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Abstract

Siddha system of medicine finds important place in the management chronic ailments including cancer. In vitro studies using a
variety of cancer cell types have shed light on the mechanistic insights into the anticancer effect of various regimens including
Siddha medicines. Pancha Paasana Chendhuram (PPC) is a herbo-mineral formula claimed to possess significant anticancer
activity in Siddha system. In the present study, PPC was investigated for its apoptosis mechanism using human cervical cancer
cells. PPC up-regulated Bax and p53 and down-regulated BCI2 mRNAs expression in human cervical cancer cells (HeLa

cells).

Keywords: Pancha Paasana Chendhuram, cytotoxic, apoptosis, anti-cancer, siddha medicine, herbo- mineral

1. Introduction

Cervical cancer is the fourth most prevalent malignant
disease affecting women, causing 10-15% of all female
cancer-related deaths worldwide ™. It is the most common
malignancy with an estimated 500000 new cases and
250000 deaths annually worldwide . The availability of
vaccines and screening tests has reduced incidence and
mortality rates of cervical cancer. About 85% of new cases
are found in less developed countries, as the most of patients
are diagnosed in the third or fourth stage of malignancy,
where late diagnoses adversely affects the treatment. About
9/10 cervical cancer deaths occur in under developed
countries 4, Although chemotherapy, surgery and
radiotherapy are the major therapies for the patients of
cervical cancer, they impart severe toxic effect and failed to
prevent metastasis. As like other cancers, metastasis and re-
occurrence remains the main causes of mortality. Therefore,
there is a pressing requirement to develop novel options for
the early diagnosis and treatment of cervical cancer [,
Plants are the major sources of potentially bioactive
compounds and used in the treatment of cancer from ancient
times [®1. Moreover, active phytochemicals are ubiquitous in
nature, having less or no side effects than the currently used
chemotherapeutic agents and can be taken as a part diet [8],
Plant-derived compounds hold great potential for further
testing in clinical trials because they are target specific
towards cancer cells but showed no toxicity to normal cells
8. Siddha medical system is the first and foremost system,
that possesses treatment for different life threatening
diseases including cancer. It helps not only to alleviate the
symptoms of this disorder, but to cure also. In the Siddha
literature, cancer is mentioned in the name of putru
(undetermined growth) which gives the direct meaning
‘Termite mound’ because of its proliferative nature and
classified as Arpudham (spectacular tumors) and
Vanmeegam (precarious tumors) 1,

Siddha medicine are obtained from 3 major divisions- Plant

kingdom, Inorganic compounds (IOC) and Animal
kingdom. 10C are further divided into Metals (Ulogam)-12,
Minerals (Karasaram)-64, Hydrochemicals (Uparasam)-24
and Toxins (Paasanam)-120. 10Cs are usually made into
preparations such as parpam, chendhuram, chunnam,
padhangam, Kkattu, kalangu etc 1%, Chendhuram (herbo-
mineral formulations) are very vital in Siddha Medicine
because (i) challenges incurable diseases, (ii) effective even
in minimal dose, (iii) increased bioavailability, (iv) elevated
therapeutic efficacy, (v) enhanced shelf life as compared to
plant products and (vi) greater adoptogenicity. (ie) the same
drug can be successfully used for various diseases [*4.
Cellular in vitro studies using a variety of cancer cell types
have offered wealth of mechanistic insights into the
anticancer effect of various Siddha medicines. Pancha
Paasana Chendhuram (PPC) is one among the numerous
cancer drug formulations mentioned in Siddha system. In
the present study, PPC was investigated for its apoptosis
mechanism in HeLa cells.

2. Materials and Methods

2.1 Chemicals and cell media

Dulbecco’s Modified Eagles Medium (DMEM), Phosphate
Buffered Saline (PBS), fetal bovine serum (FBS), 0.25%
trypsin  EDTA, antibiotics (penicillin, streptomycin),
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT), Ethidium
Bromide (EtBr), Acridine Orange (AO), stain were obtained
from Hi-media Lab Ltd., Mumbai, India. Protease inhibitor
cocktail, bovine serum albumin (BSA), acrylamide, 2-
mercaptoethanol, sodium dodecyl sulphate (SDS),
N,N,NO,NO-tetramethylene  diamine (TEMED), were
purchased from Sigma-Aldrich (USA).

2.2 Ingredients of Pancha Pasaana Chendhuram
Minerals: Lingam (Red sulphide of mercury), Pooram
(Mercury sub chloride), Velllai pasanam (White arsenic),
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Thalagam (Arsenic trisulphide), Manosilai (Arsenic
disulphide), Gandhagam (Sulphur), Gaantham (Magnetic
oxide of Iron).

Herbal juices for grinding: Kuppaimeni (Acalypa indica),
Vetrilai (Piper betel), Paruthi (Gossypium hirsutum),
Vellarugu (Enicostema oxillare), Thulasi (Ocimum
sanctum), Veliparuthi (Pergularia daemia), Poduthalai
(Lipia nodiflora).

2.3 Procurement and collection of raw drugs

Lingam (Red sulphide of mercury), Pooram (Mercury sub
chloride), Vellai pasanam (White arsenic), Thalagam
(Arsenic trisulphide), Manosilai (Arsenic disulphide),
Gandhagam (Sulphur), Gaantham (Magnetic oxide of Iron)
are procured from K.RamasamyChetty Country drug shop,
Rasappa street, Park town, Chennai.

Kuppaimeni (Acalypa indica), Vetrilai (Piper betel), Paruthi
(Gossypium hirsutum), Vellarugu (Enicostema oxillare),
Thulasi  (Ocimum sanctum), Veliparuthi (Pergularia
daemia), Poduthalai (Lipia nodiflora) are collected from
forest area  Bairnaykanpatty-Dharmapuri Dt  and
Mathuranthagam- Kanchipuram Dt.

2.4 ldentification and Authentication

All the mineral raw drugs are identified and authenticated
by Department of chemistry, Siddha Central Research
Institute, Arignar Anna Govt. Hospital Campus,
Arumbakkam, Chennai-600106. All the herbals are
identified and authenticated by Prof. Dr.P.Jeyaraman, PhD,
Plant anatomy research center, No.4, 2" street, Sakthi
Nagar, West tambaram, Chennai-600045.

2.5 Preparation Procedure of Pancha Paasana
Chendhuram

Purified raw drugs - Red sulphide of mercury (lingam),
arsenic disulphide (manosilai), magnetic oxide of Iron
(Kaantham) arsenic tri sulphide (thaaram), sulphur
(gandhagam), mercuric sub chloride (pooram), white
arsenic (velllai pasanam), and were ground with herbal
juices Acalypa indica (kuppaimeni), Piper betel (vetrilai),
Gossipium  herbaceum (paruthi), Enicostema axillare
(vellarugu), ocimum sanctum (thulasi), Pergularia daemia
(veliparuthi), and Lipia nodiflora (poduthalai) one after one
another for 12 h till a semisolid consistency is attained.
Then made into villai (tablet) and dried under shade. Dried
villai were placed on the betel leaves in the mud vessel.
Then the mud vessel was surmounted an equal mud vessel
and sealed it clay plaster winded it for seven times. After
drying, the whole set up was mounted on a stove and heated
it in a mild flame (deepam pol) for 12h and allowed to cool.
Then this by product was ground with Kuppai meni
(Acalypa indica.Linn) juice for 12 hrs again drying, heating
and cooling process were continued. This process was
repeated for another two times to get final product as
chendhuram. Then the final chendhuram was collected from
the mud vessel and ground well. After that the chendhuram
was stored in air tight container for further experimental
use.

2.6 Cell lines and treatment
HelLa cells were obtained from National Centre for Cell

Science (NCCS), Pune, India and maintained as a
monolayer culture in DMEM, supplemented with 10 %
FBS, in a humidified atmosphere at 37 °C and 5% CO,.
Cells were counted on a Z2 Coulter Counter (Beckman
Coulter, USA) and seeded in Petri dishes and 96-well
culture plates at an appropriate concentration. After
overnight incubation, cells were treated with a range of
concentrations (2 - 1024 pug/ml) of PPC. 24h after treatment,
control (0.1% DMSO in DMEM) and PPC exposure cells
were collected and analyzed. Each experiment was repeated
at least three times.

2.7 Cytotoxicity assessment

3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyl-tetrazolium
bromide (MTT) assay ws performed as per Mosmann
(1983) method. Cells were plated in 96 well plates (8000
cells/well) for 24 h at 37°C. Then cells exposed to PPC and
again incubated for 18 h. MTT solution was added to each,
cells were then incubated for further 4 h at 37°C. OD was
determined at 550 nm/670 nm. The cytotoxicity potential of
PPC was calculated:

% growth inhibitory rate = % x 100

2.8 Determination of apoptotic morphological changes
Acridine orange (AO) and ethidium bromide (EBr) staining
were used to detect apoptotic cells affirmation®®. The cells
were cultured in 6-well plate (3x10%well) treated with
different concentration of (30 and 100 pg/ml) PPC for 24 h.
The cells were fixed in methanol:glacial acetic acid (3:1) for
30 min at 4 °C. The cells were washed in PBS, and stained
with 1:1 ratio of AO/EBr for 30 min at 37° C. Stained cells
were washed with PBS and viewed under a floid cell
imaging station (Invitrogen, USA). The number of cells
showing features of apoptosis was counted as a function of
the total number of cells present in the field.

29 PCR

PCR mixture (final volume of 20 pL) contained 1 pL of
cDNA, 10 pL of Red Taq Master Mix 2x (Amplicon) and
1uM of each complementary primer specific for Bax, Bcl2,
P53, Caspase 3 and B-actin (internal control) sequence. The
samples were denatured at 94°C for 5 minutes, and
amplified using 35 cycles of 94°C for 30 seconds, 49°C for
30 seconds, and for Bax, Bcl2, P53 renaturation was set to
53°C and for B-Actin the renaturation was set to 55° C for 30
seconds followed by a final elongation at 72°C for 10
minutes. The optimal numbers of cycles have been selected
for amplification of these two genes experimentally so that
amplifications were in the exponential range and have not
reached a plateau. Ten microliters of the final amplification
product were run on a 2% ethidium-stained agarose gel and
photographed.

3. Results

3.1 Effect of PPC on cell viability

MTT is reduced by living cells and the resultant formazan
product is proportional to the cell viability. PPC treatment
(2 - 1024 pg/ml for 24 h) of HeLa cells induced a dose-
dependent cytotoxicity, with approximate LD50 observed at
63.91 pg/ml (Figure 1).
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Fig 1: Cytotoxic effect of PPC on HelLa cells by MTT assay. Data
are presented as mean + SD of each of three replicates (n = 3).

3.2 Apoptotic morphological changes

Acridine  orange/Ethidium  bromide staining reveals
distinctive characteristic of apoptotic morphology in HelLa
cells. This method discriminates viable cells with uniform
bright green nuclei and non-viable cells with orange to red
nuclei. The results obtained from AO/EB staining are
presented in Figure 2 A, B, C, D. Control cells fluoresced
brightly with green nuclei and showed normal morphology.
In contrast, at 30 and 100 pg/ml PPC exposure revealed a
dose dependent orange luminescent apoptotic body
formation and the percentage of apoptotic cells were found
to be 32 = 1.5% and 65.8 £ 3.2 % when compared to 11 +
0.5% in control (p<0.05) HeLa cells.
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| -

» PPC 30pg /migreen

s A

E1IDIUM BROMITE - ACRIDINE ORANGE STAIN
Control red

PPC 30 pg/mlved
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Fig 2: Photomicrograph showed the PPC induced apoptosis. (A) Control: White arrow showing normal cells, (B) 160 pg/ml: White arrow
showing cells in early apoptotic phase, (C) 320 pg/ml: Yellow arrow showing cells in late apoptotic phase whereas white arrow represents
necrotic cells, (D) 320 pug/ml — 1: White arrow showing cell lines in necrotic phase.

3.3 Effect of PPC on mRNA expression pattern of
apoptotic markers

Bcl-2 and Bax are important members of cytoplasmic
proteins engrossed in apoptosis. To analyze the anti-cancer
effect of PPC on HelLa cells, we determined the mRNA

expression of these pro- and anti-apoptotic markers. (Figure
3) depicts the expression of Bcl-2, p53 and Bax proteins by
RT PCR analysis. PPC up-regulated Bax and p53, on the
other hand it down-regualted the BCI2.

Reverse transcriptase - PCR

P53 gene

BCI2

Fig 3: Dose dependent effect of PPC on mRNA expression pattern of apoptotic markers Bax, Bcl 2 and P53 in control and experimental
groups. 3-actin mMRNA was used as housekeeping gene for the normalization of mMRNA expressions. Quantification graphs Values are
expressed as mean + SD.
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4. Discussion

Our results show that cytotoxicity was greatly increased in
PPC treated HelLa cells, which was shows its cytotoxic
potential. Reduction of the tetrazolium salt MTT to a blue
formazan product is widely used for assessing cell survival.
The reduction is mainly catalyzed by dehydrogenases
localized in the mitochondria of viable cells [,
Mitochondria indicates the viability and non-viability of the
cells by playing a central role by controlling the cellular
energy metabolism, contribution of reactive oxygen species
(ROS), and release of apoptotic factors into the cytosol 4,
The results of MTT assay suggested a direct and dose
dependent anti-cancer potential of PPC against HeLa cells.
Our results provided supportive microscopic evidence for
apoptotic property of PPC in AO/EB staining. Acridine
orange is a permeable dye which stains viable cells which
will be uniformly green. During apoptosis, cell membrane
becomes permeable to EtBr and the cells turn orange red
after EtBr intercalating with DNA. Imbalance between
deoxyribonuclease and the enzymes responsible to maintain
DNA integrity occur which results in chromatin
condensation and resultant cell death during apoptosis ™%,
Following PPC exposure, cells succumbed to apoptosis
indicating its anti-carcinogenic property.

In an apoptotic cell, Bad protein displaces Bax and binds to
the antiapoptotic members Bcl-2 and Bcl-xL €1, Bax and
Bcl-2 are involved in the regulation of caspase-3 mediated
apoptosis 1. Numerous studies have shown that Bcl-2, as a
negative regulator of cell death in the Bcl-2 family
members, protects cells against suffering from apoptosis
induced by various stimuli in a wide variety of cell types [*8],
whereas Bax as a positive regulator of cell death promote or
accelerate cell death. Elevations in pro-apoptotic proteins,
such as Bax, are believed to stimulate mitochondrial
generation of ROS and contribute to neural cell death in
neurodegenerative diseases. Moreover, over expression of
Bcl-2 disrupts the pro-apoptotic proteins of Bax and prevent
the mitochondrial release of cytochrome c, thereby
inhibiting the activation of caspases cascade and apoptosis
(191, The ratio of Bcl-2 of Bax determines the survival or
death of neurons following an apoptotic stimulus. PPC
exposure enhanced the expression of Bax and diminished
the expression of Bcl-2 in HelLa cells and thereby could
induce the apoptosis. It may induce the loss of A¥m and
increases the mitochondrial permeability and the release of
cytochrome ¢ from the mitochondria, thereby activating
caspase-9/3 and ultimate cell death. p53, also known as
TP53 or tumor protein is a gene that codes for a protein that
regulates the cell cycle and hence functions as a tumor
suppression. It is very important for cells in multicellular
organisms to suppress cancer. PPC administration enhanced
the expression of p53 indicating its anti-cancer effect.

5. Conclusion

From the data it is clear that Pancha Paasana Chendhuram is
cytotoxic to human cervical cancer cells (HeLa cells). It
produces cytotoxicity by initiating apoptosis through up-
regulation of Bax, p53 and down-regulation of BCI2 mMRNA
expression.
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