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ABSTRACT

Cancer is one of the principle causes of human mortality in all countries. Surgery, chemotherapy
and radiotherapy are the usual therapeutic remedies for this disease. As there are several side
effects of such treatments, the researchers are constantly in search of certain alternate remedial
measures using promising herbal products. Several plants are already known for their anticancer
properties. In Ayurvedic system of medicine, preparations using several herbs, called polyherbal
products, are generally preferred over single herb preparation. In the present study, the anticancer
property of a polyherbal gel known as Pugasaram, prepared mainly by using arecanut and betel leaf
as the main ingredients along with ten other plants / plant products, was studied in cancer induced
mice. The preliminary toxicity study revealed that there was no change in the behaviour of mice
fed with this gel at a concentration of 2000mg/kg body weight. The anticancer efficacy profile of
Pugasaram showed a significant reduction in the size of tumors and their progression compared to
the untreated DMBA applied mice and showed even better than that of cisplatin treated group.
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INTRODUCTION the single herbal product, the polyherbal

Cancer is an important cause of mortality
worldwide irrespective of the status of human
development!!l, This disease is characterised
mainly by uncontrolled cell multiplication and
proliferation. If not treated properly it spreads
to other tissues and organs leading to multiple
complications. The conventional treatments
such as surgery, chemotherapy and
radiotherapy often pose severe side effects.
Hence, researchers are in search of certain
alternate chemotherapeutic agents from plant
sources with less side effects.Since the
beginning of human civilization plants are
being used for treating several diseases(?>3. In
Ayurvedic system of medicine, herbal
preparations using multiple plants (polyherbal
products) are generally prescribed as the
remedy for treating such diseases!®l. The
concept of polyherbal remedy, exploiting the
combined therapeutic values of different
plants, originated long backPl. Compared to

preparations have several advantages such as
lesser side effects, lower toxicity, synergistic
activities and better resultsf®l. Because of
these advantages, polyherbal formulations are
now increasingly becoming popular over
conventional medicines. In the present study,
12 plants / plant parts or products, namely the
dried nuts of Areca catechu 20%, the dried
leaf of Piper betle 20%, dried barks of
Mimusops elengi 4%, Areca catechu 2%,
Azadirachta indica 2%, Ficus bengalensis 2%
and Pongamia pinnata 2%, dried rhizomes of
Curcuma longa 2% and Alpinia calcarata 2%,
dried flower buds of Syzygium aromaticum
2%, dried fruits of Piper longum 2% and
honey 40%, already known for their anticancer
properties, are used to prepare the gel
Pugasaram. Arecanut (the fruit of areca palm,
A. Catechu L. of Arecacea family) and betel
leaf (the leaf of betel vine R betle L. of
Piperaceae family) are the two ubiquitous
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ingredients of betel quid, a popular chewing
mixture in India and several other countriesl’].
Both these plant parts exhibit several
medicinal properties including anticancer
effectst®13l, Considering this knowledge and
using arecanut and betel leaf as the main
ingredients, the polyherbal gel Pugasaram was
prepared and its anticancer property was
studied in oral cancer induced mice.

MATERIALS AND METHODS

Formulation preparation

A polyherbal preparation, was prepared using
12 different plant products, including areca nut
(endosperm of unripe fresh fruit) and betel
leaf (fresh green leaf) as the main
ingredients{!4l, The whole unripe endosperm of
areca fruit and fresh betel leaf are macerated
together using distilled water, strained, and
the juice was obtained. Other herbs are
powdered individually and mixed with the
above juice, ground well and dried in the
shade. After proper drying, the mixture is
minced and macerated well with honey into a
thick emulsion called ‘Pugasaram’. The
authentication of the medicinal plants was
done at Jeddu Ayurveda Adhyayana
evamAnusandhana Samstha, Alike - 574235,
Dakshina Kannada, Karnataka, India.

Animals

Male Swiss albino mice, 8-10 weeks old and
weighing 25-30 g, procured from Spring Labs,
Tumakuru, India were used in the study, after
obtaining Institutional animal ethics committee
approval (YU/IAEC/P11/2024). The animals
were housed in polypropylene cages under a
12 h dark/light cycle with feed and water ad
libitum. They were acclimatized in the central
animal facility in the Department of
Pharmacology, Yenepoya Medical College,
Yenepoya (Deemed to be University).

Acute Toxicity Test

The test was performed as per OECD 425
guidelines for the determination of acute oral
toxicity. Pugasaram was administered orally to
mice (n=5) one time at 2000mg/kg
bodyweight and the animals were monitored
upto 14 days for behavioural signs of toxicity.

Induction of Oral Cancer in Animals and
Assessment of Anticancer Efficacy
DMBA-induced oral squamous cell carcinoma
(OSCC) was used to evaluate the anticancer
efficacy of Pugasaram, in comparison with the
standard chemotherapeutic drug, cisplatin.
The experiment was conducted in four groups
of mice (n=8 in each group) as shown in
tablel:

Table 1. Experimental Design

Group Name

Treatment Protocol

Duration

Group 1 Control Group

Healthy mice receiving no treatment

Entire study period

DMBA-Induced Oral

Topical application of 0.5% 7,12-
dimethylbenz[a]anthracene (DMBA) in

Group 2 C acetone to the lower lip three times per 8 weeks (Week 1-8)
ancer Group .
week to induce oral squamous cell
carcinoma (OSCC)
) .| Mice received DMBA as in Group 2, followed
Group 3 DMBA+Cisplatir | by oral cisplatin 3 mg/kg body weight once | 8 weeks (Week 9-16)
Treatment Grou every two weeks starting from week 9
Mice received DMBA as in Group 2.
Group 4 DMBA + Pugasaram Pugasaram gel (200 mg/kg body weight) 8 weeks (Week 9-16)

Treatment Group

applied topically to the tumor area once
daily starting from week 9

At the end of the experimental period, all
animals were sacrificed by euthanasia. Tumor
incidence, number, and size were recorded.
Oral tissues from the different experimental
groups were fixed in formalin, dehydrated
using different grades of alcohol, and then
paraffin-embedded. The blocks were cut into
sections of 5 pm thickness and stained using
hematoxylin-eosin.  Photomicrographs were

captured using a brightfield microscope.
Histopathological analyses were conducted
according to standard protocols to assess
morphological changes, degree of dysplasia,
and carcinoma progression.

RESULTS

Acute toxicity

Feeding of Pugasaram at 2000mg/kg body
weight did not induce any toxicity in mice.
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There was no change in the behaviour of such
mice even up to 14 days of observation and
the treated mice were all found normal and
healthy.

Anticancer activity

After 8-weeks of DMBA application, visible
tumors began to appear on the lower lips of
mice, indicating successful tumor induction.
On observation it was noticed that treatment
of Pugasaramon DMBA applied group led to a
significant reduction in both tumour size and
progression compared to the untreated DMBA
applied group. Further, hair regrowth was
observed in the tumour-affected region
following Pugasaram administration (Figure 1).
Additionally, the anticancer efficacy profile of
Pugasaram showed better than that of
cisplatin.  Although cisplatin  effectively
suppressed tumour growth, several mice in
this group showed signs of metastasis. In
contrast, no metastasis was observed in the

Pugasaram treated mice. Further, Pugasaram
treated mice demonstrated improved epithelial
integrity and reduced histopathological
markers of malignancy.

Histopathological examinations of oral cancer
tissues induced by DMBA application showed
invasive squamous cell carcinoma with
disturbed basement membrane architecture,
hyperkeratosis, and substantial epithelial
dysplasia (Figure 2). Reduced mitotic figures
and partial restoration of epithelial integrity
were noted in cisplatin-treated animals,
suggesting modest anticancer efficacy.
Significant histological improvements, such as
re-epithelialization, decreased nuclear
pleomorphism, and low keratin pearl
formation, were observed in mice treated with
the Pugasaram, indicating strong chemo
preventive potential. Angiogenesis and
inflammatory infiltration were significantly
reduced in the Pugasaram treated animals.

Healthy control Tumor control

Cisplatin treatment

Puga saram treatment

Figure 1. In vivo anticancer activity of Pugasaram in Swiss albino mice
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Figure 2. Photomicrographs of H and E-stained oral tissues of mice from different treatment groups

DISCUSSION

Earlier experiments conducted on the toxicity
of arecanut and betel leaf reported that both
these plant parts were safe to animals(!>16],
The present observation is in conformity with
this. The gel prepared by using arecanut and

betel leaf as the main ingredients was found
nontoxic and well tolerated by mice at a dose
of 2000mg/kg body weight. In vitro studies
conducted earlier revealed that Pugasaram
was anticancerous against human lung cancer
(A549) and oral squamous cell carcinoma
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(CAL-27) cells with IC50 values of 109.32
pug/ml and 500.00 pg/ml, respectively [14171,
The present /n vivo study also showed similar
results. Further, in the present observation,
the efficacy of Pugasaram was found even
better than that of the conventional
chemotherapy drug cisplatin against OSCC
cells.Arecanut and betel leaf are the two main
plant parts used in the preparation of
Pugasaram. Further, both these plant parts are
the main ingredients of the common chewing
mixture called betel quid (BQ) which is chewed
mainly for its useful properties [18],

Several in vivo studies carried out on BQ
containing arecanut, betel leaf and lime
(calcium hydroxide) but without tobacco, also
reported anticancer properties. It was
observed that in mice, the extracts of arecanut
as well as BQ exhibited inhibitory effects on
the development and growth of tumors
induced by chemical carcinogen 3:4,
benzpyrenel*?l. In another /n wvivo study,
application of the chemical carcinogen, DMBA,
for six months on the cheek pouches of
hamsters, 70% animals produced carcinoma,
but when DMBA was applied even up to 10
weeks after the application of BQ for 36 weeks
no cancer development was noticed!?%],

There are evidences to show that chewing of
traditional form of BQ or ‘fambuld without
tobacco is a healthy practicel?%?2l, In a survey
conducted on 917 chewers and non-chewers
of BQ, it was noticed that among 292 BQ
chewers without tobacco, incidence of cancer
was not reported, whereas among 232 non-
chewers the incidence of cancer was 0.86%
and among 393 chewers of BQ with tobacco
(BQT) it was 0.25%. Similarly, overall health
problems reported were 13.70% in BQ
chewers, 31.03% in non-chewers and 18.07%
in BQT chewers?3],

Sole arecanut was also reported to be
anticancerous. In hepatocellular carcinoma
(HCC) xenograft mice models, injection of
arecanut extract at 20mg/kg body weight
inhibited proliferation of HCC cells?¥, In a
study conducted on rats, feeding of chemical
carcinogen, 4NQO in drinking water for 12
weeks produced OSCC in 71.43% of the
animals, but, when arecanut extract was fed
at 500mg/kg body weight for 22 weeks after
feeding 4NQO for 12 weeks no OSCC was
detected[®], Even Arecoline, the most active
chemical constituent of arecanut, was reported
to arrest the growth of diverse human cancer
cells such as leukemia (K562) and lung
carcinoma (H 1299) in xenograft mice models

at the concentration of  50mg/kg
bodyweight(?6l, Betel leaf is another major
ingredient of Pugasaram. Several reports say
that this leaf also exhibits effective anticancer
property. In a study conducted on Ehrlich
ascites carcinoma (EAC) xenograft mice, it was
reported that the methanolic extract of betel
leaf exhibited significant anti-tumor activityt?7].
Similarly, oral feeding of betel leaf extract at
400 mg/kg body weight daily for six weeks
showed a remarkable recovery in human
prostate tumor xenograft micel28],
Hydroxychavicol (HC), the major chemical
compound found in betel leaf exhibits even
better anticancer properties than its leaf
extract. The reports show a remarkable
inhibition of prostate tumors in xenograft mice
by 72% by daily oral administration of 150
mg/kg bodyweight of HC for six weeks(?’], In
another study conducted on human chronic
myelogenous leukemia (CML) xenograft mice
models, oral administration of NPB001-05, an
active component derived from betel leaf, also
showed anti-tumor activity3%,

Likewise, there are reports to show that all
other ingredients of Pugasaram such as dried
barks of M.elengi, A. catechu, A. indica, F
bengalensis and P pinnata, dried rhizomes of
C. longa and A.calcarata, dried flower buds of
S. aromaticum, dried fruits of 2 Jongum and
honey also exhibit anticancer properties(3!-40],
All these together improved the effectiveness
of Pugasaram over the conventional
chemotherapy medicationCisplatin.

CONCLUSION

The present study provides first evidence-
based support and molecular legitimacy of
using this polyherbal ayurvedic preparation
Pugasaram in cancer therapy. Treatments
using this ayurvedic gel might offer an
alternative choice besides chemotherapy and
radiotherapy. This study provides the scientific
evidence to conduct clinical trials on oral
cancer patients.
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