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1 Introduction
The most important microorganisms involved in the dental 

biofilm formation process are SRB, which uses sulfate and produces 
hydrogen sulfide (H2S) gas. In addition, these bacteria use iron in 
the environment and produce black SFe sediment (Amado et al., 
2020). The SRB bacteria get their energy from reducing sulfate 
in humans and animals’ gastrointestinal tracts (mouth and 
intestines). These microorganisms are found everywhere in 
the environment and are scattered in the water, air, and soil 
(Dula et al., 2021). Numerous studies have shown that bacteria 
in the oral environment infect the tissue around the tooth and 
cause inflammation. The resulting infection and inflammation 
lead to dental biofilm and orthodontic–periodontic problems. 
Chronic periodontitis is considered the most frequent form of 
periodontitis, which leads to inflammation in the supporting 
tissues of the teeth and their progressive loss of adhesion and 
gingival bone resorption. Bacteria that stay on the oral surfaces 
for a long time due to poor oral hygiene led to the development 
of a layer called dental plaque, which becomes a hard layer 
called calculus over time. These formations gradually spread 
to the subgingival space, which is difficult to clear through 

conventional hygienic methods and leads to periodontal disease 
(Kushkevych et al., 2020; Cwalina et al., 2017).

Periodontal pathogens are usually a small fraction of the total 
of 600 known bacterial species that can colonize the dental surfaces 
and the underside of the gums and oral mucosa. SRB bacteria 
play a significant role in the onset of persistent inflammation 
such as gum disease and dental plaque (Naginyte et al., 2019). 
Most periodontal pathogens are anaerobic, and their number 
in the infection medium depends on the biofilm environment 
created and the periodontal pocket (Winning  et  al., 2015; 
Cruz et al., 2022). A biofilm is a complex microbial community 
enclosed within a polysaccharide or protein matrix caused by 
gram-positive and gram-negative strains (Jakubovics  et  al., 
2021). Bacterial resistance to antimicrobials in the biofilm phase 
is a major global issue today. In addition, studies have shown 
that biofilm formation on fixed orthodontic appliances, which 
happens due to etching, priming, and applying brackets to the 
tooth surface, can cause enamel demineralization and gingival 
tissue inflammation (Ghane et al., 2022; Jeon et al., 2020).
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Investigates have shown that SRB-produced biofilms are 
resistant to many agents (Crispim et al., 2018; Shastry & Rekha, 
2021), such as antibiotics and disinfectants, and their removal 
requires a new approach (Shin & Kim, 2022). Many genes are 
involved in the function of SRB strains. The enzyme adenosine 
5-phosphosulfate reductase (APS), encoded by the aprAB gene, 
is a flavoprotein with two alpha and beta subunits that convert 
APS to sulfite or bisulfite and adenosine monophosphate. 
Another important enzyme in SRBs is the sulfite reductase 
enzyme, which has three subunits encoded by dsvABC genes. 
Another important enzyme in the function of SRB bacteria is 
ATP sulfurylase, which is encoded by the sat gene and plays a 
key role in the uptake of sulfate activated by APS sulfurylase 
(Tripathi et al., 2021; Li et al., 2021).

Over the last few years, with the propensity of people to use 
verdant medicines because of the adverse effects and antibiotic 
resistance caused by chemical drugs, and the emphasis of the 
World Health Organization on the replacing of chemicals 
with natural ingredients has led researchers to use these rich 
reservoirs of useful compounds in the pharmaceutical industry 
and the production of antimicrobials with the least side effects 
(Alwazeer et al., 2020; El‐Shafei et al., 2020; Bulut et al., 2021; 
Yonjalli et al., 2020; Son et al., 2022). Studies have shown that these 
herbs, such as P. ovata, T. chebula, E. caryophyllata, and A. vera, 
were used to treat inflammation of the oral mucosa (Jokar et al., 
2016; Karami et al., 2017; Lu et al., 2019). In addition, there is 
no investigation about SRB strains causing biofilm on fixed 
orthodontic appliances. Considering the above and confirming 
the antibacterial effects of various plant extracts, it seems that 
these plants can combat different types of dental caries and can 
be used as an active ingredient to prevent caries caused by SRB 
strains. Therefore, our study aimed to investigate the effect of 
different plant extracts on the biofilm formation and cytotoxicity 
of SRB strains isolated from orthodontic appliances of patients.

2 Material and methods
2.1 Sampling

The current study was performed on samples taken for diagnostic 
studies in Dr. Kalbassi dentistry clinic in Tehran and Isfahan 
provinces of Iran. Samples from orthodontic appliances including 
brackets, molar bonds, arch wires, and auxiliaries were collected 
by two orthodontists and kept in 4 ˚C until further examinations.

2.2 Isolation of bacteria

Two blood agar plates were used under aerobic and anaerobic 
conditions to isolate the bacteria. Then, common microbiological 
tests were used to accurately identify microbial isolates, such as 
Gram staining, API kit sugar tests, and biochemical tests. Finally, 
the bacteria were cultured in an SRB-specific culture medium to 
isolate pure strains. Postgate E culture medium (Merk, Germany) 
containing agar, 2.0 g; Sodium sulfate, 1.0 g; potassium dihydrogen 
phosphate, 0.5 g; ammonium chloride, 1.0 g; calcium chloride, 1.0 g; 
magnesium chloride hexahydrate, 1.83 g; ascorbic acid, 0.1 g; yeast 
extract, 1.0 g; sodium thioglycolate, 0.013 g; sodium citrate, 6.38 g; 
sodium lactate 1.75 mL; NaCl 3.5%, resazurin, 2.0 mL 0.025% P/V, 
ferrous sulfate heptahydrate, 0.5 g per liter was used for culture 

and isolation of SRB strains. A reducing solution (pH = 6.5) was 
also used to transfer optional anaerobic bacteria. Immediately 
after collecting the samples, each sample was subjected to a tube 
containing the reduction solution and shaken for 10 s. One mL 
of the solution was cultured in Postgate E medium for 28 days at 
30 °C. The samples in reducing solution were then transferred to 
Nutrient Broth (NB) culture medium and cultured for 48 hours. 
Following confirmation and isolation of the colonies, they were 
subjected to molecular studies. Samples cultured in Postgate E were 
examined for 28 days. Changing the medium color to black due to 
the formation of iron sulfide was considered SRB bacteria. Also, the 
growth of anaerobic bacteria that did not reduce sulfate produced 
a clear white or pink color in the culture medium.

2.3 Multiplex PCR

DNA extraction from bacteria was performed by QIAmp DNA 
Mini Kit (QIAGEN) and following its instructions. The concentration 
of oligonucleotides was determined by the nanodrop device 
determining the OD at 260 and 280 nm (Eppendorf BioPhotometer 
D30, Germany). DNA purity was calculated by determining the 
OD ratio at 260 to 280 nm (1.5 to 2), indicating that the DNA-
containing solution was properly purified. The conserved sequence 
of target genes and 16S rRNA of SRB bacteria was determined 
at the NCBI website. Primers were designed using Gene runner 
software (Table 1). Multiplex PCR amplified target sequences under 
the following conditions in 35 cycles. Preliminary denaturation 
at 95 °C for five min, denaturation at 95 °C for 60 s, annealing of 
primers at 55 °C for 60 s, polymerization at 71 °C for 3 min and 
elongation at 72 °C for 2 min employing a thermocycler (Bio-Rad, 
USA). DNA fragments were separated by electrophoresis on 2% 
agarose gel, and the resulting fragments were sequenced. Isolated 
strains were identified by 16S rRNA sequence analysis using a 
genetic analyzer (Bioneer, South Korea). BLASTN program of 
NCBI website used for search homologous nucleotide sequence 
encoding 16S rRNA gene.

2.4 Extraction of plants

Authenticated P. ovata (seeds), A. vera (leaf), T. chebula (fruit), 
and E. caryophyllata (flower bud) were prepared from the Tehran 
university botanical garden and washed several times. The herbs 
were identified by five experts in the Department of Pharmacognosy, 
Faculty of Pharmaceutical Sciences, Tehran University of medical 
sciences, Tehran, Iran. Herbs were dried in a dark place for several 
days and then ground by a shredder. Extraction of 200 g of powdered 
material with 500 mL of water was performed by reflux condenser for 
8 h at boiling temperature by distillation method. The hydroalcoholic 
extract of T. chebula was prepared according to Bag et al. (2013) 
study, the hydroalcoholic extract of P. ovata was carefully prepared 
by the method used in the study of Karami et al. (2017), and the 
hydroalcoholic extract of e. caryophyllata was prepared according 
to the Zam et al. (2020) study.

2.5 Gas Chromatography-Mass Spectrometry (GC-MS) 
analysis

Major phytochemical constituents of the hydroalcoholic 
extracts of the plants were determined using GC-MS analysis. 
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Perkin-Elmer Clarus 680 system (USA) equipped with a fused 
silica column, packed with Elite-5MS) capillary column (HP-5 MS 
capillary column (30 m × 0.25 mm, 0.25 mm) was used for 
analysis. In this study, helium gas was used as the carrier (flow-
rate of 1 mL/min) and an electron ionization energy method was 
adopted with high ionization energy of 70 eV (electron Volts) 
with 0.2 s of scan time and fragments ranging from 40 to 600 m/z. 
The injector temperature was maintained at 250 °C (constant) 
and injection quantity of one μL was used. The column oven 
temperature was set at 52 °C for 3.5 min, raised at 10 °C per min 
up to 280 °C, and final temperature was increased to 300 °C for 
10 min. The contents of phytochemicals present in the test samples 
were identified based on comparison of their retention time 
(min), peak area, peak height and mass spectral patterns with 
those spectral databases of authentic compounds stored in the 
National Institute of Standards and Technology (NIST) library.

2.6 Determination of MIC of plant extracts

The minimum inhibitory concentration (MIC) of four herbal 
extracts against SRB strains was determined by the dilution broth 
micro method in 96 sterile plates. For this purpose, 90 µL of 
Müller-Hinton Broth culture medium (containing 2% sucrose for 
oral bacteria) containing 1.3 × 106 CFU/mL of the SRB bacteria 
were poured into each 96 microplate wells. Extracts were serially 
diluted in two folds to obtain the concentrations from 512 to 
0.98 µg/mL and added to each well, and plates were incubated 
for 24 h at 37 °C. Then, the last well that showed turbidity was 
considered as MIC. Subminimum inhibitory concentrations of the 
extracts were used for gene expression studies. All antimicrobial 
tests were performed in triplicate.

2.7 Biofilm formation activity of SRB strains

The biofilm formation strength of the strains was evaluated 
according to the Famuyide et al. (2019) method. Briefly, fresh 
colonies of SRB isolates harboring target genes were inoculated to 
Luria-Bertani broth (LB) medium. The cultures were incubated 
overnight at 37 °C with shaking at 180 rpm. Next, the number of 
cells in each culture was quantified and optical density adjusted to 
0.5 McFarland turbidity standard. Then, 150 μL of each bacterial 

suspension was subjected to eight wells of a 96-well flat-bottom 
microtiter plate containing Brain Heart Infusion Broth (BHI). 
Incubation was carried out at 37 ºC for 24 h. Cultures were then 
aspirated, and the wells were washed three times with Phosphate 
Buffer Saline (PBS). Next, the plates were air-dried overnight 
and stained with 0.1% crystal violet. After staining for 30 min, 
the culture wells were washed three times with deionized water 
to remove the unbound crystal violet. The optical density of 
the wells was measured at 560 nm using an ELISA auto reader 
(Berthold Technologies). Sterile BHI broth was served as a 
negative control. All assays were done in triplicates.

2.8 Antibiofilm activity of the extracts

96-well plates were employed to assess biofilm formation 
under extracts stress. Overnight cultures of SRB strains harboring 
target genes were adjusted to an 0.5 McFarland standard in 
LB medium and co-cultured by subMIC concentration of 
extracts as treatment and without agents as a control for 24 h 
at 37 °C with slight shaking. Bacterial growth was detected 
by measuring absorbance at OD560 by Wensar Double Beam 
UV-VIS Spectrophotometer, LMSP-UV1900 (Wensar, India). 
Formed biofilms were stained with 100 µL of crystal violet for a 
half-hour at 25 °C. Then, plates were emptied and dried. Dried 
crystal violet was extracted with ethanol (95%, v/v), and total 
biofilm formation was then analyzed at OD570. The assessment 
was performed as triplicates, and results were performed as the 
averages with standard deviations. Extracts’ ability to destroy 
preformed biofilms was investigated as previously described 
(Famuyide et al., 2019), and the biofilm biomass was examined 
using crystal violet staining.

2.9 Real-time PCR

Finally, the effect of plant subMIC concentrations on isolated 
SRB strains harboring target genes was investigated. Total 
RNA of SRB bacteria was extracted using an RNA isolation kit 
(QIAGEN) and stored at -80 °C. Then, cDNA was synthesized 
using a Thermoscript reverse transcriptase kit (Invitrogen), 
and real-time PCR was performed using a real-time PCR kit 
(QIAGEN) following factory instructions.

Table 1. Primers used in this study.

Primer Sequence (5-3) Product size
16S RNA CCGTAGATATCTGGAGGAACATCAG

ACATCTAGCATCCATCGTTTACAGC
1500 bp

BFR CCGCGAAAGTCATCTGAGAAGTGC 360 bp
CATCGGCAAGTTCTCCGTAGTC

AprB TTCGTGCGTATGCCCCGATCGCAACC 411 bp
ATGCCAACCTTCGTGCGTCCCGATCG

dsvA CAAGTTCTCCGTAGAGTTCTCCGTAG 510 bp
GTTCTCCGTAGAGTTCTCCGTTCTCCG

dsvB AGTTCTCACATCAAGTTCTAGTTC 272 bp
TTCTCAAGCAAGTAAGTTTCTCCT

dsvC ACAGTTCTCATTCTAGTCAAGTTC 455 bp
GCGTATGCCCCGACAGTTCTC

sat TCACAGTTACAGTTCCACAGTTCTCTC 560 bp
TCACAACAGTGTTCTCCACTCAGTTCT
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Real-time PCR was performed with thermal cyclers (Bio-Rad 
T100) using SYBR Green PCR Master MIX (Applied Biosystems). 
The relative rate of gene expression was determined using 16S 
rRNA as a housekeeping reference. Finally, the specificity of the 
PCR reaction was determined by melting curve analysis in the 
final stage of PCR. Real-time PCR data were analyzed using the 
software in ABI device by ΔΔCT-method, and the final number 
obtained from different iterations was statistically analyzed using 
Microsoft Office Excel software.

2.10 Cytotoxicity

In this study, the in vitro cellular toxicity of the extracts to 
Vero cells obtained from the collection of the Iranian Biological 
Resource Center (IBRC), Tehran, Iran, was determined using 
the 3-(4,5-dimethylthiazol)-2,5-diphenyl tetrazolium bromide 
(MTT) method. Cells were grown in RPMI 1640 medium 
containing 5% fetal calf serum and 0.1% gentamicin in a 5% 
CO2 incubator. The cell suspension was plated at a density 
of 6 × 104 cells into each 96-well cell culture plate well and 
incubated for 24 h at 37 °C in a 5% CO2 incubator. Then, 
different concentrations of the extracts (0.025 to 1000 μg/mL) 
were added to wells and incubated for 48 h. Doxorubicin and 
dimethyl sulfoxide (DMSO) were used as a positive and negative 
control, respectively. Next, wells were rinsed with PBS, and 
fresh RPMI 1640 medium (200 μL) was dispensed to each well. 
Then 30 μL of MTT dissolved in PBS and added to wells, and 
plates were incubated for 5 h at 37 °C in a 5% CO2 incubator. 
Next, the medium aspirated and 100 μL of DMSO was added 
to each well and carefully pipetted. The produced formazan was 
assessed spectrophotometrically at 570 nm wavelength, and the 
cell viability percentage and selectivity index (SI = LD50/MIC) 
were calculated as previously described (Ser et al., 2015). Each 
extract concentration was examined in quadruplicate.

3 Results and discussion
Despite the availability of appropriate oral care and improving 

oral hygiene, the cases of infectious diseases of the oral cavity 
have been growing in recent decades. In this context, the oral 
cavity issues due to SRB strains had been increased. In addition, 
because of the irreversible side effects of chemical drugs, including 
tooth staining, hypersensitivity reactions, toxicity, as well as the 
resistance of bacterial strains to these treatments, which has 
become a global problem, researchers have turned to the use 
of plants in the pharmaceutical industry and the production of 
antimicrobials with minimal side effects. As there are rare studies 
about SRB strains biofilms causing oral and dental issues, we 
evaluated the antibiofilm, antimicrobial effects, and cytotoxicity 
of plant extracts against biofilm-forming SRB species.

3.1 Bacterial isolation

To conduct this study, samples of 30 patients with orthodontic 
appliances were examined. Generally, 30 samples were taken 
from orthodontic instruments, materials, and patients’ fixed 
appliances. During different stages of isolation and culture, 
18 SRB bacteria were isolated from samples and cultured in 
general-purpose media and specific SRB culture medium. Then 

the Gram-negative, non-spore-forming, rod-shaped and motile 
strains that blackened Postgate E medium as described in the 
Bergey’s Manual of Systematics of Archaea and Bacteria were 
identified subjected to 16S rRNA analysis.

3.2 Multiplex PCR and sequencing

The complete 16S rRNA gene sequences showed that 
18 sulfated reducing bacteria were isolated from samples, 
of which 3 harbored all target genes. The phylogenetic and 
genomic analyses indicated that strains are closely related to 
Desulfomicrobium orale strain NY677, Desulfomicrobium orale 
strain NY682 and Desulfomicrobium orale strain NY683 as 
they formed a distinct subclade at more than 90% bootstrap 
value (Figure 1). Heggendorn et al. (2014) examined patients 
and reported the presence of SRB strains in 66.67% of the 
samples and linked the periodontal diseases to these bacteria 
(Heggendorn et al., 2014). Here, we found SRB strains in 60% 
of the samples. The significant elevation of the SRB strains 
had been reported to be associated with periodontal diseases 
(Gopalakrishnan et al., 2019). Still, different species were found 
in both studies that could be attributed to the study population.

3.3 GC-MS analysis

The utilization of GC-MS was useful for the identification of 
the bioactive compounds in extracted plants. Table 2 listed the 
important bioactive compounds present in the hydroalcoholic 
extracts of the plants.

3.4 Antibacterial activity

The antibacterial activity of the extracts against isolated strains 
was detailed in Table 2. The MIC values for the extracts ranged 
between 0.11-96.7 µg/mL against strain 1, 57.2-219.22 µg/mL for 
strain 2, and 40.2-75.5 µg/mL for strain 3. These results indicated 
that the extracts were active against all SRB strains. Antibacterial 
activity of the aloe vera (Jain et al., 2016; Sánchez et al., 2020), 
E. caryophyllata (Azizan et al., 2019; Zainol et al., 2017), and T. 
chebula (Mishra et al., 2019; Patel et al., 2017) extracts against 
both gram-positive and gram-negative multi-drug resistant 
oral pathogens have been reported previously. In addition, 
some studies reported antibacterial properties of P. ovata 
(Hammami et  al., 2020; Patel  et  al., 2018), but there was no 
survey about the effects of these extracts on SRB strains. This 
result appears that our study is the first study reporting the 
antibacterial and antibiofilm effects of these medicinal plants 
extracts against pathogenic SRB strains. Pyrogallol and eugenol 
as major components of T. Chebula fruit and E. caryophyllata, 
respectively showed antibacterial activities (Jokar et al., 2016; 
Azizan et al., 2019; Zainol et al., 2017).

3.5 Antibiofilm activity

Bacterial biofilm is a universal threat to human oral 
health because of resistance to treatment and the capability to 
exacerbate nosocomial conditions. Henceforth, the search for 
novel effective agents to challenge this issue is a priority. In this 
study biofilm, formation screening showed that three isolated 
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strains were capable of producing strong biofilms. Examination 
of the effect of subMIC extracts on these strains showed that A. 
vera, T. chebula, and E. caryophyllata had an anti-biofilm effect 
on two strains producing strong biofilm (p < 0.05). In contrast, 
P. ovata had an anti-biofilm impact on one of the strains. Strain 
1 showed the highest sensitivity, and strain 3 had the highest 
resistance to extracts (Figure 2). The data showed that the three 
extracts had an inhibitory effect on all strains within 24 h after 
biofilm formation (Figures 3-4). After 48 h of biofilm formation, 
P. ovata extract did not show anti-biofilm activity. At the same 
time, the other three extracts, including aloe vera, T. chebula, 
and E. caryophyllata prevented the formation of biofilm (> 
50%) (p < 0.05). The ability of antibacterial agents to destroy 
or interfere with the formation of biofilms is attributed to their 
active components that reduce the colonization of bacterial cells 

in epithelial mucosa and dental surfaces. In our study, except for 
P. ovata that just affected strain 1, other extracts inhibited the 
formation of all strain’s biofilms. In addition, A. vera, T. chebula, 
and E. caryophyllata prevented attachment of all strains by 
over 65%, revealing a promising antibiofilm property. Previous 
studies exhibited that these extracts’ major components, such 
as myrobalan and eugenol, exert their action by increasing the 
permeability of the cell membrane, causing the export of ATP 
and K+ molecules (Jokar et al., 2016). It has also been reported 
that these components subMIC concentrations inhibited P. 
gingivalis, S. aureus, S. agalactiae, and Enterococcus faecalis 
biofilm formation (Adil et al., 2014; Sarabhai et al., 2013). In this 
study, subMIC concentrations of the extracts inhibited SRB strains’ 
biofilm formation, and 24-48 h treatment removed preformed 
biofilm. The outstanding function of the plant extracts to hinder 

Figure 1. Maximum likelihood tree of 16S rRNA sequences using the Neighbor-Joining method showing the phylogenetic positions of isolated 
sulfate-reducing strains (S1, S2, and S3) to other members of the SRB family. Bootstrap values greater than 75% are shown.

Table 2. Major components identified in hydroalcoholic extracts of the plants by GC-MS analysis.

No. Aloe vera T. chebula E. caryophyllata P. ovata
1 β-sitosterol Pyrogallol Eugenol Oleic acid
2 Oleic acid 9-Octadecene Phenol,2-methoxy-4-(2-propenyl) Palmitic acid
3 Phytosol 9-Eicosene 1,2,3-Benzenetriol Octadecanoic acid
4 9-Octadecenoic acid, (2-phenyl-

1,3dioxolan-4-yl)methyle ester.cis-
Phenol Caryophyllene Docosane

5 Hexadecanoic acid 10-Nonadecanone Asarone Tetracosane
6 Lupeol Cyclooctacosane 2′,3′,4’Trimethoxyacetophenone Pentacosane
7 n-Hexadecanoic acid Hexadecanoic acid 1,4,7-Cycloundecatriene,1,5,9,9-

tetramethyl-z,z,z
Tetradecane

8 Tocopherol 1-Tricosene Caryophyllene oxide Thymol
9 Nonadecane, 2-methyl Heptafluorobutyric acid Phenol,2-methoxy-4-

(methoxymethyl)
Glycerylpalmitate

10 Octadecane, 2-methyl- Triacontanoic acid Farnesol,acetate 1-Tetracosanol
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Figure 2.  Antibiofilm effect of subMIC concentrations of four herbal extracts against strong biofilm-producing strains of sulfate-reducing bacteria. 
The untreated biofilm Odr = 1.6. Data are presented as Mean ± SD, *= p < 0.05, and **p < 0.00 versus control.

Figure 4. Bar graph presents the fold change in target genes with quantitative real time-PCR. Data are presented as Mean ± SD, * = p < 0.05, and 
**p < 0.00 versus control.

Figure 3. Effect of herbal extracts of four plants against formed biofilm by sulfate-reducing bacteria. The results ≤  50% showed low activity, and 
>  50% showed high activity against the SRB strains. Negative values represent the development of formed biofilm.
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the early stage of biofilm establishment of the SRB isolates may 
be attributed to interference with electrostatic interaction, van 
der Waals, and Brownian forces that mediates the deposition 
and adherence of bacteria to surfaces (Roy et al., 2018). Some 
studies showed that plants extracts inhibit the availability of 
nutrients for bacterial cell growth and cell adhesion. Following 
our findings, Aires et al. (2021) evaluated the bacteriostatic and 
bactericidal abilities of e. caryophyllata against oral bacteria in 
planktonic and biofilm states. They revealed promising antibiofilm 
activity of the plant (Aires et al., 2021). In another study, Aloe 
vera extract had acceptable antibiofilm activity against various 
drug resistant microorganisms (Galleh et al., 2021; Cherian et al., 
2019; Cardoso et al., 2021). Another important of SRB strains is 
that in addition to producing mono-specie biofilm, they are also 
involved in the production of multispecies biofilms and major 
oral pathogens such as S. mutans and Porphyromonas gingivalis. 
Therefore, the nonspecific mechanism of action of the extracts 
may affect these strong multispecies biofilms as their component’s 
antibacterial properties against drug-resistant oral pathogens 
have been demonstrated (Zhang et al., 2017; Miladi et al., 2017). 
Rare studies are examining biofilm inhibition on orthodontic 
appliances. In a study investigating the effect of Padma-hepaten 
herbal combination on the biofilm development of S. mutans 
on orthodontic surfaces, they revealed the antibiofilm effects 
of that extracts. Our findings prove the use of these extracts as 
antibiofilm agents. With increased antibiotic resistance, the use 
of natural medicinal plants to prevent biofilm formation and 
development without cytotoxicity against human cells may pave 
the way to an innovative therapeutic concept.

3.6 Gene expression analysis

The results of studying the expression of genes involved in 
biofilm formation in isolated SRB strains are detailed in Figure 4. 
They indicate that the fold change for these genes was significantly 
reduced due to treatment with plant extracts. These data suggest 
that these gene expressions were downregulated in the treated 
group compared to the untreated group (p < 0.05, CI = 95%). 
The suppression of these genes demonstrated that except P. ovata 
extract, all other extracts induced downregulation of these virulence 
factors, which interferes with bacterial colonization and the initial 
stage of biofilm formation. There was no investigation about the 
effects of antibiofilm agents on SRB strains’ biofilm-related genes 
expression profile. Still, there is evidence about the influences of these 
extracts on virulence genes expression on other species (Lu et al., 
2019; Zhang et al., 2017). The present study results indicate that A. 
vera, T. chebula, and E. caryophyllata decrease the formation and 
development of biofilm, and downregulating biofilm formation 
genes expression is one of the mechanisms of action of these 

agents. As a result, these extracts appear to be an ideal candidate to 
manage and prevent oral diseases. In line with our finding’s studies 
revealed downregulation of the virulence genes of oral pathogens 
following treatment with eugenol, myrobalan, and acemannan as 
major components of E. caryophyllata, T. chebula, and A. vera, 
respectively (Adil et al., 2014; Farkash et al., 2020; Salah et al., 2017).

3.7 Cytotoxicity

The selectivity index and cytotoxic activity of the extracts 
against Vero lineage are detailed in Table 3. The hydroalcoholic 
extract of T. Chebula had the lowest cytotoxicity, followed by 
Eugenia caryophyllata and Aloe vera. P. ovata extract had LC50 > 
100 μg/mL. In this investigation, the safety margin of the extracts 
measured using SI value and T. Chebula showed the best average SI 
value of 17.9 against isolated strains, followed by E. caryophyllata 
(12.52) and A. vera (14.4). It must be pointed out that P. ovata 
showed a relatively low SI value of 5.71. Although herbal extracts 
are considered safe, it is essential to evaluate their cytotoxicity 
scientifically. Previous reports showed that plant extract with 
LD50 ≤ 20 μg/mL must be considered highly cytotoxic agents 
(Kuete et al., 2011). In addition, it must be pointed out that in 
vitro evaluation of the agent’s cytotoxicity is not adequate because 
various factors are involved. All the plant extract evaluated had 
low cytotoxicity against Vero cells with LD50 ≤ 20 μg/mL in the 
present study. The selectivity index of an antimicrobial agent is a 
significant factor as a SI > 1 reveals that the extract is more toxic 
to the strains than to normal animal cells. Plant extracts with SI 
value are safer for host cells and more potent to be developed as 
a safe, natural agent. Our results demonstrated that all extracts 
evaluated in this study have the potential to be developed into 
effective and safe natural antimicrobial agents to control biofilm 
in orthodontic appliances and periodontic infections.

4 Conclusion
There was rare information about the sulfate-reducing bacteria 

biofilms as an oral pathogen and antibiofilm activity of investigated 
plants against these strains. The present study revealed that E. 
caryophyllata, T. chebula, and A. vera had promising activity 
against biofilm formation and the development of isolated strains. 
All extracts showed good antimicrobial activity and relatively 
low cytotoxicity, making them nonnegligible candidates for 
isolation of functional components and possible development 
into natural products that can be considered templates for new 
antibiofilm and antibacterial agents. These extracts showed good 
activity against SRB strains that may stimulate further biological 
studies on underestimated medicinal plants, especially those 
native to Iran.

Table 3. The MIC (µg/mL), selectivity index, and in vitro cytotoxicity (LC50) of the four plant extracts against Vero cells.

Extract Cytotoxicity 
(μg/mL)

Strain 1 Strain 2 Strain 3 Average
SIMIC SI MIC SI MIC SI

Planta ovata 113 ± 0.08 0.11 10.27 219.22 1.94 40.02 3.54 5.71
Aloe vera 74 ± 0.03 96.7 13.07 163.02 22.03 60.01 8.11 14.4
Terminalia Chebula 39 ± 0.05 76.5 19.64 57.2 14.68 75.5 19.38 17.9
Eugenia caryophyllata 44 ± 0.001 61.5 13.99 44.8 10.2 58.9 13.39 12.52
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