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ABSTRACT

Objective: Tobacco use in the smoking or smokeless form is the most common form of substance abuse recorded in the world. Not only does tobacco
influence carcinogenesis but also modifies the oral microflora. The aim of our study was to assess the growth pattern of Streptococcus mutans under
the influence of cigarette extract.

Methods: Pure stock culture of S. mutans was grown in brain heart infusion broth mixed with three concentrations of aqueous cigarette extract.
Quantification of the S. mutans colonies was performed in Mitis Salivarius Agar subculture. Biofilm assessment was also performed to find the
adherent property of microorganisms.

Statistical Analysis used: One-way ANOVA was used to compare the effect of cigarette extract on growth and biofilm formation of S. mutans.

Results: There was increase in the colony counts with increasing concentration of cigarette extract (p<0.001). There was an observable trend noted
in the biofilm assay.

Conclusion: The colony growth is positively influenced by the cigarette additives (sugars and sweeteners), carbon dioxide environment, and biofilm
modification. The altered flora with higher S. mutans may be linked with the higher salivary acetaldehyde production which promotes carcinogenesis.
The flora may be protective by production of antitumorigenic or antimutagenic compounds. The balance between the carcinogenic and anticarcinogenic

signals produced by tobacco and microflora influences the outcome of the disease.
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INTRODUCTION

Substance abuse is one of the biggest curses that modern society has
come across. It has widely afflicted the globe. Of the various substances
abused, the most widely distributed and the most commonly used
is “tobacco.” Over the past four decades, tobacco use has caused an
estimated 12 million deaths in the world including 4.1 million from
cancer, 5.5 million from cardiovascular system diseases, 2.1 million
deaths from respiratory diseases, and 94,000 infants’ deaths related
to mothers smoking during pregnancy. The 50" round of survey by
National Sample Survey Organisation, NSSO, in India, showed that
51.3% males and 10.3% of females are regular tobacco users, 35.3%
males and 2.6% females were regular smokers, and 24% males and
8.6% females were regular users of smokeless tobacco, and about 250
million users were aged 10+ years in the country [1]. Another survey
by National Family Health Survey, NFHS, in its 2" round revealed that
tobacco use among men was 46.5% and among women, 13.8% [2].

Today, the most common method of using tobacco is in manufactured
cigarettes.

Apart from being a known carcinogen, tobacco is known to cause change
in the microflora by providing a sugar substrate conducive to growth of
cariogenic bacteria. It also increases the carbon dioxide concentration
that favors the growth of Streptococcus mutans which, in turn, leads to
various oral health issues such as staining, halitosis, periodontitis, and
dental caries.

The aim of our study was to assess the growth pattern of S. mutans
under the influence of cigarette extract.

METHODS

Preparation of the extract

Water extract of cigarettes was made using Soxhlet extraction
technique (Fig. 1). The cigarette contents were first wetted in water
and then introduced into Soxhlet apparatus where it passes through
the condenser, porous container, and distilling pot in order. The
extract so obtained was filter sterilized using a membrane filter, and
cigarette extract was collected and refrigerated. This water extract
was mixed with brain heart infusion (BHI) broth to obtain three
concentrations of 1:12.5, 1:25, and 1:50 (indicating the broth to
water extract ratio).

Preparation of culture

Pure strains of S. mutans maintained at the Department of Microbiology,
KMC, Mangalore, were obtained and cultured in BHI broth. 2 ml of this
pure culture was added to broth with concentrations of the cigarette
extract in triplets (three for each concentration) and incubated for 48
h at 37°C. These samples were further subcultured on Mitis Salivarius
Agar and incubated for 72 h at 37°C following which the colonies of
S. mutans were quantified.

Preparation of biofilm
About 0.5 ml of S. mutans culture was transferred to 96-well microtiter
plate to which 0.5 ml of cigarette extract was added and then incubated
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for 24 h at 37°C for biofilm formation. This was assessed by staining with
1% crystal violet, and the absorbance was evaluated using ultraviolet
spectrophotometer at 540 nm wavelength of light. Following this, the
biofilm adherence score was read and tabulated (Figs. 1 and 2a-c).
The biofilm adherence were assessed with different concentration of
cigarette extract.

RESULTS

On comparison of the mean colony counts of the S. mutans with
different dilutions of cigarette extract using one-way ANOVA, we
found that growth of S. mutans had a positive correlation with the
concentration of cigarette extract (p<0.001). Higher concentration

Fig. 1: Soxhlet apparatus used to prepare an aqueous extract of
tobacco from cigarette
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Fig. 2: Growth of Streptococcus mutans in different concentrations
of tobacco extract. (a) 1:12.5, (b) 1:25, (c) 1:50 concentration.
Note the progressive reduction in the colony growth as the con-
centration of tobacco extract decreases (from a to c)

Asian ] Pharm Clin Res, Vol 11, Issue 7, 2018, 398-401

(1:12.5) showed higher colony counts of 10.5x107° The dilution
of 1:25 showed a reduction of colony to nearly half than at
1:12.5 (4.585x107°) and at further dilution of 1:50 it dropped down
to 2.1x107° colonies (Fig. 3).

Assessment of the spectrophotometric readings of the biofilm showed
that the results varied in each concentration of cigarette extract. In
1:10 dilution, higher adhesion was observed, in 1:100 dilution, reduced
adhesion was observed while 1:1000 dilution showed similar adhesion
property as that of 1:100 dilution (Fig. 4).

DISCUSSION

Various researches have established that cigarette smoking greatly
affects the oral microflora. Oral microflora alters not only the oral
hygiene status but also influences the development of diseases such as
dental caries and oral cancer.

In our study, we assessed the growth of the S. mutans under the influence
of tobacco extract and found a significant increase in the colonies with
higher concentration of the tobacco extract due to a variety of reasons.
Colony count of the cariogenic microorganisms increases due to
contents of the cigarette or modifications in oral environment induced
by cigarette smoking.

The first reason for colony increase could be attributed to the presence
of sugar contentin cigarette extract which provides favorable conditions
for increase in growth of cariogenic microorganisms (S. mutans). Tomar
and Winn (1999) in their study showed that three popular brands
of smokeless tobacco had 26% by weight of fermentable sugar [3].
Vellapally et al. (2007) reviewed the influence of tobacco on caries
and highlighted the presence of various sugars and sweeteners during
manufacture of cigarettes which could be the reason for increased
growth of cariogenic microorganisms under the influence of cigarette
extract [4].

The second reason for higher colony counts associated with tobacco use
could be attributed to increased carbon dioxide concentration. Zonuz
et al. (2008) suggested that cigarette smoking increases carbon dioxide
concentration which favors the growth of S. mutans. It was observed
that there was 18-40% increase in growth of cariogenic microbes
owing to cigarette smoking [5]. Another study by Ebrahimi et al. (2014)
found that cigarette smoke induces microaerophilic environment which
increases the growth of S. mutans by 81.95% [6].

Huang et al. (2012) proposed that the reason for colony increase could
be attributed to increased biofilm formation by S. mutans. They found
out that smoking increase the formation of S. mutans biofilm on tooth
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Fig. 3: Mean Streptococcus mutans counts are seen to decrease significantly with decrease in the concentration of cigarette extract (1:12.5
is the most concentrated and 1:50 is the most diluted)
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Fig. 4: The biofilm formation seen at three dilutions of 1:10, 1:100, and 1:1000 at three concen-trations of cigarette extract

surface, which increased the development of caries due to increased
lactic acid production owing to enhanced metabolism of S. mutans [7].
Although in our study, we did not find a significant association of a
definitive trend in the biofilm and tobacco usage, biofilm formation is
an important factor that needs further assessment.

Tobacco in smoking and smokeless forms is the main causes of cancer
of the oral cavity and upper gastrointestinal tracts and accounts for
nearly 80% of the cases [8]. Epidemiological reports and studies have
shown that other factors related to dentition such as tooth loss, poor
dental status, and oral hygiene habits are associated with higher risks,
for the development of oral cavity cancer [9,10].

Experiments on cell cultures and animal models have brought forth
evidence that acetaldehyde production by the oral microorganisms
in the oral cavity influences carcinogenesis. Under the influence of
tobacco products, a “switch” of the oral flora toward Gram-positive
(acetaldehyde producing) organisms from Gram-negative bacteria
has been described in smokers which can further contribute to the
carcinogenesis [11]. Homann et al. (2000) have found that smoking
increased the salivary acetaldehyde production by 50-60% [12].
This could also be attributed to the qualitative as well as quantitative
changes of the oral microflora induced by smoking.

Tobacco can directly or indirectly cause this alteration in oral
microflora. Tobacco contains numerous phytochemicals, one such
chemical nitrogen-containing alkaloids have properties of blocking
enzyme action [13]. Processed tobacco also contains sweeteners and
additives like nutmeg butter (derived from Myristica fragrans, nutmeg
tree), which is known to have inhibitory activity against several kinds of
anaerobic and aerobic microorganisms [14].

Oral microflora-induced suppression of tumor is also reported in the
literature. S. mutans is a normal commensal of the oral cavity and is
suggested as the main cariogenic bacteria. A study by Tezal (2013)
has shown inverse correlation of dental caries and head and neck
cancer. This could be attributed to the normal commensals of the oral
cavity. The mechanisms which could protect the host from the cancer
include antitumorigenic or antimutagenic compounds produced by the
bacteria, regulation of cytokine production, production of antimicrobial
substances, clearance, inhibition of growth and downregulation
of fimbrial expression of Gram-negative bacteria, production of
surfactants, and stabilization of low pH [15,16].

CONCLUSION

In our study, we found that there is definite modification of oral
microflora under the influence of tobacco extracts. The increase
in the S. mutans is directly proportional to the amount of cigarette

extract owing to the artificial sweeteners added during the processing.
Research has shown that the altered microflora influences mechanism
of tobacco-induced mutagenesis [12,13]. The balance between the
tobacco-induced mutations, microflora-induced acetaldehydes, and the
antitumoral characteristics of microflora decides the outcome of the
disease in the individual.
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