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ABSTRACT 

INTRODUCTION:  

                     Herbal medicines are known to have therapeutic benefits. It has been applied in 

dentistry for a long history to inhibit microorganisms, reduce inflammation, soothe irritation 

and relieve pain. There have been considerable number of herbal mouthwashes such as 

Azadirachta indica (neem), Mangifera indica (Mango) that have shown plaque and gingivitis 

control.1 These mouthwashes could further benefit gingival health when compared with the 

antimicrobial mechanisms by synthetic chemicals. 

AIM: To establish minimum inhibitory concentration of Albizia lebbeck (L.) Benth. (Siris 

tree), Bauhinia variegata Linn. (Mountain Ebony) and Chlorhexidine mouthwashes and to 

assess and compare the antibacterial effect of Albizia lebbeck (L.) Benth. mouthwash, 

Bauhinia variegata L. mouthwash and Chlorhexidine on plaque. 

MATERIALS AND METHODS: The minimum inhibitory concentration of herbal 

mouthwashes and Chlorhexidine were determined against standard strains of bacteria that are 

involved in gingivitis. The antibacterial action of these mouthwashes on the supragingival 

plaque were determined and compared. A total of fifteen plaque samples were collected from 

fifteen individuals with moderate to severe gingivitis. From each individual, the collected 

plaque sample was divided into three and were then transferred in three plastic vial containing 

reduced transport fluid which was sent to laboratory for processing. Data obtained was tabulated 

and subjected to statistical analysis using analysis of variance (ANOVA) and paired t-test. 

Bonferroni post hoc test was used to know the difference between the pairs of mouthwashes. 

Analysis of covariance (ANCOVA) was also done to adjust for the baseline differences. 
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RESULTS: The minimum inhibitory concentration of Albizia lebbeck (L.) Benth., Bauhinia 

variegata Linn. and Chlorhexidine mouthwashes ranged 0.8 µg/ml-12.5 µg/ml, 0.4 µg/ml-25 

µg/ml and 0.4 µg/ml-25 µg/ml respectively against the tested bacterial strains. Albizia lebbeck 

(L.) Benth. and Bauhinia variegata Linn. mouthwash had exhibited antibacterial activity. 

However, the antibacterial efficacy of herbal mouthwashes exhibited statistically significant 

differences with Chlorhexidine.  

CONCLUSION: Albizia lebbeck (L.) Benth. and Bauhinia variegata Linn. mouthwash has 

antibacterial activity. However, Chlorhexidine showed higher level of antibacterial action than 

herbal mouthwashes. 

KEY WORDS: 

Antibacterial mouthwash; Chlorhexidine; dental plaque; oral bacteria; herbal mouthwash; 

Albizia lebbeck (L.) Benth.; Bauhinia variegata Linn.; plaque index; gingival index; gingivitis 
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1. Introduction 

 
  

“The highest ideal of cure is the speedy, gentle and enduring restoration of health by the 

most trustworthy and least harmful way.”  -Samuel Hahnemann (1913) 

Oral microbiota plays a vital role in the inception of gingival pathology. Dental plaque 

comprises of diverse microbial community which are embedded on tooth surface as 

biofilm. These microorganisms are the prime causative agents of the dental diseases which 

include caries and periodontitis. Therefore, plaque reduction has been the hallmark of 

preventive dentistry. The direct relationship between plaque levels and the development of 

human gingivitis was demonstrated by Harald Loe and colleagues.2 This finding also 

showed that mechanical plaque removal can reverse these inflammatory changes. Hence, 

in order to maintain periodontal health, elimination of plaque is considered to be the prime 

preventive measure. 

                                         Mechanical oral hygiene procedures such as tooth brushing, interdental 

brushing and dental flossing are regarded as the main measures for plaque reduction. 

However, mechanical plaque control could be insufficient if individuals are unable to 

control supragingival biofilm. Therefore, chemical control of plaque is extensively used as 

an adjunctive to that of mechanical devices.3 

                    In our study, we aimed to introduce plaque control by means of herbal 

mouthwashes. Herbal medicines have been applied in dentistry for a long history to inhibit 

microorganisms, reduce inflammation, soothe irritation, and relieve pain.4 Jenabian.N et 

al. have shown that Camellia Sinensis (green tea) herbal mouthwash results in reduction 

of plaque and gingivitis5. This mouthwash contain polyphenol comprising catechin, 
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epicatechin, gallocatechin epigallocatechin, epicatechin gallate and epigallocatechin 

gallate that provide remedial effects. Natural extracts such as Azadirachta indica (Neem)6, 

Ocimum sanctum (Tulsi)7, Bee propolis,8 Psidium guajava (Guava)9 have also been 

studied for their efficacy in oral health care. Jhakukreja B et al. reported that Neem as a 

mouthwash revealed antibacterial effects. Additionally, it showed anti-inflammatory and 

anti-oxidative property which could further benefit gingival health when compared with 

the antimicrobial mechanisms by synthetic chemicals.10 Biswas NM et al. indicated that 

Ocimum sanctum (Tulsi) as a mouthwash is effective for the ulcer and oral 

infections.11German chamomile according to Pourabbas et al. and Pujar and Makandar et 

al. decreased biofilm formation thus consequently preventing gingivitis.12,13 

                                             However, Chlorhexidine (CHX) is one of the most commonly 

used antiseptic agent. It is considered to be gold standard for chemical plaque control due 

to its prolonged antimicrobial activity.14 Hence it makes a useful agent for prevention of 

plaque regrowth and bacterial colonization. It cannot be used on a long-term basis because 

of various side effects such as staining of teeth and tongue, taste disturbance, oral mucosal 

lesions, parotid swelling, enhanced supragingival plaque formation and sometimes 

unacceptable taste. Due to these undesirable side effects its prolonged use has been limited 

which in turn affects the patient acceptability. Thus, the investigation of herbal products 

which as alternative antiplaque agents were explored. 

                  The herbal mouthwash chosen in this study contains Albizia lebbeck (L.) Benth. 

(Linnaeus. Bentham) which is commonly known as Siris Tree and Bauhinia variegata L. 

(Linnaeus) which is commonly known as Mountain Ebony possess anti-bacterial property. 

In vitro study conducted by Chulet R et al. showed that the ethyl acetate extract of Albizia 
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lebbeck (L.) Benth. leaves have inhibitory effect against Staphylococcus aureus (S.aureus), 

Escherichia coli (E.coli), Bacillus cereus (B.cereus) and Pseudomonas aeruginosa 

(P.aeruginosa).15 Study conducted by Uddin et al. states that methanolic, chloroform and 

aqueous extracts of Bauhinia variegate L. fractions show antibacterial activity against both 

gram-positive and gram-negative bacteria namely B.cereus, S. aureus, Klebsiella 

pneumonia (K.pneumonia), E.coli, and Pseudomonas pseudoalcaligenes.16 Taking into 

consideration of the antibacterial activity of these herbs we aimed to assess its efficacy in 

periodontal condition. 
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                              2. Objectives  

   
 
 
The objectives of this study were 

1.To establish minimum inhibitory concentration (MIC) of Albizia lebbeck (L.) Benth. 

(Siris tree), Bauhinia variegata Linn. (Mountain Ebony) and Chlorhexidine 

mouthwashes.  

2. To assess and compare the antibacterial effect of Albizia lebbeck (L.) Benth. 

mouthwash, Bauhinia variegata L. mouthwash and Chlorhexidine on plaque sample.  
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Basic Considerations 

Herbal medicine is the use of herbs for their therapeutic value.17 They consist of variety of 

chemical substances that act upon the body thus enabling healing. This study entails Albizia 

lebbeck (L.) Benth., Bauhinia variegata Linn. and Chlorhexidine which are known to exhibit 

therapeutic value. 

                     

                         A.  BACKGROUND OF AGENTS USED IN MOUTHWASHES 

 

Albizia lebbeck (L.) Benth. 

TAXONOMY 

 

 

 

 

 

 

 

 

Common names: East Indian walnut, fry wood, koko, lebbek tree, siris tree, women's tongue 

tree, lebbekboom, ebano oriental, coraçao de negro, lingua de mulher, lingua de sogra.18 

 

Distribution and habitat: 

The Albizia lebbeck (L.) Benth. is native to India, Pakistan, Sri Lanka and Burma.19 This herb 

commonly known as Siris tree is found in tropical regions, deciduous and semi-deciduous 

monsoon forests and rainforests. 

 

Division 

 

Magnoliophyta 

 

Class 

 

Magnoliopsida 

 

Order 

 

Fabales 

 

Family 

 

Fabaceae 

 

Genus 

 

Albizia 

Species Albizia lebbeck 
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Description of Albizia lebbeck (L.) Benth.: 

Due to its fragrant flowers and appearance, this plant has been widely used as an ornamental 

tree. It is also cultivated due to its medicinal values. This plant species makes continuous rattle 

in the wind, that reminds women's chatter. Therefore, this plant is known by the name "women's 

tongue”.18 It is a fast-growing tree of medium to large sized unarmed deciduous about 20m in 

height.  

 

 

 

 

 

 

                                                     

                                                  Figure 1: Siris Tree 

As the trees grow old, the bark which is smooth grayish brown in color gets transformed to dark 

brown. 17 There are visible whitish longitudinal striations on the inner surface and longitudinal 

and transverse fissures on its outer surface.20Leaves are bi-pinnate and leaflets are 3-9 pairs 

which are unequal on either side. Over time as the leaves gets matured the initial bright green 

color changes to dull green. Its flowers are pale yellow or white, spiked and are found as an 

axillary cluster of 15-40 fragrant flowers which are fused at the base and tipped with pale 

green.21 The stamen is longer than its corolla. The pale-yellow colored pods normally contain 8-

12 seeds that are 20-30cm long and 5cm wide.22 These flat pods are soft initially and become 

hard when dried. The pulp found in the pod is tasteless and can be used as astringent. These are 

linear-oblong to obovate, laterally compressed, measuring 6-10 x 5-10cm, filled with two large 
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cotyledons which are pale yellow in color. The seed coat is brown nonlustrous with a horse shoe 

shaped marking on either side.23 Seeds are small and oblong measuring 9×7mm.  

 

 

 

 

 

                                    

 

                                Figure 2: Siris tree, showing leaves, pods and flowers 

 

 

 

 

  

                        

                                                              

                                                                

                                                           Figure 3: Siris seeds 

PHYTOCONSTITUENTS OF ALBIZIA LEBBECK (L.) BENTH 

Bark: The bark contains 7-11% tannins, D-catechin, D-leucocyanidin, Melacacidin, Leuco-

anthracynidin, Lebbecacidin, Friedelin, Beta-sitosterol, Betulinic acid and its glucosides. It also 
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consists of Albizia saponins A, B and C. 

Leaves: The leaves contain echinocystic acid, alkaloids, flavonoids, tannins, saponins and 

carbohydrates. It yielded flavon, vicenin II and β-sitosterol. Mature leaves of Albizia lebbeck 

(L.) Benth. contains keto acids including phosphoenolpyruvate, glyoxylate, oxaloacetate, and 

α-oxoglutarate; vicenin-2, reynoutrin, rutin, myricitrin, and robinin.  

Flowers: Flowers yield triterpiniods, saponins, labbekanin D and 4 glycosides, lebbekannins D, 

F, G, and H, Lupeol, α and β amyrin, benzyl acetate, benzyl benzoate and crocetin. High 

concentration of non-protein amino acids is found in young leaf that is uncommon to other 

plants. 

Seeds: Seeds contain calcium, phosphorous, iron, glycosides, proteins/aminocids (arginine and 

lysine), resins, reducing sugars, saponins, flavonoids, glucosidases while amino acids like 

glutamic acid and aspartic acid are present in the highest concentrations in pods. Linoleic acid 

was detected as the major fatty acid in pod and seed oil.24 

 

Pharmacological Activities of Albizia Lebbeck (L.) Benth. 

The various parts of this plant possess extensive pharmacological activities such as 

antimicrobial, analgesic, anti-inflammatory, immunomodulatory, anti-arthritic, antiasthmatic, 

antioxidant, antidiarrhoeal, anticonvulsant, mast cell stabilization, nootropic, anti-

anaphylactic, steroidogenic, antifertility, antihistaminic, antitumor and antiulcer. For 

synthesizing novel agents having good therapeutic activity pure phytoconstituents may be 

isolated as lead molecules. In our study, the bark of the herb has been used.  

1. Antimicrobial activity:  

The antimicrobial activity of this herb was studied by Shahid SA et al. The author subjected 

crude methanolic extracts of pods, seeds, flowers and roots of Albizzia lebbeck (L.) Benth. 
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and Acacia leucophloea (Roxb.) Willd.  for studying the in-vitro antibacterial and antifungal 

activities. The antibacterial study was evaluated against bacterial strains which includes 

Escherichia coli (E.coli), Staphylococcus aureus(S. aureus),Pseudomonas aeruginosa 

(P.aeruginosa), Salmonella typhi (S.typhi), Proteus mirabilis and  Bacillus subtilis. When 

compared with gentamicin and gatifloxacin, it revealed that the methanolic extracts have potent 

antibacterial activity against tested gram-positive and gram-negative microorganisms. 

Additionally, the antifungal activity of the extracts which was evaluated against 

Aspergilus parasiticus, Aspergilus Niger, Candida albicans, Aspergillus effusus, Fusarium 

solani and Saccharomyces cerevisiae were compared with standard drugs Itraconazole and 

Amphoteracin B. The order of antibacterial and antifungal activity, expressed as minimum 

inhibitory concentration (MIC) observed for both plants was seed > pod > flower > roots for the 

tested bacterial and fungal strains. This broad-spectrum action is due to the presence of 

phytoconstituents in the plant.25 

S.H.K.R. Prasad et al., used the methanolic and chloroform extracts of seeds of Albizzia lebbeck 

(L.) Benth. to investigate the antimicrobial activity against E.coli, Bacillus subtilis, 

P.aeruginosa, Aspergillus niger, Aspergillus fumigatus and Candida albicans. The efficacy of 

both the extracts tested against organisms showed good results.26  This property is attributed 

to the presence of phytoconstituents such as sterols, methyl sterols, triterpene alcohol, 

tocopherol, hydrocarbons and carotenoids, cycloeucalenol, 24-ethylphenol, cycloartenol.  

 

2. Antibacterial activity:  

The phytochemical screening of successive extracts Albizzia lebbeck leaves was done by Rahul 

et al. It showed the presence of carbohydrates, alkaloids, tannin, flavonoids and saponins thus 

enhancing antibacterial property against both gram positive and gram negative 
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organisms.27Similarly Bobby et al., studied in-vitro antibacterial activity of Albizia lebbeck (L.) 

Benth. leaves extracts, namely petroleum ether, ethyl acetate and methanol. It was revealed that 

methanolic extract exhibited wide-spectrum activity due to its highest zone of inhibition against 

S. typhii (23 mm), P. aeruginosa (22 mm), E. coli (22 mm), Proteus vulgaris (18 mm), S. aureus 

(17 mm), Bacillus subtilis (16 mm), and Klebsiella pneumonia (K. pneumonia) (11 mm). The 

ethyl acetate extract showed maximum zone of inhibition against E. coli (26 mm), P. aeruginosa 

(22 mm) and K. pneumonia (16 mm) whereas petroleum ether extract was least sensitive and 

exhibited a zone of inhibition against P. aeruginosa (15 mm).28 Due to its potent antibacterial 

activity, the leaves extract could be used as broad-spectrum antibiotic. 

Padamanabhan et al., looked into antibacterial screening of hydroalcoholic extracts of Albizia 

lebbeck (L.) Benth. pods which include Gram-negative bacterial strains, namely Shigella 

sonnei, K. pneumoniae, Klebsiella aerogenes and S. typhi, and Gram-positive strain E.coli. The 

hydroalcoholic pod extract contains alkaloids, flavonoids and phenols which has antioxidant 

properties and the hydroalcohol flower extracts of Albizia lebbeck (L.) Benth. showed positive 

for steroids. These extracts exhibit antibacterial activity which might be helpful in preventing 

the progress of various diseases and can be used in alternative system of medicine.  29 

Lam and Ng found that lebbeckalysin isolated from the seeds of Albizia lebbeck (L.) Benth. 

suppressed the growth of E. coli with a half maximal inhibitory concentration (IC50) of 

0.52M.30 

 

3.Antidiarrhoeal activity:  

The antidiarrhoeal activity of ethanolic stem bark extract of Albizzia lebbeck (L.) Benth. in rats 

was studied by Neelam Balekar et al. Castor oil induced diarrhea, castor oil magnesium sulphate 

induced enteropooling and gastrointestinal motility test using charcoal meal models were 
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examined. The high flavonoid content in the bark extract significantly inhibited peristaltic 

movements in charcoal meal test, intestinal fluid secretions in castor oil as well as magnesium 

sulphate induced enteropooling which confirmed its antidiarrhoeal activity.31 Similarly Besra et 

al., studied the antidiarrheal activity of the seed extract on albino rats and mice. The aqueous 

methanol extract of seeds resulted in a significant dose-dependence delay in transit. The 

antidiarrheal dose of the extract was at least 10–30 times less than the lethal dose (LD50) dose. 

Thus, the author concluded that the antidiarrheal activity of extract at a dose of 2.5–5 mg/kg 

intraperitoneal (i.p) is similar to loperamide at 1mg/kg i.p. and when loperamide and extract 

were administered together had synergistic effect.32  

 

4. Anti-Inflammatory effect: 

The analgesic and anti-inflammatory effect of bark extract of Albizia lebbeck (L.) Benth. which 

was obtained by cold extraction of mixture of equivalent quantity of petroleum ether, ethyl 

acetate and methanol was studied by Saha et al. Inflammation was induced by carrageenan in 

rat paw resulting in edema, the extract at a 400 mg/kg dose level showed 36.68% inhibition of 

edema volume at the end of 4 hours. In the acetic acid-induced writhing test, the extract at the 

200 and 400 mg/kg dose level showed 39.9% and 52.4% inhibition of writhing respectively. 33 

In another study, Kajariya et al., reported in-vivo anti-inflammatory and analgesic effect of 

hydroalcoholic extract of a formulation comprising Albizia lebbeck (L.) Benth., cyperus 

rotundus and Solanum xanthocarpum induced by carrageenan in rat paw edema at a dose of 

200mg, 500mg, and 500mg/kg body weight. This formulation led to 79%, 77% and 81% 

reduction in edema whereas in writing test-induced by acetic acid extract has showed a 

reduction of 65.6% at dose of 200 mg/kg and 70.9% reduction at 500mg/kg body weight dose.34  
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5. Analgesic action: 

The analgesic effect of the bark extract by radiant heat tail-flick method in which crude extract 

of Albizia lebbeck (L.) Benth. has produced elongation of tail flicking time 30mins 40.74% at 

200mg/kg oral dose and 61.48% at 400mg/kg oral dose was noted.33  Similarly, Kajariya et al., 

reported the analgesic effect of hydroalcoholic extract of formulation by radiant heat tail-flick 

test the crude extract of the drug resulted in 58.1% and 61.1% elongation of tail flicking time in 

30mins at 200 and 500 mg/kg body weight doses respectively and after 60mins elongation was 

56.3% at 200 mg/kg body weight and 59% at 500 mg/kg body weight dose.34 

6.Immunomodulatory activity: 

The immunomodulatory activity of ethanolic and aqueous extracts of leaves and bark 

of Albizia lebbeck (L.) Benth. in swiss albino mice by using swim endurance test and acetic 

acid induced writhing test model was studied by Chaudhary M et al. It was inferred that 

ethanolic and aqueous extracts of leaves and bark were administered among which the ethanolic 

extract of leaves exhibited strong immunomodulatory effect by increasing the swimming or 

survival time. It also decreased the writhing produced by glacial acetic acid.35 

 7.Antiarthritic activity: 

The anti-arthritic activity of methanolic bark extract of Albizia lebbeck (L.) Benth.  by Freund’s 

complete adjuvant induced- arthritis model in rats and bone erosion turnover was studied by 

analyzing various markers of bone erosion like histological and radiological analysis of the 

joints. It was derived from the study that Albizia lebbeck (L.)  Benth.   methanolic extract possess 

strong anti-arthritic property by modulating bone erosion.36 
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8. Anti-asthmatic activity: 

The anti-asthmatic activity of Albizia lebbeck (L.) Benth. was studied by S.Kumar et al., on 81 

patients. Stem bark decoction of 50ml dose was prescribed thrice daily for 6 weeks along with 

light diet. There was a significant increase in peak expiratory flow rate and decrease in total 

leukocyte count, eosinophil count and erythrocyte sedimentation rate. In the study, 56% (28) 

cases had shown good response, 38 % (19) cases had shown fair response, 6 % (03) had cases 

shown poor response and 31 cases were dropouts. Thus, it was concluded that the formulation 

can be used as an effective drug in Bronchial asthma.37 

 

9.Antioxidant activity: 

 The antioxidant and radical scavenging activity of Shrishadi which is a polyherbal formulation 

comprising of Albizzia lebbeck (L.) Benth., Cyprus rotundus and Solanum xanthocarpum was 

studied by Kajaria et al.  Hydroalchololic extract was prepared and was tested for total reducing 

power and in-vitro antioxidant activity by ABTS assay, superoxide anion scavenging assay and 

lipid peroxidation assay. The power showed dose-dependent increase in concentration with 

maximum absorption of 0.716 ± 0.015 at 0.8 mg/ml; ABTS+ assay showed maximum inhibition 

of 82.27 ± 2.69 with EC50 (half maximal effective concentration) 462.72 ± 4.56; superoxide 

free radicals showed maximum scavenging activity of 68.54 ± 1.78 with EC50 658.51 ± 6.24; 

anti-lipid-peroxidation free radical scavenges maximum absorption of 72.91 ± 1.68 with EC50 

640.75 ± 4.45. Free radicals such as superoxide anions and lipid peroxides were scavenged in a 

concentration-dependent manner.38  

 

10. Anticonvulsant Activity: 

The anticonvulsant activity of the ethanolic extracts of leaves of Albizzia lebbeck (L.) Benth 
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was studied by Kasture et al.  It was noted that the extract protected mice from maximum electro 

shock, electrical kindling and pentyl enetetrazole-induced convulsions. The extract also 

inhibited convulsions induced by lithium-pilocarpine and electrical kindling. However, it failed 

to protect animals from strychnine-induced convulsions. The extract antagonized 

the behavioral effects of D-amphetamine and potentiated the pentobarbitone-induced sleep. It 

raised brain contents of gamma-aminobutyric acid (GABA) and serotonin and was found to 

be anxiogenic and general depressants of the central nervous system.40 

 

11. Mast Cell Stabilization Activity: 

     The successive chloroform, methanol and water extracts of bark and leaves of Albizia lebbeck 

(L.) Benth.  for its in vitro mast cell stabilizing effect against compound 48/80 was evaluated. It 

was observed that methanolic extract of leaf and methanolic and water extracts of bark 

exhibited maximum mast cell stabilization act.41   

 

12. Anti-Asthmatic and Anti-Anaphylactic Activity: 

The anti-asthmatic and anti-anaphylactic activity of the decoction of the bark and flower 

of Albizzia lebbeck (L.) Benth. was studied by Tripathi RM et al. The decoctions were found to 

protect the guinea pig against histamine as well as acetylcholine induced broncho-spasm. 

Chronic treatment with bark decoction has also protected the sensitized guinea pigs against 

antigen challenge. However, there was no significant effect on the rat mesenteric mast cell count 

and had not protected the mast cell from the disruption induced by compound 48/80. The drug 

inhibited the rate of disruption of mast cells induced by antigen in sensitized albino rats. 

The anti-asthmatic and anti-anaphylactic activities of the drug cannot be wholly due to smooth 

muscle relaxant, antihistamine or antispasmodic activity nor are mediated through stability of 

http://www.ijp-online.com/searchresult.asp?search=&author=RM+Tripathi&journal=Y&but_search=Search&entries=10&pg=1&s=0
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mast cells or adrenal gland. The effect seems to be due to inhibition of phenomenon 

of sensitization.42  

 

13. Steroidogenic Effect 

The steroidogenic effect of alcoholic extract of Albizzia lebbeck (L.) Benth. was studied by 

Tripathi P et al. The dose effect relationship was studied and 200mg/kg of body weight showed 

maximum effective dose in terms of stimulation of adrenals and rise in plasma cortisol. Vitamin 

C and cholesterol content of adrenals has been estimated after the administration of the drug 

and a significant failure was noted as compared to control. Thus, the steroidogenic action of 

Albizzia lebbeck (L.) Benth. was inferred and action was explained to be like Adreno 

corticotrophic hormone.43 

  

14. Nootropic activity: 

The effect of saponin containing n-butanolic fraction extracted from leaves of 

Albizzia lebbeck (L.) Benth. on learning and memory in albino mice using passive shock 

avoidance paradigm and the elevated plus maze was studied by Chintawar SD et al. Significant 

improvement was observed in the retention ability of the normal and amnesic mice as compared 

to their respective controls. They also studied the effects of butanolic fraction on 

the behaviour influenced by serotonin (5-HT), noradrenaline and dopamine. The brain levels of 

serotonin, gamma-aminobutyric acid and dopamine were also estimated and correlated 

the behaviour with neurotransmitter levels. The brain concentrations of GABA and dopamine 

were found to be decreased whereas the 5-HT level was increased. The data indicated the 

involvement of monoamine neurotransmitters in the nootropic action of butanolic fraction of 

Albizzia lebbeck (L.) Benth.44  

http://www.ncbi.nlm.nih.gov/pubmed/?term=Tripathi%20P%5Bauth%5D
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15. Antifertility activity: 

The antifertility activity of triterpenes isolated from Albizia lebbeck (L.) Benth pods in male 

albino rats was evaluated by Chaudhary R et al. Testicular sperm count, epididymal sperm count 

and motility were assessed. Biochemical and histological analysis was performed in blood 

samples and reproductive organs. A significant reduction in the weight of testis, epididymides, 

seminal vesicle and ventral prostate were observed. Testicular sperm count, epididymal sperm 

count and motility were significantly reduced when compared to controls. Spermatogenesis was 

depressed in various stages. Production of primary spermatocytes, secondary 

spermatocytes and step-19 spermatids declined. The size of seminiferous tubules reduced. 

Cross sectional surface area of sertoli cell as well as its counts was found to be 

reduced significantly, Leydig cell nuclear area and number of mature Leydig cells were 

decreased. Serum testosterone level showed significant reduction after triterpenes feeding. 

Biochemical parameters of tissues which includes protein, sialic acid, glycogen, cholesterol 

content of testis and seminal vesicular fructose showed significant reduction.45 

 

16. Anti-ulcer activity: 

The anti-ulcer properties of 70% ethanolic extract of leaves of Albizzia lebbeck (L.) Benth 

seemed to be significant as per the observation of Devendra Shirode et al. 46 

 

17. Anti-histaminic activity: 

The bark extract of Albizia lebbeck (L.) Benth seemed to inhibit histamine signaling in TDI-

sensitized rats through suppression of histamine H1 receptor (H1R) and histidine decarboxylase 

(HDC) gene transcriptions. Nurul IM et al., reported that pretreatment with the extract, 

suppressed toluene-2,4-diisocyanate (TDI)-induced H1R and HDC mRNA elevations as well 

http://www.sciencedirect.com/science/article/pii/S1567576911002748
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as [3H] mepyramine binding, HDC activity and histamine content in the nasal mucosa. The 

extract also suppressed TDI-induced up-regulation of IL-4, IL-5, and IL-13 mRNA. In HeLa 

cells, AL extract suppressed phorbol-12-myristate-13-acetate- or histamine-induced up-

regulation of H1R mRNA. Suppression of Helper T cell type2 (Th2) cytokine signaling by the 

extract also suggested that it could affect the histamine–cytokine network.47 

 

Bauhinia variegata L. 

TAXONOMY 

 

 

 

 

 

 

 

 

 

 

 

 

 

Common names: Common names are Mountain ebony, kachnar, kanchan, kulada 

Distribution and habitat: Bauhinia variegata Linn. commonly known as ‘Kachnar’, is a 

medium sized deciduous tree widely distributed in most tropical countries including rocky hills 

of Circars, Deccan and Carnatic regions of South India.5Also known as ‘Camel’s foot tree or 

Orchid tree’ it has been frequently used in folk medicine for varied purposes, to treat different 

kinds of pathologies. 
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Description of Bauhinia variegata L. 

This plant is popular among various ethnic groups in India for the curing of a number of diseases 

that's why in Veda, it is called kanchan (gold).48 It is a deciduous tree having height up to 15-

20m. A freshly collected bark of the plant is greyish brown externally and cream colored 

internally. Its internal surface slowly turns red and on drying becomes brown and smooth. The 

external surface remains greyish brown and rough due to large number of exfoliations, 

transverse cracks and fissures. Leaves are 10-15cm in length, broadly ovate. 

The flowers are bisexual, irregular and light magenta in color. Petioles are 2.5-3.5 cm; Petals 

are white or with pink spots possessing shape obovate or lanceolate. The pods are long, hard, 

flat, and dehiscent and 10-15 seeded.  

 

 

                      

 

 

 

                              Figure 4: Leaves and flowers of Bauhinia variegata L. 

 

 

 

                                      

                               

                                

                               Figure 5: Pods, flowers, and leaves of Bauhinia variegata L. 
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PHYTOCONSTITUENTS OF BAUHINIA VARIEGATA L. 

Bark: The bark yields fiber and tannins. Seven flavonoids, namely kaempferol, ombuin, 

kaempferol-7,4′-dimethyl-ether-3-O-β-D-glucopyranoside,kaempferol-3-O-β-D 

glucopyranoside, isorhamnetin-3-O-β-D glucopyranoside and hesperidin together with one 

triterpene caffeate, 3β-trans-(3,4- dihydro xycinnamoyloxy) olean-12-en-28-oic acid are present 

in the non-woody aerial part. The root bark of Bauhinia variegata Linn. yielded a flavanone, 

(2S)-5,7-dimethoxy-30,40- methylenedioxyflavanone and a dihydrodibenzoxepin, 5,6- 

dihydro-1,7-dihydroxy-3,4 -dimethoxy-2-methyldibenz[b,f]oxepin.49 

 

Leaves: Leaves consists of heptatriacontan-12,13-diol and dotetracont-15-en-9-ol. It contains 

tannins, alkaloids, cardiac glycosides, flavanoids i.e quercetin, rutin, quercetin, apigenin and 

apigenin 7-O-glucoside.49 

 

Flowers: Quercitroside, Isoquercitroside, rutoside, taxifoline rhamnoside, kaempferol-3-

glucoside, myricetol glycoside, apigenin-7-O-glucoside, quercetin, rutin, quercetrin, apigenin, 

ascorbic, aspartic, glutamic, octadecanoic acid, keto acids, amino acid, tannins, cyaniding-3-

glucoside, malvidin-3- glucoside, malvidin-3-diglucoside, peonidin-3-glucoside, peonidin-3-

diglucoside, 3-galactoside and 3-rhamnoglucoside of kaempferol. 

 

Seeds: Carbohydrates, proteins, amino acids, ascorbic acid, flavonoids, alkaloids, 

leucoanthocyanines, aspartic acid, glutamic acid, arginine, glycine, alanine, histidine, 

isoleucine, lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine, valine, 5-

hydroxy7,3',4',5'-tetra-methoxyflavone-5-Obeta-D-xylopyranosyl-(l~->2)-alpha-L-

rhamnopyranoside. The seeds yield fatty oil containing linolenic acid, oleic, steric, palmitic and 
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myristic acid.49 

Pharmacological Activities of Bauhinia variegata L. 

Different parts of Bauhinia variegata L. like leaves, bark and flowers are used in folk medicine 

to treat pathologies like jaundice, infections, leprosy, bronchitis, tumors as well as pain and 

inflammation. It also has anti-diabetic, immunomodulatory, hepato-protective, anti-bacterial, 

anti-ulcer and anti-cariogenic property. The chemical constituents residing in the plant makes 

Bauhinia variegata L. as a model herbal drug for various disorders.50 

 

1. Antifungal and antibacterial activity: 

 The antibacterial and antifungal activity of 50mg/ml, 100mg/ml and 200mg/ml petroleum 

ether, chloroform, acetone-water, water extract by using cupplate method. The antibacterial 

activity was evaluated against S.aureus and E.coli. The antifungal activity was evaluated against 

Candida albicans and Aspergillus niger. Thus Patil et al. in the study observed that the herb 

exhibited potent antibacterial and antifungal activity due to its phytoconstituents such as 

flavonoids and tanins.51 

 

2. Antimicrobial activity: 

The antimicrobial effect of methanolic extract of flower of Bauhinia variegata Linn. by using 

gram positive S.aureaus, Staphylococcus epidermis,   E.coli, Shigella flexineria, and gram 

negative P.aeruginosa was proved by Kulshrestha et al. This process of inhibition of 

microorganisms was noted to be dose dependently.52 

 

3. Anti-inflammatory effect: 

The anti-inflammatory activity of the ethanolic extract of the roots of Bauhinia variegata L. in 
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albino rats by carrageenan induced hind paw edema method was studied by Bansal et al. The 

plant extract seems to exhibit moderate anti-inflammatory activity.53 Similarly Gayathri G. et 

al., studied the search of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) 

inhibiting compounds in the herb. 3D Bauhinia variegata L. structures of compounds was 

reported from gas chromatography mass spectrometry analysis. It was observed that the 

phytochemicals present in leaf have anti-inflammatory activity. These anti-inflammatory 

proteins get inhibited by ligands present in the herb.54 

 

4. Immunomodulatory activity:  

The in-vitro immunomodulatory activity of stem bark extracts of Bauhinia variegata L.  on 

human neutrophils was studied by Patil et al. It was learnt that the herb significantly increased 

the phagocytic function of human neutrophils when compared with control thus indicating the 

immunostimulant effect. It also acts as chemo-attractant as it increased neutrophil chemotactic 

movement which was indicated by the increase in number of cells reached in the lower surface 

of filter.55 

 

5.Antioxidant and DNA protective activity: 

The methanolic extract of Bauhinia variegata L. bark (MEB) possess in vitro antioxidant and 

DNA protective activity against hydrogen peroxide induced oxidative damage to pBR322 DNA 

was studied by Sharma et al. It was shown that the MEB and its polar sub-fractions have 

significant antioxidant activity and has potential to prevent hydrogen peroxide induced 

oxidative damage to pBR322 DNA. This property is attributed to their richness in 

phenolic/flavonoid compounds.56 
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6.Anti-tumour activity: 

The anti-tumour effect of ethanolic and aqueous extract of stem of the Bauhinia variegata L. 

on swiss albino mice against dalton’s ascetic lymphoma was reported by Rajikapoor B et al. 57 

 

7. Antiulcer Activity:  

The ethanolic extract of the herb seems to decrease the volume of gastric secretion, total, free 

acidity and ulcer index which increases during ulcer. Hence, Rajkpoor B et al. reported that this 

herb showed antiulcer activity against gastric ulcer induced by pyloric ligation and aspirin-

induced ulcer model in rats. 57 

 

8. Hypolipidemic Activity:  

The ethanolic and aqueous extracts of the stem bark and root of Bauhinia variegata L. decreased 

plasma lipids and lipoprotein levels in Triton WR-1339 (iso-octyl poly-oxyethylene phenol) 

induced hyperlipidemic albino rats. Thus, ensuring its hypolipidemic activity.58 

 

9. Antigoitrogenic: 

 Ethanolic extracts of Bauhinia variegata L. showed antigoitrogenic activity against 

neomercazole induced goiter. From these studies, it was concluded that ethanolic extract of 

Bauhinia variegata L. showed significant antigoitrogenic activity at the dose of 200mg/day.59 

 

10. Haematinic Activity: 

 Pokhrel N et al., reported the ethanolic and aqueous extract of stem bark of Bauhinia variegata 

L. increased the hemoglobin content of blood in hemolytic anemic rats.60 
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11. Anti-diabetic activity: 

The hypoglycemic activity of the aqueous extract of Bauhinia variegata L. leaves was noted by 

Morikawa et al.in normoglycemic mice. This property may be related to the presence of 

glycosyl flavonoids and other natural flavonoid. The presence of insulin-like molecule was 

demonstrated in the leaves, where a ‘chloroplast protein’ was found that has a partial amino 

acid sequence identical to that of Bovine insulin. This protein exhibits hypoglycemic activity 

when injected in alloxan induced diabetic mice.61 

                                                 

                                                  

                                                        CHLORHEXIDINE 

Chlorhexidine (CHX) has been in use for almost 60 years. It was initially marketed as a general 

antiseptic in 1950. In 1954, The Imperial Chemical industries limited developed the 

Chlorhexidine. Later, in 1957 it was introduced for human use in Britain as an antiseptic for 

skin. The plaque inhibiting action of Chlorhexidine was first investigated by Schroeder. 

                       Chlorohexidine has a long-lasting antibacterial activity with a broad-

spectrum of action and it has been shown to reduce plaque accumulation, gingival inflammation 

and bleeding.14 It is a cationic bisguanide with broad antibacterial activity, low mammalian 

toxicity and a strong affinity for binding to skin and mucous membranes. 

                      The dicationic Chlorhexidine is rapidly attracted towards negatively charged 

bacterial cell wall with strong adsorption to phosphate containing compounds. This interaction 

alters the integrity of the bacterial cell membrane and chlorhexidine is attracted towards inner 

membrane. Chlorhexidine binds to phospholipids in the inner membrane, which leads to 

increased permeability of inner membrane and leakage of low molecular weight compounds 

such as potassium ions. At this bacteriostatic stage, the effects of chlorhexidine are reversible; 
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removal of excess chlorhexidine by neutralizers allows bacterial cell wall to recover. As the 

concentration of chlorhexidine increases, there is a progressive damage to the membrane. 

                    However, Chlorhexidine has side effects such as discoloration of teeth, increase of 

tartar formation on the teeth, alteration in taste, tooth discoloration, mouth ulcer, white patches 

or sores inside the mouth or on the lips and swelling of salivary glands. 

                 Chlorhexidine mouthwashes are available in two concentrations- 0.2% 

Chlorhexidine which recommend a 10ml volume per rinse and 0.12% Chlorhexidine which 

recommends a 15ml volume per rinse. The factor governing the effectiveness of these 

mouthwashes is the total dose of Chlorhexidine delivered. 10ml of 0.2% solution delivers 20mg 

and 15ml of 0.12% solution delivers 18mg.62 Since both of these amounts are similar and above 

the therapeutic dose, either of the formulations is equally effective. 

                      After 20 years of use by the dental profession, Chlorhexidine is recognized as 

the gold standard against which other antiplaque and gingivitis agents are measured.63 
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3.Review of Literature 
 
 
Moran J et al. (1992) 64, evaluated a number of triclosan and natural product rinses for 

effects on plaque regrowth. In particular, the influence of other rinse components was 

assessed, notably sodium lauryl sulphate (SLS) and zinc. The study was a randomized, 9-

cell double-blind crossover design to measure the effects of each rinse on 4-day plaque 

regrowth from baseline. Fifteen volunteers rinsed twice daily with each product and plaque 

was recorded by area and score. The 0.2% chlorhexidine rinse (positive control) was 

significantly more effective and the saline rinse (negative control) was significantly less 

effective than other rinses. Sanguinarine alone was little different from saline and the 

addition of zinc made a modest improvement in activity. The 3 triclosan/SLS rinses were 

more effective than the sanguinarine rinses but similar to their minus triclosan control rinse. 

A natural product/SLS experimental rinse was second to chlorhexidine and was 

significantly better than all other rinses, but in few cases, it caused oral erosions. The author 

concluded that the plaque inhibitory properties of basic ingredients such as SLS may be 

difficult to enhance or surpass. However, the possible range of recipes particularly using 

natural ingredients, provides scope for research and development in the field of oral 

hygiene products. 

 

Ganguli NB et al. (1993) 65, studied the antimicrobial screening of stem bark of Albizia 

lebbeck (L.) Benth. The herb showed that the total glycosides, cardenolide glycosides and 

anthraquinone glycosides/ anthraquinones were active against the selected test cultures. 

The mode of action of the active principles against aerobes showed that the glycosides 

caused leakage of cytoplasmic constituents. Electron micrographs of S.aureus 
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(Staphylococcus aureus) treated with the minimum inhibitory concentration (MIC) of 

anthraquiines revealed coarse granulation of the cytoplasmic matrix, vacuolation of the 

cells and in few cases, disruption of the cell surface. 

Babu NP et al. (2009) 66, subjected various organic solvent extracts of Albizia lebbeck (L.) 

Benth.  inorder to determine the anti-inflammatory effects. The anti-inflammatory property 

was studied in Freund’s complete adjuvant induced rat models using the carrageenan, 

dextran and cotton pellet. Petroleum ether, chloroform and ethanol was obtained from the 

extracts which were administered at the concentrations of 100, 200 and 400mg/kg body 

weight. The maximum anti-inflammatory property was shown by petroleum ether and 

ethanol extracts at 400mg/kg induced by carrageenan (petroleum ether—48.6%; ethanol—

59.57%). This activity is due to the inhibition of cyclooxygenase enzymes that is 

responsible for formation of prostaglandins. The dextran-mediated inflammation 

(petroleum ether—45.99%; ethanol—52.93%) was reduced as a result of antihistaminic 

effect of the extract which is due to the inhibition of mast cell degranulation. Petroleum 

ether and ethanol extracts of Albizia lebbeck (L.) Benth. extracts decreased both wet and 

dry weight of the cotton pellets compared to control groups (petroleum ether—34.46%; 

ethanol—53.57%) This action is due to the potential of the herb in decreasing fibroblasts, 

synthesis of collagen and mucopolysaccharide which are known to be natural proliferative 

agents that cause formation of granulation tissue. A dose-dependent reduction in foot 

thickness was shown by petroleum ether (64.97%) and ethanol extracts (68.57%) in 

adjuvant induced animals. These extracts exhibited antiarthritic effect evidenced by 

increase in body weight and decreased edema formation in comparison with arthritic 

control animals. Therefore, the pronounced inhibitory effect on paw edema shows that 
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Albizia lebbeck (L.) Benth.  displays anti-inflammatory activity. Thus, ensuring the 

folkloric usage of the plant to treat various inflammatory diseases. 

 

Gupta R et al. (2009) 67, conducted the pharmacognostical and phytochemical screening 

of Bauhinia variegata L. leaves which could be used as one of the parameters for the 

standardization of the crude drug. Bauhinia variegata L. leaves in the form of coarse 

powder (25g) were subjected to successive extraction with various solvents in their 

increasing order of polarity from petroleum ether (60-800 degree Celsius), chloroform, 

methanol and water. Different phytoconstituents were detected based on various chemical 

tests. Pharmacognostical characters of the leaves showed the presence of thin-walled 

epidermis, parenchymatous cells, calcium oxalate crystals, vascular bundles and 

multicellular covering trichomes. Leaf constant such as stomatal index -5.27, vein islet 

number - 8.3, vein termination - 6.6, palisade ratio -7.6 were also studied. Physiochemical 

parameter exhibited values of total ash as 8% w/w, water soluble ash as 2%w/w, acid 

insoluble ash 6%w/w, alcohol extractive value 8%w/w, water soluble extractive value as 

18.4%w/w and loss on drying as 7%w/w. Phytochemical screening showed the presence 

of steroids, saponins, flavonoids, alkaloids and tannin. The author thus confirms that the 

data’s of pharmacognostical, preliminary screening and physicochemical parameters of 

Bauhinia variegata L. can be used as one of the tools for standardization of the crude drug. 

 

Rajani GP et al. (2009) 58, evaluated in-vitro antioxidant and antihyperlipidemic activity 

from the ethanolic and aqueous extracts of stem bark and roots of Bauhinia variegata L. 

The antioxidant activity was analyzed by varied procedures which includes total reducing 



28 

 

power, scavenging of various free radicals such as 1,2-diphenyl-2-picrylhydrazyl (DPPH), 

super oxide, nitric oxide and hydrogen peroxide. The percentage scavenging of various 

free radicals was compared with standard antioxidants such as ascorbic acid and butylated 

hydroxyl anisole. The antioxidant activity was significantly present in ethanolic and 

aqueous stem and root extracts of Bauhinia variegata L. This property can be attributed to 

the presence of phytoconstituents mainly flavonoids and other extracts. The antioxidant 

activity was significantly greater in stem ethanolic extracts than root ethanolic and aqueous 

extracts. Using Triton WR-1339 induced hyperlipidemic albino rats, the extracts were also 

evaluated for antihyperlipidemic activity. This was done by computing serum triglyceride, 

very low-density lipids (VLDL), cholesterol, low-density lipids (LDL) and high-density 

lipid (HDL) levels. Significant antioxidant activity was observed in all the methods for 

reducing power and for scavenging DPPH, super oxide, nitric oxide, and hydrogen 

peroxide radicals. The extracts showed significant reduction in cholesterol at 6 hours(h), 

24h and at 48h which is due to inhibition of HMG-CoA reductase activity. On an interval 

at 6h, 24h, and 48h it was inferred that triglyceride level and HDL level was significantly 

reduced in serum is due to activation of lipoprotein lipase. This enzyme is known to be of 

prime importance in triglyceride metabolism. The VLDL level was also significantly 

reduced from 24h and maximum reduction was seen at 48h. Thus, the study showed that 

alcoholic and aqueous extracts of Bauhinia variegata L. can markedly reduce the plasma 

cholesterol, triglyceride, LDL, and VLDL and on the contrary increase plasma HDL levels. 

Furthermore, significant antioxidant activity was present in the alcoholic and aqueous 

extracts of the herb. By the virtue of its antioxidant activity, Bauhinia variegata L.  may 

show antihyperlipidemic activity. 



29 

 

 

Chulet Rahul et al. (2010) 15, carried out phytochemical screening of successive extracts 

of Albizzia lebbeck (L.) Benth leaves and investigated its antibacterial activity. The leaves 

extract of Albizia lebbeck (L.) Benth. was obtained and it was subjected to phytochemical 

screening. The phytochemical screening of successive extracts of Albizzia lebbeck (L.) 

Benth leaves was done with ethyl acetate, methanol and water. The study showed presence 

of carbohydrates, alkaloids, tannin, flavonoids and saponins. These chemical constituents 

are known to show medicinal activity. Ethyl acetate successive extract test for antibacterial 

activity showed positive antimicrobial activity against E.coli, S.aureus, Pseudomonas 

aeruginosa (P.aeruginosa) and Bacillus cereus. Thus, indicating the potential use of this 

plant in management of bacterial diseases caused by these organisms. Hence, the study 

tends to express that the leaves of Albizzia lebbeck (L.) Benth has active ingredients against 

these gram positive and negative bacteria. 

 

Kanak S et al. (2010) 68, studied on the biological activities of the extracts of Bauhinia 

variegata L., which was generated through in-vivo and in-vitro processes for their 

antibacterial and anticancer potential. It was observed that multiple shoots were formed 

after the nodal explants of the herb when placed on Murashige and Skoog medium fortified 

with 6-Benzyl amino purine at 5μg/ml. These shoots in presence of Indole-3-butyric acid 

at 2-4μg/ml developed bunch of roots. It was found that when the methanol extracts of such 

regenerated in vitro plants along with that of natural in vivo garden plants were found to 

be more effective against gram positive bacteria when compared to gram negative bacteria. 

It was also found that the screening of the in vitro cytotoxicity on Ehrlich-Lettre ascites 
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carcinoma mouse cell lines responded with the same degree of inhibition for the ethanol 

extract which was derived from both in vivo and in vitro sources. Hence it was concluded 

that the presence of biologically active substances such as alkaloids, steroids, triterpenoids 

and flavonoids in the leaf extracts of the herb resulted in the antibacterial activity and 

anticancer activity against the test cultures used as revealed by phytochemical studies of 

plant extract. 

 

Bobby MN et al. (2012) 28 screened the anti-bacterial activity Albizia lebbeck (L.) Benth. 

leaves extract against Bacillus subtilis, E. coli, Klebsiella pneumonia (K.pneumonia), 

Proteus vulgaris, P.aeruginosa, S.typhi and S.aureus. The anti-bacterial activity was 

determined by disc diffusion method. It was inferred that methanolic extracts of Albizia 

lebbeck (L.) Benth. conferred the widest spectrum activities which inhibited the growth of 

the pathogens with the maximum zone of inhibition. Its zone of inhibition was found as 

Bacillus subtilis (16 mm), Escherichia coli (22 mm), Klebsiella pneumonia (11 mm), 

Proteus vulgaris (18 mm), Pseudomonas aeruginosa (22 mm), Salmonella typhii (23 mm) 

and Staphylococus aureus (17 mm). The ethyl acetate extracts demonstrated maximum 

zone of inhibition against Escherichia coli (26 mm), Pseudomonas aeruginosa (22 mm) 

and Klebsiella pneumonia (16 mm). Thus, it was concluded that the anti-bacterial activity 

of Albizia lebbeck (L.) Benth. supplemented the bio-efficacy of plant extracts.  

 

Shahid SA et al. (2012) 25, screened crude methanolic extracts of pods, flowers and roots 

of Albizia lebbeck (L.) Benth. and Acacia leucophloea (Roxb.) Wild for in-vitro 

antimicrobial activities. The anti-bacterial assay was performed against strains of E.coli, 
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S.aureus, P.aeruginosa, S.typhi, Proteus mirabilis and Bacillus subtilis.  It was inferred 

that these medicinal plants showed high potent activity against all tested microorganism 

when compared with gentamicin and gatifloxacin. The antifungal activity of these extracts 

was performed against strains of Aspergilus parasiticus, Aspergilus Niger, Candida 

albicans, Aspergillus effusus, Fusarium solani and Saccharomyces cerevisiae.  The 

extracts showed significant activity against all fungal strains when compared with 

Itraconazole and Amphoteracin B. The order of antibacterial and antifunagl activity, 

expressed as MIC observed for both plants was seed> pod> flower > roots for all bacterial 

and fungal strains tested. The results authenticate their traditional use and indicate 

promising potential of these medicinal plants to be developed as antimicrobial agents. 

 

Mishra et al. (2013) 69, reported the phytochemical composition and medicinal value of 

Bauhinia variegata L. leaf extracts with regard to its antibacterial, antioxidant and 

anticancer activities. Phytochemical screening showed that polar extracts contain reducing 

sugar, anthraquinone and saponins while nonpolar and ethanol extracts contain terpenoids 

and alkaloids. The total flavonoid contents identified were in the range of 11-

222.67mgQE/g in varied extracts. The antibacterial activity of flavonoids is due to its 

ability to form complexes with extra cellular and soluble proteins. It also has potential to 

complex with bacterial cell walls leading to disruption of microbial membranes. 

Additionally, it has antioxidant potential and therefore, plays an important role in 

protection against oxidative stress. Flavonoids also have chemopreventive role in cancer 

through their effects on signal transduction in cell proliferation and angiogenesis. In disc 

diffusion assays, Klebsiella pneumoniae was significantly inhibited by petroleum ether and 
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chloroform fractions. The antibacterial activity was also noted against pathogenic strains 

of E. coli, Proteus species (spp). and Pseudomonas spp from various extracts. This 

variation in the antibacterial activity is due to distinctive composition of phytochemicals. 

The potential extracts showed minimum bactericidal concentration (MBC) values within 

range of 3.5 and 28.40mg/mL. It was observed that Pseudomonas spp showed the lowest 

MBC (3.5mg/mL) for ethanol extract. Upon checking the metal ion chelating activity, dose 

dependent effect was observed in the extracts ranging from 10 to 40 𝜇g/mL. The polar 

extracts demonstrated appreciable metal ion chelating activity when compared to nonpolar 

extracts. These chelating agents could reduce the redox potential, thus stabilizing the 

oxidized form of metal ion. Bauhinia variegata L.  leaf extracts exhibited varying 

antioxidant activities in 𝛽- carotene bleaching assay when prepared in different solvents. 

At a concentration of 50–200 𝜇g/ml the potential extract fractions exhibited 41% to 56% 

antioxidant activities.  Marked cytotoxic effect against DU-145, HOP-62, IGR-OV-I, 

MCF-7, and THP-I human cancer cell lines with 90- 99% cell growth inhibitory activity 

was displayed by water (AQ) fraction of the herb. Ethyl acetate fraction also produced 

cytotoxicity against MCF-7 and THP-l cell lines. Thus, the study revealed that the 

phytochemicals present in various Bauhinia variegata L. leaf extracts possess potent 

antibacterial activity and cytotoxic potential against human cancer cell lines. 

 

Padamanabhan V et al. (2013) 70 studied the phytochemical and antimicrobial activity 

Albizia lebbeck (L.) Benth. The phytochemical screening of the hydroalcoholic extract of 

Albizia lebbeck (L.) Benth. flower revealed the presence of steroids, terpenoids and 

saponins while the hydroalcoholic extract of Albizia lebbeck (L.) Benth. pod revealed the 
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presence of alkaloids, flavonoids, phenols and saponins which is known to have antioxidant 

properties. The antimicrobial activity of hydroalcoholic extracts of Albizia lebbeck (L.) 

Benth. pod showed that the extract is active against gram positive and no appreciable 

activity was observed against gram negative. Thus, the study revealed that the 

hydroalcoholic extract of Albizia lebbeck (L.) Benth.  exhibit antibacterial activity which 

is helpful in preventing the progression of diseases and can be used in alternative system 

of medicine. 

 

Zia-ul-haq M et al. (2013) 71, aimed to evaluate the composition and antioxidant potential 

of different parts of the Albizia lebbeck (L.) Benth. The pods and seeds of this herb was 

used for compositional analysis and extract preparations. The major content was found to 

be carbohydrates (49.07 ± 0.19% to 57.89± 1.03%). The pod and seeds contain high ash, 

crude fiber and carbohydrate which makes it suitable to be used in animal feed as 

supplementary material. As this herb contains high protein content, it can be used to combat 

various nutritional deficiencies in human population. The high saponin content confirmed 

the presence of antinutrients in the pod (834.13 ± 0.69 and 1174.08 ± 3.05 mg/kg). 

Therefore, it is suggested that the removal of the pod from the seed increases the nutritional 

value as the pods include higher antinutritional components than the seed. The elemental 

assay showed minimal amount of copper (0.56 ± 0.04 and 1.02 ± 051 mg/100 g) and highest 

concentration of potassium (599.22 ± 1.66 and 178.63 ± 0.92mg/100 g). The amino acid 

profile revealed that the seed contains arginine (14.59 ± 0.16%) and lysine (13.48 ± 0.07%) 

in surplus while glutamic acid (17.22 ± 0.42%) and aspartic acid (3.03± 0.90%) are present 

in the higher concentrations in pods. It was inferred that major fatty acid in pod to be 
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linoleic acid and α-tocopherol was determined as the major tocopherol component in oil. 

The pod being a natural source of tocopherols enhances the stabilization of fats and oils 

against oxidative deterioration. Thus, proves it’s use in dietary, pharmaceutical, or 

biomedical products. The potent antioxidant capacity of plant extracts upon analysis 

showed their ability to act as radical scavengers. Hence, the author concluded that extracts 

of Albizia lebbeck (L.) Benth. have significant antioxidant activity along with nutritional 

value. 

 

Abriham H et al. (2015) 72, investigated the antibacterial activity of methanolic stem bark 

extracts of Albizia lebbeck (L.) Benth.  against clinical isolates of bacteria and evaluated 

it’s in-vitro antioxidant activity.  Phytochemical analysis of methanol extract from stem 

bark was prepared using standard methods. It inferred that the methanol extract of stem 

bark was 12%. It showed the presence of glycoside, saponin, flavonoids, alkaloids and 

tannin. The antibacterial activity of stem bark extract was determined by stock culturing of 

test bacterial strains namely Staphylococcus aureus(S.aureus), Salmonella typhi (S.typhi) 

and Escherichia coli (E.coli) which were sub-cultured on nutrient agar. Minimum 

inhibitory concentration (MIC) was evaluated by broth dilution method. The results 

demonstrated that methanolic extract of Albizia lebbeck (L.) Benth. conferred marked 

inhibitory concentration against all test bacteria. The MIC values of the methanol extract 

against S. aureus, E. coli and S. typhi was found to be 0.01mg/ml which are indicative of 

antimicrobial activity of the extract. In addition, 1,1-diphenyl-2-picryl hydrazyl (DPPH) 

radical scavenging activity of stem bark extract was done using DPPH assay. The 

methanolic bark extract of Albizia lebbeck (L.) Benth. showed free radical scavenging 
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activity in a dose dependent manner at half maximal inhibitory concentration (IC50) value 

of the extract being 156μg/ml. This can be credited to reduction in the risk of chronic 

diseases produced due to oxidative stress. These protective effects may be attributed to the 

presence of natural antioxidants such as polyphenolics and flavonoids. Hence, the study 

confirmed that methanolic extract stem bark of Albizia lebbeck (L.) Benth. showed in vitro 

antioxidant and antibacterial activity. 

 

Pandey S et al. (2015) 73, investigated the antimicrobial and phytochemical properties of 

hydromethanolic extracts of Bauhinia variegata Linn. (leaf, stem bark and flower).  The 

phytochemical screening of all extracts showed the presence of alkaloids, steroids, phenolic 

compounds, tannins, saponin, carbohydrates, proteins, amino acids and organic acids. The 

hydro methanolic extract was evaluated for antibacterial activity by agar well diffusion 

method using Gram-positive Bacillus subtilius, Staphylococcus aureus and Streptococcus 

epidermidis and Gram-negative Escherichia coli, Shegilla flexineria, Pseudomonas 

auriginosa bacteria. It was observed that the extracts of Bauhinia variegata Linn. showed 

considerable antibacterial activity at four concentrations 1000mg/ml, 750mg/ml, 

500mg/ml, 250mg/ml. Thus, it was concluded that hydro methanolic extract inhibited 

microbial growth dose dependently. 

 

Singh KL et al. (2016) 48, highlighted on the advancement of pharmacological/biological 

aspect of Bauhinia variegata L. and their multidimensional use in various diseases. 

Bauhinia variegata L. which is a popular ornamental plant, commonly known as Cow’s 

paw is widely used as medicinal plant and is distributed in the tropical regions. Various 
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parts of this medicinal plants which includes flowers, buds, stem, roots, bark, seeds, leaves 

have been used since ancient times for the treatment of a wide range of diseases. It is used 

traditionally in dysentery, diarrhea, hemorrhoids, piles, edema, laxative, anti-helminthic 

astringent, anti-leprotic, wound healing, anti-goitrogenic, anti-tumor, antidote for snake 

poisoning, dyspepsia and carminative disease. It has numerous chemical values and is rich 

in phytochemicals such as flavonoids, tannin, kaempferol, terpenoids, saponins, reducing 

sugars steroids, cardiac glycosides and quercetin. The non woody aerial part of Bauhinia 

variegata L. namely flavonoids showed anti-inflammatory activity against inhibiting the 

lipopolysaccharides, interferon λ induced nitric oxide and cytokines. Bauhinia variegata 

L.  has also been reported to contain flavonoid and quercetin which are potent antioxidants 

that are known to modulate the activities of various enzyme systems due to their interaction 

with biomolecules. It’s shown that methanolic, chloroform and aqueous extracts of 

Bauhinia variegata L. fractions possess antibacterial activity. The alcoholic extract of 

leaves of this herb showed maximum antimicrobial activity compared with other organic 

solvent extracts. Thus, this herb can be used as an alternative source of antimicrobial drug. 

Medicinal and biological importance of Bauhinia variegata L.is its anti-bacterial, anti-

helminthic, anti-arthritic,anti-inflammatory, anti-diabetic, immunomodulatory, 

hepatoprotective, anti-oxidant, trypsin inhibitor and anti-carcinogenic activity. It can also 

be used as molluscicidal agent against harmful vectors/pests. Considering the overall 

benefits of the plant it can be advocated as an important medicinal plant for mankind. 

 

Mahajan et al. (2016) 63, evaluated in-vitro efficacy and antimicrobial properties of five 

herbal mouth rinses with chlorhexidine gluconate mouthrinse in healthy and periodontitis 
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patients with established dental plaque. In the study, a total of 20 dental plaque samples 

were collected from healthy subjects (Group A) and periodontitis patients (Group B) and 

were streaked on blood agar plate. It was observed that Group A showed more Gram 

positive microorganism whereas Gram negative microorganisms were more in Group B 

subjects. Well diffusion method was used to compare 0.2% chlorhexidine gluconate, herbal 

mouthrinses [hiora, Punica granatum (Pomegranate), Azadirachta indica (Neem), 

Caryophyllus aromaticus (Cloves) and Ocimum sanctum (Tulsi)] and distilled water. The 

streaked blood agar plate was incubated at 37°C for 24 h and examined for the zones of 

inhibition. The study revealed that chlorhexidine, Hiora and pomegranate are equally 

efficacious and has shown no statistically significant differences whereas Tulsi, clove and 

neem mouthrinses had shown antimicrobial activity which was less compared to 

chlorhexidine. Chlorhexidine contains positively charged and negatively charged groups 

which causes affinity for bacteria. This interaction increases the permeability of the 

bacterial cell wall and thus permits the agent to penetrate into the cytoplasm and cause the 

death of the microorganism. Antiplaque, analgesic, antimicrobial, antiseptic, and 

refreshing properties were present in Hiora mouthwash. It has active herbal ingredient such 

as Miswak (Salvadora persica), bibhitaka (Terminalia bellerica), gandhapura taila, 

nagavalli (Piper betle), ela that act against common strains of oral bacteria and fungi. 

Pomegranate has hydrolysable tannins which account for 92% of its antioxidant properties. 

Also, it has broad spectrum activity against both bacteria and fungus. The anti-

inflammatory effect of pomegranate is due to its immune regulatory activity over 

macrophages and T and B-lymphocyte subsets. Thus, the author concludes that Herbal 

mouthrinses (Hiora and Pomegranate) and chlorhexidine mouthrinse were equally 
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effective in vitro suggesting that the herbal mouthwash may be used therapeutically in the 

future to inhibit oral microbial growth.64 

 

Haydari M et al. (2017) 62, in a modified experimental gingivitis model compared the 

plaque and gingivitis inhibitory effect of commercial products containing 0.2%, 0.12% and 

0.06% chlorhexidine. In the study, experimental gingivitis was induced in three groups of 

volunteers and was monitored over 21 days and simultaneously treated with the 

commercial solutions containing 0.2%, 0.12% and 0.06% chlorhexidine (CHX). 

Volunteers received mouthwash only in relation to maxillary right quadrant whereas other 

volunteers were subjected to both rinsing and mechanical oral hygiene in relation to 

maxillary left quadrant. On the 7th, 14th and 21st day patient compliance and side effects 

were monitored. The plaque and gingivitis scores were assessed at baseline and on 21st day. 

After 21 days it was observed that for preventing supragingival plaque on teeth, 0.2% CHX 

proved significantly better results statistically than 0.12% and 0.06% CHX. Gingivitis 

occurs due to extended tissue exposure to supragingival plaque. After 3 weeks even if the 

0.06% CHX did not significantly produce more gingivitis than 0.12% and the 0.2% CHX, 

but in a long-time plaque index of 1 will induce gingivitis. Increasing influx of low 

concentrate CHX, will eventually produce more CHX resistant bacteria that will 

transcolonize humans and their microbiomes. Hence the author concludes that among the 

commercial products, 0.2% CHX had significantly better plaque inhibiting effect than 

0.12% CHX and 0.06% CHX. 

 

Khare et al. (2017) 74, conducted a study to investigate varied pharmacognostic, 
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phytochemical analysis and pharmacological properties of Bauhinia variegata L. In the 

study, the loss on drying, ash values, fluorescence studies, chemical tests and extractive 

values were estimated from the powdered drug. Macroscopic and microscopic studies were 

also performed. Upon microscopial examination, the leaf revealed the presence of upper 

and lower epidermis, palisade tissue, and vascular bundle which was well developed. 

Calcium oxalate crystals were present in almost all cells. In visible light and ultraviolet 

light (254nm and 365nm) the fluorescence characteristics of leaf powder were studied 

using various reagents.  The phytochemical screening showed the presence of 

carbohydrates, tannins, alkaloids, flavonoids and amino acid. Upon pharmacognostic 

evaluation, it was reported that the total ash value was 8.15% and acid insoluble ash value 

was 5.5%. Thus, the author concluded that from the phytochemical study the ethanolic 

extract contained flavonoids, glycosides, carbohydrates, and tannins which are responsible 

for various pharmacological activities such as anti-inflammatory, chemoprotective activity, 

antioxidant, antidiabetic, antianxiety, and antidepressant. 

 

Pandey S et al. (2017) 75, evaluated the antitumor activity of leaf, stem bark and flower 

extract of Bauhinia variegata L. in C57BL mice against B16F10 melanoma tumor model. 

A total of 72 adult male C57BL mice aged 6–8 weeks having 24–28 g body weight was 

divided into 12 groups thus each group containing 6 animals. The groups included 1. 

Group NC: Normal Control receiving normal saline (10 mL/kg b. wt.) 2. Group TC: 

Tumor control receiving normal saline (10 mL/kg). 3. Group CP: Tumor bearing mice 

which received cyclophosphamide 170 mg/kg body weight. 4. Group L1 and L2: Tumor 

bearing mice receiving 500 and 750 mg/kg body weight of Bauhinia variegata L. leaf 
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extracts along with Cyclophosphamide (170 mg/kg b.wt). 5.Group L3: Tumor bearing 

mice receiving orally with 500 mg/kg body weight of Bauhinia variegata L. leaf extract. 

6.GroupB1 and B2: tumor-bearing mice receiving 500 and 750 mg/kg body weight 

Bauhinia variegata L. stem bark extracts along with Cyclophosphamide (170 mg/kg b.wt) 

7.Group B3: Tumor-bearing mice receiving orally with 500 mg/kg b.wt. stem bark extract. 

8.Group F1 and F2: Tumor-bearing mice receiving 500 and 750 mg/kg b.wt. Bauhinia 

variegata L. floral bud extracts along with cyclophosphamide (170 mg/kg b.wt) 9.Group 

F3: Tumor bearing mice receiving orally with 500 mg/kg body weight of Bauhinia 

variegata L. Following administration for 40 days, the antitumor activity of the extracts 

was assessed against melanoma tumor (B16F10) in C57BL mice. It was observed that there 

was significant reduction in tumor volume, increase survival time, inhibition rate and 

reduction of tumor doubling time in all Bauhinia variegata L.  extracts as compared to 

tumor control and cyclophosphamide groups. The reduction in tumor may be due to effect 

in the promotional phase of tumorigenesis which prevent the reduction of free radicals. The 

antioxidant levels and increase in glutathione content in tumor animals is due to antioxidant 

and free radicles scavenging ability of the plant. As a result, these extracts exhibit cytotoxic 

and antitumor activity. Combination treatment of cyclophosphamide and Bauhinia 

variegata L. extracts also showed more pronounced effect.  Moreover, the hydrometholic 

extract have flavonoid compound which is a secondary metabolite that has anti-

proliferative role in cancer through its effect on signal transduction in cell proliferation and 

angiogenesis. Thus, the author concludes that mechanism of tumor growth reduction in 

vivo induced by Bauhinia variegata L. involved apoptosis induction. 
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Khan S et al. (2018)21, did a literature review which aimed to elucidate the relation 

between the indications mentioned in classical Unani and contemporary research studies 

for Albizia lebbeck (L.) Benth. The author confirms that both were synchronous with each 

other. According to Unani Scholars Albizia lebbeck (L.) Benth is known to have Mohallil-

waram (anti-inflammatory) and Daf-e-tadiya (anti-septic) property because of which Unani 

physicians use its barks to treat boil, swelling and abscess. This is also in cohesion with the 

findings of contemporary research which mentions anti-inflammatory activity from its 

extracts. Various researchers such as Babu et al. and Kajariya et al. have also proved its 

anti-inflammatory activity in their preclinical studies67,34.  The use of Albizia lebbeck (L.) 

Benth has also been explained for non-healing ulcers due to its antibacterial, anti-

inflammatory and wound healing properties thus targeting the pathogenesis of disease. The 

nutrition analysis done by El-Hawary et al. revealed that Albizia lebbeck (L.) Benth. 

contain sufficient amount of protein, essential and non-essential amino acids, sodium, 

potassium, calcium, magnesium, zinc, Vitamin A, Vitamin C, Fatty acids, 

monounsaturated fatty acid and polyunsaturated fatty acid which explains its use as 

Muqaww-e-Aam (general tonic) as attributed by Unani Scholars.76 Its efficacy is also 

related towards tooth and gum strengthening effect due to high amount of vitamin C. The 

other actions and therapeutic application of Albizia lebbeck (L.) Benth includes in diarrhea, 

dysentery, anti-helminthic, analgesic, anticonvulsant, nootropic and anxiolytic which has 

been mentioned in Unani literature that is in concordance with latest research. 

 

Varghese A et al. (2018) 77, evaluated the reduction of plaque and gingivitis using 

3% Murraya koenigii (M. koenigii) mouthwash and compared with commercially available 
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0.2% CHX mouthwash. The study was single-center, parallel-arm, randomized controlled 

clinical trial consisting of 45 participants who were diagnosed with mild to moderate 

gingivitis. The participants were categorized to Group A, B and C. All the participants had 

undergone scaling. Group A and B participants were instructed to use M. koenigii and CHX 

mouthwashes, respectively for 15 days. The clinical parameters were plaque index, 

gingival index and oral hygiene index-simplified which were recorded at the baseline and 

after 14 days. On intragroup comparison, all the three groups showed a statistically 

significant difference. The herb contains 2.6% volatile essential oils such as sesquiterpenes 

and monoterpenes which are soluble in water and have broad antimicrobial effects 

on Streptococcus mutans and Streptococcus sanguinis. It can be inferred that M. koenigii 

mouthwash was equivalent in reducing plaque and gingivitis. Thus, opening a new herbal 

era for the maintenance of periodontal health due to ease of availability, cost effectiveness 

and minimal side effects. 

 

Casarin M et al. (2019) 78, conducted randomized, double-blind, crossover clinical trial 

which compared the anti-biofilm and anti-inflammatory effects of Chlorhexidine (CHX) 

and Melaleuca alternifolia (MEL) nanoparticles on biofilm-free and biofilm-covered tooth 

surfaces. Professional prophylaxis in two quadrants (Q1–Q3 or Q2–Q4) were completed 

for sixty participants which were randomly assigned. Then patients were asked to refrain 

from mechanical control measures for 3 days. On third day, gingival crevicular fluid (GCF) 

was collected followed by prophylaxis. Rinsing was done with MEL or CHX for four days. 

The participants were instructed to return after a period of 21 days, and the experimental 

procedures were repeated using the other product. The parameters assessed includes 
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Quigley & Hein plaque index, gingival crevicular fluid volume and participants 

perceptions. The study showed significantly lower anti-biofilm effect regarding the MEL 

groups compared with the CHX groups. This difference could be due to biofilm formation 

method as well as lack of substantivity in MEL group. There were no statistically 

significant differences among the groups, in regard to GCF on biofilm-free and biofilm-

covered tooth surfaces. Patient perception was good with both the intervention. Thus, the 

author concludes that though MEL nanoparticles showed anti-inflammatory effects similar 

to those of CHX, more clinical trials testing different protocols and concentrations are 

needed to clarify the clinical relevance of this product. 



 

 

METHODOLOGY 
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                                4.Methodology 
 

This in-vitro study was conducted at S.D.M College of Dental Sciences and Hospital, 

Dharwad. Patients visiting Department of Periodontics and Oral Implantology were 

recruited in this study. Prior to enrolment the participants were clearly explained 

regarding the need and design of the study. A signed written informed consent was 

obtained from all recruits. An ethical clearance [Annexure 1] was procured from the 

institutional ethical committee. 

The study comprised of in-vitro tests for determining the minimum inhibitory 

concentration (MIC) of Albizia lebbeck (L.) Benth., Bauhinia variegata Linn. and 

Chlorhexidine mouthwashes. Then the antibacterial action of these mouthwashes on 

the supragingival plaque from moderate to severe gingivitis subjects were determined 

and compared. A total of fifteen participants of both males and females were recruited 

in this study. Fifteen plaque samples were collected from the subjects. From each 

subject, the collected plaque sample was divided into three and were then transferred 

in three plastic vial containing reduced transport fluid which was sent to laboratory 

for processing. 

 

Subject inclusion criteria: 

 1.Subjects who were systemically healthy  

 2.Subjects who had moderate to severe gingivitis [gingival scores of 1.1 -2.0 / 2.1 -          

3.0 according to Gingival Index (Loe & Sillness, 1963)] 

Subject exclusion criteria: 

1. Subjects who had undergone periodontal treatment for the past 3 months 
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2. Subjects who were already using a mouthwash 

3. Subjects with gross oral pathology for example tumor, cyst etc  

      4. Subjects who were on antibiotic or anti -inflammatory medications for past 6                                                                                                                                                                                          

months  

 

    5.Smokers and tobacco chewers 

    6.Pregnant and lactating women 

 

Sample size calculation:  

45 plaque samples (15 per group) were required to have a 90% chance of detecting, as 

significant at the 5% level, and decrease in the mean colony forming units from 1.8 in 

the standard mouthwash group to 1.1 in the experimental group with standard deviation 

(SD) 0.55. 

Calculation based on the formula:  

n = f (α/2, β) × 2 × σ2 / (μ1 − μ2)
2 

Method of Study: 

A. HERBAL MOUTHWASH PREPARATION: 

The barks of the Albizia lebbeck (L.) Benth. and Bauhinia variegata Linn. were made 

into coarse powder. One part of this powder was taken into vessel and 16 parts of water 

was added to it and boiled over medium heat. As the water evaporated, decoction was 

prepared with the remaining 4 part. It was then filtered and made palatable by the 

addition of 2 g of edible camphor. This decoction was used for mouthwash. 79 

Commercially available nonalcoholic 0.2% Chlorhexidine mouthwash (PeriexTM) was 

used. 
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B. MICROBIOLOGICAL TEST: 

The antibacterial effects were determined against standard strains of bacteria which 

were involved in gingivitis. These bacterial strains included facultative anaerobic 

bacteria Streptococcus mitis (S.mitis)(ATCC 6249), facultative anaerobe 

Aggregatibacter actinomycetecomitans (Aa)(ATCC 43718), anaerobic Actinomycetes 

(ATCC 15214) and obligate anaerobic organism Porphyromonas gingivalis 

(Pg)(ATCC 33277). For the in-vitro testing, bacterial strains were maintained on blood 

agar media. Media and supplements were obtained and prepared in accordance with a 

manufacturer's instructions (HiMedia Laboratories Pvt Ltd., Mumbai, India). 

 

 

ARMAMENTARIUM FOR LABORATORY USAGE: 

    

1. Cuvette 

2. Cuvette stand 

3. Micropipette 

4. Petri dish 

5. Nutrient agar 

6. Spirit lamp 

7. Metal loop 

8. Incubator 

9. Saline 

10. Gloves 

 

Determination of Minimum inhibitory concentration 

The minimum inhibitory concentration (MIC) was determined using broth dilution 
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method and to confirm the inhibitory concentration, each of these serial dilutions was 

plated on blood agar culture plates. 

Procedure: 

1. Nine dilutions of each mouthwash were done with brain–heart infusion broth 

(BHI) for MIC. 

2. In the initial tube 20μl of drug was added into the 380μl BHI. 

3. For dilutions, 200μl of BHI broth was added into the next 9 tubes separately. 

4. Then from the initial tube 200μl was transferred to the first tube containing 

200μl of BHI broth. This was considered as 10-1 dilution. 

5. From 10-1 diluted tube 200μl was transferred to second tube to make 10-2 

dilution. 

6. The serial dilution was repeated up to 10-9 dilution for each drug. 

7. From the maintained stock cultures of required organisms, 5μl was taken and 

added into 2ml of BHI broth. 

8. In each serially diluted tube 200μl of above culture suspension was added. The 

tubes were kept in carbon dioxide jar (CO2) for Aa and Actinomycetes and 

anaerobic jar for Pg and S.mitis for 72 hours. These tubes were then incubated 

for 24 hours at 37 ◦C. In each series of tubes, the last tube with clear supernatant 

was considered to be without any growth and taken as MIC value. Turbidity in 

the MIC tube indicated growth of the bacteria implying that the bacteria are 

resistant to mouthwashes. Therefore, the MIC was taken as the lowest 

concentration that prevented the growth of the bacteria [Figure 6 ].  

 

 

https://www.jisppd.com/viewimage.asp?img=JIndianSocPedodPrevDent_2018_36_2_142_235673_f2.jpg
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Determination of time kill assay 

Time-kill curves monitor bacterial growth and death over a wide range of antimicrobial 

concentrations. Thus, it helps to evaluate the effect of antimicrobials over time. 

Procedure: 

Each mouthwash in equal quantity was mixed with mixture of organisms which include 

Streptococcus mitis, Aggregatibacter actinomycetecomitans, Actinomycetes and 

Porphyromonas gingivalis. These were then plated immediately and the time was noted 

as 0 min. These tubes were then kept in CO2 jar till next time slot. At subsequent time 

points which were 5 mins, 10 mins and 30 mins, the tubes were removed and plating 

was done. These plates were incubated according to the growth requirement i.e., in CO2 

jar and anaerobic jar. After 48-72hrs of incubation period, the plates were removed 

following which colony count was noted (Figure 7). 

 

ARMAMENTARIUM FOR CLINICAL USAGE: 

 

1. Pair of examination gloves 

2. Mouth mirror 

3. Periodontal probe 

4. Curette 

5. Eppendorf tube containing reduced transport fluid- 3 in number 

6. Cotton 

 

C. PLAQUE SAMPLE COLLECTION: 

The plaque sample was collected from subjects who were diagnosed with moderate to 

severe gingivitis. Subjects were selected after a thorough and precise case history 
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recording. Sterile mouth mirror   and periodontal probe was used to clinically examine 

the gingival status. 

Following indices were recorded at baseline: 

➢ Gingival Index (Loe and Sillness – 1963) 

➢ Plaque Index (Sillness and Loe – 1964) 

Supragingival plaque samples were collected from the patients after recording of 

gingival parameters.  

 

1. Gingival index (Loe and Sillness,1963) 

All the teeth were examined on mesiobuccal, buccal, distobuccal and 

palatal/lingual surfaces and the amount of gingival inflammation was assessed by 

clinically examining the colour, consistency and size of gingival tissues. 

Scoring criteria: 

Score 0-Normal gingiva 

Score 1-Mild inflammation, slight edema, no bleeding on probing. 

Score 2-Moderate inflammation, redness, edema, glazing and bleeding on probing. 

Score 3-Severe inflammation, marked redness, and edema, ulcerations and 

tendency to spontaneous bleeding. 

Gingival index =        Total score                  × 4 

                                   Number of teeth examined 
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2. Plaque index (Sillness and Loe, 1967)         

        All the teeth were examined on mesiobuccal, buccal, distobuccal and 

palatal/lingual surfaces. 

Scoring criteria:  

Score 0 = No plaque in the gingival area 

Score 1 = A film of plaque adhering to free gingival margin and adjacent area of the 

tooth. The plaque may only be recognized by running a probe across the tooth surface. 

Score 2 = Moderate accumulation of soft deposits within the gingival pocket, on the 

gingival margin and/or adjacent tooth surface, which can be seen by naked eye. 

Score 3 = Abundance of soft matter within the gingival pocket and/or on the gingival 

margin and adjacent tooth surface. 

Plaque index =                 Total score              × 4 

                              Number of teeth examined                                             

 

METHOD OF PLAQUE COLLECTION: 

Fifteen (n=15) plaque samples were collected from selected fifteen subjects. The 

participants were seated comfortably and allowed to rest for few minutes. The site was 

air-dried and isolated with cotton rolls. Supragingival plaque samples were collected 

from buccal and lingual surfaces of both the arches using curettes. From each subject, 

the total collected plaque sample was divided into three and were then immediately 

transferred into three sterile plastic vial containing reduced transport fluid which was 

sent to laboratory for processing. 

The mouthwashes were categorized into three groups: 
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Group I-   Albizia lebbeck (L.) Benth. mouthwash :15 plaque samples from gingivitis                           

patients (n=15) 

Group II- Bauhinia variegtata mouthwash Linn.   :15 plaque samples from gingivitis 

patients (n=15)                                                                                       

Group III- Chlorhexidine mouthwash                     :15 plaque samples from gingivitis 

patients (n=15) 

 

MICROBIOLOGICAL TESTING PROCEDURE: 

After receiving the plaque sample, the sample was diluted in 1:100 dilution which 

consist of 99 µl of thioglycolate broth and 1 µl of plaque sample. This was mixed and 

was inoculated on blood agar which was considered as before sample. After this in 

separate Eppendorf tube 200µl of respect ive mouthwash was taken and 100 µl of 

diluted plaque sample was added. This was kept for half an hour and then it was 

inoculated on blood agar. This was considered as after sample. The plates were 

inoculated in anaerobic jar and after 2-3 days colony count was recorded. 

        

STATISTICAL ANALYSIS: 

Data were entered in Microsoft Excel and analyzed using SPSS for Windows, Version 

17 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to calculate standard 

deviation, percentages and mean values. Analysis of variance (ANOVA) was applied 

to know whether the differences in the colony forming unit (CFU) of the three groups 

being compared were statistically significant or not. Bonferroni post hoc test was used 

to know the difference between the mouthwashes. Analysis of covariance (ANCOVA) 
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was also done to adjust for the baseline differences. Student's paired t-test was applied 

to know whether the differences in the CFU of the three groups before and after  

intervention was statistically significant or not. A p value of less than 0.05 was taken  

as statistically significant. 

 

 

 

Figure 6: Photograph showing MIC of Albizia lebbeck (L.) Benth. mouthwash, 

Bauhinia variegata Linn. mouthwash and Chlorhexidine mouthwash 
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 Figure 7: Photograph showing time kill assay of Albizia lebbeck (L.) Benth. 

mouthwash, Bauhinia variegata Linn. mouthwash and Chlorhexidine mouthwash 
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                              Figure 8: Subject with moderate gingivitis 

 

 

 

 

 

 

     

 

 

 

 

                             Figure 9: Armamentarium for clinical usage       
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                                              Figure 10: MIC procedure   
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                                     5.Results 

 
The in-vitro study was conducted in Department of Periodontics and Oral Implantology, 

SDM College of Dental Sciences and Hospital, Dharwad. The study was aimed to 

determine the minimum inhibitory concentration (MIC) of Albizia lebbeck (L.) Benth., 

Bauhinia variegata Linn. and Chlorhexidine mouthwashes and also to assess and compare 

the antibacterial action of these mouthwashes on the plaque obtained from gingivitis 

subjects. 

In-vitro test: 

The mouthwashes included in the study were categorized into three groups: 

Group I   -  Albizia lebbeck (L.) Benth. mouthwash  

Group II  -   Bauhinia variegata Linn. mouthwash  

Group III -   Chlorhexidine mouthwash 

The broth dilution procedure was utilized to compare the effects of these herbal 

mouthwashes and Chlorhexidine on a set of standard laboratory strains which included 

Aggregatibacter actinomycetecomitans (Aa), Streptococcus mitis (S.mitis), 

Porphyromonas gingivalis (Pg) and Actinomycetes. 

Group I- Albizia lebbeck (L.) Benth. mouthwash  

The strain Aa was sensitive at 6.25 µg/ml.  The strains S.mitis and Actinomycetes were 

sensitive at 12.5 µg/ml. The strain Pg was sensitive at 0.8 µg/ml (Table 1). 

Group II-   Bauhinia variegata Linn. mouthwash  

The strain Aa was sensitive at a concentration of 12.5 µg/ml. The strain S.mitis  was 

sensitive at 25 µg/ml. The strain Pg was sensitive at a concentration of 0.4 µg/ml and the 
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strain Actinomycetes was sensitive at 6.25 µg/ml (Table 1). 

Group III- Chlorhexidine mouthwash 

 The strain Aa and Actinomycetes was sensitive at a concentration of 0.8 µg/ml whereas the 

strain S.mitis was sensitive at 25 µg/ml. The strain Pg was sensitive at a concentration of 

0.4 µg/ml. (Table 1). 

Table 1: Effects of Albizia lebbeck (L.) Benth. mouthwash, Bauhinia variegata Linn. 

mouthwash and Chlorhexidine on a set of standard laboratory strains using broth 

dilution method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S- Sensitive 

R-Resistant 
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Time kill curve: 

The minimum time required to inhibit the growth of periodontal pathogens in the study 

(time-kill curve) was drawn at their MIC (Table 2, Graph 1). 

Group I-Albizia Lebbeck (L.) Benth. mouthwash  

It was found that Aa at its MIC of 6.25 µg/ml showed gradual decrease in growth but failed 

to show no growth after 30 minutes. For S.mitis, at its MIC 12.5 µg/ml showed a gradual 

decrease in its growth. For Pg and Actinomycetes absolutely no growth was seen at 0.8 

µg/ml and 12.5 µg/ml respectively. 

 

Group II-   Bauhinia variegata Linn. mouthwash  

It was found that Aa for Group II at its MIC 12.5 µg/ml showed no growth at 30 minutes. 

For S.mitis at its MIC 25 µg/ml showed gradual decrease in its growth. For Pg absolutely 

no growth was seen at concentration of 0.4 µg/ml. For Actinomyctes, at its MIC 6.25 µg/ml 

showed gradual decrease in its growth.  

 

Group III- Chlorhexidine mouthwash 

It was found that Aa and Actinomyctes, for Group III at its MIC 0.8 µg/ml showed no 

growth at 10 minutes. For S.mitis at its MIC 25 µg/ml showed no growth at 10 mins. For 

Pg absolutely no growth was seen at concentration of 0.4 µg/ml.  

 

Intergroup comparison: 

It was found that Aa for Group I (Albizia lebbeck (L.) Benth. mouthwash) at its MIC of 

6.25 µg/ml showed gradual decrease in growth but failed to show no growth after 30 
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minutes when compared to Group II (Bauhinia variegata Linn.) and Group III 

(Chlorhexidine) which showed sensitivity at 12.5 µg/ml and 0.8 µg/ml respectively. For 

S.mitis,  Group I and Group II at its MIC 12.5 µg/ml and 25 µg/ml respectively showed a 

gradual decrease in its growth whereas Group III at MIC of 25 µg/ml showed absolutely 

no growth at 10 minutes. For Pg absolutely no growth was seen in all mouthwashes at its 

MIC 0.8 µg/ml for Group I and 0.4 µg/ml for Group II and Group III at 30 minutes. For 

Actinomyctes, Group I at its MIC 12.5 µg/ml showed no growth at 10 minutes. Group II at 

its 6.25 µg/ml showed a gradual decrease in its growth at 30 minutes whereas 

Chlorhexidine at MIC of 0.8 µg/ml showed absolutely no growth at 10 minutes. 

 

Table 2: Minimum time required to inhibit the growth of periodontal pathogens in 

the study (time-kill curve) 

 

 

 

 

 

 

 

 

 

 

NG- No growth 
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                             Graph 1: Graphical representation of time kill curve 
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Fifteen (n=15) plaque samples were collected from selected fifteen subjects who were 

diagnosed with moderate to severe gingivitis.  

The mouthwashes were categorized into three groups: 

Group I- Albizia lebbeck (L.) Benth. mouthwash:15 plaque samples from gingivitis 

patients (n=15) 

Group II- Bauhinia variegata Linn. mouthwash :15 plaque samples from gingivitis 

patients (n=15) 

Group III-Chlorhexidine mouthwash                  : 15 plaque samples from gingivitis 

patients (n=15)                                                                       

 

 

Table 3: Descriptive statistics of age, plaque index and gingival index among study 

groups  

Variables Mean Standard deviation 

Age(years) 24.07 8.82 

Plaque index 1.41 0.25 

Gingival index 1.58 0.20 

 

 

The mean age among the groups was 24.07±8.82. The parameters which were assessed 

include plaque index and gingival index whose mean values were 1.41±0.25 and 1.58±020 

respectively (Table 3).  
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                 Table 4: Gender distribution of study participants  

 

 

 

 

 

 

The total number of participants were 15 consisting of 4 males and 11 females. The gender 

distribution among male and females were 26.7% and 73.3% respectively (Table 4, Graph 

2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Gender Number Percentage 

Male 4 26.7% 

Female 11 73.3% 

Total 15 100% 

Graph 2:  Gender distribution

Male Female
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Table 5: Comparison of reduction in colony forming units at baseline (before sample) 

and after 30 minutes (after sample) in each group 

 

 

 

 

 

 

 

Intra group comparison: 

Group I: There was a significant reduction in mean colony forming unit (CFU) values 

when before value (440±55.42) was compared with the after value (318.20±50.78). The 

reduction was statistically significant when compared with paired t-test (p<0.001) (Table 

5, Graph 3). 

Group II: There was a significant reduction in mean CFU values when before value 

(476.13±86.99) was compared with the after value (353.93±68.19). The reduction was 

statistically significant when compared with paired t-test (p<0.001) (Table 5, Graph 3). 

Group III: There was a significant reduction in mean CFU values when before value 

(377.47±50.93) was compared with the after value (47.20±46.62). The reduction was 

statistically significant when compared with paired t-test (p<0.001) (Table 5, Graph 3).  

 Group I Group II Group III 

Before 440±55.42 476.13±86.99 377.47±50.93 

After 318.20±50.78 353.93±68.19 47.20±46.62 

Mean 

difference 

121.87±37.33 122.20±44.05 330.27±64.47 

t-value 12.64 10.74 19.84 

p-value <0.001 <0.001 <0.001 
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Table 6: Multiple comparison by analysis of variance followed by post hoc Bonferroni 

test 

PAIR WISE COMPARISON BY POST HOC 

BONFERRONI TEST 

OVERALL 

COMPARISON 

                  ANOVA 

Groups Groups Mean 

difference 

p-value       f- ratio      p- value 

Group I (Before) 

Group I (After) 

 

Group II  

Group II 

-36.07 

-15.09 

 

0.43ns 

>0.05ns 

 

8.47 

134.65 

0.001, s 

<0.001 

Group I (Before) 

Group I (After) 

 

Group III  

Group III  

 

62.60 

235.18 

0.04s 

<0.001s 

8.47 

134.65 

0.001, s 

<0.001 

Group 

II(Before) 

Group II(After) 

 

 

Group III  

Group III  

 

98.66 

250.27 

0.001s 

<0.001s 

8.47 

134.65 

0.001, s 

<0.001 
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Graph 3: Comparison of CFU at baseline and 

after 30 minutes in each group
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Intergroup comparison:  

When the three groups were compared between each other using one way ANOVA there 

was significant difference between the three groups in mean CFU values at baseline (Table 

5). Similarly significant differences were also observed between the groups for after values. 

Hence pair wise comparison by post hoc bonferroni test was done (Table 6). 

 

ANCOVA: Analysis of covariance was done by adjusting for the after sample values by 

taking baseline values as covariant. Differences between the groups in after sample values 

remains statistically significant (f ratio-126.33, p value <0.001s) even after adjusting the 

values for before sample. Hence the differences in the baseline values between the groups 

did not significantly change the conclusions for the after sample values. 

 

Before sample 

Group I v/s Group II: Pair wise comparison between group I and group II gave a mean 

difference of -36.07 and post hoc comparison showed that the difference was not 

statistically significant (p value-0.43ns) (Table 6).  

 

Group I v/s Group III: Pair wise comparison between group I and group III showed 

statistically significant differences between the mean values (p value-0.04) (Table 6). The 

mean CFU in group I (440±55.42) was significantly higher compared to group III 

(377.47±50.93) (Table 5). 

 

Group II v/s Group III: Pair wise comparison between group II and group III showed 
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statistically significant differences between the mean values (p-value <0.001) (Table 6). 

The mean CFU in group II (476.13±86.99) was significantly higher compared to group III 

(377.47±50.93) (Table 5). 

 

After sample 

Group I v/s Group III: Pair wise comparison between group I and group III showed 

statistically significant between the mean values (p-value<0.001) (Table 6). The mean 

CFU in group III (47.20±46.62) was significantly lower when compared to group I 

(318.20±50.78) (Table 5). 

 

Group I v/s Group II: Pair wise comparison between group I and group II gave a mean 

difference of -15.09 and post hoc comparison showed that the difference was not 

statistically significant (p-value >0.05ns) (Table 6). 

 

Group II v/s Group III: Pair wise comparison between group II and group III showed 

statistically significant differences between the mean values (<0.001) (Table 6). The mean 

CFU in group II (353.93±68.19) was significantly higher compared to group III 

(47.20±46.62) (Table 5). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

DISCUSSION 
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                                   6.Discussion 
 

The current study comprised of in-vitro tests for determining the minimum inhibitory 

concentration (MIC) of Albizia lebbeck (L.) Benth., [Group I], Bauhinia variegata Linn. 

[Group II] and Chlorhexidine mouthwashes [Group III]. Subsequently the antibacterial 

action of these mouthwashes on the supragingival plaque from moderate to severe 

gingivitis subjects were determined and compared.  

                 Herbal medicines from time immemorial are known to have therapeutic benefits 

on the grounds of various plant constituents.80 World Health Organization computed that 

around 70–80% of the society favor herbal therapeutic agents for treatment of various 

ailments.81 This is assumed owing to its natural activity, advanced safety margin, increased 

antimicrobial resistance and low cost. The natural activity of the herbs such as antibacterial, 

anti-inflammatory, antioxidant properties are due to the presence of biologically active 

compounds such as flavonoids, coumarins, glycosides, phenolic acids, resins, phytoesters, 

choline, carotenoids, tannins, vitamins, mineral salts such as magnesium, iron, lithium and 

essential oils.82 These properties thus benefit gingival health when compared with the 

antimicrobial mechanisms by synthetic chemicals. 

               In the present study, Albizia lebbeck (L.) Benth., Bauhinia variegata Linn. and 

Chlorhexidine (CHX) mouthwashes were tested against following bacterial strains which 

include facultative anaerobic bacteria Streptococcus mitis (S.mitis), facultative anaerobe 

Aggregatibacter actinomycetecomitans (Aa), anaerobic Actinomycetes and obligate 

anaerobic organism Porphyromonas gingivalis (Pg) that contribute to gingivitis. The MIC 

by broth dilution technique was assessed. The MIC value for Group I, II and III mouthwash 
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ranged 0.8 µg/ml-12.5 µg/ml, 0.4 µg/ml-25 µg/ml and 0.4 µg/ml-25 µg/ml respectively. 

The highest sensitivity was observed with CHX mouthwash for all the selected bacterial 

strains when compared to the herbal mouthwashes.   

                Time kill test was used in this study to determine the antimicrobial effects of 

these mouthwashes over time. It was observed that Chlorhexidine showed absolutely no 

growth of the strains whereas the herbal mouthwashes showed gradual decrease in growth.   

                 In the study, the antibacterial efficacy of these mouthwashes on supragingival 

plaque was also assessed. The study comprised of 15 participants out of which 4 were 

males and 11 were females. The distribution of the participants according to the age was 

between 17 and 52 years with mean being 24.07. The mean plaque index and gingival index 

score was 1.41 and 1.58 respectively. The existence of plaque is known to be the cause of 

gingivitis.2 Gingival index was chosen to select participants with moderate to severe 

gingivitis. 

              It was also evident in the study that there was significant reduction in colony 

forming unit (CFU) values of Group I, Group II and Group III mouthwashes when 

compared to the before sample values of the plaque sample. The CFU values of Group I at 

baseline was 440±55.42. After a period of 30 minutes the CFU values was noted to be 

318.20±50.78. This indicates the probable antibacterial action of Albizia lebbeck (L.) 

Benth., mouthwash. Traditionally, the bark of Albizia lebbeck (L.) Benth., is used in 

toothache and diseases of the gum.15 The main constituents of the bark are condensed 

tannins and d-catechin, lebbecacidin, anthraquinone glycoside, isomers of leucocyanidin 

and friedelin-3-one. The anthraquinone glycosides from bark is active against aerobes. This 

glycoside content causes leakage of cytoplasmic constituents. Thus, it is attributing to the 
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antimicrobial activity.65 It has been reported that the MIC values of the methanol extract 

of Albizia lebbeck (L.) Benth., against Staphylococus aureus, Escherichia coli and 

Salmonella typhi to be 0.01 mg/ml which are indicative of antimicrobial activity of the 

extract.72 These findings were also supported by study done by Chulet R et al.2010, 

wherein ethyl acetate successive extract showed antibacterial activity against gram positive 

and gram negative bacteria in-vitro.15 In another study the methanolic extracts of Albizia 

lebbeck (L.) Benth., illustrated inhibitory activity against the pathogens namely Bacillus 

subtilis, Escherichia coli, Klebsiella pneumoniae, Proteus vulgaris, Pseudomonas 

aeruginosa, Salmonella typhii and Staphylococus aureus whereas the ethyl acetate extract 

demonstrated inhibition against Escherichia coli, Pseudomonas aeruginosa and Klebsiella 

pneumonia.28 It was noted in our study that the inhibitory effect of the herb was less when 

compared to Chlorhexidine.  

                        The CFU values of Group II at baseline was 476.13±86.99. After a period 

of 30 minutes the CFU was noted to be 353.93±68.19. This signifies the possible 

antibacterial action of Bauhinia variegata Linn. mouthwash. History reports this herb as a 

drug with good medicinal value.22 These plants possess various curative properties due to 

the presence of secondary metabolites. Bauhinia variegata Linn. consist of anthraquinones 

derivatives, cardenolides and cardiac glycosides, flavonoids, resins, saponins and tannins 

that are known to have various curative effect against pathogenic organisms.  Kumar et 

al.2005, have reported that the broad spectrum of antimicrobial activity of this herb is due 

to the presence of phenol metabolites83. This finding is supported by Pandey S et al.2015, 

who reported that hydro methanolic extract of Bauhinia variegata Linn. inhibited microbial 

growth dose dependently.73     Another study by Patil et al.2015, reported the antibacterial 
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activity of this herb against Staphylococcus aureus (Gram positive) and Escherichia coli 

(Gram negative).51    NabuRaj et al., reported that ethanolic extract of the stem bark of 

Bauhinia variegata Linn.  was found to have antimicrobial activity against Bacillus 

subtilis, Pseudomonas aeruginosa, Salmonella typhi, Shigella dysenteriae, Staphylococcus 

aureus and Vibrio cholerae.84 The therapeutic value of plants lies in the bioactive 

phytocomponents present in the plants.85 However, when antibacterial effect was compared 

with Chlorhexidine the inhibitory effect of this herb was less.  

                      The CFU values of Group III at baseline was 377.47±50.93. After a period 

of 30 minutes the CFU was noted to be 47.20±46.62. This signifies the antibacterial action 

of Chlorhexidine mouthwash. This finding is supported by Rubernes et al., who reported 

that Chlorhexidine inhibited bacterial growth. The study showed decrease in growth of 

Staphylococcus aureus, Streptococcus mutans and Streptococcus sobrinus that was 

reduced up to 66, 71 and 88% respectively.86 This bactericidal effect is due to cationic 

structure that penetrates the cell membrane leading to cytoplasmic coagulation.87 As 

evident from the results of the study there was statistically significant differences between 

Chlorhexidine and herbal mouthwashes. Chlorhexidine gluconate is considered as the 

“gold standard” mouthwash among other chemotherapeutic agents due to its prolonged 

broad spectrum antimicrobial property.  However, Chlorhexidine is accompanied by some 

side effects like bitter taste, formation of extrinsic stains on the teeth and tongue, increased 

risk of caries due to fermentation and alcohol content, altered taste perception, metallic 

taste, cytotoxic effects on cells, unilateral or bilateral parotid swelling and enhanced 

supragingival calculus formation.88 All these disadvantages have led current research to 

more natural and biocompatible agents like herbal medicines.  
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                     The present study showed marked antibacterial activity by Albizia lebbeck 

(L.) Benth. and Bauhinia variegata Linn. mouthwash but is not as significant as 

Chlorhexidine. This could be attributed to broad-spectrum antiseptic with pronounced 

antimicrobial effect of Chlorhexidine. This is similar to the finding wherein Sharma S et 

al.2007, reported that although Azadirachta indica (Neem) extract exhibited antimicrobial 

activity, it was less efficacious when compared to Chlorhexidine mouthwash in patients 

with chronic gingivitis.89 Furthermore, the present study detected no statistical difference 

between Albizia lebbeck (L.) Benth., and Bauhinia variegata Linn. mouth washes 

suggesting similar functional activity. The reduction in CFU can be attributed to the 

presence of bioactive ingredients in the herbs.  

To our knowledge, this is the first study of its kind to check the antibacterial activity of 

these herbs against periodontopathogens. 
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                                      7.Conclusion 

 
The minimum inhibitory concentration of Albizia lebbeck (L.) Benth., Bauhinia variegata 

Linn. and Chlorhexidine mouthwashes ranged 0.8 µg/ml-12.5 µg/ml, 0.4 µg/ml-25 µg/ml 

and 0.4 µg/ml-25 µg/ml against following bacterial strains which include S.mitis, Aa, 

Actinomycetes and Pg. 

                It was evident in the study that Albizia lebbeck (L.) Benth., Bauhinia variegata 

Linn. and Chlorhexidine mouthwashes exhibited antibacterial activity. When the 

antibacterial property of Albizia lebbeck (L.) Benth. was compared with Chlorhexidine, the 

inhibitory effect of the herb was less. When the antibacterial property of Bauhinia 

variegata Linn. mouthwash was compared with Chlorhexidine, the inhibitory effect of the 

herb was also less efficacious. Furthermore, the present study detected no statistical 

difference between antibacterial property of Albizia lebbeck (L.) Benth. and Bauhinia 

variegata Linn. mouthwashes. Thus, it can be concluded from the study that Chlorhexidine 

was more potent.  

             Further research could study the antimicrobial efficacy of herbal mouth rinse in 

greater depth and in vivo clinical testing is essential to confirm the in-vitro results. 
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                                    8.Summary 

 
The objectives of this study were to establish minimum inhibitory concentration (MIC) of 

Albizia lebbeck (L.) Benth. (Siris tree), Bauhinia variegata Linn. (Mountain Ebony) and 

Chlorhexidine mouthwashes and also to assess and compare the antibacterial effect of 

Albizia lebbeck (L.) Benth. mouthwash, Bauhinia variegata L. mouthwash and 

Chlorhexidine on plaque sample. 

               This in-vitro study was conducted at S.D.M College of Dental Sciences and 

Hospital, Dharwad. Patients visiting Department of Periodontics and Oral Implantology 

were recruited in this study. Prior to enrolment a signed written informed consent was 

obtained from all recruits. 

 
                  The herbal mouthwashes were prepared. Then the mouthwashes were subjected 

to MIC and time kill assay against standard strains of bacteria which are involved in 

gingivitis. These bacterial strains include Streptococcus mitis (S.mitis), Aggregatibacter 

actinomycetecomitans (Aa),Actinomycetes and Porphyromonas gingivalis (Pg). In order to 

determine the antibacterial efficacy of the mouthwashes, plaque samples were collected 

from fifteen subjects diagnosed with moderate to severe gingivitis. From each subject, the 

collected plaque sample was divided into three and were then transferred in three plastic 

vial containing reduced transport fluid which was sent to laboratory for processing. The 

parameters recorded at baseline were gingival index and plaque index. 

                It was inferred from the study that the minimum inhibitory concentration of 

Albizia lebbeck (L.) Benth., Bauhinia variegata Linn. and Chlorhexidine mouthwashes 

ranged 0.8 µg/ml-12.5 µg/ml, 0.4 µg/ml-25 µg/ml and 0.4 µg/ml-25 µg/ml against 



 

74 

 

following bacterial strains which include S.mitis, Aa, Actinomycetes and Pg  

               It was also evident from the study that Albizia lebbeck (L.) Benth., Bauhinia 

variegata Linn. and Chlorhexidine mouthwashes exhibited antibacterial activity. When the 

antibacterial property of Albizia lebbeck (L.) Benth. was compared with Chlorhexidine, the 

inhibitory effect of the herb was less. When the antibacterial property of Bauhinia 

variegata Linn. mouthwash was compared with Chlorhexidine the inhibitory effect of the 

herb was also less efficacious. Furthermore, the present study detected no statistical 

difference between antibacterial property of Albizia lebbeck (L.) Benth. and Bauhinia 

variegata Linn. mouthwashes. Thus, it can be concluded from the study that Chlorhexidine 

was more potent. Further research to study the antimicrobial efficacy of herbal mouth rinse 

in greater depth needs to be carried out. Also, in vivo studies are essential to confirm the 

in-vitro results. 
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Department of Periodontics 

S.D.M.College of Dental Sciences & Hospital 

Sattur, Dharwad-580009 

 

INFORMED CONSENT  

 

Number: 

 

Age:                                                                                                                                 Sex: 

 

Occupation: 

 

Address: 

 

 

Telephone No.: 

 

 

I hereby authorize Dr. Merlin Thomas to perform clinical/laboratory/other applicable 

investigations/procedures upon me, with regard to the proposed scientific research, 

Evaluation and comparison of anti-bacterial efficacy of Albizia lebbeck (L.) Benth. 

(Siris Tree) mouthwash and Bauhinia variegata L. (Mountain Ebony) mouthwash 

with chlorhexidine: In vitro study undertaken by her. 

I have been informed about: 

• The identity of the research team members. 

• The responsibility of the research team members. 

• The aims and methods of the proposed research. 

• The purpose of the proposed research is to identify and diagnose my periodontal 

condition and associate, if present. 

• The fact that there may be no tangible benefits to myself after having undergone an 

oral examination and provided my blood sample. 

• The benefits of this research adding to the existing scientific knowledge in this field 

that might reasonably be expected as an outcome of the proposed research without 

having a direct benefit to me. 
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• Any foreseeable extent of information on possible current and future uses of the 

data generated from the proposed research is likely to be used for secondary 

purposes or would be shared with others, maintaining confidentiality. 

If any unforeseen condition should arise during the course of the research, calling for 

judgment or for procedures in addition to or different from those now contemplated, I 

further request and authorize the investigator(s) to do whatever may be deemed advisable. 

Further, I have been informed of methods of treatment for my periodontal condition, if any 

required. 

I further understand that if no treatment is rendered to my diseased peridontium (if any) 

will probably worsen in time, which may result in premature tooth/teeth loss. 

No guarantee, warranty, or assurance has been given to me that the suggested periodontal 

therapeutic procedures if undertaken by myself in future anywhere will be successful to 

my complete satisfaction. Due to individual patient differences, there exists a risk of 

failure, relapse, selective re-treatment, or worsening of my present condition despite the 

best of advice or care.  

I consent to photographs of my oral and facial structures and their publication for 

educational and scientific purposes. 

I have volunteered with the freedom to participate and to withdraw from the proposed 

research at any time without penalty or loss of benefits. 

I further understand that the proposed research may have no direct tangible benefits to me 

and the results of the research may/ will further scientific knowledge for the betterment of 

the general population. 

I certify that I have had an opportunity to read and fully understand the terms and 

words within the above informed consent and explanation referred to or made, before 

I signed.  

Note: If I do not understand the English language, this informed consent was made 

aware to me in the language of my choice. 

 

Name and Signature of Investigator:   

 

 

 

 

Name and Signature of Volunteer/Patient:                

 

 

 

Name and Signature of Witness:                                                  Date:                                   
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PROFORMA 
 

 

Name of the Volunteer/Patient: 

                                                                                                    O.P.D. Number: 

 

 

Age:                                                                                              Sex: 

 

 

Occupation: 

 

 

Address: 

 

 

 

Telephone No.: 

 

 

 

 

Chief complaint: 

 

 

Gingival Index (Loe & Sillness, 1963) 

 

 

Total Score = 
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Plaque index (Sillness & Loe, 1967) 

 

 

 

 

               

8 

 

7 6 5 4 3 2 1 1 2 3 4 5 6 7 8 

 

 

 

               

 

Total Score = 

 

Provisional diagnosis: 

PLAQUE SAMPLE IS COLLECTED 

 

MICRBIOLOGICAL ANALYSIS 

 

 

MOUTHWASHES MICRORGANISM -SENSITIVITY 

 Streptococcus 

mitis 

 

Aggregatibacter 

actinomycetecomitans 

 

Porphyromonas 

gingivalis 

 

Actinomycetes 

Chlorhexidine     

Albizia lebbeck (L.) 

Benth. 

    

Bauhinia variegata L.     
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Albizia 
lebbeck (L.) 
Benth 

Bauhinia 
variegata L. 

 
Chlorhexi
dine  

Name Age Sex PI GI Before After Befor
e 

Afte
r 

Befo
re 

Aft
er 

1 Hanumesh 
Nayak 

21 1 1.6 1.7 430 312 580 433 384 12 

2 Bilquis 
Faroqui 

52 2 1.6 1.6 456 310 450 316 396 6 

3 Noorjahan 
Hongal 

19 2 1.2 1.3 400 286 285 236 300 21 

4 Chinnava 25 2 1.3 1.5 386 218 450 330 300 25 

5 Nagina.R.Ha
ngaraki 

21 2 1.2 1.9 400 321 483 343 400 55 

6 Atmanand 
.B.Lagali 

18 1 1.2 1.4 480 322 500 458 400 37 

7 Nadeem 
Mulla 

30 1 1 1.8 400 284 326 241 480 4 

8 Harsh.M.He
gde 

24 1 1.3 1.3 500 386 500 412 426 19
4 

9 Sandhya.VG 26 2 1.3 1.4 484 318 590 412 388 54 

10 Kiran Pol 26 2 1.3 1.4 412 334 448 312 314 84 

11 Kavya.R.Shi
nde 

16 2 1.6 1.8 384 281 500 386 318 48 

12 Saista Sana 20 2 1.7 1.8 346 272 510 318 412 54 

13 Jyothi.P.Rat
hod 

17 2 1.3 1.5 530 413 580 400 354 12 

14 Rudramma 
Yalamalimat
h 

28 2 1.9 1.7 480 398 530 412 396 48 

15 Rakshita 
Dharwadkar 

18 2 1.7 1.6 513 318 410 300 394 54 

            

 
Male-1 

          

 
Female-2 

          

            

 

RAW DATA 


