated
oxidation of pyrogallol. Results were represented
in unit/mg protein. Catalase activity was evaluated
through spectrophotometrically (UV-1240 Pharma Spec,
Shimadzu, Kyoto, Japan) by measuring degradation of
H2O2 in presence of tissue lysate as a source of enzyme.
Values were quantified by measuring absorbances at
240nm in 10s intervals. Data were represented in unit/
mg protein (Sengupta et al., 2017 A).
Cells of the liver were isolated from experimental
groups by Collagenase-IV digestion. Intracellular
ROS was measured by incubating 5% cell suspension
with 5mM 2,7-dichlorofluorescein diacetate (DCFDA)
(Sigma-Aldrich, St. Louis, Missouri, USA), a fluorogenic
dye, at 37 0C for 15min. After diffusion it was deacetylated
by cellular esterase to a non-fluorescent compound
which was later oxidized by ROS into highly fluorescent
2,7-dichloroflurescin (DCF). Emitted fluorescence
(Ex: 485nm/ Em: 535nm) was estimated in RF-6000
Fluorescence Spectro-fluorometer (Shimadzu, Kyoto,
Japan). Values were presented in Relative Fluorescence
Unit (RFU) (Sengupta et al., 2014).
Liver tissue of experimental groups was lysed by lysis
buffer following kit (Bio Vision, USA) protocol and was
used as protein source for Caspase3 as well as Caspase9
activity assay (Sengupta et al., 2017 A). 100mg of protein
in 50ml lysis buffer was loaded in Caspase3p17 antibody
(capture antibody) coated microtiter plate, for Caspase3
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analysis and in cleaved-Caspase9p37 antibody (capture
antibody) coated microtiter plate, for Caspase9 analysis.
After 4h incubation at 40C 5ml 4mM DEVD-pNA was
added as substrate solution and was again incubated at
37 0C for 2h. Activities of Caspase3 and Caspase9 were
evaluated by measuring the released pNA absorbance
at 405nm and were represented in pmol pNA/min/mg
protein (Chatterjee et al., 2019; Chao et al., 2019).
Bcl2, Bax, CytochromeC, phospho-p53/Ser15, NFkb/p65,
VEGF and MMP9 were quantified by using commercially
available specific Elisa kit (R&D Systems Inc. Minneapolis,
USA) following respective manufacturer instruction.
Cytosolic fractions were prepared according to the
standard kit protocol (Nuclear/Cytosol fractionation
kit, K266, Cell Biolabs) and were used as protein
source for quantitative analysis of cellular Bcl2, Bax,
CytochromeC, VEGF and MMP9. While nuclear fractions
were prepared following standard kit protocol (Nuclear/
Cytosol fractionation kit, K266, Cell Biolabs) and were
similarly used for the estimation of nuclear NFkb/p65
and phospho-p53/Ser15 content (Li et al., 2018). Values
were measured at 450nm and were calculated through
provided standard curve. Results were represented in ng/
ml protein. Data were mean+SD. Differences between
treated and untreated groups were evaluated by student’s
t test in GraphPad Prism software, La Jolla, CA, USA.
P≤0.05 was considered as statistically significant.

Results and Discussion
Model development, morphometric and survivability
analysis: Herbal medicine is a potent remedial measure
against neoplastic liver (Li et al., 2011; Yang et al.,
2020). Previously, some in vitro analysis documented
anti-metastatic effect of SAC against, prostate cancer,
neuroblastoma, hepatocellular carcinoma and ovarian
cancer, but not in the field of metastatic melanoma.
Remedial efficacy of SAC against primary melanoma
cell lines was previously described by researchers, and
noted as a potent restricting player for the melanoma
cell proliferation in in vitro system (Hakimzadeh et al.,
2010; Xu et al., 2014). Similarly, researchers established
the therapeutic advantage of CHEL administration
against dalton’s lymphoma, liver cancer, breast cancer
and renal cancer in both in vitro and in vivo condition
(Kumar eta al., 2015).

Moreover, no previous reports were found about the
importance of combined treatment in this regard.
Therefore, to deduce the therapeutic efficacy of SAC
and CHEL against metastatic melanoma, spontaneous
metastatic animal model was developed by injecting
2X106 B16F10, the perpetual melanoma cell line, at
left thigh region of Balb/c mice (Bostanci et al., 2014).
Nascent primary tumor was visualized after 5/6 days
of cell inoculation at the mentioned site. Also, sharp
and gradual increase in primary tumor volume was
detected. Secondary tumor was first noted at liver after
21 days of cell inoculation. Unusual dark patches, due
to accumulation of melanin within melanoma cells,
was visualized and was considered as secondary growth
of subcutaneous melanoma at liver. Nodule numbers
were increased along with the increase in days and 7-9
metastatic nodules were noted per 4X4 mm2 of liver
(Fig.1A) (ST) after 35 days of inoculation. 250mg/kg
b.w. SAC (ST+SAC) and 5mg/kg b.w. CHEL (ST+CHEL)
significantly regressed tumor number after 30 and
60 days of post treatment; while remedial efficacy
was increased effectively in SAC+CHEL combinatorial
approach (p<0.01).
Figure 1: SAC and Chelerythrine treatment restored
liver morphology and function in B16F10 melanoma cell
induced metastatic tumor bearing mice
Number of nodules at liver collected from control, B16F10
cell injected and individual 250mg/kg b.w. SAC, 5mg/kg
b.w. CHEL as well as 250mg/kg b.w. SAC+ 5mg/kg b.w.
CHEL co-treated groups of mice, were estimated and
represented in average number of nodules/4X4mm2 (A).
Survivability analysis (B) was measured and represented
in number of survival animals. Liver stress specific bio
markers ALT (C), ALKP (D), GGT (E) and AST (F) were
estimated in blood serum isolated from untreated and
treated control, B16F10 cell injected and individual
250mg/kg b.w. SAC, 5mg/kg b.w. CHEL as well as 250mg/
kg b.w. SAC+ 5mg/kg b.w. CHEL co-treated groups of mice.
Values were represented in IU/L. Data were expressed
as mean+SD and were obtained from six independent
experiments (n=5). NS,*p<0.01 vs Control, #p<0.01 vs ST.
Con=Control, SAC=S-allyl Cystine, CHEL= Chelerythrine,
ST= Secondary Tumor.

According to the reports benefit of CHEL administration
was studied on OCM-1, the well-known melanoma cell
line (Chen et al., 2016). Data suggested the discrete
role of the treatment in DNA fragmentation as well as
apoptosis induction of this primary cancer cells. Thus,
previous reports pointed out the efficacy of individual
administration of SAC and CHEL in the attenuation of
tumor progression and healing of several primary cancers
like prostate, liver, colorectal, lung and skin but their
impacts on metastasis to distant organs (in vivo studies)
specially in melanoma still remain unknown (Xu et al.,
2014).
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Following 45days of 250mg/kg b.w. SAC treatment in
combination with 5mg/kg b.w. CHEL (ST+SAC+CHEL)
reduced number of tumor nodules effectively than
60days individual drug treatment (p<0.01). Results
also depicted more or less elimination of all metastatic
melanoma nodules as well as that eventually restored
hepatic morphology (p<NS vs. Control) (Fig. 1A) more
or less similar to control mice after 60days of combined
treatment. Comparative drug trials use risk of survival
analysis during the assessment of clinical efficacy (Dahal
et al., 2019). Considering this technical perspective
experiments were designed and values from survivability
analysis depicted a sharp decrease in numbers of survived
animals in B16F10 inoculated ST groups after 95days of
experimental schedule.
One month treatment with either of the single drug
(ST+SAC/ST+CHEL) and in combination (ST+SAC+CHEL)
demonstrated considerable increase in survivability rate
(p<0.01). Combined therapy (ST+SAC+CHEL) for 45days
and especially for 60days depicted distinct reduction in
mortality rate than 60days of individual drug treated
groups (p<0.01) (Fig.1B). Non-significant alterations in
survivability rate (Fig.1B) were noticed in individual and
combinatorial treatment for 60days in control group of
mice.
Estimation of biochemical stress markers specific for
liver function after S-allyl Cystine and Chelerythrine
treatment in B16F10 induced metastatic melanoma
at liver: Alanine aminotransferase (ALT), alkaline
phosphatase (ALKP), g-glutamyl transferase (GGT) and
aspartate aminotransferase (AST) activity in plasma are
well-known serum biomarkers for the estimation of liver
injury and function (Lala et al., 2020). Altered activities
of those stress specific biomarkers are the indicative
of abnormalities in liver homeostasis. Data illustrated
significant increase in plasma ALT, AST, ALKP and
GGT level in ST groups. Values also depicted a trend of
gradual regression of all the biomarkers after individual
SAC or CHEL treatment (ST+SAC/ST+CHEL) for 30days
and 60days.
Analysis suggested that ALT, AST, ALKP and GGT
activities (p<0.01) after 45days of co-treatment with
SAC+CHEL (ST+SAC+CHEL) were in a range of individual
SAC or CHEL treatment for 60days. Whereas most
significant efficacy (p<0.01) was noticed after 60days
of combined (ST+SAC+CHEL) therapy (ALT=58.7892+5
IU/L, AST= 48.7892+5 IU/L, ALKP=79.7892+5 IU/L,
GGT=36.7892+5 IU/L) (p<0.01). No considerable
alterations were documented in either of ALT, AST, AKLP
and GGT levels in individual or combined treatment for
60days in control mice (Fig.1C, 1D, 1E, 1F) indicating
no such effectual toxic impact of the said drugs both in
individual and combined schedule.
During metastasis migratory tumor cells invade into
distal location and establish tumorigenic growth
(Fares eta l., 2020). In the present study aggressive
melanoma cell B16F10 demonstrated metastatic migration
and colonization, proliferation and finally development
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

of secondary tumors in the liver. Our data suggested that
incidence of metastatic melanoma hampers normal liver
function and physiological activity as observed other
fatal liver injuries (McGill et al., 2019).
Disease severity as well as liver injury was gradually
progressed with the increase in nodule numbers similar to
the previous observations on liver cancer (Simoes Eugenio
et al., 2020). Various contemporary researchers already
portrayed SAC and CHEL as an effective drug against
hepato-cellular carcinoma, liver cirrhosis and other liver
diseases (Chmura et al., 2000; Ng et al., 2012). In our
study, results first time noted noteworthy improvement
of animal survivability by restoring liver morphology
and homeostasis in B16F10 infused mice after SAC and
CHEL combined treatment. Hence, combinatorial practice
can able to heal metastatic melanoma at liver and this
finding pointed us to look over the underlying aspects
behind this remedial effect.
Evaluation of tissue specific stress and associated factors
in B16F10 infused mice: According to the reports, SAC and
CHEL are potential free radical scavengers and are able
to modulate various ROS dependent biological activities
like: cell survivability, cell proliferation, metabolic
activity, apoptosis, etc. (Chen et al., 2016; Sengupta
et al., 2017). Serum markers are also modified by the
interactions of ROS with the antioxidant system present
in the tissue microenvironment (Sengupta et al., 2017).
Here elevated levels of liver stress specific biomarkers
instigated us to study about the enzymatic as well as
non-enzymatic anti-antioxidants and accumulation
of the oxidized products/ reactive oxygen species
since the imbalance between ROS and anti-oxidants,
similar to previous studies, might be responsible for the
development of liver stress in our study.
Analysis of enzymatic antioxidant pool was performed
by measuring SOD and Catalase activity in liver isolated
from control, ST and SAC/CHEL treated as well as cotreated (ST+SAC+CHEL) groups of animals. Results
depicted reduced SOD (16.89234 Unit/mg protein) and
very low catalase (5.8990234 Unit/mg protein) activities
in liver of ST group of mice; although SOD and Catalase
activities were repleted along the course of SAC and
CHEL treatment for 30 and 60days. 45days of cotreatment demonstrated the values in a range of 60days
of individual treatment while most effective repletion was
noticed after 60days of co-treatment (ST+SAC+CHEL)
(p<0.01) (Fig. 2A, 2B). Non-enzymatic antioxidant assay
comprises of reduced glutathione (GSH) analysis.
Data suggested reclaiming of GSH content after both
30 as well as 60days of individual treatment and cotreatment category portrayed similar improvement as
before specially after the schedule of 60days (Fig. 2C).
No considerable changes were revealed in SOD (Fig.
2A), Catalase (Fig. 2B) activities and GSH level (Fig. 2C)
after 60days of individual or co-treatment of control
mice. Thiobarbituric acid reactive substance (TBARS)
content was estimated as an indication of cytotoxic
stress (Chatterjee et al., 2019). Data indicated notable
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enhancement of TBARS in liver collected from ST mice
(7.79203405 nmol/mg protein) and value was normalized
after individual and co-treatment with SAC and CHEL.
Observation further indicated the most significant
reduction only after 60days of co-treatment
(ST+SAC+CHEL) (1.892345 nmol/mg protein) (p<0.01)
(Fig. 2D). Direct estimation of ROS was performed
using DCFDA as fluorescent probe. Analysis depicted

a noteworthy enhancement of DCF fluorescence in
liver collected from ST group (p<0.01) with a trend
towards normalization of cellular ROS in the treated
groups. Values illustrated effective suppression of ROS
in co-treated (ST+SAC+CHEL) group after 45 days and
highest level of reduction was noticed after 60days
(p<0.01) of treatment. No significant alteration was
noted in DCF fluorescence and TBARS content after
60days of individual or combined treatment of control
mice (Fig.2E).

Figure 2: Estimation of alteration in reactive oxygen species, TBARS content and antioxidant system
after SAC and Chelerythrine administration
Lysates were processed from liver of untreated and treated control, B16F10 cell injected and individual
250mg/kg b.w. SAC, 5mg/kg b.w. CHEL as well as 250mg/kg b.w. SAC+ 5mg/kg b.w. CHEL co-treated
mice. Status of enzymatic antioxidant level was estimated through measuring SOD (A) and catalase (B)
activities and was represented as Unit/ mg protein. GSH (C) and TBARS (D) content were measured and
were represented as nmol/mg protein. Level of reactive oxygen species was estimated by measuring DCF
fluorescence (E) and was represented in RFU. Values were expressed as mean +SD and were obtained
from six independent experiments (n=5). NS,*p<0.01 vs Control, #p<0.01 vs ST. Con=Control, SAC=Sallyl Cystine, CHEL= Chelerythrine, ST= Secondary Tumor.

According to the reports ROS is generated in the form
of highly reactive free radical superoxide which is
dismutated into oxygen and hydrogen peroxide through
enzymatic activity of SOD (Sengupta et al., 2017 A).
Catalase further scavenges H2O2 to convert it into water
and O2; in this way accumulation of ROS is averted
(Sengupta et al., 2017 A). According to the present
study tumour site of the liver in secondary melanoma
showed very poor SOD and catalase activity along with

a significant suppression of GSH content that probably
nourished tumor microenvironment and helped in
metastatic tumor formation.
SAC and CHEL treatment effectively augmented both
enzymatic as well as non-enzymatic antioxidant system
and accumulated ROS was neutralized by elevated
catalase activity, finally hydrolyzed to non-toxic
substance water and oxygen. Increase in GSH content
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also added further protection to the tissue from oxidative
stress. By scavenging ROS these anti-oxidant drugs
also suppressed TBARS content similar to the effects as
noted in other carcinogenic studies (Sang et al., 2019).
This in turn probably helped to restrict metastatic tumor
progression. So, the study experimentally proved the
tuning role of SAC and CHEL in the maintenance of a
balance between anti-oxidants and accumulated ROS
leading to modulation of hepatic physiology as reflected
in biomarker analysis, most significantly in combined
approach (Sang et al., 2019).
Assessment of growth associated regulatory factors in
B16F10 induced metastatic melanoma at liver: Cancer
cell proliferation and tumour establishment are associated
with negative modulation of the apoptosis (Connor et
al., 2019). Reports suggested significant association of
ROS with the regulation of apoptosis in cancer cells
(Sang et al., 2019). Researchers further demonstrated the
impacts of ROS in the reduction of growth of various

primary tumors originated at colon, breast, liver, lung
etc. in both in vivo and in vitro condition (Sengupta et
al. 2017). Previous studies recommended chief executive
role of caspases in the conduction of apoptosis (Phillips
et al., 2020).
Considering the instructive responsibility of ROS in
guide lining the Caspases here activities of Caspase9 as
initiator and Caspase3 as executioner were studied for
mechanistic analysis (Li et al., 2020). Results depicted
significant enhancement in the activity of both Caspase9
(Fig. 3B) and Caspase3 (Fig. 3A) (p<0.01) in the liver of
ST group of mice after individual as well as combined
SAC and CHEL treatment. Interestingly activities of
the Caspases were increased after 45days of combined
therapeutics against individual treatment of either of
the drugs (p<0.01); while continuation of the treatment
up to 60days revealed distinct reduction in activities of
both of the enzymes towards the level of control animal
(Fig. 3A, 3B).

Figure 3: Evaluation of changes in CytochromeC distribution-caspase activity after
SAC and Chelerythrine treatment
Estimation of Caspase3 (A) and Caspase9 (B) activity in whole cell lysate of liver
isolated from untreated and treated control, B16F10 infused and individual 250mg/
kg b.w. SAC, 5mg/kg b.w. CHEL as well as 250mg/kg b.w. SAC+ 5mg/kg b.w. CHEL
co-treated group; were represented in pmol pNA/min/ mg protein. Cytoplasmic
CytochromeC level (C) in cytoplasmic fraction of the above-mentioned lysates was
quantified and were represented in Unit/mg protein. Data were mean+SD and were
obtained from six independent experiments (n=5). NS,*p<0.01 vs Control, #p<0.01
vs ST. Comparative analysis in-between Caspase3, Caspase9 activity with released
CytochromeC was portrayed in figure 3D. Values were mean+SD and were obtained
from six independent experiments (n=5). Con=Control, SAC=S-allyl Cystine, CHEL=
Chelerythrine, ST= Secondary Tumor.

Caspase9 activity is dependent upon the release of
mitochondrial CytochromeC to the cytoplasm which
is again dependent upon accumulation of intracellular
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

ROS as suggested (Li et al., 2020). Data demonstrated
significant increase in CytochromeC content in
cytoplasmic fraction of liver isolated from individual
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and with a peak in 45days of combined drug treated
group (p<0.01). Although similar to Caspase9 activity
of CytochromeC was markedly reduced towards control
level after 60days of combined treatment (Fig 3C). No
such noteworthy changes were visualized in Caspase3
(Fig. 3A), Caspase9 (Fig. 3B) activities and cytoplasmic
CytochromeC distribution (Fig. 3C) after 60days of
individual or combined treatment to control mice (Lin
et al., 2020).
Combined ray diagram of CytochromeC level in
cytoplasm with the activities of both of the Caspases
portrayed similar trend in the changes following the
scheduled treatment suggesting a potential role of
cytosolic CytochromeC in the activation of Caspases
in metastatic melanoma tumor containing area of liver
of B16F10 infused mice (Fig 3D). It is well evident that
Cytochrome C- Caspase axis is turned off in cancer cells
that in turn helped in tumor progression and metastasis.
In our study SAC and CHEL administration effectively
tuned on ROS dependent CytochromeC-Caspase axis and

significantly induced apoptosis in colonized metastatic
melanoma cells at liver. Similar effects were reported in
the primary cancers like colorectal cancers, liver cancer
and breast cancer (Chen et al., 2016 and Sengupta et al.
2017). Therefore, the proposed therapeutics significantly
reduced symptomatic impacts in the B16F10 infused mice
by triggering caspase mediated cell death at secondarily
developed melanoma in liver as observed in our study.
Estimation of the status of biomolecules responsible for
SAC and CHEL induced apoptosis, tissue degradation
and angiogenesis: According to the previous reports
cytoplasmic level of CytochromeC is significantly
lower in the colony of cancer cells (Yau et al., 2019).
Release of CytochromeC into cytoplasm is harmonized
by proapoptotic-antiapoptotic balance and generally
increased level of cytoplasmic CytochromeC level
indicates an imbalance between Bax and Bcl2, the
well-known proapoptotic and antiapoptotic proteins,
respectively (Sengupta et al. 2017).

Figure 4: Estimation of the status of apoptotic, angiopoietic and ECM degrading guardian factors after
SAC and Chelerythrine treatment
Bcl2 (B), Bax (C), VEGF (D), MMP9 (E) expression were measured in whole cell lysate and level of
phopho-p53-Ser15 (A) and NFkb/p65 (F) were estimated from nuclear fraction of the liver isolated from
untreated and treated control, B16F10 cell injected and individual 250mg/kg b.w. SAC, 5mg/kg b.w.
CHEL as well as 250mg/kg b.w. SAC+ 5mg/kg b.w. CHEL co-treated group; were represented in ng/ml
protein. Results were mean+SD and were obtained from six independent experiments (n=5). NS,*p<0.01
vs Control, #p<0.01 vs ST. Comparative analysis of phopho-p53-Ser15, Bcl2, Bax, VEGF, MMP9 and
NFkb/p65 levels among control, B16F10 cell injected and individual 250mg/kg b.w. SAC, 5mg/kg b.w.
CHEL as well as 250mg/kg b.w. SAC+ 5mg/kg b.w. CHEL co-treated groups and was represented in
spider chart (G). Con=Control, SAC=S-allyl Cystine, CHEL= Chelerythrine, ST= Secondary Tumor.
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Various studies also suggested the imperative role of
stabilized p53 in the up-regulation of Bax expression
leading to CytochromeC release into cytoplasm from
mitochondria (Somade et al., 2020). Recent reports
further suggest the wobbly level of p53 in the colonized
cancer cells (Capaci et al., 2020). Present analysis
demonstrated the elevated level of Bax in cytoplasm
(Fig. 4C) and phospho p53-Ser15 in nuclear fraction
(Fig. 4A), the stabilized from of p53 and a potential
transcriptional factor of Bax, in both individual SAC and
CHEL as well as 45days of combined treatment of ST
animals (p<0.01). Further continuation of the combined
treatment for another 15days showed a downfall of Bax
(Fig. 4C) and phospho p53-Ser15 (Fig. 4A) level towards
control animal.
While Bcl2 expression was significantly decreased
along the course of the schedule both in individual
and combined treatment and value after 60days of
SAC+CHEL treatment demonstrated a range nearing to
control mice (p<0.01) (Fig. 4B). No significant change
was revealed after 60days of individual or combined
treatment to control group of mice (p<0.01) (Fig. 4A,
4B, 4C). Therefore, SAC and CHEL treatment appreciably
induced p53-Bax axis which was responsible for the
activation of Cytochrome C-caspase pathway as observed
in our study and probably took a part in controlling the
melanoma cell progression in the liver as secondary site.
Angiogenesis and modification in extracellular matrix
by the factors secreted from cancer cells alter tumor
microenvironment and help in metastatic invasion
(Fares et al., 2020). It is evident that ROS can able to
increase angiogenic processes and ECM remodeling via
uplifting the expression of assisting factors like matrix
metalloproteinases (MMPs) in the carcinogenic foci of a
tissue (Bockmann et al., 2020).
Recent studies mentioned that attenuation of angiogenic
regulatory (Ang-I, Ang-II, VEGF, etc.) and extracellular
matrix degrading (MMP-2, MMP-3, MMP9, etc.) factors
perform the crucial job related to the suppression
of metastasis and reduction of tumor volume in
liver, colorectal and prostate carcinoma as well as
retinoblastoma, etc. (Chan et al., 2020). Result illustrated
reduction of VEGF (p<0.01) (Fig. 4D), a well evident
prime nourishing protein for angiogenesis and MMP9
(p<0.01) (Fig. 4E), factor that helps in the progression
of metastatic tumor through restructuring extracellular
matrix expression after individual SAC or CHEL as well
as combined treatment categorically after 60days of
SAC+CHEL treatment to ST group of mice (Fig. 4D, 4E).
No effective alterations were suggested after individual
and combined treatment to control animal (Fig. 4D,
4E).
Our studies further demonstrated significant nuclear
localization of NFkb/p65 in the metastatic site of
the liver in B16F10 infused mice. According to the
reports nuclear translocalization of NFkb/p65 trigger
VEGF and MMP9 expression to the tumorigenic site
in parallel to ROS accumulation that in turn generates
a a microenvironment favorable to further invasion
BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

and sustenance of the metastasis (Viswnadha et al.,
2020). Nexus between the ROS and NFkb/p65 nuclear
localization along with VEGF and MMP9 expression
guided us to investigate the status of NFkb/p65 after SAC
and CHEL treatment in our experimental model.
Present study evidently portrayed effective repression in
nuclear localization of NFkb/p65 both after individual
as well as combined treatment with a most significant
reduction after 60days of SAC+CHEL treatment and the
value was nearly the level of control animal (p<0.01)
(Fig. 4F). No such distinct alterations in NFkb/p65
nuclear localization were noted after 60days of individual
and combined treatment of control mice (Fig. 4F). Data
presentation in spider chart of phospho p53-Ser15 and
NFkb/p65 level within nucleus, Bcl2, Bax, VEGF and
MMP9 expression demonstrated their association with
the alterations in liver of ST group of mice.
In summary categorical reduction in phospho p53-Ser15
nuclear localization and Bax expression as well as
corresponding augmented Bcl2 expression in parallel to
enhancement in NFkb/p65 nuclear localization leading
to increase in VEGF and MMP9 expression helped in
development of a microenvironment favourable for the
establishment of secondary melanoma in the liver of
B16F10 infused mice. Analysis suggested increase in
phospho p53-Ser15 nuclear localization-Bax expression,
reduced Bcl2 expression, reduction in NFkb/p65 nuclear
localization, VEGF as well as MMP9 expression in
individual and distinctly after 45days of combined
treatment. Cumulatively the said scenario was probably
responsible for the reduction of the tumorigenic growth
at the metastatic sites of the liver in our model.
Moreover, 60days of SAC+CHEL treatment demonstrated
a range of all parametric values tending towards control
mice. Values indicated probable restoration of the tissue
along with significant reduction of morphological
alterations of the liver developed due to metastatic
melanoma in ST group of mice (Fig. 4G). In the end it can
be stated that our in vivo study was first time designed
to evaluate anti metastatic property of individual as
well as combined therapeutic effect of SAC and CHEL
against metastatic melanoma in liver. The results clearly
stated the efficacy of this therapeutic approach in the
suppression of metastatic melanoma and normalization
of native liver physiology.
Better efficacy in switching on the p53- Bax-CytochromeC
axis along with reduction in NFkb/p65 dependent VEGF
and MMP9 expression after 45days of SAC+ CHEL
administration pointed out the importance of combined
therapy. Way of normalization of the mentioned apoptotic
signaling as well as VEGF/MMP9 level with the sustained
antioxidant balance after 60days of SAC+CHEL treatment
indicated effectual restoration as also suggested by the
liver specific biomarker assay (Viswnadha et al., 2020).

Conclusion
In summary, our work confirmed the role of SAC and
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CHEL as effective anti-metastatic agents that were able
to target p53, as well as NFkb dependent signaling
orchestras and cured metastatic melanoma at liver by
calibrating tissue ROS/anti-oxidant malady. Data further
asserted improved remedial efficacy along-with no such
toxicity effects in combined therapeutics. Therefore,
SAC and CHEL administration in combination may be
considered for formulating effectual therapeutics to treat
metastatic melanoma at liver.
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