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ABSTRACT

Objective: This study aims to assess the phytochemical composition and toxicity profile of pan masala, with and without tobacco, through cellular 
toxicity analysis. The specific objectives are to analyze the cytotoxicity of pan masala extracts on fibroblast and keratinocyte cells and to investigate 
DNA fragmentation and apoptosis induced by these products.

Methods: Two popular brands of pan masala, one with and one without tobacco, were selected for phytochemical and toxicity evaluation. Aqueous 
extracts of both products were tested on mice fibroblast cells for cytotoxicity analysis. In addition, keratinocyte cell lines were employed to assess DNA 
fragmentation and apoptosis through standard molecular assays.

Results: The study revealed a significant increase in toxicity in both types of pan masala. Pan masala extracts caused marked cytotoxic effects on 
fibroblast cells and induced DNA fragmentation and apoptosis in keratinocytes. These toxicological impacts were observed in both tobacco-containing 
and tobacco-free samples, with heightened damage noted in the presence of tobacco.

Conclusion: The findings confirm that pan masala, with or without tobacco, has substantial cytotoxic effects, posing serious risks to normal cellular 
functions. Both varieties are implicated in DNA damage and apoptosis, underscoring the urgent need for public health interventions to reduce the 
consumption of these products due to their potential to cause severe oral and systemic health issues.
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INTRODUCTION

The pan, a traditional chewing mixture, is widely consumed in Southeast 
Asia and India as part of cultural practices and social rituals [1]. This 
preparation, as a rule, includes a mixture of stored lime, bétel, katha 
(Acacia catechu), and an arecanut, and some users prefer to add tobacco 
for its psychoactive effects. Despite the fact that the traditional use of 
betel remains common, there is a major change in the consumption of 
pan masala, a product that provides convenience and certain quality. 
Pan masala often contains similar components to betel but is sold in a 
more sophisticated preparation.

Arecanut, a major ingredient in both betel and pan masala, has long 
been used for its medicinal properties such as aiding digestion and 
antibacterial effects [2]. However, growing evidence from in vitro 
and in  vivo studies has highlighted the possible carcinogenicity of 
arecanut  [3]. Compounds such as arecoline, an alkaloid found in 
arecanut, have been shown to induce genotoxicity and cytotoxicity, 
potentially leading to malignant transformations in cells [4]. In addition, 
lime and catechu, common components of both traditional betel quid 
and modern pan masala, have been found to generate reactive oxygen 
species (ROS), which can cause oxidative DNA damage, leading to 
mutations and cellular dysfunction [4].

The health risks are further compounded by the presence of tobacco 
in some variations of pan masala. Tobacco contains nicotine, an 
addictive alkaloid that makes pan masala more addictive [5]. 
Besides addiction, tobacco has been shown to significantly increase 
oxidative stress in the body, promoting the formation of ROS and 
exacerbating  DNA damage  [5]. The resultant oxidative stress can 
lead to various  pathological conditions, including cancer and 
cardiovascular diseases.

Although some ingredients, such as cardamom, are added for 
their beneficial properties, such as balancing pH and supporting 
kidney function, these beneficial effects may be overshadowed by 
the toxicological risks associated with other ingredients [6]. The 
complex blend of ingredients in pan masala requires a comprehensive 
assessment of its overall safety, particularly with respect to its impact 
on cellular health and genetic stability [7].

The aim of this study is to evaluate the potential toxicity of aqueous 
extracts of pan masala from two high-quality Indian brands currently 
available on the market. By investigating the effects on normal fibroblast 
cells and assessing possible DNA damage using an apoptosis assay, this 
study aims to gain a better understanding of the health risks associated 
with the consumption of pan masala, especially in the context of the 
growing popularity of pan masala as an alternative to traditional betel 
liquid.

METHODS

Sample material
The two of the most premium brands of pan masala for the study 
were obtained from the local pan shop of Sector 15, CBD Belapur, Navi 
Mumbai, Maharashtra.

Extract preparation
One gram of the sample was ground to a fine powder using liquid 
nitrogen. The ground powder was stirred in the distilled water for 24 h, 
centrifuged at 10,000 revolutions per minute, and the supernatant 
was filtered using the 0.22-micron filter to prepare an aqueous extract 
of stock concentration of 100  mg/mL. A  1:1 ratio was used for the 
preparation of the extract of pan masala with the tobacco. A  total of 
four extracts (with and without tobacco) were prepared (Extract 1: 
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Brand 1, Extract 2: Brand 1+tobacco, Extract 3: Brand 2, Extract 4; 
Brand 2+tobacco) [8]. The pan masala brand used in this study has been 
provided in a supplementary document.

Cell lines
Mouse embryonic fibroblast (MEF) and human immortalized 
keratinocytes (HaCaT) were obtained from the National Centre for Cell 
Science, Pune. They were maintained in Dulbecco’s Modified Eagle’s 
Medium (MP Biomedicals) with 10% fetal bovine serum (Gibco) at 37°C 
at 5% CO2.

Phytochemical screening of bioactive compounds present in pan 
masala
Phytochemical screening was done to screen the extracts for the 
presence of bioactive compounds: Alkaloids, flavonoids, tannins, 
phenols, saponins, and glycosides as per the process described by 
Rajkumar et al. [9].

Quantitative analysis of bioactive compound
Phytochemicals found in the qualitative analysis were further 
quantitatively analyzed as per the method described in the previous 
study [10].

Antioxidant activity (1,1-diphenyl-2-picrylhydrazyl [DPPH] 
scavenging assay)
The DPPH free radical scavenging method was conducted to evaluate 
the antioxidant properties of the pan masala extracts. Different 
concentrations of gallic acid (standard) and extract (0.1  mg/ml, 
0.5  mg/mL, 1  mg/mL, and 5  mg/mL) were mixed with 1  mL of 
methanolic DPPH (SRL Pvt) and incubated in the dark for 30  min at 
room temperature (RT) and absorbance was measured at 517 nm [11].

In vitro cytotoxicity assay using mouse embryo fibroblast
It is a spectrophotometric assay that involves the quantification of 
reduced 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) by living cell mitochondrial dehydrogenase enzyme to purple-
blue colored formazan crystals within the cells. MEF cells were cultured 
and used, to measure the cell cytotoxicity, A 96-well plate was seeded 
with 5000 cells/well with the complete media with 10% FBS (Gibco) 
were treated with doses (0.5, 1, 5, 10 mg/mL) of pan masala extracts 
and incubated further for 24  h with 5% CO2. Upon incubation, MTT 
reagent was added and incubated for 4  h, and then 30% dimethyl 
sulfoxide was added. Ciprofloxacin served as a positive control. The 
absorbance was measured at 570 nm using a microplate reader [12].

Apoptosis analysis on Hacat (keratinocyte cell) cell lines
DNA damage by pan masala extracts in HaCaT cell lines was determined 
using the Hoechst staining method described by [13]. A 96-well plate was 
seeded with the 2000 cells/well and treated with the pan masala extracts 
of concentration 5 mg/mL. The cells were fixed with 4% paraformaldehyde 
for 20 min. At RT, washed the cells with phosphate-buffered saline (PBS) 
and incubated the cells with Hoechst 33342 (100 ng/mL in PBS) (SRL, 
Pvt) in the dark for 15 min. Upon incubation wash the cells with PBS and 
mount the cells on a coverslip using dibutyl phthalate polystyrene xylene 
and dry the coverslip and the image was analyzed using a fluorescence 
microscope with emission 350 nm.

Statistical analysis
Statistical analysis was performed using GraphPad Prism 8. The data 
were analyzed by Student’s t-test and one-way analysis of variance all 
the results were expressed as mean±standard error of the mean for 
triplicate determinations. *p≤0.05, **p≤0.01, ***p≤0.001, ****p≤0.0001 
were considered statistically significant.

RESULTS

Phytochemical screening of bioactive compounds present in 
Indian pan masala
The present study was carried out to screen the extracts of pan masala 
for the presence of phytochemicals such as alkaloids, flavonoids, 

saponins, glycosides, phenol, and tannins. The results of the qualitative 
analysis are represented in Table 1. Where (+) indicates presence and 
(-) indicates absence.

Quantitative analysis of bioactive compounds
Total alkaloid content
The dry weight of the alkaloids was noted after the extraction and 
purification. The average alkaloid content for extract 1, extract 2, 
extract 3, and extract 4 was found to be 59 mg/g, 79 mg/g, 76 mg/g, and 
79 mg/g, respectively. The alkaloid content was found to be comparable 
in the pan masala extract with tobacco and pan masala without tobacco. 
The total alkaloid content is represented in Fig. 1.

Total flavonoid content
The total flavonoid content of aqueous extract of pan masala was 
estimated using rutin as standard. The average value of total flavonoid 
concentration of aqueous extracts for extract 1, extract 2, extract 3, and 
extract 4 was found to be 18.872 μg/mg, 7.372 μg/mg, 17.5 μg/mg, and 
14.8 μg/mg, respectively. The highest flavonoid content was found in 
extract 1 followed by extract 3 and the least amount of flavonoid was 
found in extract 2 pan masala with tobacco.

Total phenolic content
The total phenolic content of the aqueous extract of pan masala was 
estimated using the Follin–Ciocalteau method. The figure results clearly 
indicated the highest amount of average phenolic content in extract 
3 (58.52 μg/mg) and the least amount of phenolic content reported in 
extract 2 (4.98 μg/mg). A decrease in phenolic content was observed 
when the pan masala was mixed with tobacco (extract 2, extract 4).

Total tannin content
The total tannin content was estimated using the Follin–Ciocalteau 
method using Tannic acid as a standard. Fig. 1 clearly indicates that the 
highest amount of tannin is present in extract 3 extract (19.901 μg/mg) 
and the least amount was found in extract 2 (0.87 μg/mg).

Radical scavenging activity (RSA)
The premium Indian pan masala extracts were evaluated for antioxidant 
activity using a DPPH radical scavenging assay. Gallic acid was used as 
a standard. Results revealed that all the pan masala extract (extract 
1, extract 2, extract 3, and extract 4) exhibited RSA with IC50 values of 
3.59 mg/mL, 5.07 mg/mL, 2.98 mg/mL, and 2.983 mg/mL. It is evident 
from the graph that extract 3 was found to have high antioxidant 
activity with increasing dose. Both the pan masala extract with tobacco 
(extract 2 and extract 4) have lower antioxidant properties at higher 
doses. The high antioxidant activity of extract 3 extract is due to the 
high phenolic, tannin, and flavonoid content, which are associated with 
the antioxidant capacity. The result is represented in Fig. 2.

Cytotoxicity assay
Cytotoxicity of all pan masala extract on chick embryo fibroblast 
with doses (1  mg/mL, 5  mg/mL, and 10  mg/mL), respectively, was 
determined using MTT assay. Since antioxidant activity was very low in 
a lower dose of 0.1 mg/mL, it was not considered for further analysis. 
Ciprofloxacin which is a potent toxic agent against fibroblast cells 
served as a positive control. Results were displayed as % cell toxicity. 

Table 1: Phytochemical screening of bioactive present in Indian 
pan masala

Compounds Extract 1 Extract 2 Extract 3 Extract 4
Alkaloids + + + +
Glycosides ‑ ‑ ‑ ‑
Flavonoids + + + +
Saponins ‑ ‑ ‑ ‑
Phenols + + + +
Tannins + + + +
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With higher concentrations of extracts, the cell toxicity was found to be 
significantly higher in all pan masala extracts. It was also found that the 
pan masala extract with tobacco was toxic even at lower concentrations. 
The IC50 values of extract 1, extract 2, extract 3, and extract 4 were 
found to be 7.72 mg/mL, 5.23 mg/mL, 4.76 mg/mL, and 10.2 mg/mL, 
respectively. The results are represented in Fig. 3.

Apoptosis analysis on HaCaT cell lines
Since the pan masala extracts were found to be toxic to normal cells, we 
further evaluated if the extract could be involved in DNA fragmentation 
and apoptosis in keratinocytes as the oral mucosa also consists of 
keratinocytes [14].

As 10 mg/mL was highly toxic to fibroblast cells therefore a moderate 
dose of 5 mg/mL was used. Hoechst staining of pan masala extract at 
a concentration of 5 mg/mL was performed on HaCaT cells (Fig. 4a). 
Indicating that as compared to the control, significant apoptosis was 
seen in the cells treated with extract 3 and extract 4. Fig. 4b indicates the 

% fold increase in apoptosis is higher in the cells treated with extract 
3 (14.12 times) followed by extract 3 (13.7 times). The representative 
images of apoptosis by pan masala extract are given in Fig. 5.

DISCUSSION

The present study investigated the phytochemical profiles of two 
popular pan masala brands using aqueous extracts. Both samples 
contained alkaloids, flavonoids, phenols, and tannins. Previous studies 
have similarly identified polyphenols, such as catechin and tannins 
such as gallic acid and D-catechol, as major phenolic compounds in pan 
masala [2], supporting our findings that these specific classes are likely 
to present in the analyzed samples. Among the alkaloids, arecoline, and 
nicotine were notable for their psychoactive and addictive properties, 
which contribute to the chronic consumption of pan masala [5].

Our analysis of the antioxidant potential revealed that the pan masala 
variant without tobacco exhibited increased RSA in a dose-dependent 
manner. In contrast, the tobacco-containing variant showed decreased 
RSA, likely due to oxidative stress induced by tobacco, which enhances 
the formation of ROS and reduces antioxidant activity [15]. Despite the 
significant antioxidant properties, pan masala consumption has been 
linked to cytotoxic effects.

To further understand the potential health risks, we conducted 
cytotoxicity assays on mouse fibroblast cells. Both tobacco-containing 
and tobacco-free pan masala extracts demonstrated dose-dependent 
toxicity. This observation aligns with prior research that attributes 
pan masala’s cytotoxicity primarily to arecanut and tobacco 
constituents  [16]. Arecoline and arecaidine, compounds in arecanut, 
inhibit protein synthesis, deplete intracellular thiols, and possess 

Fig. 1: Quantitative analysis of phytochemicals present in the 
extracts. Values represented are mean±standard deviation of the 

phytochemicals present per gram/milligram of sample used

Fig. 2: Radical scavenging activity of the pan masala extracts. 
n=2, values represented as mean±standard deviation, *denotes 

significance compared to control

Fig. 4: Apoptosis observed in human immortalized keratinocyte 
cells (left), fold increase in apoptosis after pan masala treatment 

(right). n=2, values represented as mean±standard deviation, 
*denotes significance compared to control

Fig. 3: Cytotoxic activity of the pan masala extracts in mouse 
fibroblast cells. n=2, values represented as mean±standard 

deviation, *denotes significance compared to control
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cytotoxic properties. Moreover, the nitrosamine derivatives of arecoline 
(arecoline-specific nitrosamines) and tobacco (tobacco-specific 
nitrosamines) are potent carcinogens, capable of causing DNA adducts 
and strand breakage [17]. Previous studies have reported cytotoxicity 
in L929 fibroblast cells following exposure to arecanut extracts and 
oxidative damage to HaCaT cells caused by nicotine [18]. Both arecoline 
and nicotine appear to act synergistically, exacerbating cytotoxic effects.

In our study, DNA damage was further evaluated using Hoechst staining 
on HaCaT cells treated with pan masala at a concentration of 5 mg/mL, 
a dosage based on the IC50 values. Significant apoptosis was observed 
in keratinocytes post-treatment, evidenced by chromatin condensation, 
apoptotic bodies, and nuclear fragmentation. These results are 
consistent with previous findings that highlight the dose-  and time-
dependent increases in free radicals, DNA damage, lipid peroxidation, 
and apoptotic cell death in human oral keratinocytes upon short-term 
exposure [19,20].

The detection of phytochemicals such as alkaloids, flavonoids, 
phenols, and tannins indicates that pan masala may possess bioactive 
compounds with both beneficial (antioxidant) and harmful (cytotoxic) 
effects. The presence of arecoline and nicotine, along with their 
nitrosamine derivatives, underscores the carcinogenic potential of 
these products, especially with chronic use. Notably, the increase in ROS 
and subsequent decrease in RSA in tobacco-containing variants of pan 
masala suggest that these products could exacerbate oxidative stress, 
leading to DNA damage and potential progression to malignancies. 
Chronic ingestion of these substances is also associated with systemic 
toxicity, including liver fibrosis and damage to other internal organs.

CONCLUSION

Since eons, people have been consuming varieties of pan masala as 
a nerve stimulant. Despite statutory warnings on the pouches, its 
demands are flourishing. We conducted a noteworthy study on the toxic 
potential of pan masala brands. Our findings suggested that pan masala 
constitutes various phytochemicals such as polyphenols, tannins, 
and flavonoids. These compounds were attributed to the antioxidant 
potential of the pan masala. Interestingly, despite significant RSA pan 
masala extracts exhibited significant cytotoxic effects on the fibroblast 
and HaCaT cells even at the lower dose of 5 mg/mL more so in the extract 
containing tobacco. In light of the above data, it can be concluded that 

irrespective of phytochemicals, some of the components of pan masala 
such as catechin, lime, arecoline, and nicotine potentially generate ROS 
that damages DNA and alters the DNA repair system. Hence, pan masala 
with or without tobacco is toxic to cells and can lead to apoptosis and 
chronic consumption may lead to oral malignancies.
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