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Abstract- Sadagura a special smokeless tobacco preparation is being very popular in southern part of Assam, North -East India. The
study is the first report on the genotoxic effect associated with the sadagura (SG) with or without areca nut (AN) extract in vivo in albino
mice. Analysis of chromosome aberration (CA), micronucleus (MN) were performed in the bone marrow cells and sperm head
abnormality (SHA) assay, total sperm count (TSC) were done in germ cells compared with control. A significant increased in the
frequency of CA was found in AN+SG extract treated group (24.33%, P<0.001), MN (4.59% PCEs, P<0.01) respectively, SHA (13.46%,
P<0.001) and TSC (17.98, P<0.001). The genotoxic effects brought about by the extracts were dose dependent. However, most highest
rise in the frequency of CA was observed at the combine AN+SG treated group at 24 h exposure, which was highly significant at
(P<0.001) compare with AN and SG alone treated groups and negative control. There was a time dependent decreased in the frequency
of CAs. AN with or without SG showed statistically significant impairment of SHA and reduce TSC suggesting the role of test extracts
in male germ cell toxicity. Result of lipid peroxidation indicates that exposure of SG and AN extracts leads to a significant induction of
cytogenetic damage in bone marrow cells, male germ cell toxicity as well as substantial increase in oxidative stress in liver of mice.
These results could provide valuable information about the cause of oral precancerous and malignant transformation in betel quid
chewers.

l. INTRODUCTION

ifestyle factors account for about 80% of human neoplasia cases [1]. Smokeless tobacco (ST) is the cheapest, easily available and

most commonly used tobacco products in India. Sadagura is very popular special smokeless tobacco preparation used by the local
population of the southern part of Assam, India. It mainly contains tobacco whose main alkaloid is nicotine. The strong flavor and
stimulating effect associated with sadagura consumption ultimately results into addiction among users. It is chewed and swallowed
mostly with betel quid containing areca nut (main alkaloid arecoline). The highest incidence of oral cancer in India is reported in Assam
in the North-East region, where it is the second leading cancer among men and third among women [2]. Therefore, it becomes important
to assess the genotoxicity of new tobacco preparations like sadagura alone or in combination with areca nut consumption. Betel quid
alone or in combination with smokeless tobacco and/or smoking has been considered as major risk factors for oral cancer and
precancerous lesions in habituates [3]. Consumption of sadagura with or without areca nut often leads to increased incidence of
micronucleus and other nuclear abnormalities in the buccal epithelial cells of human population study [4].

The local population consumes sadagura along with betel quid containing areca nut on large scale without knowing its harmful
effects. They usually expose the buccal epithelial cells directly to the test substances for longer time period from morning till night by
consuming one quid after another. It is also important to note that the site within the oral cavity, where carcinoma usually develops, is
the place where quid is placed for prolonged period [5]. There is reported cases of betel quid chewing stimulates mitosis during wound
healing and exposes germinal basal cells to genotoxins and infection by HVP [6]. Epidemiological studies have documented that the
habit of chewing betel quid is major risk factor in the causation of oral cancers. Tobacco and areca nut are the main suspected sources
of carcinogens and/or their precursors in betel quid. Tobacco has shown a close correlation between the manner of its consumption and
the development of site specific cancers. There is a high probability that compounds that exhibit genotoxic activity will also exhibit
carcinogenic activity. In vitro genotoxic effects of areca nut extract and arecoline was shown by using Chinese Hamster ovary cells [7].
By considering the above facts we are trying to give an insight into the genotoxicity induced by sadagura (SG) extract alone or in
combination with the areca nut (AN) extract in vivo in albino mice. There is already published paper regarding genotoxicity of arsenic
exposure and SG by bone marrow micronucleus assay, sperm head abnormality (SHA) assay as well as lipid peroxidation assay [8].
However, there is no available data of genotoxicity study of SG and/or areca nut extract in mice. This study is the first report of
genotoxicity induced by SG extract in vivo in juvenile mice. Genotoxicity was tested by using cytogenetic endpoints like bone marrow
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Chromosomal aberration (CA) and Micronucleus (MN) assays. Germ cell toxicity by Sperm head abnormality (SHA) assay and Total
sperm count (TSC) per epididymis using Haemocytometer. CA assay constitutes a set of efficient, reliable and fundamental assay for
evaluating the in vivo genotoxicity in mice. Hence, CA assay was developed to study such structural and numerical abnormalities and
this technique provides reliable and sensitive information regarding genetical alterations induced by various chemicals and mutagens
[9]. Micronucleus (MN) assay of bone marrow cells is one of the fundamental assays by which the genotoxicity of a test substance can
be determined [10]. We also try to see the effect on germ cells by studying SHA which is a reliable and widely used technique to
determine toxicity potential of test substances and is often used for mutagenicity and toxicological studies in mice [11-14]. Oxidative
stress evaluation was also carried out in liver tissues because of their essential role in metabolizing various toxic compounds in the body.
Lipid peroxidation assay relies on the measurement of level of malonaldehyde (MDA\) in the tissue which in turn is useful in estimating
the extent of oxidative damage caused to the lipid integrity [15]. Therefore, this study is focusing on mechanism of induction of
carcinogenesis by considering both genotoxicity and oxidative stress by releasing ROS by considering SG alone or in combination with
AN in treated mouse.

Il. MATERIALS AND METHODS

2.1 Reagents

Glacial acetic acid, Methanol, Sodium chloride (NaCl), Potassium chloride (KCI) was purchased from Qualigens. Colchicine was
purchased from Sigma chemicals Co. (St Louis, MO). Giemsa’s stain, Eosin Y stain, Tricarboxylic acid (TCA), Thiobarbituric acid
(TBA) were procured from Himedia Laboratories Pvt. Ltd., Mumbai, India. Mitomycin C (MMC) was obtained from Cadila
Pharmaceuticals, India. Dimethyl sulphoxide (DMSO) was purchased from S.D. Fine-chem. Limited, Mumbai, India.

All other chemicals were purchased from Himedia and Qualigens. All the reagents used for treatment, buffer were freshly prepared in
distilled water before administration into the test system and prior to experimentation respectively.
2.2 Animals

Male Swiss albino mice (Mus musculus) 10-12 weeks old and weighing between 22-28 g purchased from the Pasteur Institute,
Shillong (Meghalaya, India) were used in this study. The present investigation was conducted with due permission and proper guidelines
from the Animal Ethics Committee Assam University, Silchar.

The advantage of using mouse as a model is that it posses proliferating cells both in somatic (bone marrow) and germinal (testes)
tissues, which makes the genotoxicity studies more convenient. Animals were caged in solid-walled plastic cages with stainless steel
mesh lids. They were housed in a group of two/three in small cages and four-six in large cages. Animals were maintained under
conventional laboratory conditions at room temperature 26.0 £ 5.0 °C and in 12-h light/dark cycle. Mice were provided with standard
food pallet and water ad libitum. Cages were cleaned twice weekly. The experiments were conducted as per Assam University
Institutional Animal Ethical Committee guidelines.

Three animals were selected for every experiment of genotoxicity studies since mice were selected from closely inbred colony
there would be less probability of genetic divergence among the animals. Hence, a very small size of animals (3) animals for genotoxic
experiments would suffice the purpose as genetical response of the animals towards the chemical would not vary much from each other.

2.3 Treatment schedules and dose levels

The treatment schedules of the bone marrow CA, MN tests as well as lipid peroxidation assay are illustrated in Table 1.
For SHA assay animals were treated with AN, SG and AN+SG extracts for 14 consecutive days and scoring was done after 35 days
from the first treatment day.

2.4 Plant materials and extraction procedures
Areca nut extract

For the preparation of AN extract, ripe, dry areca nuts were obtained from the local market of Irongmara, Silchar, India. After
removal of the fibrous coats, the nuts were cut into thin slices, oven dried and powdered by using mixer-grinder. Preparation of extracts
was following the protocol of [16] with minor modifications. Briefly, powdered AN was mixed with dichloromethane in (1:10 ratio)
and kept in shaker at room temperature for 72 h. The mixture were then filtered and dried. The residue was dissolved in DMSO at a
concentration of 60 mg/ ml and stored at -20°C for further use.

Three acute doses 20, 50 and 80 mg/kg body weight of AN was given orally by gavages (p.o) to Swiss albino mice for five
consecutive days and scoring was done after 24 and 48 h of last treatment day, for genotoxicity and lipid peroxidation studies.

DMSO was used as a solvent and the extract solution was freshly prepared prior to the administration to the animals. The control
animals received an equal volume of DMSO given orally. The animals tolerated the dose of extract without any sign of toxicity. The
extract dose, their dilution and mode of administration was selected and based on literature survey and toxicity studies.

Sadagura extract

SG was prepared following local formulation with dried tobacco leaves, fenugreek seed and aniseed mixed in 2:4:1 ratio and all
the ingredients were purchased from local market of Irongmara, Silchar, India. Then, the mixture was powdered. Now, the powdered
mixture is locally called Sadagura (Figure 1). Preparation of extracts was following the protocol of [16] with minor modifications.
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Areca nut with sadagura extract

Areca nut with sadagura (AN+SG) extract was prepared in 1:1 ratio of AN powdered and SG. The powdered AN and SG were
mixed with dichloromethane in (1:10 ratio) and kept in shaker at room temperature for 72 hour. Preparation of extracts was same as
SG.

2.5 Experimental protocols
Chromosome aberration assay

CA assay was conducted following the protocols given by Preston et al., 1987 [17] and Krishna and Hayashi, 2000 [9] with
minor modifications. Mice were injected i.p. with Colchicine (2 mg/kg body weight) 1 h 30 mins prior to sacrifice and 24 and 48 h of
the last treatment. Animals were killed by cervical dislocation and bone marrow cells were collected from both the femora by flushing
in KCI (0.56% pre warmed at 37°C) and cells were incubated for 18-20 mins at 37°C and fixed in 1:3 aceto-methanol for minimum 30
mins in cold (refrigerator). Centrifugation for 5 mins was repeated twice with fresh aceto-methanol. The material, resuspended in a small
volume of the fixative, the slides were prepared by dropping the sample on to the chilled slides from a height of 2 feet and run over the
frame, flame-dried. The prepared slides were stained the following day in 5% Giemsa stain.
By this technique 100 well spread metaphase chromosome plates are observed under microscope and structural changes in chromosome
like breaks, gaps, exchanges, Robertsonian translocation, sister chromatid union could be detected (Figure 2) and scored as indicated in
Table 2 and 3.

Mitotic Index

Mitotic index is the percent ratio of number of dividing cells to the total number of cells observed.
Dividing Cells

Mitotic index (MI) = X100

Total number of cells studied

Micronucleus (MN) assay

Preparation of bone marrow smears and staining was done following the method of Schmid W. 1975 [18]. The bone marrow
cells were flushed out and collected in 0.9% NaCl pre-warmed at 37°C. Smear was prepared, air-dried and fixed in methanol for 10
mins. Staining was done in 5% Giemsa stain following day. The slides were mounted with cover slip using DPX for microscopic study.

The polychromatic erythrocytes (PCEs) are the early maturing stage of RBC taking light blue stain due to the presence of
residual nucleic acids whereas normochromatic erythrocytes (NCEs) are the older maturing stage of RBC and stain light reddish to
transparent (Figure 3) due to the absence of nucleic acids in it. Total 2000 PCEs and its corresponding number of NCEs were analyzed
separately per mice for the presence of MN.

The ratio of PCE/NCE was scored to evaluate the cytotoxic effect of the chemicals tested. A PCE/NCE ratio was significantly
lower than that from the solvent control indicating a decrease in the number or rate of erythrocytes maturation, revealing cytotoxicity.

Sperm head abnormality (SHA) assay:

The animals were sacrificed by cervical dislocation after 35 days of exposure. Both the cauda epididymis were dissected out
and placed in 1 ml of 0.9% normal saline (NaCl). The sperms were released by mechanical disruption and washing of the epididymis
following [19]. The suspension was sieved through two layers of muslin cloth to remove the tissue debris. A drop of the suspension was
taken on a clean glass slide and a smear was made, air dried, and fixed in absolute methanol for 10 mins. The slides were stained in the
following day in 0.1% eosin Y for 10 mins.

Total 1000 sperms per animal were analyzed and scored different types of abnormalities such as normal sperm, amorphous,
beaked, hooked, hookless, altered head, triangular, banana, pin-headed, giant, dwarf, double-headed, and some new, additional types
such as mushroom, pea-nut, bent at cephalocaudal junction, bent at projecting filament (Figure 4).

Total sperm count:

Testes were dissected out and epididymis was carefully separated and minced in 1 ml of NaCl (0.9%) to obtain a suspension
[20]. The suspension was filtered through a nylon mesh. The total sperm count was performed in the filtrate as per the standard method
in Neubauer’s chamber [20, 21]. An aliquot from the suspension (up to 0.5) was taken in leukocyte Haemocytometer and diluted with
NaCl up to mark 11. The suspension was well mixed and 1 or 2 drops was putted into the Neubauer’s counting chamber. The total sperm
count in 8 squares (except the central erythrocyte area) of 1 mm?each was determined and multiplied by 5x10* to express the number
of spermatozoa/epididymis following Narayana et al., 2005 [22].

Total sperm count analysis was also an important parameter indicating the toxic effects of test substances/ chemicals on the
spermatogenesis. This assay is used as a short-term bioassay to investigate the mutagenic or cytotoxic effects of agents responsible for
significant human exposure. In addition, epidemiological evidences indicate that semen quantity in humans has declined progressively
over the past 50 years with a general increase in the incidence of male reproductive pathogenesis including testicular cancer [23].

Lipid peroxidation (LPO) assay:

After sacrifice of mice, liver was removed, cleaned and weight in digital balance. Liver tissue was crush by using Pestle and

Mortar, which was kept in a plastic container containing ice — cubes. Tissue homogenate was prepared in ice—cold normal saline and
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centrifuged for 10 mins at 3000 rpm. The supernatant was used for estimation of the biochemical attribute i.e., lipid peroxidation for
assessment of induction of oxidative stress in liver was done by the method of [15] and expressed as nmol malonaldehyde/g wet tissue.
The step by step procedure is given as follows:

1ml of sample (homogenate containing 0.8-0.9 mg of protein) was incubated at 37 + 0.5°C for 2 h.

To each sample, 1ml of 10% w/v TCA was added.

After through mixing, the mixture was centrifuged at 2000 rpm for 10 mins.

To 1ml of supernatant, an equal volume of 0.67% TBA was added, kept in boiling water bath for 10 mins.

After cooling, it was diluted with 1ml of distilled water.

The absorbance was read at 535 nm.

oupwdE

Calculations:
The malonaldehyde concentration (MDA) of the sample was calculated by using extinction coefficient of 1.56x10° M -t cm™.
The concentration of MDA expressed in umolL* was calculated by using Beer-Lambert law,
A=¢ccl
where, A = Absorbance;
¢ = Extinction coefficient;
¢ = concentration of MDA,
| = path-length (1 cm standard Curvette).
Since the conversion of pmolL™ to n mol/g involves dividing and multiplying by 1000, these steps essentially cancel out, so that umolL-
! = nmolml. Therefore, the original MDA concentration in pmolL™* can be simply converted to the final concentration of n mol/g wet
weight by the following calculation:
(MDA umolL™* x volume normal saline ml)/g wet weight = MDA n mol/g wet weight

Determination of malonaldehyde:

TBA test is probably the single most widely used single assay for the measurement of lipid peroxidation. The sample under test is treated
with TBA at low pH, and a pink chromogen is measured. In the TBA reaction, one molecule of MDA reacts with two molecules of TBA
with the production of a pink pigment with an absorption maximum at 535 nm (Figure 5).

2.6 Statistical Analysis

One-way analysis of variance (ANOVA) was used to determine the significance of the parameters using GraphPad Prism
software. Pair wise comparison between the study groups was determined by using Tukey’s multiple comparison tests. p-value of <0.05
was considered to be significant.

1. RESULT

Chromosome aberration assay:

The animals tolerated the doses without any visible sign of toxicity. All the treated animals were then sacrificed and the effects of
the AN with or without SG extract in three different doses were tested by using bone marrow CA assay. In our study, MMC administered
intraperitoneally (i.p) at the dose of 2 mg/kg BW was used as a positive control.

A linear increased in the frequency of CAs with increasing acute dose was observed in all the dose of AN, SG and AN+SG
extract used after 24 h exposure time (Table 2). It was observed that there was a statistically significant increase in CAs in all the treated
groups as compared to the control group. There was a dose dependent increase in percentage of CA in all the treated groups and groups
receiving both AN and SG extract. In addition, a synergistic effect of AN + SG extract as compared to only AN or only SG was observed
in the tested dose range (Figure 6). However, there was time dependent decrease in the frequency of CAs with the increase in exposure
time when comparison was done for 24 and 48 h exposure data. The percentage of MI remains almost similar in both 24 and 48 h
exposed groups within the tested dose of AN (Table 3).

Micronucleus assay:

All the doses of AN, SG and AN+SG extract induced MN formation in the PCEs. When compared to the control group the
lowest and middle dose show increased percentage of MN-PCE but not statistically significant. However, the highest dose of AN extract
induced MN-PCE at P<0.01 level when compare to the control group (Figure 7). This result is at per our result with CA study. A dose
dependent decreased in PCE/NCE ratio was observed with increase in extract dose used (Table 4). A similar trend was observed after
48 h exposure time.

A comparative profile of MN for both 24 and 48 h studies of AN and SG extracts alone or in combination treatment is represented
in Figure 7. The result indicates that AN+SG extract exhibited increase in the frequency of MN-PCE as compared to AN extract and SG
extract treated alone which was as per CA assay. Among the three extracts tested, AN+SG extract showed highest degree of genotoxicity.
There was an increased in MN-PCE with increasing dose of tested compounds which are statistically significant as compare to the
control. A declining trend was observed in all the cases after 48 h.
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Sperm head abnormality assay and total sperm count:

The results indicate that highest dose of AN+SG3 (80 mg/kg/BW) generated maximum frequency of abnormal sperms (13.46
+ 1.10) when compared to AN extract and SG extract (Table 5). All the extracts induced dose dependent increase in SHA. Interestingly
AN and SG alone and in combined showed statistically significant impairment of SHA (p<0.001) when compared to the control,
suggesting the role of test substances in male germ cell toxicity. It is also observed that AN extract strongly induced SHA but to a lesser
extent then SG extract (Figure 8). AN extract was showing the minimum level of toxicity as far as SHA is concerned.

Total sperm count

A dose dependent decrease in the total sperm count was observed in case of all the extracts and tested dose range as compare to
the control group (Table 5, Figure 9). However, there was no significant difference in the sperm count among the treatment groups
themselves. The reduction in sperm count induced by highest dose of AN+SG3 (80 mg/kg/BW), AN3 and SG3 were (17.98 x106 +
0.76), (19.50 x106+ 0.82) (20.00 x10° + 0.89) respectively, indicating no much variation.

Oxidative Stress Measured as Lipid Peroxidation:

There was a gradual increase in the hepatic MDA concentration from control group to the highest combined treated group. Highest
dose of SG alone and AN + SG combined showed increased MDA levels which were 11.94+ 0.22 and 11.57+ 0.30 nmol MDA/g wet
tissue respectively as compared to control value of 2.86 + 0.35 nmol MDA/g wet tissue (p <0.001) (Table 6). It can be noted that SG
and AN+SG can cause lipid peroxidation as high as that cause by positive control Mitomycin C.

IV. DISCUSSION

The significant increase in the frequency of CA, MN and SHA as well as decrease in TSC in the AN alone or in combination with
SG extract treated groups, indicates the genotoxic potential of sadagura. The test extracts also have genotoxic effects on germ cells of
mice as well as have potential to cause oxidative stress as indicated by SHA assay and lipid peroxidation assay respectively. However,
there is no previous report on AN extract and SG extract, smokeless tobacco preparation combined genotoxicity studies in mice test
system. SG with AN extract combine is showing more genotoxicity may be because of synergistic effect of nicotine and arecoline.
Previous report also said SG has the potential to cause genotoxicity in mouse bone marrow cells. SG can individually induce MN and
SHA and lower sperm count, consumption of SG should be avoided at all cost [8].

Others forms of smokeless tobacco have been reported to induce genotoxicity [4]. Previous reports support our findings. SG is one
of the most prevalent smokeless tobacco preparations in Southern Assam and is often chewed with betel quid or areca nut. There is
limited literature available on SG and its association with the DNA damage. There are many types of the tobacco-areca nut specific
nitrosamines that have been detected in the saliva of chewers [24]. Nicotine, which is a major alkaloid present in the tobacco leaves, is
aweak clastogen [25]. Combustion of flavoring agents used in SG at the time of roasting may also produce hazardous pyrolysis products
[4]. Some chemical spices, which are proved to be not mutagenic by Ames assay become mutagenic when treated with nitrite which is
abundant in tobacco [26]. Therefore, the nitrite present in SG may react with otherwise non mutagenic dietary components and convert
them into mutagenic species [3].

Tobacco (both smoke and smokeless forms) and betel quid use are the main risk factors for the development of head and neck
squamous cell carcinoma (HNSCC) at concentrations (0.01 10mM) relevant to tobacco chewers, nicotine major alkaloid [27]. Nicotine
can directly activate the oncogene FOXM1 and the combined action of FOXM1 upregulation. Overexpression of forkhead box protein
FOXML1 precedes HNSCC malignancy and also correlated with its progression [28]. Surprisingly, in human oral keratinocytes showed
that nicotine, directly induced FOXM1 mRNA, protein stabilization and transcriptional activity at concentrations relevant to tobacco
chewers. The novel targets of FOXM1are a centrosomal protein CE55 and a DNA helicase/putative stem cell markers HELLS, both
located within a consensus loci (10g23) [28]. The co—carcinogenic effect of nicotine supports the finding that the risk of developing
HNSCC is increased to 15 times higher in patients chewing betel quid with tobacco compared to chewing betel quid (areca nut) alone
[29]. Previous reports also showed that arecoline major alkaloid of areca nut exerted a partial agonist activity with a7-nAChR in a dose-
dependent manner or with habitual use [30, 31]. Areca nut extract is clearly both cytotoxic and genotoxic.

Our study shows induced the generation of reactive oxygen species by SG and AN extracts exposure in mice. Similar results are
also found when arecoline induced the generation of reactive oxygen species and cell cycle arrest at the G1/GO phase in human
keratinocyte cells of HaCaT cell lines without affecting the exression of p21 [32]. Sublethal concentrations of arecoline upregulated the
expression of the following stress responsive genes: heme oxygenase 1, ferritin light chain, glucose 6 phosphate dehydrogenase,
glutamate cysteine ligase catalytic subunit and glutathione reductase. Arecoline also induced dose dependent induction of IL-1o mRNA
via oxidative stress and p38 Mitogen activated protein kinase activation [32]. When the alkaloids are compared on a weight basis to the
extract, no single agent has detectable effects on the cells at concentrations of the extract that causes decreased colony survival and DNA
single strand breaks. Therefore, additive or synergistic effects could be considered among the various alkaloids. This findings support
our findings as we have seen increased frequency of chromosome aberration, MN and SHAs when AN and SG extracts are given
together. Areca nut contains various alkaloids mainly arecoline, arecaidine, guvacoline, guvacine among others. Arecoline the major
alkaloid of areca nut produces 11 metabolites in mouse during the process of metabolism [33]. Further, the major composition of SG is
tobacco. Tobacco contains major alkaloid nicotine. Tobacco specific alkaloids along with areca nut alkaloids may further potentiate the
genotoxic and cytotoxic effects. Cytotoxicity may be caused by deregulation of cell cycle control, GSH homeostasis, mitochondrial
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dysfunction or reactive oxygen species production [34]. Tobacco specific alkaloids in combination with areca nut alkaloids may further
enhance the cytotoxic effects. The induction of CA, MN in the bone marrow cells and impairment of the sperm head morphology in
AN+SG treated group could possibly indicate its additive effect which may involve a common mechanism in the form of causing more
oxidative stress condition. Our results can extrapolate in explaining the mechanism of areca nut and tobacco induced carcinogenesis in
human oral or mouth cancer. Thus, betel nut and tobacco chewers constitute high risk group for development of oral malignancies.

Long term exposure of test extracts show a significant increase in SHA and reduction in epididymal sperm count as compare with
control group. AN and SG extracts have the potential to cross the testis-blood barrier and cause male germ cell toxicity by affecting
normal morphology as well as reduced sperm count. SHA variation from the normal morphology may be due to mechanisms like
alteration in testicular DNA or due to incidence of point mutation in testicular DNA, chromosomal aberrations which may occur during
the packaging of genetic material in the sperm head [35, 36]. Exposure of chemicals could produce hormonal changes causing
disturbances in normal spermatogenesis or could cause abnormalities in the seminal fluid leading to structural or functional impairment
of the sperms [37]. The association of betel quid chewing and the expression of cyclooxygenase 2(COX 2), an inducible rate limiting
enzyme in prostaglandin synthesis, has been documented to indicate that areca nut ingredients were involved in the pathogenesis of oral
submucous fibrosis and oral cancer [38].

Our study indicates that exposure of AN and SG extracts in mice leads to a substantial increase in oxidative stress in liver (Table
6). The lowest dose (20 mg/kg BW) and the middle dose (50 mg/kg BW) of AN was not able to induced LPO significantly as compare
to the untreated control. However, SG and AN+SG extracts show a significant increase at (p<0.001) in LPO compared to the untreated
control (Table 6). Liver is the primary detoxifying organ of the body. Lipid peroxidation has been established as a major mechanism
of cellular injury in many biological systems of plant and animal origin. The mechanism involves a process whereby unsaturated lipids
are oxidized to form additional radical species as well as toxic by-products that can be harmful to the host system. Polyunsaturated lipids
are especially susceptible to this type of damage when in an oxidizing environment and they can react to form lipid peroxides. Lipid
peroxides are themselves unstable, and undergo additional decomposition to form a complex series of compounds including reactive
carbonyl compounds. Polyunsaturated fatty acids peroxides further react to form malonaldehyde (MDA). MDA can be found in most
biological samples including tissues, serum, plasma, and urine, as a result of lipid peroxidation, and has become one of the most widely
reported analytes for the purpose of estimating oxidative stress effects on lipids. Extensive toxicological investigations have now
established that increase in lipid peroxidation, actually denotes cytotoxicity and cellular dysfunction. Sadagura which is a very popular
smokeless tobacco preparation is consumed whole day by keeping inside mouth and chewing simultaneously along with areca nut, in
doing so whole oral cavity is exposed. The buccal epithelial cells are continuously exposing with test substances in actual subjects. In
addition some individual may also add lime along with AN and SG. Addition of lime increased alkaline condition in the target site and
is likely to generate free radicals in combination with the polyphenols [39]. SG and AN extract treated mice were showing hepatotoxicity.
In addition, arecoline also caused depression of antioxidants, i.e., superoxide dismutase (SOD), catalase, reduced glutathione (GSH) and
glutathione S—transferase (GST) [40].

Thus, our findings provide a strong point that areca nut and tobacco combination chewing habit in human population constitute a
high risk group for development of oral cancer, precancerous and cancerous lesions as well as different forms of malignancies. Further
SG has the potential to induce genotoxicity as well as cytotoxicity in the exposed human population. Present findings indicate that SG
is harmful in inducing genotoxicity and more harmful when consume along with areca nut. The alkaloids of tobacco like nicotine present
in sadagura may act synergistically in the pathogenesis of oral mucosal lesions with arecoline major alkaloid of areca nut in quid
chewers in combination. Our results may partly explain why patients who combined the habits of areca quid chewing and smokeless
tobacco sadagura addition and/or smoking are at greater risk of contracting oral cancer. Result of previous study also demonstrated that
sadagura consumed as a single agent or in combination with betel quid, leads to a significant induction of cytogenetic damage in the
buccal epithelial cells of habituates. This may be the primary reason behind maximum reported cases of oral cancer in India. Further
studies becomes necessary to find out the contribution of various betel quid constituents, including tobacco, role of areca nut alkaloids
as well as various metabolites formed inside our body, also the salivary reaction products, in betel quid induced carcinogenesis in oral
epithelial cells of human.
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Tablel
Table showing sadagura extract, areca nut extract and areca nut with sadagura extract dose, route of administration and
exposure period.

486

Extract Name Dose Route Scoring

LOW MIDDLE HIGH Time ()

(AN1) (AN2) (AN3) o4
Areca nut extract 20 mg/kg bw x 50 mg/kg bw x 80 mg/kg bw x p.o. 48

5 days 5 days 5 days

(SG1) (SG2) (SG3) o
Sadagura extract 20 mg/kg bw x 50 mg/kg bw x 80 mg/kg bw x  p.o. 48

5 days 5 days 5 days

. (AN+SG1) (AN+SG2) (AN+SG3)

Areca nut with 20 mg/kg bw x 50 mg/kg bw x 80 mg/kg bw x  p.o. 24
sadagura extract 48

5 days 5 days 5 days

Table 2

Frequency of chromosomal aberrations in the bone marrow cells of mice induced by SG with or without AN extracts at 24
hour of treatment.

Chromatid :jsochromatl %
% % Aberration | %
Aberrant Mitotic S Aberrations
% cells Index meanzS.E meanzS.E
S = meantS.E | (meantS.E) " " (including | (excluding gaps)
T E -
- ()
S |81 ¢ g | 8| &5 | 8|83 E&
con |- |301/3|299:051 |186:005 |0 |2 |0 9 |3 |0 |4 |50972049 |232+028
MMC |ip. |300/3 | 2833:0.78 | 090003 |61 |22 |5 13 |10 |5 |7 |41.002051 |29.33:0.78
AN1 |po |306/3 | 6004051 |163+010 |5 |0 |1 10 [10]0 |4 |1000£0.89 |6.66+0.78%0 *
AN2 | po |301/3 | 8.66+078 | 1.40+0.05* |6 |0 |0 11 200 |5 |13.90£0.08 | 1026+ 0.33x**
AN3 | po |303/3 | 18.33+059 | 1.26+0.18** |15 |3 |13 |15 |25 |0 |5 |2533+029 | 19.33+0.78%cx*x
SG1 | po | 306/3 | 5.00t051 | 1.46x0.08* |8 |7 |2 13 |4 |0 |3 |1233%029 |5.66+0592°*
SG2 |po | 3013 |1033:078 | 1.43+0.05 |4 |1 |0 10 |23 |0 |7 | 15002051 | 11.33+0.29%c**
SG3 | po | 303/3 | 13.6620.59 | 1.23t0.05%** | 12 |6 |5 9 |21 |1 |7 |2033%0.78 | 15.3320.780c***
é’;‘*s o | 306/3 | 7.66£0.59 | 1.30+010%* |9 |1 |5 8 |8 |0 |5 |1200£008 | 9.00£0.512%**
é’;‘*s o | 301/3 | 9.00£0.51 | 1.26+006%* |4 |3 |2 9 |17 |0 |10 | 15.00£0.05 | 11.00+0.89 %%
é’;*s po | 303/3 | 21.33+0.78 | 1.20+003*** [19 |0 |18 |9 |26 |0 |10 | 27.33+0.65 | 24.33+0.782bxxx

BW: body weight; Con: Control group animals treated with solvent (Dimethyl sulphoxide) vehicle; MMC: Mitomycin C; Areca
nut: AN1 (lower dose = 20 mg/kg bw), AN2 (middle dose = 50 mg/kg bw), AN3 (highest dose = 80 mg/kg bw); i.p = Intraperitoneal;
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p.o = Per oral (by mouth); n = Total number of animals. Exc: exchanges; SCU: Sister chromatid union; R.T.: Robertsonian translocation.
Groups bearing the same superscript are significantly different from each other [a = P<0.05; b, ¢ = P<0.001]; Groups bearing any of the
following symbol is significantly different from control, * P<0.05; ** P<0.01; *** P<0.001.

Table 3
Frequency of chromosomal aberrations in the bone marrow cells of mice induced by SG with or without AN extract at 48 hour
of treatment.
o Chromati | Isochromat %
c 0 % d id Aberratio | %
< | Aberrant — b .

= L cells Mitotic ns Aberrations

L 5] Index ) ) mean+S.E | mean+S.E

g g — meanzS. X » X » . . - -

5 5 8 (meantS.E) | S Q < a | O D (including | (excluding gaps)

< ] o E s [35] s ] X Ol

@) x| m| O o O || &l ol gaps)
Con |- 201’ 298+050 | 1.83+003 |0 |2 |4 |5 |2 |0 |2 | 498052 |265:058
MMC | ip 300/ 53'6610'7 093003 |34 |26 |19 |17 % 5 |3 | 38.66+0.78 | 24.33+0.78
AN1 | po 206/ 566+078 | 1664008 |5 |7 |1 |9 |5 |0 |4 |1033+0.81 | 5.0040.512"
AN2 | po 201/ 8334059 | 1405005* |7 |5 |3 |10 |l [0 |4 |15660.79 | 10.66%0.79%wex
AN3 | p.o 203/ ;7'0010'8 133:013* [16 |3 |10 (15 |5 |1 |5 |24.00:051 | 18.00:0890¢ %+
sG1 | po 206/ 398+001 | 150+0.08* |5 |8 |0 |13 |5 |0 |3 |11.30+0.54 | 4.3240.302b
SG2 | p.o 30” 800051 | 1.40:005* [6 |3 |0 |14 |1 |0 |5 |1500£0.05 | 9.33:0.98%c e

*% b ¢

563 | po 303/ 10.00¢o.5 L3005 [ 10 (g |5 |20 é L |4 | 22352030 | 12675078
gT*S 0.0 306/ 766+078 | 1.33+014* (8 |3 |5 |9 |6 [0 |5 |12.00+0.60 | 8.00+0.89 **
g';‘*s 0.0 301/ 0.33+0.29 | 1.304006** |7 |4 |0 |19 é 0 |8 |17.6740.79 | 10.00+0.48 %+
g§+s 0.0 203’ iO'OOiO'E’ 120+0.05%* | 16 |5 |16 |10 i 2 | 9 | 27.33+0.60 | 22.33+0.782bxx

bw: body weight; Con: Control group animals treated with solvent (Dimethyl sulphoxide) vehicle; MMC: Mitomycin C; Areca
nut: AN1 (lower dose = 20 mg/kg bw), AN2 (middle dose = 50 mg/kg bw), AN3 (highest dose = 80 mg/kg bw); i.p = Intraperitoneal;
p.o = Per oral (by mouth); n = Total number of animals. Exc: exchanges; SCU: Sister chromatid union; R.T.: Robertsonian translocation.
Groups bearing the same superscript are significantly different from each other [a = P<0.01; b, ¢ = P<0.001]; Groups bearing any of the
following symbol is significantly different from control, * P<0.05; ** P<0.01; *** P<0.001.

Table 4

Frequency of micronucleus (MN) in the bone marrow cells of mice induced by SG with or without AN extracts at 24 and 48
hours of exposure period.

At24h At48h
Treatment || Total Total \‘Z‘:tiﬁ; PCE/NCE Total Total SﬁtECES v | PCENCE
ng: PCE/n NCE (Mean+S.D) (meanzS.D) PCE/n NCE (Mean+S.D) (meanzS.D)
Con - | 6004/3 4112 | 1.3120.25 1.490.33 6000/3 | 4196 | 1.3020.25 1.46£0.24
MMC ip | 6000/3 7317 | 7.05£0.82 0.82+0.06 6000/3 | 6742 | 6.98+1.56 0.890.06
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AN1 p.o | 6000/3 3636 2.11+0.19 1.65+0.18 6002/3 3751 2.15+0.25 1.67+0.37
AN2 p.o | 6004/3 4619 2.48+0.51 1.30+0.26 6000/3 4138 2.19+0.55 1.44+0.11
AN3 p.o | 6000/3 4688 3.79+0.69** 1.31+0.22 6000/3 4511 3.00+0.68* 1.35+0.18
SG1 p.o | 6010/3 4007 1.65+0.29 1.58+0.37 6018/3 4066 2.08+0.37* 1.48+0.08
SG2 p.o | 6000/3 4225 2.19+0.82 1.47+0.29 6020/3 4152 2.8940.08*** 1.45+0.09
SG3 p.o | 6000/3 4380 3.49+0.52** 1.41+0.27 6000/3 4348 3.22+0.15%** 1.41+0.21
AN+SG1 p.o | 6050/3 3601 3.36+0.76* 1.69+0.16 6010/3 4007 3.18+0.74 1.51+0.17
AN+SG2 p.o | 6000/3 4615 3.19+0.59* 1.30+0.06 6000/3 4138 3.83+0.80* 1.46+0.16
AN+SG3 p.o | 6000/3 5085 4.59+0.55** 1.18+0.06 6000/3 4348 4.19+0.93* 1.42+0.27

Con: Control group animals treated with solvent (Dimethyl sulphoxide) vehicle; MMC: Mitomycin C; Areca nut: AN1 (lower dose =
20 mg/kg bw), AN2 (middle dose = 50 mg/kg bw), AN3 (highest dose = 80 mg/kg bw); i.p = Intraperitoneal; p.o = Per oral (by mouth);
n = Total number of animals. PCE = Polychromatic Erythrocytes; NCE = Normochromatic Erythrocytes; MN = Micronucleus. Groups
bearing any of the following symbol is significantly different from control, * P<0.05; ** P<0.01.

Table 5
Incidence of sperm head abnormality (SHA) induced by SG with or without AN extracts and total sperm count in mice.
Types of abnormalities studied
- % Total sperm
3 Abnormal count/epididymis
()
5 sperms (mean £ S.D)
ol 2 = (mean + S.D)
3| @ £
c - (6] o D —=
E |, 8|2 |845|2 o Bl B gl § s
s S| 8| ° cs 2l¥|518el g5zt s
- o - — X
= g || 2 22 < | & | Tl Bol<g AT &
Con |3 |39 s |26 |16 |4 |12 |0|2|F |2 |0 0| 226049 34,30 x10°+0.19
3 [ 3000/ 19 1 2 712 .
MMC i.p 5 |3 431 5 64 9 7 8 916 2 |3 6 | 2| 14.36£0.05 12.55 x10°+1.44
6 a
AN1 p.0 2 2000/ 85 |45 |12 [2 |o|9 [1|1]8 |6 |1|0]|283 0132 |2218 x10° + 096
6 a
AN2 p.0 2 2004/ 187 |99 |29 |8 |1 é 03 i é 2 |1|623 +1p10x | 2467 x10° £ 0.77
3 | 3000/ 12 1 2 512 10.16+ 144 @] 1950 x10° + 0.82°
AN3 po |2 |3 305 |77 149 | | 2|7 [2[6]2 & |53 ommn 19.5
sG1 0.0 g 2000/ 134 |67 [18 |6 |3 (8 [1|2|5 |9 [1]0|446+067% | 3036x10°%162°%
SG2 0.0 g 2200/ 248 22 37 |8 |4|2 [0]5]5 |9 |3]0]7.76 0417 | 2850 10+ 0,93
3 | 3100/ 15 1 2 6 |1 11.40+ 1.522 | 20.00 x10® + 0.89 2
SG3 po | |3 353 [ 7> |53 |7 | 2[5 [5]6]5 |5 [4[1]imm 0.1
6 a
AN+SG1 | p.o g 2000/ 150 | 66 | 17 é 2|1 |22 i é 4 |2|500 +044:0 | 2600 x10° £ 089
6 a
AN+SG2 | po |3 3020/ 300 |37 |35 |8 [4|; [2|5]g |5 |3 |0 1028150 | 2501 X0 E 092
6 b
AN+SG3 | po |3 2000/ a04 |30 |59 |1 5|2 |5(8| o | |5 |4 13d6x1a00mes | 1138 XA0TE 070

Con. = Control solvent vehicle was given; MMC: mitomycin C (2 mg/kg bw); Areca nut extract: AN1 = 20 mg/kg bw, AN2 =50 mg/kg
bw, AN3 = 80 mg/kg bw; i.p = intraperitoneal; p.o = Per oral (by mouth); D = days; n = Total number of animals used.
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Groups bearing the same superscript are significantly different from each other [b = P<0.05; a = P<0.01 and a, b, ¢ = P<0.001]; * P<0.05
Significantly different from control; ** P<0.01 Significantly different from control; *** P<0.001 Significantly different from control.

Table 6
Table showing SG with or without AN extract induced lipid peroxidation after 24 hour exposure time
Group Dose Route Exposure time n mol MDA/g wet tissue)
(mg/kg bw)
Con - - 24 h 2.86 £0.35
MMC 2 i.p 24 h 11.41+0.61
20 i.p 24 h 7.45 +0.97
Areca nut extract 50 i.p 24 h 8.65 £0.34
80 i.p 24 h 10.66+ 0.50 **
20 i.p 24 h 8.67 +0.53**
Sadagura extract 50 i.p 24 h 9.86 +0.18 ***
80 i.p 24 h 11.94+ 0.22 ***
20 i.p 24 h 89 +0.08**
AN+SG extract 50 i.p 24 h 10.23+ 0.50 ***
80 i.p 24 h 11.57+0.30 ***

Figure 1: Photograph showing the components of smokeless tobacco preparation, sadagura
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Figure 2:

Photomicrographs of murine bone marrow metaphase spreads showing different types of chromosomal aberrations induced by
extracts of areca nut and sadagura alone or in combination under various treatment conditions. A, B, C: normal complement of
chromosomes; D, F, G: chromatid breaks; E: chromatid gaps; H: isochromatid gap; I: terminal exchange; J: chromosome exchange; K,
L: ring chromosome; M, N: Robertsonian translocation or centric fusion.

Figure 3:
Photomicrographs of murine bone marrow cells i.e., polychromatic erythrocytes and normochromatic erythrocytes, with
micronucleus induced by extracts of areca nut and sadagura alone or in combination under various treatment conditions.
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Figure 4:

Photomicrographs of murine sperms showing abnormal head morphology induced by extracts of areca nut and sadagura alone or
in combination under various treatment conditions as described in the text. A: Showing normal head morphology; B, C: Amorphous
type of heads; D: Triangular type of head; E, F: Pin-head type of heads; G: Hook-type head; H: Beak-type head; |: Double headed; J:
Banana type head; K: Bent at projecting filament; L: Bent at cephalocaudal junction.

NS N OH
Y THO SYN\ OH HO /N YSH
- e |
N\ C|:H2 —> N CH——CH=—=CH N + 2H,0
CHO
OH OH
OH

TBA MDA Product

Figure 5:
The reaction of thiobarbituric acid with malondialdehyde to produce a coloured product with absorbance at 535.
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Figure 6:

Histograms showing the comparative study of the frequency of chromosome aberrations after 24 hour and 48 hour exposure in
the bone marrow cells following areca nut and sadagura extract alone or in combination treatment. Con = Control group animals treated
with solvent (DMSO) vehicle; MMC: Mitomycin C; AN1, AN2, AN3 = Areca nut extract (20, 50 and 80 mg/kg bw respectively); SG1,
SG2, SG3 = Sadagura extract (20, 50 and 80 mg/kg bw respectively); AN+SG1, AN+SG2, AN+SG3 = Areca nut with sadagura extract
(20, 50 and 80 mg/kg bw respectively). * = P<0.05, ** = P<0.01 and *** = P<0.001 significantly different from control.
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Figure 7:

Histograms showing the comparative study of the frequency of micronucleated polychromatic erythrocytes after 24 hour and 48
hour exposure in the bone marrow cells following areca nut and sadagura extracts alone or in combination treatment. Con = Control
group animals treated with solvent (DMSO) vehicle; MMC: Mitomycin C (2 mg/kg bw); AN1, AN2, AN3 = Areca nut extract (20, 50
and 80 mg/kg bw respectively); SG1, SG2, SG3 = Sadagura extract (20, 50 and 80 mg/kg bw respectively); AN+SG1, AN+SG2,
AN+SG3 = Areca nut with sadagura extract (20, 50 and 80 mg/kg bw respectively). * = P<0.05, ** = P<0.01 and *** = P<0.001
significantly different from control.
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Figure 8:

Histogram showing the comparative study of the frequency of sperms with abnormal head morphology after 35 days of exposure
in mice following areca nut and sadagura extracts alone or in combination treatment. Con = Control group animals treated with solvent
(DMSO) vehicle; MMC: Mitomycin C (2 mg/kg bw); AN1, AN2, AN3 = Areca nut extract (20, 50 and 80 mg/kg bw respectively);
SG1, SG2, SG3 = Sadagura extract (20, 50 and 80 mg/kg bw respectively); AN+SG1, AN+SG2, AN+SG3 = Areca nut with sadagura
extract (20, 50 and 80 mg/kg bw respectively). * = P<0.05, ** = P<0.01 and *** = P<0.001 significantly different from control
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Figure 9:

Histogram showing the comparative study of the effect on total sperm count (x108) after 35 days of exposure in mice following
areca nut and sadagura extracts alone or in combination treatment. Con = Control group animals treated with solvent (DMSQ) vehicle
only; MMC: Mitomycin C (2 mg/kg bw); AN1, AN2, AN3 = Areca nut extract (20, 50 and 80 mg/kg bw respectively); SG1, SG2, SG3
= Sadagura extract (20, 50 and 80 mg/kg bw respectively); AN+SG1, AN+SG2, AN+SG3 = Areca nut with sadagura extract (20, 50
and 80 mg/kg bw respectively). * = P<0.05, ** = P<0.01 and *** = P<0.001 significantly different from control.
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