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ABSTRACT: Arecanut, the nut of areca palm (Areca catechu L.) is one of the popular chewing substances 

in the world. It is mostly chewed along with betel leaf (the leaf of Piper betle L.) and slaked lime (calcium 

hydroxide) in the form of betel quid.  Both arecanut and betel leaf have immense medicinal values including 

anticancer activity.  A poly herbal gel, called Pugasaram, containing arecanut and betel leaf as major 

components along with certain other herbs in minor proportions is prepared and tested for its anticancer 

property against CAL-27 oral squamous cell carcinoma cells. In this in vitro study, the Pugasaram exhibited 

both cytotoxic as well as anticancer property against CAL-27 cells with an IC50 value of 500 µg/ml. Cells 

treated with Pugasaram displayed alteration in cell attachment, proliferation and morphology with significant 

increase in apoptosis, lower migratory potential and fewer colony formation in such cancer cells. With these 

results in hand, Pugasaram may be exploited further as a chemotherapeutic drug.  
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INTRODUCTION 

Cancer is a dreaded disease wherein the cells undergo uncontrolled multiplication and proliferation throughout 

the body leading to mortality. Oral squamous cell carcinoma (OSCC) is one of the common cancers on humans 

in several countries. This cancer is a malignant neoplasia that arises in several parts of oral cavity including 

the lip, tongue, the skin lining the mouth and gums, beneath the tongue, at the base of the tongue, etc. Even 

throat cancers are also included in this category of oral cancer. The exact cause for this malady is mostly 

unknown. Though the use of tobacco is one of the risk factors for oral cancers, other causes are mostly 

skeptical without conclusive scientific evidences [1].  

Though there are several therapeutic options including surgery, radiation therapy and chemotherapy in modern 

medicine to combat cancer in its early stages, there has been growing demand in recent years to explore the 

potential of herbal plants as an alternative therapy for such diseases.  Umpteen numbers of plants are already 
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known for their medicinal properties. Areca (Areca catechu L.) palm of the family Arecaceae or Palmae is one 

such plant having lots of medicinal properties [2]  It is a slender (about 15 cm dia) and tall palm (reaching up 

to 30m height) growing abundantly in several south and Southeast Asian countries [3].  Most of the parts of 

this palm, including its root, green stem, leaf, inflorescence, fruit and nut show such beneficial effects [4].  

 

The nut of areca palm is known as arecanut. It is misnamed as betel nut in several parts of the world as this 

nut is commonly chewed along with betel leaf (the leaf of a tropical vine called betel vine (Piper betle L.) of 

Piperaceae family). Except for their ubiquitous presence in the chewing mixture, there is no other similarity 

between betel vine and areca palm [5]. However, the fact that, both arecanut and betel leaf are reported to 

exhibit lots of medicinal properties including anticancer activity [2, 6]. Considering these beneficial effects of 

these two common chewing components an herbal gel called Pugasaram was formulated and evaluated its 

anticancer property against oral squamous carcinoma cells.  

  

MATERIALS AND METHODS 

Preparation of Pugasaram  

The preparation of Pugasaram is fully described in earlier publication [7].  It mainly contains arecanut, betel 

leaf, certain other herbs and honey.  

Methodology: 

a. Cytotoxicity study 

The cytotoxicity of Pugasaram on oral squamous carcinoma (CAL-27) cells was conducted  in vitro by MTT 

assay and compared with that of the standard anticancer drug Cisplatin.  

b. Cell viability Assay  

The effect of Pugasaram on cell viability was studied at a concentration equivalent to its IC50 value and 

compared with that of Cisplatin at its IC50 concentration on CAL-27 cells. The CAL-27 cells were treated with 

Cisplatin and Pugasaram at the concentration of their IC50  values for 48 hours and cell viability was assessed 

both by capturing the images of cells using crystal violet staining and also by visual counting of cell clusters. 

ZEISS inverted microscope was used to observe the images.  

c. Cell Migration Assay  

The CAL-27 cells were seeded on a culture plate, a scratch was made in the monolayer using a pipette tip and 

migrated cells into the gap were noted over a period of 72 hours in both the treatments. Images were captured 

at the beginning and regular intervals during the cell migration process. Image J software was utilized to 

measure the distance of cell migration across the gap in response to the drug treatment. The measurements 

were performed on images taken at different time points during the 72 hours 

d. Colony Formation Assay  

CAL-27 cells were treated with these two compounds and allowed to grow and divide over a period of 3-5 

days. During the incubation period, the cells started to organize into visible colonies, which were readily 

observable to the naked eye. The colonies were then stained with 3% crystal violet stain and incubated in the 

dark for 1 hour to allow the stain to bind to the cells, and images of the stained colonies were captured. The 

captured images were then analysed to quantify the number of colonies formed in each well. 

e. Live-Dead Assay  

The live dead assay was performed to differentiate the live and dead cells in both the treatments. Images of 

the stained cells were captured and Image J software was employed to calculate the ratio of live and dead 

cells. The obtained images and calculations were used to determine the percentage of cell death in each 
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treatment group with respect to the control. The percentage of cell death was then converted into fold change 

values to compare the effect of the drug treatments. 

 

RESULTS 

a. Cytotoxicity study 

The results indicated that both Pugasaram and Cisplatin exhibited dose-dependent cytotoxic effect on CAL-

27 cells. As the concentration of these two drugs increased, the percentage of cell viability gradually decreased, 

indicating their cytotoxic impacts on such cancer cells. The half-maximal inhibitory concentration (IC50) of 

Pugasaram was found to be 500 µg/ml, but for Cisplatin it was much less at 6µg/ml (Figures 1 and 2). 

b. Cell viability Assay  

The crystal violet staining of CAL-27 cells treated with Pugasaram (500µg/ml) and Cisplatin (6µg/ml) for 48 

hours showed a notable effect on cell viability compared to the control. The treated cells exhibited distinct 

staining patterns compared to the untreated control cells. Images captured using a ZEISS inverted microscope 

revealed disrupted cellular arrangement with irregular cell shapes and reduced cell density in treated cells 

compared to control. Specific changes such as changes in cell shape, clustering and detachment from the 

culture plate were also observed (Figure 3). 

Manual counting of cells showed an inhibitory effect of both Cisplatin and Pugasaram on the population of 

CAL-27 cells (Figure 4).  The untreated control group showed a population of 215-245 cells/µl, whereas it 

was only 10-20 cells/µl in Cisplatin treated group and 120-190 cells/µl in Pugasaram -treated group indicating 

that both Cisplatin and Pugasaram decreased the population of CAL-27 cells significantly (p<0.001 and 

p<0.01, respectively).  

c. Cell Migration Assay  

Visual inspection of the captured images revealed changes in the migration pattern of CAL-27 cells in response 

to the drug treatment. The images demonstrated that cells treated with Pugasaram exhibited less migration 

than the Cisplatin and control group (Figure 5).   

d. Colony Formation Assay  

The photographs of CAL-27 cell colonies in different treatments are shown in Figure 6.  Stained colonies 

exhibit varying sizes, shapes, and densities, which are readily observable to the naked eye. A noticeable 

difference in the number and size of colonies was observed between the control and the drug treated groups.  

Statistical analysis of the colony counts revealed a significant decrease (p<0.05) in colony formation in 

response to the drug treatment compared to the control group (Figure 7).  

e. Live-Dead Assay  

The visual observations show an increase in apoptosis in response to the drug treatment compared to the 

control (Figure 8).  

There was a significant increase in apoptosis in the Cisplatin and Pugasaram treated groups compared to 

control (p<0.001 and p<0.05, respectively) indicating the apoptotic effects of the drugs on CAL-27 cells 

(Figure 9). 

 

DISCUSSION 

In Ayurvedic system of medicine, polyherbal formulation using multiple herbs is advocated to achieve better 

therapeutic results with reduced side effects.  Arecanut is mostly chewed along with the leaf of P. betle and 

slaked lime (calcium hydroxide). This chewing mixture is commonly called betel quid or ‘tambula’. There are 
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reports to show chewing of such traditional form of betel quid is a healthy practice [8, 9].  In a survey conducted 

on chewers and non-chewers of traditional, uncontaminated form of betel quid not a single instance of cancer 

was reported among 292 betel quid chewers, whereas there were two cancer patients among 232 non-chewers 

of betel quid [10]. The present study also confirms that the Pugasaram, which contains areca nut and betel leaf 

as major components, also exhibits effective anticancer property.   

The knowledge on the anticancer property of arecanut is not new. In the year 1974, Kumari et al reported that 

in mice topical application of benzpyrene (BP), a carcinogenic inducing chemical, at 5 µg per animal three 

times a week showed tumour growth in all the treated mice (10/10) at the end of 39th week, but when arecanut 

extract (0.1 ml of 2.0 % solution) was applied along with BP no such tumour (0/10) was observed during that 

period [11].  

Pai et al (1981) reported that even saccharin coated arecanut diet reduced the carcinogenic potential of 

carcinogenic inducing chemical 1,4-dinitrosopiperazine [12]. In the study conducted on mice with more than 

20 animals in each group with an experimental period of 40 weeks it was reported that the tumours were more 

common in the group treated with 1,4-dinitrosopiperazine than in group treated with 1,4-dinitrosopiperazine 

along with the extract of saccharin coated arecanut.  

In a very recent study conducted in vivo on Sprague-Dawley rat to find out the chemotherapeutic effect of 

arecanut extract on tongue cancer it was reported that at the end of 23 weeks of observation in animals treated 

with 30ppm of cancer inducer (4NQO) in drinking water for 12 weeks the incidence of tongue cancer was 

71.43%, whereas it was 0% when arecanut aqueous extract was given in drinking water at doses of 500 and 

1000 mg/kg BW for 22 weeks after a gap of one week of treatment of 4NQO for 12 weeks [13]. 

Arecoline, one of the important phytochemicals present in arecanut, also reported to be anticancerous.  In vitro 

treatment of arecoline at concentrations ranging from 10 to 100 µg/ml for 24h inhibited the growth of basal 

cell carcinoma BCC-1/KMC cells in dose dependent manner, but showed no toxic effect on HaCaT cells [14].  

It was also reported that the arecoline hydrobromide (AH) attenuated cancer cell proliferation and tumour 

growth in xenograft mice and there was complete inhibition of tumour growth at the maximum tolerated dose 

of 50mg/kg/day of AH treatment [15].  

The other most common ingredient of betel quid is the leaf of P. betle (betel leaf). Even this leaf exhibits 

strong anticancer properties against several cancer cells including those causing skin, oral, fore-stomach and 

breast cancers [16].  The hydroxychavicol, the most abundant phenolic compound in betel leaf was reported to 

be responsible for such anticancerous activity [17].  This phytochemical of betel leaf was already reported to 

arrest the growth and multiplication of oral carcinoma KB cells as well [18].  

Even studies conducted on laboratory animals substantiated the anticancerous property of betel leaf. A 

remarkable inhibition of prostate tumour volume by 72% was noticed in xenograft mice when 

hydroxychavicol was orally fed at a dose of 150 mg/kg bw daily for six weeks [19].  A significant reduction in 

tumour burden, its volume, weight, viable tumour cell count and increase in the life span was noticed in Ehrlich 

Ascites Carcinoma bearing mice when they were administered with the methanol extract of betel leaf 

intraperitoneally at 100 mg/kg bw for nine consecutive days [20].  

In the present study the gel Pugasaram showed clear cytotoxicity on oral cancer CAL-27 cells with IC50 value 

of 500 μg/ml.  Our earlier study reported an IC50 value of 109.32 µg/ml of Pugasaram against lung cancer 

A549 cell line [7].  This sort of variation in toxicity level against different cancer cells was reported in other 

studies as well. The ethanol extract of arecanut reported an IC50 value of 629.50 μg/ml against the oral cancer 

HSC - 2 cells but against HSC - 3 cells it was only 164.06 μg/ml [21].  
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Sari et al (2018) reported apoptotic effect of arecanut ethanolic extract on HSC-2 and HSC-3 oral cancer cells 

[22]. These authors further postulated that areca nut could be used as a chemotherapeutic agent against human 

oral squamous cell carcinoma. The results of the present study are also in conformity with this wherein the 

antiproliferative effect of Pugasaram on CAL-27 oral cancer cells is clearly projected.  

Thus, Poogasaram, which contains arecanut and betel leaf, in maximum proportions showed clear cytotoxicity 

and anticancer property on oral cancer CAL-27 cells. In earlier studies also this gel proved highly cytotoxic 

on other cancer like A 549 cells [7]. Hence, Pugasaram gel could be effectively exploited further as a chemo 

preventive ayurvedic drug. 

   

CONCLUSION 

The results of this study demonstrate that Pugasaram gel exhibits dose-dependent cytotoxicity against CAL-

27 cells, inducing apoptotic cell death, migration and reducing colony formation. These findings support the 

potential of Pugasaram as an effective Ayurvedic polyherbal preparation with anticancer properties. Further 

investigations, including in vivo studies and clinical trials, are warranted to validate its therapeutic potential 

and to explore its mechanisms of action in more detail. 
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Figures 

 
Figure 1. The graph illustrates the dose-response relationship between the concentration of Pugasaram 

and the percentage of cell viability in CAL-27 cells. *p<0.05, **p<0.01 compared to control. 
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Figure 2. The graph illustrates the dose-dependent relationship between the concentration of Cisplatin 

and the percentage of cell viability in CAL-27 cells. *p<0.05, **p<0.01, ***p<0.001 compared to control.  

 
Figure 3. Photographs of CAL-27 cells treated with Cisplatin and Pugasaram compared to the control 

cells. The treatments with Cisplatin and Pugasaram have induced notable effects on cell morphology 

and cell attachment in CAL-27 cells. 

 

 
Figure 4. The results of manual counting of CAL-27 cells in all three treatments.  .**p<0.01, ***p<0.001 

compared to control, ##p<0.01 compared to Cisplatin. 
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Figure 5. Series of images illustrate the effect of Pugasaram and Cisplatin on the migration of CAL-27 

cells in comparison with that of control.  

 
Figure 6. The photographs of CAL-27 cell colonies in different treatments.  A significant decrease in 

colony formation in response to the drug treatment compared to the control is observed. 

 
Figure 7. The graph showing the difference in the number of colonies formed between the control and 

treated groups.  *p<0.05, ***p<0.001 compared to control, ##p<0.01 between Pugasaram and Cisplatin. 
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Figure 8. The captured images show stained CAL-27 cells that were treated with Cisplatin and 

Pugasaram to differentiate between live and dead cells. The images show distinct fluorescence signals: 

blue fluorescence representing live cells stained with DAPI and red fluorescence indicating apoptotic 

cells stained with PI.  

 
Figure 9. The graph displays the fold change in apoptosis relative to the control group. *p<0.05, 

***p<0.001 compared to control, ##p<0.01 compared to Cisplatin.  

 


