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ABSTRACT

Melanoma is the least common but most dangerous skin cancer with the highest morbidity rate.
Owing to increased toxicity towards normal cells, cancer chemo therapy is found to be great
challenge with chemo sensitive agents. Phytochemicals derived anticancer agents is a field of
great application. The unexplored plants remain the lead for novel therapeutic agents.
Tylophoraindicaattracts research interest since little scientific data is available regarding the
anticancer potential of the plant. In the present study purified ethanolic fraction showed the
presence of compounds like alkaloids and quinines and the derivatives were confirmed by GC-
MS analysis. Antiproliferative property of the alcoholic fraction was confirmed on malignant
skin melanoma cell line SKMEL-28 by performing MTT assay, Neutral red uptake and LDH
leakage assays respectively. The relative genotoxic effect of Tylophoraindica showed little
damaging effects to genomic DNA when determined by comet assay and DNA fragmentation
analysis. The apoptotic changes in nucleus were confirmed by fluorescent microscopic analysis
by acridine orange/ethidium bromide staining. The molecular mechanisms of anticancer activity
were mainly found to be due to the inhibition of BCL-2 gene expression by RT-PCR analysis.
This study confirms anticancer activity of alcoholic fraction of Tylophoraindica, drawing new
insights in their application for therapeutic regimens.
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INTRODUCTION

Cancer is the second leading cause of death all over the world®. It is a multifactorial, multifaceted

and multi-mechanistic disease requiring a multidimensional approach for treatment, control and
prevention. The major causes of cancer are smoking, dietary imbalances, hormones and chronic
infections leading to chronic inflammation®. Amongst the so many types of cancer reported on
the basis of causative factors and locations of occurrence, melanoma was the least common but
most dangerous skin cancer with the highest morbidity rate. It arises from the malignant
transformation of melanocytesthat metastasizes into internal organs®.Epidemological studies
shows an increasing incidence of melanoma when compairing with other cancer types in world
wide *°. Melanoma is often characterized by resistance to cytotoxic agents which contributes to
the high morbidity and mortality rates in patients.

Several chemopreventive agents are used to treat cancer, but most of them cause toxicity that
prevents their long term usage® Therefore the new sources of anti-cancer agents that exert
cytotoxicity activity against melanoma cells are in need. In this context, the natural products
derived from medicinal plants have gained significance for treating cancer. Various phyto
constituents that possess multiple biological and synergistic effects can be used to treat different
ailments or enhance the effect of drugs. Certain natural products like alkaloids, polypropenoids
and terpenoidshave been applied for chemoprevention of carcinogenesis and to suppress the
malignancy .

Tylophoraindica(Family: Asclepidaceae) commonly known as Antmul is a twining perennial
plant distributed throughout southern and eastern part of India. The leaf of
Tylophoraindicaextract, acts as an anti-tumour agent in ethnic medicine but little scientific
evidence is available regarding its activity’. Even though many studies have reported on the
antifungal activity °and anti-bacterial activity ** of the plant extract, studies on the mechanism
contributing its anti-tumour activity is limited. Many anticancer molecules has shown growth
inhibition and/or apoptotic cell death of cancer cells by modulating the cell-cycle regulatory
molecules®?. Both the cell proliferation and apoptotic cell death are important determinants of
growth of a tumour™. A balance between the two is critical in maintaining tissue homeostasis
and normal development. As many chemotherapeutic agents have been identified to induce
apoptosis in cancer cells**, the apoptosis has been targeted for the treatment of cancer. Reports
suggest that Tylophoraindica induces apoptosis in K562 cells as evidenced by nuclear

condensation, apoptotic body formation, flipping of membrane phosphatidylserine, activation of
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caspase-3 and release of mitochondrial cytochrome c, which are the characteristic features of
apoptosis *°.

Mostly the cancer therapeutics act by inducing stress signals that can activate the intrinsic
mitochondrial pathway of apoptosis in tumour cells'®.Bcl-2 family consist of anti-apoptotic and
pro-apoptotic members, and is characterized to be the protein family involved in the regulation
of apoptotic cell death *".The Bcl-2 family constitutes both agonists and antagonists of apoptosis
that functions at least in part through protein-protein interactions between various members of
the family. The final outcome depends on the relative ratio of death agonists and antagonists. In
vitro and in vivo studies have established that Bcl-2 expression confers an antiapoptotic
activity™. With this background, in the present study we intend to determine the involvement of
Bcl-2 gene on the antitumour activity of Tylophoraindica.

MATERIALS AND METHOD

Tylophoraindicawere collected from Thiruvananthapuram, Kerala, India was dried in shade,
powdered and stored at room temperature in air tight dark containers for further studies.
SKMEL-28 cell lines procured from NCCS, Pune. All other chemicals specified were of
analytical grade, procured from MERCK, India.

Preparation of plant extracts

Crude alcoholic extract preparation was carried out by using soxhlet extraction. The extract
obtained was dried, dissolved in DMSO and used for further studies. Further purification was
carried out by column chromatography. The eluents where then subjected to thin layer
chromatography using chloroform: methanol in the ratio 8.5: 1.5.The regions with fluorescent
bands were scrapped and stored at room temperature. Gas chromatography mass spectrometry
(GCMS) was carried out for compound identification. The peaks obtained from the graph were
identified from standard reference library.

Phytochemical Analysis

Phytochemical analysis was performed for the identification of alkaloids, flavanoids, saponins,
phenol, glycosides, tannins, thiols and steroids as per previously reported protocols'#2%%,

In vitro anti-cancer responses of Tylophora extracts

Cell lines

SKMEL-28 cells were cultured in Dulbecco’s Modified Eagles medium in with ImM sodium

pyruvate, nonessential amino acids and 10% fetal bovine serum. These cell lines are sub-cultured
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on every 4-5 days and maintained at 37°C in a humidified atmosphere containing 5% CO,.Crude
extract of Tylophoraindica(250 pg/ul) was used for all the experiments.

Proliferation assay on SKMEL-28 cells

MTT assay

Proliferative capacity of SKMEL-28 cells upon treatment with the crude extract of
Tylophoraindica was assessed by the methyl thiazoltetrazolium bromide (MTT) assay as
described by Finosh et al®>. Confluent cells were incubated with MTT solution for 3 h at 37°C.
The formazan crystals formed were dissolved in DMSO and the absorbance was read at 540 nm
in ErbaL.isa reader (ERBA, Germany).

Neutral Red Assay

SKMEL-28 cells were treated with 250 pg/pl of the crude extract of Tylophoraindica and
assessed for neutral red uptake after 3 hours incubation with the dye and the absorbance was read
at 493nm and recorded using the ELISA reader (ERBA, Germany)=.

Lactate Dehydrogenase (LDH) Leakage Assay

The LDH enzyme leaked fromSKMEL-28 cells due to the loss of membrane integrity was
determined from the culture medium. Briefly after plant extract treatment the cells were allowed
to proliferate for 24h. Then to the cell culture supernatant 2.7ml potassium phosphate buffer,
0.1ml 6m M NADH solution, 0.1ml sodium pyruvate solution was added. The decrease of OD
was recorded at 340nm in spectrophotometer at 25°C.The blank solution was prepared by adding
enzyme dilution buffer instead of sample.

Apoptosis assay

Apoptosis was determined by staining the cells with Acridine Orange/Ethidium Bromide
(AO/EB) * After treatment with the crude extract of Tylophoraindica, the cells were washed by
cold PBS and then stained with a mixture of AO (100 pg/ml) and EB (100 pg/ml) at room
temperature for 10min. The stained cells were washed twice with PBS and observed by a
fluorescence microscope using blue filter (Olympus CKX41 with Optika Pro5 camera).

Comet Assay

The Tylophoraindicacrude extract treatedcell suspensions (1x 10*/ 5-10pl) were mixed into 10l
of low melting point agarose(LMA) and placed layer of agarose NMA (normal melting point
agarose) on a glass slide. Then a final layer of NMA was coated over the LMA layer. Slides were
then placed in cold lysing solution (2.5 M NaCL, 100mM Na,EDTA, 10 mMTris pH 10 and 1%
SDS to which 10% DMSO and 1%Triton X 100 added immediately prior to use) for 1 hour.
After lysis the slides were placed in electrophoresis buffer (300 mMNaOH and 1mM disodium
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EDTA pH 13) for 20 minutes to allow unwinding of DNA. Electrophoresis was conducted in the
same buffer with a current of 300 mA for 20 minutes. Finally slides were washed in neutralizing
buffer (0.4 mMTris, pH 7.5) three times for five minutes and stained with50ul ethidium
bromide(20pg/ml)for the detection of the oxidative DNA damage. The comets were observed
under fluorescent microscopy (Olympus CKX 41) and captured comets were measured
quantitatively using Tritek comet scoring software®.

RNA extraction and semi-quantitative reverse transcriptase-polymerase chain reaction
Total RNA was isolated using the RNA isolation kit according to the manufactures instructions
(Chromous biotech, India). Reverse transcriptase PCR was performed according to the
manufactures instruction (Genei, Banglore) with BCL-2 primer Sequence, Forward: 5’-
CTGCACCTGACGCCCTTCACC-3’;Reverse:5’CACATGACCCCACCGAACTCAAAGA-3’.
GAPDH was used as housekeeping gene. The PCR products were analyzed in 1.5% (v/v)
agarose gels. Densitometry was performed using Image J software. The data were recorded as
the ratio of sample to internal standard.

Statistics

Statistical analysis was carried out using Graph Pad prism statistical software. Differences
between variables were also compared using Student’s t test. ‘p’value of less than 0.05 was

considered statistically significant
RESULTS AND DISCUSSION

Phytochemical analysis

Preliminary phytochemical evaluations revealed that alkaloids are the major phytochemical
present in the ethanolic extract of Tylophoraindica.(Tablel). Further GC- MS analysis of crude
extracts confirms the presence of alkaloids and quinones (Table 2).However more structural
validation and elemental studies are required for identifying the major bioactive principle present
in ethanolic extract of Tylophoraindica.

Among the most reported cancers, skin cancer is found to have a great impact on human
population®. Many studies demonstrated that inhibition of cell invasion, migration and adhesion
prevents metastasis®’. Since, most anticancer drugs are not sufficiently tumor selective, the drugs
which possessed anti-metastatic efficacy and low toxicity on normal tissues are required.
Currently, it is well documented that natural compounds, especially plant extracts are one of the
most important sources of potential anticancer drugs®®. Tylophoraindica extract acts as an anti-

tumour agent in ethnic medicine but little scientific evidence is available regarding its activity®.
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GC-MS analysis of purified fractions gave a peak value at 42.93 comparing with library search
suggests the presence of alkaloids and quinones compounds. These compounds are reported to
exhibit antitumor activity but the proper mechanism is not yet revealed®.Induction of apoptosis
is reported to be a main gate way of mechanisms involved in the anti-tumour capacity of a
molecule®. In the present study SKMEL-28 cell lines was undertaken to study the effect of
Tylophoraindicaas an anti-tumour agent through a Bcl2 dependent mechanism.

Inhibitory effects of crude extract on the proliferation ofSKMEL-28 cells

Unlimited cell proliferation is a hall mark of cancer cells. We found that ethanolic plant extracts
have anti proliferative effects on SKMEL-28 cells and the proliferative capacity decreases with
increasing concentration of the extract (Figure 1a). We further confirmed the anti-proliferative
effects of TylophoraindicainSKMEL-28cells by neutral red uptake assay (Figure 1b) and LDH

leakage assay (Figure 1c)and similar results were obtained.

a) 100+ b)
100
c 804 * B3 2509
-.% 80- OERRRn 5009
- 60'
o 3 2 e
= . v 3 50 R
o 404 s 2
g > 40 S
2 & R
. 2 o ---..--:
e S
0- - o -
©)
154
{3 control
3 250y extract
210 P
3 R
g o
> U
S 051 o

Figuew la.Inhibition of cell proliferation in SKMEL-28 cells by Tylophoraindica. Cells
were treated with the crude extract of Tylophoraindicaat different concentrations of 250ug
and 500ug and the cell proliferation was assessed using MTT assay and neutral red uptake
assay(Figure 1b).LDH activity in ASSKMEL-28 cells (Figure 1c).

Crude extract induced apoptosis in SKMEL-28 cells

Apoptotic effects of Tylophoraindicaextract in SKMEL-28 cells were performed by double
staining method using acridine orange and ethidium bromide. The results depict (Figure 2) that
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the extracts induced an increase in apoptotic cell death. This revealed the anti-cancer effects of

the extracts.

(b)

Figure 2: Apoptotic cell death induced by Tylophoraindica extract. Arrows indicates cells

undergoing apoptosis.

Comet assay

The genotoxic potential of the crude extract was further confirmed by comet assay after treating
the cells with the extracts. The decrease in the DNA intensity on the head regions of the comets

confirmed that the extracts had elicited nuclear damage leading to apoptosis (Figure 3).

)

b)

Figure 3: Increase in comet area and comet length was observed in cells treated with

Tylophoraindica extracts confirming induction of apoptosis.
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RT PCR analysis reveals decreased expression of Bcl-2

RT-PCR data with regards to effect of Tylophoraindicaextract in SKMEL-28 cells revealed a
significantly decreased (p<0.05) expression of Bcl-2 gene compared to control. Further, Image
analysis using IMAGE J software showed 59.08 % reduction in Bcl -2 expression which, can

also be considered to be significant (Figure 4).
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Figure 4: RT-PCR analysis of Bcl-2 gene.Values are significant (p <0.05) when compared
to control

Tumour migration which involves invasion and metastasis is an important process during
melanoma progression®.In the present study, the ethanolic extract of Tylophoraindica inhibits
SKMEL-28 cell proliferation which signified its anti-tumour activity. Anti-proliferative effects
of Tylophoraindica might be due to the presence of alkaloids present in the crude fraction®.
Further, it was found that crude extract induces apoptosis in SKMEL-28 cell lines. The induction
of apoptosis in target cells is a key mechanism for most anti-tumor therapies®. These results
were further confirmed using comet assay and the significant tail length observed can be
considered as induction of apoptosis, but the detailed molecular mechanisms of inducing
apoptosis in these cells are still remains unclear. However the differential regulation of
proapoptotic and antiapoptotic Bcl-2 family members appears to be a key event in the execution
of apoptosis®. Gene expression analysis has shown that Bcl-2 expression was found to be
decreased on treatment with the crude extract. In parallel with this results accumulating evidence
suggest that reduced expression of Bcl-2 results in induction of apoptosis and inhibition of drug
resistance®*.Overexpression of Bcl-2 prevents cells from undergoing apoptosis in response to a
variety of stimuli*®. The significance of the study relies on the fact that crude extracts can offer
multi targeted responses in cancer cells rather than pure compounds thereby overruling adverse
side effects and drug efflux pumps.
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CONCLUSION

As per the experimental findings we conclude that ethanolic extract of Tylophoraindica has

marked anti-tumor activities through its ability to induce apoptosis. However large-scale
randomized, double blind placebo or positive drug parallel controlled studies were required to
confirm the efficacy and apoptosis-inducing potential of Tylophoraindica extract in various
cancers in the clinical setting. The present study promotes the use of Tylophoraindica extract as

an alternative therapeutics for the management of cancer.
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