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Abstract:
Background: The green tea have antimicrobial activity against many types of bacteria It is con-
sidered a natural substance with few side effect.
Aim of the Study: An in vitro study was carried out to investigate the ability of green tea extract
and nicotine to inhibit growth, biofilm formation by salivary Mutans streptococci.
Methods: This study included a convenient sample of 40 healthy Iragi volunteers aged 18-23 years
old from College of Dentistry / University of Baghdad. Green tea and nicotine aqueous extract were
prepared in different concentration to use in agar diffusion method to detect the activity of extract,
and ELISA reader in multi titer plate was used to determine the ability of salivary mutans Strep-
tococci to form biofilm in the presence and absence of the extracts.to measure the biofilm inhibition
rate.
Results: Mutans Streptococci were sensitive to green tea and nicotine in different concentrations
the diameters of the inhibition zone were effective in a dose dependent manner significantly. There
was a significant difference between the concentrations of each extracts, antibacterial activity was
in a dose dependent manner for the extracts. The minimum bactericidal concentration of green tea
was (280 mg/ml) and minimum bactericidal concentration of nicotine was (45mg/ml). The study
found that biofilm formation by Mutans Streptococci was markedly decreased in the presence of 1/2
minimum bactericidal concentration of both green tea and nicotine with mean of O.D 590 nm = 0.54
in comparison with green tea extracts and nicotine alone O.D 590 nm = 0.15, 0.68 respectively.
Conclusions green tea and nicotine extracts in different concentration effectively reduced the bio-
film formation of salivary Mutans streptococci. While the presence of nicotine has negatively
impacted on the ability of green tea extracts in the inhibition of biofilm formation by Mutans
Streptococci in vitro.
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Introduction:

Mutans Streptococci and other forms of bio-

/ : ¢ . ' The World Health Organization (WHO) supports this
film-forming bacteria are major contributors to the

line of inquiry, and it has issued a call for the dis-

prevalence of dental caries and plaque, two of the
most common oral health problems in the world (1).
Oral flora often includes these gram-positive, facul-
tative anaerobic bacteria. Streptococcus mutans has
been linked in several studies to the onset of a carious
lesion, and isolation of this bacterium from dental
plaque near a carious tooth surface has been shown to
be possible (2, 3, 4). Biofilm, a slimy covering of
bacterial cells, salivary polymers, and food detritus,
coats the tooth surface. This biofilm lacks order and
may quickly grow to be several hundred cells thick on
the teeth's surfaces (5). Consequently, it would be
preferable to use an antibacterial approach for caries
species in the oral environment (6).

*Corresponding Author: Baghdad Teaching Hospi-

tal jism_abbas@yahoo.com;

**Dept. of Basic Science, College Of Dentistry,
University of Baghdad
Prof.almizraqchi@yahoo.com

J Fac. Med Baghdad 122

covery of novel antibacterial agents and natural bio-
active substances. Multiple drug resistance and un-
wanted side effects are constant concerns while
treating these illnesses with traditional antimicrobials
(7). The treatment of multi-drug-resistant patterns
among clinical and environmental isolates has been
greatly aided by the discovery and use of medicinal
plants as medications. Medicines generated from
plants have many advantages over their synthetic
counterparts: lower risks, more effective therapy, and
lower costs (8). Oral cavity is inevitably affected by
smoking, since it is the first part exposed to tobacco
smoke. The incidence of periodontal diseases and
oral cancer is much higher in smokers than in
non-smokers (9). In our previous studies, we also
showed that nicotine can promote the formation of
bacterial biofilms in multiple bacterial strains isolated
from patients (10). Green tea directly inhibits the
growth of these bacteria and has been shown to re-
duce its adhesion to oral areas. Additionally, green
tea contains naturally occurring fluoride. (11). both
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teeth and gums are affected, which is bad news for
your dental health. Bacteria called Mutans Strepto-
cocci are primarily responsible for dental cavities
(12). The aim of the study was to determine the abil-
ity of combination effects the green tea and nicotine
extracts on the growth, biofilm formation of salivary
M.S.

Materials and Methods

This study included forty students aged 18 to 23 from
the University of Baghdad/ College of Dentistry.
Which stimulated saliva samples were obtained. The
volunteers appeared healthy, had no his-tory of sys-
temic disorders, and were not under a lot of stress.
They had not taken antibiotics for three weeks prior
to the saliva sample collection and were instructed
not to eat or drink anything for two hours before the
saliva Under standard conditions, according to
Tenovuo and Lagerlof (1994) (13). Stimulated saliva
samples were collected to obtain the microbial sam-
ples. First, each participant was given a piece of
Arabic chewing gum (0.5g), and they were advised to
chew it for five minutes to activate saliva production.
Then, a vortex mixer was used to homogenize the
saliva for two minutes. Next, ten-fold serial dilutions
were prepared using phosphate buffer saline (14). In
order to isolate Mutans Streptococci, 0.1ml of dilu-
tions 10-3 and 10-5 was extracted and disseminated
in duplicate on Mitis Salivarius bacitracin agar, a
selective medium for isolation of Mutans Strepto-
cocci. Afterwards, the plates were incubated anaero-
bically for 48 hours at 37°C using a gas Pak provided
in an anaerobic jar, followed by a 24-hour aerobic
incubation at 37°C., a single colony of Mutans
Streptococci was added to 10 ml sterile Brain Heart
Infusion broth (BHI-B) and then incubated at 37C for
24 hours to obtain an activated inoculum. Also, to
identify the microorganisms: the isolates were sub-
jected to Grams ‘stain, motility test, catalase test and
mannitol fermentation test in Cystine Trypticase
Agar. Green tea It prepared according to Cowans
(1999) (15). Separate infusions of green tea, each
containing z100 grams of dry leaves steeped in (500)
milliliters of boiling distilled water, were allowed to
cool to room temperature. The infusion has previ-
ously been agitated using a magnetic stirrer. The
infusion was filtered via Wattman No. (1) Filter pa-
per, and the waste was disposed of. The extract was
allowed to dry at room temperature on a Petri plate,
and the resulting powder was stored in a firmly sealed
glass container in the refrigerator until it was utilized
to make various concentrations. Nicotine was it the
final concentration of (200) mg/ml. serial dilution
with sterile water were prepared from tea extracts and
nicotine and sterilized by Millipore filter (0.20 pm).
Green tea and nicotine were tested for their antibac-
terial properties against M.S using agar diffusion
method: the minimal bactericidal concentration
(MBC) was determine as the lowest concentration of
extracts kill the bacteria (16).

Biofilm formation by Mutans Streptococci and the
biofilm inhibition rate of green tea and nicotine The
Congo red agar strategy was used for distinguishing
the capacity to produce biofilm by bacterial strains.
Plates were inoculated with pure freshly single col-
ony by streaking and incubated at (37 °C for 24 hr.).
A positive result indicates either strong production of
slime has a crude black colour or light black colonies
denote to moderate slime production whereas no
product of biofilm (negative) strains developed red or
dark pink colonies (17).

Quantitative determination of biofilm formation by
selected isolates was performed using ELISA reader
on micro titter plate (MTP) assay of 96 wells flat
bottom dish by use (1/2) MBC concentration. It was
performed by a spectrophotometric method, and the
biofilm inhibitory rate was measures by the following
equation: (17, 18).

Rate of biofilm inhibition % =
before)

Statistical analysis:

Use SPSS .24 for statistical analysis and use Excel
progl0. For fig to Descriptive Statistic and Mean,
Standard Deviation (SD), Standard Error (SE), Min,
Max and In vertical statisticcANOVA One way
by-P-value.

1- (O.D After+0.D

Results

In this study, Mutans Streptococci were isolated in
mitis salivary bacitracin agar (MSBA) is appeared in
the form of convex and rough colonies (Figure 1).

Figure 1: Mutans Streptococci colonies on MSBA
(10X)

M.S isolates they appear as black colonies on Congo
red agar Figure (2).
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Figure (2): Biofilm formation by mutans Strepto-
cocci on Congo red agar

All isolates were gram positive cocci , M.S is catalase
negative and ferment of mannitol by CTA (Figure 3).

!
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Figure (3): Cystine Trypticase Agar mannitol
fermentation test by M.S

Determination the antimicrobial activity of Green
Tea and Nicotine The results showed that Mutans
Streptococci isolates were sensitive to the Green tea
and Nicotine respectively and the diameters of the
inhibition-zone was evaluate when the concentrations
of the extracts increased table (1& 2) show the
minimum, maximum and mean of inhibition zone.

Table 1: The minimum, maximum and mean of
the diameter of inhibition zone in millimeter unit
of the green tea against mutans Streptococci

Conc, No. Min Max Mean SE SD
of (mm)
strain
300 9 20.00 22.00 21.2778 .27778 .83333
mg/ml
250 9 18.00 21.00 19.3889 .32035 .96105
mg/ml
100 9 15.00 19.00 17.5000 .43301 1.29904
mg/ml
50 9 8.00 9.50 8.6111 18215 54645
mg/
ml

Table (2): The minimum, maximum and mean of

the diameter of inhibition zone of the nicotine

against mutans Streptococci

Con. N Min Max Mean SE SD
(mm)

45mg/ml 9 800 9.50 8.6111 .16197 .48591
3%mg/m 9 750 850 8.0000 .11785 .35355
25mg/ml 9 7.00 850 7.5556 .15466 .46398

15mg/ml 9 650 800 7.0556 .15466 .46398
ANOVA analysis shows there was highly significant difference
between the diameter of inhibition zones of all concentrations for
both Green tea and Nicotine table (3).

Table (3): ANOVA test between different con-
centrations of Green Tea on S.M

Subject F P-value Sig
Between Groups 313.824 0.000 HS
Of strain P<0.001

Table (4): ANOVA test between different con-
centrations of Nicotine on S.M

Subject F P-value Sig
Between Groups 19.883 0.000 HS
Of strain P<0.001

The ranges of Minimum Bactericidal Concentration
(MBC) of green tea and Nicotine were 100-280,
15-45 mg / ml respectively table (5).

Table 5: Minimum Bactericidal concentration

(MBC) of green tea and Nicotine against M.S
No. of isolates killed within the (MBC) of Tea and

Nicotine
Subjects
Nicotine 9 Concentration (mg\ml)
No. 5 15 25 35 45
1 4 4
Killed
strain
Green 9 50 100 200 250 280
tea No. 1 2 2 4
Killed
strain

Detaction of anti-biofilm activity of green tea and
Nicotine Extracts using microtiter plate assay A study
using micro titer plates (MTP) revealed that nine
mutans Streptococci isolates develop biofilm, and the
anti-biofilm activity of %2 MBC of green tea extract
and nicotine (140 mg\ml,17.5 mg\ml alone/ and in
combination was determine by measure the
0.D590 . Table (6) shows both green tea and nicotine
alone was reduced the amount of biofilm with mean
of O.D590 = 0.1567, 0.6822 respectively, in
comparison to control (without extract or nicotine)
O.D590 = 0.9233  with highly significant
differences between these groups( green tea, nicotine
and control) (F-value = 118.20) (P- value 0.001).
Table (7). But the presence of nicotine has a
negative effect on the ability of green tea extract to
inhibit bacteria biofilm with mean of % of inhibition
rate of the biofilm in the presence green tea, nicotine
alone and in combination was 82, 25 and 40 ,
respectively in table (8) .
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Table 6: Descriptive statistical analyses of the
effect of the green tea and nicotine on biofilm
formation by M.S on Multitier Plate method

Subject N Min Max Mean SE SD
of O.D
590 nm

Control 9 82 115 9233 .03531  .10593

¥» MBC 9 55 .80 .6822 .02681 .08043
Nico

¥» MBC 9 .09 .23 .1567 .01795 .05385
TEA

% MBC 9 44 .68 .5467 .03149 .09447
TEA

+Nicotine

Table 7: ANOVA show antimicrobial activity of
Nicotine and tea on biofilm formation by M.S

F P-value  Sig
Between Groups  118.020  0.000 HS
Of strain P<0.001

Table 8: Descriptive statistical analysis of mean
of % of inhibition rate of mutans Streptococci
biofilm in the presence of green tea, nicotine
alone and in combination

Subject N Mini- Maxi- % of SE SD
mum mum inhibi-
tion
rate
Broth 9 .00 .00 .0000 .0000 .0000
0 0
¥»MBC 9 .16 .33 25 .0206 .0620
Nico- 7 0
tine
“MBC 9 .77 .89 82 .0155 .0465
TEA 3 8
»MBC 9 .21 48 40 .0269 .0809
TEA 7 0
+Nicoti
ne
Discussion

Concentration-dependent inhibitory Effects of green
tea and nicotine on M.S Inhibitory effects of tested
extracts on mutans Streptococcus growth were
measured via serial dilution. Regarding, green tea it
has possibility of antibacterial activity, in this study
results found the growth of M.S defected and
inhibition zone increase when the concentration of
green tea extract increased and with highly
significant difference (p- value <0.001). In addition,
several studies were indicated that the polyphenols
included in green tea extracts have antibacterial
effects against bacteria that cause human and animal
disease, as well as phytopathogenic bacteria and
bacteria that are present in the food (19). The green
tea extract of was greatly active exhibiting the highest
potency with MBC from (280 mg/ml) to kill all
isolate of mutans Streptococci. The MBC values
obtained showed the green tea extracts has the most
potent effect against Mutans Streptococci. This
activity may be attributed to the rich plant contents of
active components such as tannins, saponins,

J Fac. Med Baghdad 125

alkaloids and flavone glycine (20) . On other hands
the nicotine extract had an antibacterial effect on all
nine isolates at high concentrations (15-45 mg/ml).
The concentration (45 mg/ml) of the nicotine has a
antibacterial effect against M.S with a mean diameter
of inhibition zone (8.6111 mm) compared with other
concentrations (15 mg, 25mg, and 35 mg/ml), with
highly statistically significant difference between
different concentration (p- value 0.0001). The
nicotine in low concentration is increases the
adhesion and growth of M.S but in high concentration
its toxic to bacterial cells, with MBC (45 mg/ml)
inhibit the growth of 9 isolates of mutans
Streptococci, so, a high concentration of nicotine to
be has toxic effect on the bacteria. Our result
disagreement with several studies for example, these
studies noticed the MBC of nicotine is (32 mg/ml)
effect on the gram-positive bacterial cells (21). This
may be depending on the type of nicotine used, the
manufacturer of nicotine, and the type of M.S isolate.
Effect of Green tea and Nicotine Extracts on mutans
Streptococcus Biofilm Formation mutans
Streptococcus is the most important bacterium in the
formation of dental plaque and dental caries. This
study evaluating the antibacterial rate and antibiofilm
activity of green tea, and nicotine against M.S. which
have the ability to biofilm formation. Isolates capable
of producing biofilm were identified by cango red
agar where it changed the colour to black as a result
of the presence of secondary metabolites product, as
confirmed by other studies (22) and in other studies
by freeman the mechanism of action of the dye is
unknown (16). A recent study found that biofilm
formation was markedly decreased in the presence of
green tea extracts in the Brain hart infusion broth
BHIB, compared to control. Furthermore, green tea
revealed a greatly decrease in biofilm development
than nicotine. Green tea contains four major
flavonoids which are: catechins epicatechin (EC),
epigallocatechin (EGC), epicatechin gallate (ECG)
and epigallocatechin gallate (EGCG) (25). Targeting
the glucosyltransferase enzymes that convert sucrose
in the diet into glucan, the building-block of the
exopolysaccharide matrix, EGCG plays a crucial role
in limiting the establishment and spread of biofilms
(26). The results are line with the other studies
indicated low concentrations of nicotine (1, 2, and 4
mg/ml) , Enhanced and increased the growth and
metabolic activity of M.S (22). Since the amount of
nicotine in human saliva varies from around (0.02) to
about (0.08) micrograms per millilitre, our data
showed that low concentration of nicotine enhances
the development of M.S growth and biofilm
formation. Also, The result confirms the previous
study that high concentration of nicotine was toxic to
bacteria (24). The results showed high concentration
of nicotine (45 mg/ml) killed M.S isolates. findings
line with study in (2012) conducted by Huang
indicated the effects of nicotine on M.S strains and
demonstrated that (0.25-8 mg/ml) of nicotine
increases M.S biofilm formation significantly while
higher concentrations killed the bacteria (27).
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Moreover, the addition of nicotine extract decreased
the effectiveness of tea extracts in reducing biofilm
formation and has negative effect on the effectiveness
of other extracts in inhibition of biofilm formation by
M.S. Nicotine was shown to increase both the
quantity of S. mutans and the rate of synthesis of
extracellular polysaccharide (EPS), the primary
component of the biofilm matrix. Up to (4.0-fold)
increased expression of glucan binding protein A
(GbpA) and up to (2.2-fold) increased expression of
glucosyltransferase (Gtfs) have been linked to
nicotine's evolutionary history (24).

Conclusion:

Green tea and nicotine at different concentrations
have antimicrobial activity against salivary mutans
Streptococci, and their activity increased was in-
creased in a dose dependent manner. The MBC was
280 mg/ml and (45 mg/ml) respectively. Green tea
and high concentration of nicotine have anti-biofilm
activity by mutans Streptococci. Nicotine increased
biofilm formation and metabolic activity of mutans
Streptococci in the presence of green tea. Therefore,
smokers with a high consumption of tea should con-
sider shifting to other soft drinks and sweeteners in
order to minimize their chance of developing dental
caries by reducing biofilm formation from mutans
Streptococci.
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