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ABSTRACT

Background: Due to the increasing resistance of bacteria to antibiotics and anti-bacterial compounds in plants, Allium jesdianum
Boiss plant extract can be used in mouthwash compounds with its anti-microbial activity. Methods and Materials: The anti-bacterial
and anti-fungal activity of A. jesdianum mouthwash was investigated on Streptococcus mutans, Streptococcus sanguis, S. salivarius
and Candida albicans, and Candida tropicalis. To analyse the anti-microbial effect of this mouthwash, minimum inhibitory
concentration (MIC) and minimum bactericidal concentration (MBC) were determined by the broth microdilution method. Results: The
average MIC and MBC of A. jesdianum mouthwash for S. mutans were 1.56 and 3.12 (mg/ml), respectively, for S. salivarius, 0.25 and
0.65 (mg/ml), and for S. sanguis, respectively, 0.25 and 0.65 (mg/ml). The highest MIC and MBC values were for S. mutans, and the
MIC and MBC values were equal for S. sanguis and S. salivarius. Average MIC and MBC were determined as 2.41 and 4.16 (mg/ml)
for C. albicans and 2.34 and 5.72 (mg/ml) for C. tropicalis, respectively. MIC values of mouthwash were higher for C. albicans and
MBC values for C. tropicalis. Conclusion: Our results showed a promising anti-fungal-anti-bacterial effect of A. jesdianum extract.
A. jesdianum extract may be used as an alternative to chemical mouthwashes.
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Introduction as chlorhexidine, commonly used in dentistry today, are widely
used due to their appropriate anti-bacterial power, relatively long
Mouthwashes are the most common solutions used in dentistry

to prevent and control infections.'! Chemical mouthwashes such

duration of effect, and non-toxicity. Still, they also have various
side effects, such as the formation of dental pigments, change in
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the sense of taste, burning and dryness of the mouth, swelling of
the gums and adverse systemic effects if swallowed. However, the
bitter taste of nystatin mouthwash and repeated use four times
a day, as well as repeated preparation during the period of use,
lead to patient dissatisfaction. Therefore, it seems necessary to
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have a mouthwash with a suitable taste, a more straightforward
method of setvice and a practical effect.*

One of the current problems in treating oral and dental bacterial
infections is antibiotic resistance. With the increasing resistance of
bacteria to antibiotics, efforts are being made wotldwide to replace
them with new treatments.”! Among the promising instances ate
medicinal plants highly compatible with the human body. Herbal
mouthwashes have been shown to have anti-bacterial activity
against oral pathogens and also relieve pain without systemic side
effects.l”! Medicinal plants play a vital role in treating diseases due
to their anti-microbial and anti-fungal activity against pathogens.”
Allinm jesdianum is a flowering plant that grows wild, belongs to the
Lilaceae family, and is native to Iran. Traditionally, this plantis used
to treat abdominal pain, rheumatism, vomiting, kidney stones and
colds.®™ Recently, the results of investigating the anti-microbial
effects of essential oil and aqueous, ethanolic, methanolic, and
ether extracts of the A. jesdiannm plant have shown that the extracts
of this plant have anti-bactetial and anti-fungal effects.["'**2
Sulphide and terpenoid compounds form the main part of the
essential oil of this plant, and the anti-microbial effects of this plant
are probably due to the presence of these two compounds.!'"!
Aqueous and methanolic extracts of this plant have an excellent
inhibitory effect on bacteria such as Staphylococcus aureus, Streptococcus
mutans, Pseudomonas aeruginosa and Escherichia coli." The
anti-bacterial effects of A. jesdianum can make it one of the most
effective ingredients in mouthwashes.

To date, no study has been conducted on preparing and evaluating
the anti-bacterial effects of A. jesdianum in mouthwash and its
impact on oral microorganisms. Therefore, after preparing
A. jesdiannm mouthwash in this study, we investigated its
anti-microbial results on some of the most common oral
organisms.

Materials and Methods

Ethical considerations

The Medical Ethics Committee of Jundishapur Ahvaz University
approved the study (IR AJUMS.REC.1400.491).

Place and method of collecting A. jesdianum

First, library studies were conducted on the distribution of
A. jesdianum and the research conducted around it. Botanical
information and distribution of plants in Iran were prepared
with the help of flora books. Then, in the appropriate season, a
sufficient amount of plant samples, including aerial parts, were
collected from the west of Iran and analysed to identify the
scientific genus and species and ensure the selection’s correctness.
The collected plant was kept at a room temperature of 20-28°C
and away from sunlight for further studies.

Preparation of A. jesdianum extract

To extract the aerial part of the plant, it was dried at laboratory
temperature and then crushed by a mill. To isolate and extract
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the most effective compounds, the ground plant was extracted
three times each time for two days by maceration method with
70% ethanol. The extract was passed through a double-layer
muslin cloth. Then, it was sieved using Whatman No. 1
paper and a vacuum pump device (Alwan model, Sparmax
manufacturing company, Kimia Teb Tajhiz agency). The
extract was concentrated by a rotary evaporator device (model
LABROtA4011, Heidolph company, representative of Heidolph)
at 40°C. Then, the extract was placed in two ML 300 glass cells
and, using a freeze dryer (model FDCF-12006, manufactured by
Operon, serial number 20091125-EO2), was dried for 24 hours.
The dried powder was stored in a closed container at 4°C.

Strains and culture conditions

This laboratory study was conducted at Jundishapur University of
Medical Sciences, Ahvaz (Department of Microbiology, Faculty
of Medicine and Department of Pharmacognosy, Faculty of
Pharmacy).

Standard strains of bacteria and fungi prepared from the American
Type Culture Collection (AT'CC) were used. The standard strains
of S. mutans (PTCCI1683), Streptococcus sanguis (PTCC1449),
Streptococeus salivarins PTCC1448), Candida albicans (ATCC 10231),
and Candida tropicalis (ATCC203306) were prepared as lyophilised
vials from the Scientific and Industrial Research Center of Iran.
The lyophilised materials were inoculated into the sterile medium
Tryticase Sos Broth (Merck, Germany) and incubated for 48
hours at 37°C. After the mentioned time, the bacterial and fungal
suspension was cultured on the solid medium of Brain Heart
Infusion Broth (Merck, Germany) for 48 hours to create a colony.

Preparation of trypticase soy broth (TSB) culture

According to the manufacturet’s instructions, 30 grams of
Trypticase soy broth (TSB) powder (Merck, Germany) was
completely dissolved in one litre of distilled water; then, it was
heated and boiled for one minute until the powder was completely
dissolved. After distribution inside the plates, it was autoclaved at
121°C for 15 minutes and finally kept in the refrigerator.

Preparation of Mueller Hinton agar culture

According to the manufacturer’s instructions, 38 grams of Moller
Hinton agar powder was dissolved in one litre of distilled water.
After boiling and dissolving completely, it was sterilised in an
autoclave at a temperature of 121°C for 15 minutes. After that,
the culture medium was placed in the laboratory temperature
to reach 50°C. Then, it was distributed in sterile plates next to
the flame.

McFarland standard

A suspension with a concentration equal to 0.5 McFarland
units (1.5 X 108 CFU/mL) was prepatred using colonies and
physiological serum. 1% sulfuric acid (HSO4) and 1.175%
barium chloride (BaCl2) stocks were prepared. To prepare 0.5
McFatland (1.5 X 108 ml/ml), 0.05 ml of 1.75% batium chloride
was mixed with 9.95 ml of 1% sulfuric acid. The optical absorbance
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of the prepared solution at 625 nm wavelength should be between
0.08 and 0.13. The desired standard is stable for one month in the
dark and at room temperature, and it was used as a cell suspension
standard for subsequent tests and MIC determination.

Preparation of mouthwash

The effective ingredients of A. jesdianum mouthwash include
A. jesdianum extract (the main material), distilled water (carrier
and base), glycerin (solvent help), phosphoric acid (pH regulator),
8% ethanol, sodium benzoate (conservator), propylene glycol
and sodium saccharin (sweetener). The prepared mouthwash
was evaluated regarding physicochemical properties, including
pH and viscosity. pH paper (McolorpHast-Merck-1.09535.0001)
and pH metre (Seven multi Mettler-Toledo) were used to check
pH. According to the instructions on the package, the first colour
change of the pH paper indicated pH 4 and acidic conditions;
until reaching the desired pH (pH 7), sodium bicarbonate
was gradually added to the mouthwash. After reaching the
desired pH, the viscosity of the mouthwash was checked with
a viscometer (DV-II'TPRO model, serial number RTP86028C,
BROOKFIELD brand). The viscosity of _A. jesdianum mouthwash
is 4.6% at a torque of 40 RPM and 69 centipoises (CP).

Minimum inhibitory concentration (MIC)
measurement

This study used the micro broth dilution method to determine
A. jesdianum mouthwash. First, a stock solution with a
concentration of 200 mg/ml was prepared from mouthwash.
Then, using sterile distilled water, serial concentrations of herbal
mouthwash were prepared in sterile microplates in wells 1 to 10.
In this way, the mouthwash concentration was reduced by 2 to 1.

The bacterial suspension was prepared in a TSB medium
of 1.5 X 108 (equivalent to half of McFarland) and diluted
1:100 with a TSB medium (concentration of about 106 CFU/
ml). In the next step, 100 microliters of bacterial suspension
and 100 microliters of _A. jesdianum mouthwash were added
to each well with twofold dilutions. Double dilutions ranged
from 50 to 0.09 mg/ml wete obtained, respectively. The final
concentration of the bacterial suspension in each well was about
5 x 105 CFU/ml. Also, one well (well no. 11) was prepared
as a negative control of inoculation, which has a TSB culture
medium without bacteria or fungi and mouthwash. Another
well (well no. 12) was also considered a negative control of the
treatment, which only contained the suspension of bacteria or
fungi, and no mouthwash was added. The microplate was kept at
37CO0 for 18-24 hours in the next step. After this time, the lowest
concentration of the mouthwash in which bacterial growth was
not visually visible in the corresponding well, or in other words,
no detectable turbidity was obtained, was considered MIC.

Determining the minimum bactericidal
concentration (MBC)

To determine MBC, 20 microliters of the MIC contents well
and two wells after that (higher concentration) were cultured on
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the Mueller Hinton Agar (MHA) plate, and after 24 hours of
incubation at 37°C, the number of grown colonies was counted.
The lowest concentration in which at least 3log growth reduction
compared to the initial concentration (5 X 10° CFU/ml) occurred
was considered as MBC.

To ensure the accuracy of the results, each experiment was
repeated six times for each microorganism.

Statistical analysis

The Shapiro—Wilk test was used to check the normality of the
responses in the groups. Due to the non-establishment of the
normality assumption, non-parametric Mann—Whitney and
Kruskal-Wallis tests were used to compare MIC and MBC values
in cases where the comparison was between two groups, the
non-parametric Mann-Whitney test was used. The significance
P-value was considered <0.05.

Results

To investigate the anti-microbial effect of A. jesdianum
mouthwash, MIC and MBC were determined by broth
microdilution method. MIC and MBC values are reported in
Tables 1 and 2, respectively. The average MIC and MBC are
shown in Tables 3 and 4, respectively.

Anti-bacterial effect of A. jesdianum mouthwash
on S. mutans, S. salivarius and S. sanguis bacteria

The MIC and MBC of A. jesdianum mouthwash were determined
as 1.56 and 3.12 mg/ml for S. mutans, 0.25 and 0.65 mg/ml
for S. salivarius, and 0.25 and 0.65 mg/ml for . sanguis. The
mouthwash’s highest MIC and MBC values were for S. mutans,
and the MIC and MBC values were equal for S. sanguis and
S. salivarius.

To compare the average MIC of S. mutans, S. salivarius and
S. sanguis, and because of the non-establishment of the
assumption of normality, the non-parametric Kruskal-Wallis
test was used. There was a significant difference between
the average MIC and MBC of §. wutans, S. salivarins and
S. sanguis (sig = 0.001) [Table 5].

Anti-fungal effect of A. jesdianum mouthwash on
C. albicans and C. tropicalis fungi

The MIC and MBC of the mouthwash were 2.41 and
4.16 mg/ml for C. albicans and 2.34 and 5.72 mg/ml for
C. tropicalis, respectively. MIC of the mouthwash was higher for
C. albicans and MBC for C. tropicalis.

To compare the average MIC and MBC of C. albicans and
C. tropicalis and due to the non-establishment of the assumption
of normality, Mann—Whitney non-parametric test was used.
There was no significant difference between the mean
MIC (sig = 0.789) and MBC (sig = 0.093) of C. albicans and
C. tropicalis [ Table 6].
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Table 1: MIC values (mg/ml) for the studied microorganisms

Bacterium Number Minimum inhibitory concentration [MIC] (mg/ml) of Allium jesdianum
strain of tests 50 25 12.5 6.25 3.125 1.5625 0.78125 0.390625 0.1953125 0.09765625 Control (-) Control (+)
Diskl Disk2 Disk3 Disk4 Disk5 Disk6 Disk7  Disk8 Disk9 Disk10 Disk11 Disk12
Streptococcus 1 - - - - - - + + + + _ +
mutans (PTCC 2 - : - ‘ R ‘ + + + + - +
1683) 3 - - - - - - + + + + . +
4 - - - - - - + + + + - +
5 - - - - - - + + + + - +
6 - - - - - - + + + + - +
Streptococcus 1 - - - - - - - : - + - +
sanguis 2 - - - - _ _ _ _ + + _ +
(PTCC1449) 3 _ _ _ - _ - - _ - + - +
4 - - - - - - - - + + - +
5 - - - - - - - - - + - +
6 - - - - - - - - - + - +
Streptococcus 1 - - - - - : - _ - + R +
salivarius 2 _ - _ - _ _ _ _ + + _ +
(PTCC1448) 3 R - - - - - _ _ - + - +
4 - - - - - - - - + + - +
5 - - - - - - - - - + - +
6 - - - - - - - - - + - +
Candida albicans 1 - - - - - - + + + + - +
(ATCC10231) 2 - - - - _ + + + + + _ +
3 - - - - - - + + + + - +
4 - - - - - + + + + + - +
5 - - - - - + + + + + - +
6 - - - - - - + + + + - +
Candida 1 - - - - - + + + + + - +
tropicalis 2 - - - . R , + + + + - +
(ATCC20336) 3 _ - R _ _ _ + + T + - i
4 - - - - - + + + + + - +
5 - - - - - + + + + + - +
6 - - - - - - + + + + - +
[+] = microorganism growths detected; [-] =microorganism growths undetected; Control (-): disk with no microorganism, just mouthwash; Control (+): disk with no mouthwash, just microorganism

Comparison of the average MIC and MBC of all
studied microorganisms

There was a significant difference between the mean MIC of
S. mutans, S. salivarius and S. sanguis (sig = 0.000). There was also
a difference between the mean MBC of S. wutans, S. salivarius
and S. sanguis (sig = 0.000) [Table 7].

Among all studied microorganisms, the highest MIC value was
related to C. albicans, and the lowest MIC value was associated
with S sanguis and . salivarius. However, the highest MBC value
was associated with C. #ropicalis, and the lowest MBC value was
related to S. sanguis and S. salivarius.

Discussion

In recent years, herbal agents have been used in oral care
products. There is a lot of clinical evidence for using herbal
products in mouthwashes.'"*""! Considering the chemical nature
of many types of mouthwash, such as chlorhexidine and various
side effects, such as tooth discoloration, change in the sense of
taste, burning and dryness of the mouth, gum recession, and
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19 we conducted this

adverse systemic effects on swallowing,
study to introduce a new A. jesdianum mouthwash and investigate
its anti-fungal and anti-bacterial impact to replace chemical

products.

The present study showed that A. jesdianum mouthwash
influenced the S. mutans, S. sanguis, S. salivarins and C. albicans,
and C. #ropicalis. The highest MIC and MBC were obtained
in 8. mutans. Also, the highest MIC and MBC were related
to C. albicans and C. fropicalis, respectively. As a result, our
study’s most significant effect of mouthwash was related to
S. sanguis and S. salivarins, and a minor effect was observed on
S. mutans. There was no significant difference in the effect of
mouthwash on C. albicans and C. tropicalis. Due to the novelty of
A. jesdianum mouthwash and the fact that no other research has
been conducted on this mouthwash, we inevitably compare the
findings of the present study with the literature conducted on
A. jesdianum plant extracts and essential oils.

The anti-microbial effects of A. jesdianum are probably due to its
presence of sulphide and terpenoid compounds.I'” Terpenoids,
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Table 2: MBC values (mg/ml) for the studied

microorganisms

Minimum Bactericidal concentration
(MBC) OF Allium Jesdianum
3.125
3.125
3.125
3.125
3.125
3.125
0.78125
0.78125
0.78125
0.78125
0.390625
0.390625
0.78125
0.78125
0.78125
0.78125
0.390625
0.390625
3.125
3.125
3.125
6.25
6.25
3.125
6.25
6.25
6.25
6.25
6.25
3.125

Number
of tests

Bacterium strain

—_

Streptococcus
Mutans (PTCC
1683)

Streptococcus
Sanguinis (PTCC
1449)

Streptococcus
Salivarius (PTCC
1448)

Candida Albicans
(ATCC 10231)

Candida Tropicalis
(ATCC 20336)

[ B L S I S R S I e ) B S I S R A T S I SR U I (S R o) SO T G I S

Table 3: Average MIC values

Groups n MeaniSD of MIC Minimum Maximum
Streptococcus mutans 6 1.562002£0.000000 1.562 1.562
Streptococcus sanguis 6 0.25667£0.103280 0.190 0.390
Streptococcus salivarius 6 0.25667%0.103280 0.190 0.390
Candida albicans 6 2.41633%0.949381 1.562 3.125
Candida tropicalis 6 2.34350%0.856090 1.562 3.125

alkaloids and phenolic compounds are components that can
react with enzymes and proteins of the microbial membrane
and disrupt the path of protons to the outside of the cell,
leading to cell death or inhibiting the enzymes needed for the
synthesis of amino acids.'! In addition, the inhibitory effects
of plant extracts can be related to their hydrophobic properties,
which lead to destruction and changes in their permeability by
reacting with cell membrane proteins and mitochondria.!**”
The presence of bioactive compounds with antioxidant and
anti-microbial activity in the extract of the A. jesdianum plant has
been confirmed in the study of Hojjati. Based on these results,
the high antioxidant activity of aqueous and methanol extracts
of A. jesdianum indicates the potential use of this plant extract as
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a natural antioxidant. This plant extract can destroy or prevent
the growth of pathogenic microorganisms. Therefore, the
bioactive extract of the A. jesdianum plant can be used as a natural
preservative and alternative to chemical antibiotics to prevent the
growth of harmful microorganisms, treat infectious diseases and
increase the safety of food products.”"! Similar to our study, in
Gholami e/ al’s study on the effect of methanolic and aqueous
extracts of the A. jesdianum plant on several pathogenic bacteria,
the anti-bacterial effect of these extracts on §. mutans bacteria
has been confirmed. However, it was shown that methanolic
and aqueous extracts of 4. jesdianum affected all Gram-positive
and Gram-negative bactetia except Enterococcus faecalis.”) Unlike
Amiri’s study, the aqueous extract showed a better effect than the
methanolic extract because it inhibited the growth of bacteria
at a lower MIC. Differences in results can be due to the type
of bacterial species and differences in the kind of compounds
available in various extraction methods.

In the past, studies have been conducted on the anti-fungal
activity of A. jesdianum plant extract and its effect on C. albicans,
which was also proven in the present study. In the study by Naeini
¢t al., the hydroalcoholic extract of A. jesdianum inhibited the
growth of C. albicans and the effectiveness of its aqueous extract
on the survival of macrophages and the production of nitric
oxide (NO) by macrophages was evaluated. Similar to our results
in this study, the anti-fungal activity of _A. jesdianum plant extract
against C. albicans was confirmed. This extract inhibited the
growth of C. albicans and also killed it.? The results of Shahrokh
et al’s study also confirm the anti-fungal effect of _A. jesdianum
extract on all vaginal isolates sensitive and resistant to fluconazole
of Candida glabrata.'? In general, the most medicinal effects of
A. jesdianum have been attributed to organic sulfur compounds.'”
These compounds reduced the expression of the HWP1 gene,
which leads to the inhibition of biofilm formation by C. a/bicans
and justifies the inhibitory effects of the hydroalcoholic extract
of Allium iesdianum on C. albicans.>>¥

Considering that Alium iesdianum mouthwash was produced for
the first time in this study, it was only investigated in a laboratory
environment. Its effect in the oral environment may differ due to the
presence of saliva and related factors. Therefore, it seems necessary
to conduct clinical studies to confirm the results of this study.

However, in the present study, only the anti-microbial effects of
A. jesdiannm mouthwash were investigated. Other characteristics
of the mouthwash, such as taste and smell, the ability to change
the colour of the teeth, cause burning and dryness in the
mouth, its acceptability among consumers, expiration date and
the duration of effectiveness, etc., have not been investigated,
for this reason, it is recommended to conduct other studies to
investigate these cases.

Conclusion

A. jesdianum mouthwash prevents the growth of §. sanguis,
S. salivarins, C. albicans and C. tropicalis and has a minor effect
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Table 4: Average MBC values

Groups n MeantSD of MBC Minimum Maximum
Streptococcus mutans 6 3.12500£0.000000 3.125 3.125
Streptococcus sanguis 6 0.65000£0.201395 0.390 0.780
Streptococcus salivarius 6 0.65000£0.201395 0.390 0.780
Candida albicans 6 4.16667£1.613743 3.125 6.250
Candida tropicalis 6 5.72917£1.275776 3.125 6.250

Table 5: The results of the Kruskal-Wallis test to
compare the average MIC and MBC of Streptococcus
mutans, Streptococcus salivarius and Streptococcus

sanguis
Kruskal-Wallis test statistic
y. MBC y. MIC Chi-square
13.114 13.114 Z
2 2 df
Asymp. Sig

Table 6: The results of the Mann-Whitney test to
compare the average MIC and MBC of Candida albicans
and Candida tropicalis

Mann-Whitney test statistic

y. MBC y. MIC Chi-square
-1.682 -0.267 Z
0.093 0.789 Asymp. Sig (2-tailed)

Table 7: The results of the Kruskal-Wallis test to
compare the average MIC and MBC of all studied

microorganisms
Kruskal-Wallis test statistic
y. MBC y. MIC Chi-square
25.183 24.103
4 4 df
0.000 0.000 Asymp. Sig

on S. mutans. A. jesdianum showed suitable anti-bacterial and
anti-fungal activities, which is recommended as an alternative
mouthwash and combination therapy for treating oral and dental

infections.

Key messages and recommendations

The present study showed the anti-fungal and anti-bacterial
potential of A. jesdianum mouthwash against the growth of
S. mutans, S. sanguis, S. salivarins and C. albicans, and C. tropicalis.
We recommend using this mouthwash to maintain oral and

dental hygiene.
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