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Abstract:

Aims:

Methods:

Results:

varied from 31.2 to 125 pg/mL against all isolated species.

Conclusion:

and the MBC values were between 3.9 pg/mL and 31.2 pg/mL.

This study aimed to isolate and identify the Streptococcus spp. bacteria from patients with dental caries infection. Furthermore, the antibacterial
activity of new plant extracts on isolated Streptococcus spp. was also evaluated.

A total of 150 samples were obtained at random from people of various ages and genders who were suffering from dental caries infection. Four
different culture media were used for isolation: nutrient agar, MacConkey agar, blood agar, and Streptococcus selection agar. The identification of
bacterial isolates was distinguished by macroscopic examination and the VITEK 2 system.

Only 120 cases (80%) showed positive culture, and these were distributed as follows: Streptococcus sanguinis had the highest rate and accounted
for 38.33%, and Streptococcus pseudoporcinus represented only 29.16%. A 20% decline was reported for Streptococcus salivarius, with the lowest
proportion being 12.5% for Staphylococcus warneri. The MIC for 16 tested plant extracts ranged from 0.97 to 125 pg/mL, whereas the MBC
values ranged from 3.9 to 500 pg/mL. Imipenem was a positive control, with MIC values ranging from 3.9 pg/mL to 15.6 pg/mL; the MBCs

Among the isolated bacterial species from tooth decay, Streptococcus sanguinis had the highest rate of isolated bacteria and accounted for 38.33%,
while Staphylococcus warneri had the lowest percentage at 12.5%. Sargassum, Proskia, and Cicer arietinum were three distinct extracts that
demonstrated superior antibacterial activity against all of the tested bacterial species. Their MIC values ranged from 0.97 pg/mL to 15.6 pg/mL,

g

Keywords: New plant, Extracts, Dental caries, Streptococcus spp., Antibacterial activity, Dental decay infection.

Received: September 16, 2022

Article History

Revised: January 11, 2023

Accepted: January 18, 2023

1. INTRODUCTION

One of the most prevalent dental conditions that affect
people is dental caries, which destroys the tooth enamel
permanently and can lead to problems with food intake, thus
causing severe discomfort [1]. Oral microbial infections,
particularly cariogenic bacteria, are primarily responsible for
dental caries [2]. Several researchers have confirmed that
Streptococcus mutans is a major causative agent of dental
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caries [3 - 6]. Glucosyltransferase is an enzyme found in the
main cariogenic pathogen S. mutans, which produces water-
insoluble glucan from sucrose and deposits it on the surface of
tooth enamel, where it acts as an adhesive for S. mutans and
other Streptococci species [2]. Dental plaque is created by the
colonisation and aggregation of bacteria that can make acid
(acidogenic) and withstand an acidic environment (aciduric),
which ultimately results in localised loss of teeth due to acid
accumulation and mineral decalcification [4, 7]. Dental caries
will eventually cause tooth loss if left untreated.

Natural bacterial flora of caries-prone teeth is dominated
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by species like Streptococcus parasanguinis, Abiotrophia
defectiva, Streptococcus mitis, Streptococcus oralis, and
Streptococcus sanguinis [8]. It has been reported in several
studies [9] that the healthy oral cavity has a unique microbiota
that differs from that linked to oral disease. Dental
professionals often prescribe a variety of antibiotics for dental
infections, including tetracycline, erythromycin, penicillin, and
cephalosporin [10]. The evolution of antibiotic resistance in
oral infections results from exposure to a wide range of
medications. In addition, most antibiotics include a risk of
allergic reactions of varying degrees of severity [11].

Due to the rise of antibiotic resistance in oral microbial
pathogens against synthetic antibiotics, plant-derived
treatments that are becoming more effective in treating oral
illnesses have gained more attention in recent years [12 - 15].
Natural plant products have no side effects and can be used in
the oral cavity for an extended period of time [16]. According
to the World Health Organization (WHO), up to 80% of people
worldwide utilize traditional medicine for basic health care
[17]. This medicine is based on the natural ecosystem or
community knowledge [18]. Conventional medicines also use
herbal plant extracts as antibacterial agents, and they have
gained significant attention in the fight against tooth caries [19
- 22]. In the current study, we evaluated 16 different plant
extracts, 14 of which are recognized as traditional Iranian
medicines. These plants have a potent odour and have been
used for many years as antiseptic carminatives to treat many
diseases. Polysaccharide extract from pomegranate peel and
protein from Cicer arietinum were the other two extracts that
were tested.

2. MATERIALS AND METHODS

2.1. Media Preparation

All culture media were prepared in accordance with the
manufacturer's instructions, and the media was sterilized by
autoclaving at 121°C for 15 minutes.

2.2. Samples Collection

The study was approved by the research ethics committee
at the Department of Medical Laboratory Techniques, Al
Maarif University College in Iraq (Code 2022 - 128). A total of
150 samples were collected at random from patients ranging in
age from 22 to 75 years old, including 65 females and 85 males
suffering from dental carries in Ramadi Dental Hospital in Al-
Anbar Province between December, 2021 to June, 2022. The
type of swabs used could prevent the growth of bacteria for 72
hours (sterile swab with transport media). All collected swabs
were shipped to the laboratory within two hours. The samples
from the swabbing across the root caries of the patient's tooth
were all streaked directly and separately on the solid media,
including blood agar, MacConkey agar, nutrient agar, and
Streptococcus selection agar (HiMedia, Mumbai, Maharashtra,
India). The Petri dishes were incubated aerobically and
anaerobically for 24 to 72 hours at 37°C, and the plates were
then checked visually for any bacterial growth. After
incubation, isolated colonies were selected and cultured to
purify the samples.

2.3. Plant Extracts Preparation

The aerial parts of the plant (leaves, roots, and stems) were
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collected from different Iranian provinces starting in 2021. All
plant materials were washed and dried at room temperature in
the shade. The powdered plant material was extracted (50 g)
three times in 48 hrs (3 x 48 hrs) at room temperature using the
maceration method and pure methanol. The extracts were
lyophilised with a freeze dryer after being extracted with a
rotary evaporator. The concentrated extracts were stored in
opaque containers at 4°C in cold and dry conditions until
testing. The extracts were made in solutions by weighing 10
mg of extract powder and dissolving it in 9 mL of deionized
water with 1 mL of methanol as a co-solvent; the final
concentration was thus 1 mg/mL.

Polysaccharides and proteins were extracted using distilled
water rather than methanol. A total of 100 mg of Cicer
arietinum protein was ground separately using an electric mill
and subjected to the Soxhlet apparatus to defat the sample
using hexane for 9 hours. To extract protein, the defatted
powder was then sonicated with sodium hydroxide solution (1
N, pH 8.5) with 10% w/v for 1 hour x 2. The extract was
centrifuged at 8000 g for 15 minutes. Protein was precipitated
by reducing the pH of the solvent to 4.5 with HCI (1 N). The
mixture was then centrifuged twice at 8000 g for 10 minutes to
precipitate protein, which was then washed twice with distilled
water. The mass obtained was freeze-dried for further analysis.
Pomegranate peel was dried at the shade and crushed to extract
its polysaccharide content. The powder was boiled with
distilled water for 3 hours. The aqueous extract was then
filtered and subjected to concentration using a rotary
evaporator. In the next step, the concentrated extract was
freeze-dried to obtain a powder.

2.4. Identification of the Bacterial Isolates

Colonies were sub-cultured on the surface of Streptococcus
selection agar plates for further purification. They incubated
anaerobically for 48 hours at 37°C. The isolates were primarily
defined by using the following methods:

2.4.1. Morphology of Colony

e  Shape, size, colour, elevation, and margin of colony
and appearance were observed in an overnight plate
culture on Streptococcus selection agar.

e (Gram staining and microscopic examination: The
bacteria suspensions were applied to clean slides and
allowed to dry by air. The slides were exposed to
crystal violet solution for 1 minute and then washed
with water. The slides were then flooded with Gram's
iodine for another minute, washed with water, and
decolorized with 95% ethyl alcohol for 30 seconds.
The slides were washed again with water before being
counterstained with safranin stain for 1 minute.
Finally, the slides were air-dried prior to examination
with 100x magnification. The color of the cells was
then used to identify bacteria: purple for Gram-positive
cells and pink or red for Gram-negative cells.

e We next performed a range of biochemical tests,
including catalase, oxidase, urease, motility, methyl-
red, Voges Proskauer, and slide coagulase.

For more confirmation, the VITEK 2 system was used to
perform additional identification for bacterial isolates. Manual
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biochemical tests for bacterial identification can take several
days to weeks. However, using the VITEK 2 system technique
dramatically reduces time and contamination while providing
higher results accuracy. A vacuum device automatically filled
the card, sealed it, and put it into the VITEK-2 reader-incubator
module (incubation temperature 35.5°C), where it was exposed
to kinetic fluorescence measurements every 15 minutes. The
results were interpreted using the ID-GPC database.

2.5. Determining the Minimum Inhibitory Concentration
MIC)

To investigate the impact of plant extracts' antimicrobial
activities on the growth of bacterial species isolated from
dental caries, the MIC for all extracts was identified using 96-
well microtiter plates against all isolated bacterial species as
described [23]. The test organisms were prepared using six
hours of Muller-Hinton Broth (MHB) growth, and the
suspensions were calibrated to 0.5 McFarland turbidity
standards (10° CFU/mL). All extracts were diluted two-fold
with a DMSO concentration of <1% while varying the
concentration from 1000 to 0.48 pg/mL (80 pL as final
volume). Next, microtiter plates were filled with 20 puL of
bacterial suspensions and 100 uL. of MHB, and the plates were
then incubated at 37°C for 24 hours. Microtiter plates were
examined with a spectrophotometer at 620 nm after the
incubation time. A standard antibiotic, imipenem, was utilised
as a positive control. The negative control was MHB + DMSO.
The plant extract with the lowest concentration was defined as
the MIC, thus demonstrating complete prevention of visible
growth.

2.6. Determining the Minimum Bactericidal Concentration
(MBCQC)

The MBC value was determined after the MIC assay.
Wells with no visible growth received 5 pL of a sample spread
onto Muller Hinton Agar plates and incubated for 24 hours at
37°C. The MBC value was then defined as the concentration at
which the least amount of bacteria growth/colony occurred.

3. RESULTS

3.1. Isolation and Identification of Bacterial Species from
Dental Caries Samples

Of the 150 samples of dental caries, only 120 (80%)
bacterial isolates were found; four different species of bacteria
were identified by the VITEK 2 system from these isolates.
Streptococcus sanguinis had the highest rate of isolated
bacteria, accounting for 38.33%, followed by Streptococcus
pseudoporcinus, representing only 29.16%. Streptococcus
salivarius accounted for 20.0%, and Staphylococcus warneri
was reported to be 12.5% (Table 1).

Gram stain was found to be positive for all isolated
bacterial species, with purple color for bacterial cells with
different shapes. Staphylococcus warneri showed catalase
negative and urease positive, whereas the other bacterial
isolates were catalase positive. All isolates were methyl red-
positive and were negative for oxidase, urease, and coagulase;
they were non-motile, as shown in Table 2.
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3.2. Determination of MIC and MBC

The MIC and MBC values against isolated bacterial
species were used to evaluate the plant extracts' antibacterial
activity. The antibiotic imipenem was selected as a positive
control as it is often used to treat infections caused by the
tested bacterial species. Most plant extracts assessed
demonstrated a broad spectrum of inhibitory capability and
were effective against Streptococcus spp. and Staphylococcus
warneri. They were isolated from dental caries infection. The
lowest concentration of an antibacterial agent that significantly
inhibits growth is known as the MIC, whereas the minimum
concentration of the antibacterial agent that induces bacterial
death is defined as the MBC. The MIC and MBC values are
shown in Table 3. The MIC concentrations for all extracts
tested ranged from 0.97 to 125 pg/mL, whereas the MBC
values ranged from 3.9 to 500 pg/mL. Imipenem was a positive
control and has MIC values ranging from 3.9 pg/mL to 15.6
pg/mL. The MBCs varied from 31.2 to 125 pg/mL against all
isolated species. Three different extracts were tested, including
Sargassum, Proskia, and Cicer arietinum, which demonstrated
strong antibacterial activity against all evaluated bacterial
species. Their MIC values ranged from 0.97 pg/mL to 15.6
pg/mL and MBC values were from 3.9 pg/mL to 31.2 pg/mL.

4. DISCUSSION

In this study, 150 samples were taken randomly from
patients of various ages and genders, who were suffering from
dental caries infection. The samples yielded 120 isolates with
positive bacterial culture (80%), whereas 30 samples gave
negative bacterial culture at a rate of 20%. Streptococcus
sanguinis was found in the highest percentage of isolates at
38.33%, followed by Streptococcus pseudoporcinus at 29.16%,
Streptococcus salivarius at 20%, and the lowest rate of
detected bacteria was recorded at 12.5% for Staphylococcus
warneri. The results of the current study were found to be in
agreement with the findings of a previous study [24] conducted
in 2012 at Nationwide Children’s Hospital Dental Clinic in
Columbus, Ohio, which found that Streptococcus
pseudoporcinus and Streptococcus sanguinis correlated with
dental caries infection at higher levels.

Another study [25] conducted in 2017 at the central
laboratory of a Diyala Health Governorate Hospital showed
that, among 150 samples obtained from dental caries infection,
only 68 isolates (45.33%) were positive; Streptococcus mutans
is the primary causative agent for dental caries infection,
accounting for 13.3% of bacteria (0.97 pg/mL to 125 pg/mL).
These outcomes contradicted the isolation and identification
results obtained in this study; the difference could be due to the
isolation method and the laboratory conditions used.
Streptococcus species were found in dental caries infection,
including Streptococcus sanguinis, Streptococcus salivarius,
Streptococcus mitis, and Streptococcus mutans [26].

All 16 plant extracts were employed at 1 mg/mL and
indicated great activity against the four bacterial species
isolated from patients with dental carries infection versus
positive control imipenem. The MIC concentrations for all
extracts tested ranged from 0.97 ng/mL to 125 pg/mL; the
MBC values observed from 3.9 pg/mL to 500 pg/mL.
Imipenem was a positive control, with MIC values ranging
from 3.9 pg/mL to 15.6 pg/mL against all isolated species. The
MBCs varied from 31.2 pg/mL to 125 pg/mL. These results
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were in agreement with findings of previous research [27] that
tested the plant extract mixture and its individual constituent of
plant extracts (Psidium sp., Mangifera sp., Mentha sp.) on the
formation of biofilms, including Streptococcus sanguinis and
Streptococcus mutans. The authors reported that the plant
extracts mixture compared with its respective constituent plants
showed the lowest MIC towards S. sanguinis (3.81 mg/mL)
and S. mutans (1.91 mg/mL). Furthermore, synergistic effects
were also reported. The Psidium sp. at 15.24 mg/mL and plant
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extracts mixture and Psidium sp. at 30.48 mg/mL demonstrated
the lowest MBCs against S. sanguinis and S. mutans,
respectively. Another study [28] evaluated the effect of
Zingiber officinale extract on the growth of Streptococcus
mutans and Streptococcus sanguinis, and the findings revealed
that the MIC was 0.02 mg/mL for S. mutans and 0.3 mg/mL for
S. sanguinis. The MBC was 0.04 mg/mL for S. mutans and 0.6
mg/mL for S. sanguinis; these results were consistent with
those obtained in the current study.

Table 1. The distribution of bacterial species isolated from patients with dental caries.

S.No. Bacterial Species Number of Bacteria Isolated Percentage %
1- Streptococcus sanguinis 46 38.3%
2- | Streptococcus pseudoporcinus 35 29.2%
3- Streptococcus salivarius 24 20.0%
4- Staphylococcus warneri 15 12.5%
Total number of bacterial isolates 120 100.0%

Table 2. Biochemical observations of the different bacterial isolates obtained from patients with dental caries.

Biochemical Test|Streptococcus sanguinis Streptococcus pseudoporcinus Streptococcus salivarius|Staphylococcus warneri
Result Result Result Result
Catalase + + + -
Oxidase - - - -
Urease - - - +
Coagulase - - - -
Methyl-red + + + +
Voges Proskauer - - - -
Motility - - - -

Table 3. The antibacterial activity of several plant extracts against different isolates obtained from dental caries infection.

Extracts Bacterial Species (The MIC and MBC are reported in pg/mL)
Name Streptococcus sanguinis pi:':g;;izif:;s Streptococcus salivarius|Staphylococcus warneri
MIC MBC MIC MBC MIC MBC MIC MBC
Ferula asafoetida 15.6 62.5 31.2 125 62.5 250 15.6 62.5
Zumeria majda 31.2 125 31.2 250 15.6 125 31.2 62.5
Thymus migricus 31.2 62.5 7.8 62.5 15.6 125 15.6 62.5
Artemisia santolina 15.6 62.5 31.2 125 7.8 62.5 31.2 62.5
Sargassum 39 7.8 1.95 7.8 3.9 7.8 0.97 39
Proskia 7.8 15.6 7.8 31.2 15.6 31.2 3.9 15.6
Roots of Echinacea angustifolia 31.2 125 15.6 250 15.6 125 31.2 62.5
Echinophora platyloba 15.6 62.3 7.8 125 31.2 62.3 15.6 250
Pimpinella tragiodes 125 250 62.5 125 31.2 62.5 62.5 250
Phlomis bruguieri 15.6 125 31.2 125 7.8 250 31.2 62.5
Phlomis kurdica 31.2 250 31.2 500 15 125 31.2 500
Phlomis olivieri 15.6 125 62.5 250 31.2 250 15.6 250
Satureja khuzestanica 15.6 62.3 31.2 125 7.8 250 3.9 62.3
Satureja spicigera 7.8 62.5 15.6 250 15.6 500 31.2 125
Polysaccharide extract of pomegranate 31.2 62.5 7.8 125 15.6 250 31.2 62.5
peel
Cicer arietinum proteins 7.8 15.6 39 7.8 1.95 7.8 39 15.6
Imipenem as positive control 15.6 31.2 7.8 62.5 15.6 125 3.9 31.2

Abbreviations: MIC = Minimum Inhibitory Concentration, MBC = Minimum Bactericidal Concentration
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Previous research [29] examined the effect of Allium
sativum bulb extract on pathogenic bacterial species, including
Lactobacillus acidophilus, Streptococcus sanguis, Strept-
ococcus salivarius, Streptococcus mutans, and Staphylococcus
aureus isolated from periodontal and dental caries infections.
The MBC values in this study ranged from 60 + 5 mg/mL to
215 £ 7 mg/mL. The activity of Allium sativum bulb extract on
the tested bacterial species in the cited study was higher than
the MBC data obtained in our study. Several studies tested the
effects of a variety of medicinal and herbal plant extracts,
including Arctii Fructus, Caryopteris incana, Aralia contin-
entalis, Symplocarpus renifolius, Lamium amplexica, Artoc-
arpus lakoocha Roxb, Albizia myriophylla, Eurycoma long-
ifolia, Glycyrrhiza glabra, and Anacardium occidentale. They
were found to have superior antimicrobial efficacy against
cariogenic and non-cariogenic bacterial species [29 - 35]. The
current study findings are promising as an alternative treatment
for dental caries infection, thus reducing the use of
antimicrobial therapy for dental caries and decreasing
antimicrobial resistance for cariogenic bacterial isolates that
cause tooth infection.

Streptococcus mutans and Streptococcus sobrinus have
been identified in several studies as the etiological agents of
dental caries in humans. The cariogenic possibility of these
bacteria is directly correlated with their acidogenic and aciduric
capacity. Both species have evolved significantly over time in
terms of a variety of changes adapted to cope with the acidic
and occasionally harsh conditions found in the human oral
cavity [36, 37]. The absence of S. mutans and S. sobrinus in
this study could be attributed to a number of factors, including
the location of the tooth from which the bacteria were isolated,
the method used to isolate the bacteria, and the laboratory
conditions.

CONCLUSION

In this study, Streptococcus sanguinis was the most
common bacteria isolated from dental caries (38.33%), while
Staphylococcus warneri was the least common (12.5%). The
MIC values for all tested extracts ranged from 3.9 pg/mL to
500 pg/mL, and the MBC values ranged from 3.9 pg/mL to
500 pg/mL against the four isolated species from patients
suffering from dental caries infection. The MIC for positive
control imipenem ranged from 3.9 pg/mL to 15.6 ug/mL, and
MBCs ranged from 31.2 pg/mL to 125 pg/mL. This study
suggested paying more attention to the causative factors for
dental caries; people should see a dentist to get their teeth
checked on a regular basis. To prevent dental caries from
bacterial infection, a more effective plant extract is often used
as a mouthwash and treatment for tooth decay diseases.
Alternative therapies have been gaining great attention because
they are safe and have few side effects compared to synthetic
prescription medications. The focus is primarily on drugs that
are derived from plants. Numerous medicinal and herbal plants
are being examined for their possible antimicrobial activity and
medical use as a substitute for synthetic drugs for use in dental
care. Future research should examine the antibacterial activity
of the newly tested plant extracts in vivo.
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