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Abstract:   

Background: Antiulcer, antimalarial, antifungal, antiviral, antimutagenic, anticarcinogenic, 

hypoglycemic and immunomodulatory properties of Azadirachta indica leaves extract have been 

validated in the literature along with that different components of the Neem tree have shown potent 

antibacterial activity against various bacteria types. Similarly various studies have documented different 

health benefits and antibacterial properties of Salvia officinalis. Therefore, in current study antibacterial 

activity of chlorhexidine-containing mouthwash with leaf extracts of natural herbs, Azadirachta indica, 

and Salvia officinalis were compared against Streptococcus Mutans and P. gingivalis.   

Methodology: Invtro experimental study was conducted in the tertiary care hospital of karachi. The 

extract of plants were prepared by rotary evaporator. The extracts were diluted in distilled water at 1:4 

(Extract: Distilled water) concentration. Study participants were instructed to not brush their teeth before 

sampling. Study participants were divided into four groups (negative control, positive control, A. indica, 

and S. officinalis extract rinse group) each group had 20 participants. Diluted A. indica and S. officinalis 

extract rinses were given to the experimental group for rinses, distilled water was given to the negative 

control group and positive controls were given a standard commercially available mouth rinse. The next 

sample of plaque was collected after two hours to observe the effects of A. indica and S. officinalis extract 

rinses on bacterial colonies. Bacteria were cultured in their appropriate media in optimized habitat.   
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Results: The pre and post-samples showed a significant (p-value <0.05) decrease in the number of 

colonies in the positive control group (conventional rinse) A. indica and S. officinalis extract rinses 

group.  

The intragroup comparison of negative and positive control showed a significant difference in the number 

of colonies and the same was observed with the neem leaf extract rinse. However, the positive control, 

A. indica, and S. officinalis extract rinses comparison was insignificant.  

Conclusion: A. indica, and S. officinalis have promising antimicrobial activity, especially against oral 

pathogens including S. mutans and P. gingivalis that are   
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Introduction:  

For many years, people have turned to herbal treatment for various ailments (1). From traditional 

Chinese medicine, and Greek medicine to Ayurveda in India, the use of various herbs have been a 

cornerstone of natural healing practices for multiple diseases around the world (2). In recent times, the 

popularity of herbal remedies has only continued to grow, with many people looking for alternative 

treatments to traditional standard medications (3). In our study, we have compared the antibacterial 

activities of Azadirachta indica and Salvia officinalis.  

Azadirachta indica, commonly known as ‘Neem-tree’, is a very common plant in the dry regions 

of the world, especially in Pakistan, India, and China (4). This plant belongs to the Meliaceae family and 

its flowers, leaves, stem bark, and seeds have numerous medicinal properties (5). Neem tree is also known 

as the divine tree and village pharmacy in the south Asian region due to its various healthpromoting 

effects (6). Studies have reported antiulcer, antimalarial, antifungal, antiviral, antimutagenic, and 

anticarcinogenic, hypoglycemia and immunomodulatory properties of Azadirachta indica leaves extract 

(7-9). Therapeutic effects of Neem twigs have been reported against endothelial dysfunction, leprosy, 

diabetes, and system inflammation (10). Different components of the Neem tree have shown potent 

antibacterial activity against various bacteria types (11). Salvia officinalis, a perennial herb, is native to 

the Mediterranean region but is widely cultivated around the world (12). Salvia officinalis, commonly 

known as sage, has multiple therapeutic effects and has been used in traditional medicine for decades 

(13). Sage has been used to improve sore throat, perspiration, hot flashes in menopause, indigestion, 

dyslipidemia, and mental impairment (14). Recent studies have reported that the extracts from Salvia 

officinalis have bactericidal activity against Staphylococcus aureus, Escherichia coli, Salmonella 
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typhimurium, and various antibiotic-resistant strains (15). The antimicrobial activity of Sage is thought 

to be due to the presence of bioactive components such as rosmarinic acid and thujone in it (15).  

 S. mutans and P. gingivalis are commonly associated with the occurrence and progression of dental 

diseases such as dental caries, gingivitis, and periodontitis (16). S. mutans metabolizes sugars and 

produces acids that lead to the erosion of enamel and cause dental caries (17). P. gingivalis is strongly 

associated with periodontitis, chronic inflammation of the gums leading to tooth loss (18). Various 

antibacterial mouth rinses are available in the market that contains chlorhexidine. Chlorhexidine is a 

broad-spectrum antibacterial agent that is effective against a diverse range of microbes, including S. 

mutans and P. gingivalis (19). Chlorhexidine-containing mouthwashes are recommended by dental 

health professionals as an adjunct to conventional brushing and flossing but patient compliance is not up 

to the mark due to various adverse effects of standard mouthwashes (20). Chlorhexidine can cause brown 

staining over the teeth, restorations, and oral appliances such as braces or dentures (21). It may also 

develop a metallic or bitter taste and sometimes lead to dry mouth or a burning sensation over the oral 

mucosa (22). Apart from oral mucosal irritation, some people have also reported allergic reactions 

leading to rash, hives, and shortness of breath (23).  

 In our study, we have compared the antibacterial activity of chlorhexidine-containing mouthwash with 

leaf extracts of natural herbs, Azadirachta indica, and Salvia officinalis, which have minimal adverse 

effects and may improve patient compliance.   

Methodology:  

From December 2022 to February 2023, an in-vivo preclinical experimental investigation was carried 

out at Karachi's tertiary care hospital. N = 80 was the estimated sample size. The participants were chosen 

using a sequential sampling procedure. For group randomization, an envelope was provided to each 

participant. Film of plaque from the labial surface of the teeth of study participants was collected on 

sterile strips that were transported to the laboratory for culture in sterile containers. For culture, S. mutant 

samples were inoculated in Columbia Agar with 5% sheep blood and incubated for 48 h at 37 °C, and 

increased the level of CO2. P. gingivalis were grown in Wilkins-Chalgren anaerobic broth under 

anaerobic conditions of 5% CO2, 10% H2, and 85% N2 at 37 °C. All bacteria were subcultured twice 

and were grown to the early stationary phase. Leaves of A. indica and S. officinalis (1000-gram) were 

purchased from the local market of Karachi and an authentication number i.e. Specimen vouchers 1081 

and 1082 were allotted respectively. The leaves were washed and shed dried and lastly ground to powder 
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form. The leaves were soaked in 2500mL of 70% ethanol for 15 days with intermittent shaking. After 15 

days the filtrate was filtered with Whatman filter paper (number 1) that was further processed at 60oC by 

using a water bath. The mixtures were then dried at 50oC until a well-concentrated extract was produced 

on the rotary evaporator. The extracts were kept in an airtight bottle and stored in a refrigerator till usage. 

The extracts were diluted in distilled water at 1:4 (Extract: Distilled water) concentration. Study 

participants were instructed to not brush their teeth before sampling. Study participants were divided into 

four groups (negative control, positive control, A. indica, and S. officinalis extract rinse group) each 

group had 20 participants. Diluted A. indica and S. officinalis extract rinses were given to the 

experimental group for rinses, distilled water was given to the negative control group and positive 

controls were given a standard commercially available mouth rinse. The next sample of plaque was 

collected after two hours to observe the effects of A. indica and S. officinalis extract rinses on bacterial 

colonies. ANOVA followed by post hoc Tukey's test was applied to identify the inter and intragroup 

comparison and Paired t-test was applied as a test of significance for pre and post-experimental 

comparison, <0.05 p-value was considered as significant at a 95% confidence interval.  

Results:  

There were 80 participants in the study 59 (73%) were males and 21 (27%) were females the mean age 

of participants was 28 ± 2.31. On asking about brushing habits 51 (63.7%) participants responded that 

they brush their teeth once a day. The growth of colonies was calculated on growth media plates in 

samples collected before rinsing and samples that were taken after the rinsing. The pre and post-samples 

showed a significant (p-value <0.05) decrease in the number of colonies in the positive control group 

(conventional rinse) A. indica and S. officinalis extract rinses group as shown in table 1. The intragroup 

comparison of negative and positive control showed a significant difference in the number of colonies 

and the same was observed with the neem leaf extract rinse. However, the positive control, A. indica, 

and S. officinalis extract rinses comparison was insignificant. Table 2 shows the intragroup comparison 

of the experiment.  

    

Table. 1 Paired t-test analysis showing the number of colonies before and after intervention  

   Negative Control   Positive control  A. indica extract   S. officinalis  

Streptococcus Mutans       

Before   11 ± 1.4 x 104  9 ± 2.1 x 104  12 ± 24 x 104  11.31 x 104  
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After   10 ± 2 x 104  4 ± 2.1 x 104  5 ± 3.1 x 104  5.61 x 104  

P value   0.518  0.001*  0.001*  0.001*  

P. gingivalis       

Before   19 ± 1.8 x 103  18 ± 3.1 x 103  18 ± 2.9 x 103  17 ± 4.2 x 103  

After   19 ± 2.1 x 103  12 ± 1.2 x 103  10 ± 3.6 x 103  11 ± 2.3 x 103  

P value   0.538  0.001*  0.001*  0.001*  

*significant p-value       

  

Table 2. ANOVA followed by post hoc Tukey's Analysis on post-interventional results  

Groups wise comparison Streptococcus Mutans   p-value  

Negative 

control  
10 ± 2 x 104  Positive 

control  
4 ± 2.1 x 104  0.001*  

Negative 

control  

10 ± 2 x 104  A. indica 

extract  

5 ± 3.1 x 104  0.001*  

Positive 

control  

4 ± 2.1 x 104  A. indica 

extract  

5 ± 3.1 x 104  0.341  

Negative 

control  

10 ± 2 x 104  S. officinalis  5.61 x 104  0.001*  

Positive 

control  

4 ± 2.1 x 104  S. officinalis  5.61 x 104  0.517  

A. indica 

extract  
5 ± 3.1 x 104  S. officinalis  5.61 x 104  1.000  

Groups wise comparison P. gingivalis    

Negative 

control  
19 ± 2.1 x 103  Positive 

control  
12 ± 1.2 x 103  0.005*  

Negative 

control  

19 ± 2.1 x 103  A. indica 

extract  

10 ± 3.6 x 103  0.001*  

Positive 

control  

12 ± 1.2 x 103  A. indica 

extract  

10 ± 3.6 x 103  0.815  

Negative 

control  

19 ± 2.1 x 103  S. officinalis  11 ± 2.3 x 103  0.001*  

Positive 

control  

12 ± 1.2 x 103  S. officinalis  11 ± 2.3 x 103  0.927  

A. indica 

extract  

10 ± 3.6 x 103  S. officinalis  11 ± 2.3 x 103  0.918  
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*significant p-value    

Discussion:  

 The oral cavity harbors various bacteria that initiate and progress oral diseases such as dental caries, 

gingivitis, and periodontitis. Azadirachta indica and Salvia officinalis have been reported vastly for their 

medicinal activities against various diseases, especially their antibacterial properties. Our results showed 

that both the herbal extracts significantly declined the S. mutans and P. gingivalis colonies when 

compared with locally available chlorhexidine-containing mouthwash.  S. mutans is a major contributor 

to tooth decay as being a potent initiator of dental caries (24). The second bacteria of our study, P. 

gingivalis, also has a vital role in the pathogenesis of periodontitis which is an inflammatory disease of 

supporting dental tissues  (25). Upon comparing the number of bacterial colonies of both S. mutans and 

P. gingivalis, the group treated with only distilled water showed no significant difference as expected. 

People treated with chlorhexidine-containing mouthwash showed a significant decline in the number of 

both S. mutans and P. gingivalis colonies which expresses the notable antibacterial activity of 

chlorhexidine. Various other studies have also reported the antibacterial activity of chlorhexidine against 

S. mutans and P. gingivalis (26-28). The group treated with a diluted extract of A. indica showed more 

potent and remarkable antibacterial activity against both S. mutans and P. gingivalis when compared 

with the chlorhexidine group. A study has also reported that the Neem leaves extract has shown 

significant zones of inhibition against S. mutans when compared with the conventional chlorhexidine 

mouthwash (29). Another study has reported that A. indica has considerable antibacterial activity against 

S. mutans (30). Similar results were observed when A. indica, at different doses, was experimented 

against S. mutans (31). Regarding inhibition of P. gingivalis, multiple previous studies have reported 

comparable results showing significant inhibition when treated with A. indica. One of those studies 

reported that the neem extract has a potent antimicrobial effect against P. gingivalis (32). Another invitro 

study has concluded that A. indica oil has bacteriostatic activity against A. actinomycetemcomitans,  

P. gingivalis and F. nucleatum and Neem oil can be a better alternative for the management of alveolitis 

(33). Similar results were observed from another study that reported that A. indica caused a significant 

reduction in bleeding on probing, pocket depth, plaque accumulation, and total leucocyte count along 

with interleukin-6 in gingival crevicular fluid in periodontitis-induced rabbit model (34).  

 Like A. indica, Salvia officinalis also showed a notable reduction in bacterial colonies of both S. mutans 

and P. gingivalis. S. officinalis showed better antimicrobial activity when compared with the standard 
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chlorhexidine. Multiple other studies have also reported similar results showing the inhibitory effects of 

S. officinalis against various bacteria. A study has reported that S. officinalis essential oil succeeded to 

penetrate the bacterial cell wall of S. mutans and causing cell disruption (35). Another study documented 

the direct inhibitory effects of S. officinalis-containing GIC against S. mutans and L. casei in a dose-

dependent manner (36). Mirroring results were stated in another study showing the antibacterial activity 

of the methanolic extract of S. officinalis against S. mutans even at very low concentrations (37). The 

antimicrobial activity of S. officinalis was stated in another study that showed significant inhibition of 

various periodontopathogens including P. gingivalis, A. actinomycetemcomitans, P. nigrescens, F. 

nucleatum, P. intermedia and T. denticola (38). A clinical trial done at the university of Baghdad showed 

the potential anti-inflammatory and antibacterial activity of S. officinalis gel in patients with chronic 

periodontitis (39). An equivalent antibacterial activity was observed against both S. mutans and P. 

gingivalis by S. officinalis when compared with standard chlorhexidine-containing mouthwash (40).  

 The intragroup comparisons in our study also reported similar results showing a significant difference 

between the negative control group treated only with distilled water and all other groups including the 

chlorhexidine group, A. indica group, and S. officinalis group. The intragroup comparison between the 

chlorhexidine group, A. indica group, and S. officinalis group showed no significant difference that states 

that our herbs have a better or equivalent antimicrobial activity as compared to the standard 

chlorhexidine.   

Conclusion:   

 Following our results and previous literature we can conclude that both of our herbs, A. indica, and S. 

officinalis have promising antimicrobial activity, especially against oral pathogens including S. mutans 

and P. gingivalis. Formulations of these herbal leaves can be used in mouthwashes for their antimicrobial 

activity. These herbal formulations can be a better alternative to standard chlorhexidinecontaining mouth 

rinse that have very low compliance due to multiple adverse effects.  
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