
 

 

Applied Biological Research 25(2): 197-207; (2023)                               
DOI: 10.5958/0974-4517.2023.00023.X 

 

 

In vitro EFFICACY OF SOME INDIAN MEDICINAL PLANTS AS 

MICROBICIDES AND THEIR BIOSAFETY ANALYSIS 
 

Boskey Pancholi* 
 

Department of Biotechnology, University of Kota, Kota – 324 010, Rajasthan (India) 

*e-mail: boskey.pancholi@gmail.com 
 

 

(Received 28 January, 2023; accepted 17 April, 2023) 

 

 

ABSTRACT 
 

Women acquire HIV virus mostly by heterosexual exposure and the anti-

ritroviral therapy is costly as well as have various side effects. The topical 

microbicide formulations applied vaginally or rectally were investigated as a 

strategy for HIV prevention. In present study three medicinal plants, Acacia 

catechu (L.f.) Willd, Lagerstromia spaciosa (L.) Pers. and Terminalia chebula 

Retz., were examined for their safety profile against four strains of vaginal 

microflora. In vitro production of pro-inflammatory cytokines and their 

antimicrobial activities against vaginal pathogens were assessed. Aqueous and 

50% ethanolic leaf extracts of L. speciosa and P. longifolia did not inhibit the 

growth of vaginal microflora, whereas n-butanol fraction of A. catechu showed 

some inhibitory action. Similar observations were noted with Caco-2 cell line 

pro-inflammatory cytokines analysis. The test plant materials were nontoxic at 

low concentration but n-butanolic fraction of A. catechu demonstrated some 

toxicity. The extracts also inhibited the vaginal pathogens as compared to the 

standard chemicals Zidouvdine and Saquinavir. The study revealed the positive 

therapeutic potential of the studied plants as effective microbicide and can be 

explored for the development of topical anti HIV agents.  
 

Keywords: Acacia catechu; Caco-2 cell lines; Lagerstromia spaciosa; 
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INTRODUCTION 
 

 

Worldwide, about 38.4 million people suffer from HIV infection with both men and women being 

almost equally affected (UNAIDS, WHO, 2021). Each year, approximately 1.5 million new cases of 

HIV infection are reported worldwide and ~0.65 million die of AIDS (UNAIDS, WHO, 2021). In 

India, approximately 2.4 million people are seropositive for HIV; of which 1.05 million are female 

and 0.69 million are children (NACO, 2021). Reproductive tract infections (RTIs) and sexually 

transmitted infections (STIs) are also emerging as a big suffering for human beings. As per 

conservative estimates, 374 million new cases of STIs (syphilis, gonorrhoea, chlamydia and 

trichomoniasis) occur annually throughout the world in the adults aged between 15-49 years (WHO, 

2022). Genital herpes caused by herpes simplex virus type 1 (HSV-1) or type 2 (HSV-2) is considered 

important STI (Chaudhary et al., 2019). The use of ‘condoms’ has been proposed to prevent HIV and 

other STIs transmission. Male condoms greatly reduce STIs, HIV infection and provide protection 

against conception. However, the use of condoms by males is very low, as its use is perceived to 

reduce the sexual pleasure. Female condom has been developed to overcome this problem, but due to 

the objections from male partners and their higher cost, its use is manifold lower than the male 

condom (de Bruyn et al., 2010). Anti-retroviral drug therapy has been found useful to combat blood-
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to-blood transmission of HIV, reduce viral load and minimize the chances of mother-to-child HIV 

transmission. Long-term use of available anti-retroviral drugs leads to the issue of drug resistance, 

and severe side effects such as diarrhea, nausea, lipodistrophy, hyperglycemia, liver toxicity, 

pancreatitis and neuropathy (Grant et al., 2010). To resolve these problems, the use of microbicides 

has recently been proposed (Karim and Baxter, 2012). Microbicides may be available either in the 

form of a cream, gel, lubricant or even in the form of a tablet and can be applied topically to the 

vaginal- or rectal-surface. An ideal microbicide should be applicable hours before sex, preserve the 

natural anatomy of female reproductive tract (i.e. should not lead to the lesion and aberration in 

epithelial layer), protect the natural vaginal micro-ecological system and should not generate any pro-

inflammatory cytokines (Shen et al., 2022). Bacterial infections are most common opportunistic 

infections in HIV. Limited drug availability, cost of treatment along with drug resistance can hinder 

viral suppression and predisposing patients to opportunistic infections (Atrouni et al., 2006). Major 

bacterial opportunistic infections are Mycobacterium tuberculosis, M. avium, syphilis, bacterial 

enteric disease, Toxoplasma gondii, Pneumocystis jirovecii, Candida albicans, Herpes simplex virus, 

Histoplasma capsulatum, cytomegalovirus, etc. (Vaillant and Naik, 2023). 

 Currently, Praneem, a combination of extracts prepared from neem (Azadirachta indica), saponins 

from Sapindus mukorossi, and menthe citrate oil (Talwar et al., 2000), and polyherbal cream “Basant” 

(a combination of curcumin, Emblica officinalis, Sapindus mukorossi, aloe vera and rose water) are 

used as microbicides (Garg et al., 1993).  These drugs are WHO approved and clinically inhibit the 

growth of Neisseria gonorrhoeae, Candida albicans, C. glabrata, C. tropicalis and Chlamydia, and 

display a high viricidal action against HIV (Talwar et al., 2008; Bhengraj et al., 2009). In present 

study three medicinal plants viz., Acacia catechu (L.f.) Willd. (family: Fabaceae), Lagerstromia 

spaciosa (L.) Pers. (family: Lythraceae) and Terminalia chebula Retz. (family: Combretaceae) were 

examined for their microbicide potential. These plants reportedly possess anti-HIV properties (Nutan 

et al., 2013a,b; Theepireddy et al., 2014). Also, these plants show protective action when used in the 

form of herbal gel formulation against HIV-1 and HIV-2 infection (Mishra et al., 2018). 

 Acacia catechu, commonly known as catechu, cachou and black cutch, is widely used in Ayurveda 

against many diseases including skin problems (Sunil et al., 2019). Ayurveda uses its bark and heartwood 

for skin tonic preparation and active ingredient in many medicines like Lavangadi Vati (Asolkar et 

al., 1965). The gummy extract of its wood is used as an anodyne, astringent and bactericide. The 

heartwood extract is used to treat asthma, bronchitis, colic, diarrhoea, boils, skin afflictions, sores and 

stomatitis. The bark shows anti-helminthic, antipyretic and anti-inflammatory properties and is used 

to treat bronchitis, ulcers, psoriasis, anaemia and gum troubles (Shen et al., 2006; Ismail and Asad, 

2009). The roots of Lagerstromia spaciosa, known as “Jarul”, have been used as astringent, stimulant, 

febrifuge and in stomach problems while its leaves in the form of tea are used to control diabetes 

mellitus and weight loss (Castro, 2006). The leaf decoction or infusion of L. spaciosa has been used 

for bladder, kidney inflammation, dysuria, urinary dysfunctions, cholesterol deduction, hypertension 

and diabetes (Kakuda, et al., 1996). The bark decoction is used for gastrointestinal tract disturbance, 

stomach-aches, haematuria and depression while seeds were used as narcotic (Wei, 2003; Vardhana, 

2008). Terminalia chebula (haritaki) is extensively used in ayurveda, siddha, unani and homeopathic 

medicines. ‘Triphala’, a herbal preparation of ‘three fruits’ T. chebula, T. bellerica, Emblica 

officinalis, is used as laxative in chronic constipation, detoxifying agent of colon, food digestive 

problems (poor digestion and assimilation) and rejuvenator of body (Prasad et al., 2006). Many 

studies have shown that ‘Triphala’ stimulates appetite, is useful in cancer treatment and detoxification 

(Peterson et al., 2017) and has been prescribed as a cardiotonic and for candid infection (Kaur et al., 

2005). As per anti-HIV studies, the selected Indian medicinal plant can be used as microbicides but 

further safety profiling against vaginal microflora, in vitro production of pro-inflammatory cytokines 

by human vaginal keratinocytes is needed. Thus, the present study was aimed to assess the 

antimicrobial potential of A. catechu, L. spaciosa and T. chebula against vaginal pathogens. 
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MATERIALS AND METHODS 
 

 

Collection of plant material 

The leaves of three medicinal plants namely Acacia catechu, Lagerstromia spaciosa and Terminalia 

chebula were collected from National Botanical Research Institute, Lucknow (India) in July to 

September 2021. The plant materials were shade-dried, grinded and strained through a 30 mesh (0.5 

mm). The voucher specimen of each plant along with their Accession No. were submitted to 

Herbarium of NBRI, Lucknow. 
 

Preparation of plant extracts  

To prepare 50% ethanolic extract of T. chebula and L. speciose, the dried leaf materials [(100 g) were 

charged in percolator, treated with ethanol: water (500 mL, 1:1 v/v) and left overnight at 25-30C. 

The percolate (300 mL) was drained and the marc extracted thrice by cold percolation, each time with 

500 mL of ethanol: water (1:1 v/v) and the combined percolate (1200 mL) was evaporated at 40-45C 

under vacuum to concentrate the extract up to 80 mL. The concentrated 50% ethanolic extract was 

lyophilized at -20 to -40C to afford 8-10% dry extract. 

For preparation of T. chebula and L. speciosa aqueous extract, the dried leaves (100 g) were treated 

with 500 mL MilliQ water at 65-75C for 6-8 h. The hot water extract was filtered through Whatman 

filter paper No. 1. The marc was extracted thrice, each time with 500 mL water at 60-75ºC. The 

combined filtrate (1200 mL) was distilled at 45-50C under vacuum to afford concentrated aqueous 

extract upt o 70 mL which was subsequently lyophilized at -20 to -40C to afford 9-11% dry extract. 

The dried 50% alcoholic extract (10 g) prepared from the stem bark of A. catechu was suspended 

in 100 mL petroleum ether (60- 80°C), by stirring at 10-20 rpm at 30-40°C for 30-60 min and 

evaporated. The clear petroleum ether soluble fraction filtered through Whatman filter paper No. The 

residual petroleum ether insoluble extract, was air dried for 20-30 h suspended in 100 mL chloroform 

followed by stirring at 10-20 rpm at 30-40°C for 30-60 min. The residual chloroform insoluble extract 

was concentrated, vacuum dried at -20°C and collected. The residual chloroform insoluble extract 

was treated in a similar way with n-butanol to prepare the n-butanol soluble fraction. 
 

Antimicrobial activity against common vaginal pathogens  
For antimicrobial screening the methods of Clancy and Nguyen (1997) and Malekinejad et al. (2011) 

were followed. Pure cultures of test bacteria, Streptococcus pneumoniae (MTCC 2672), 

Staphylococcus aureus (MTCC 3160) and Candida albicans (MTCC 183) were procured from the 

Institute of Microbial Technology (IMTECH), Chandigarh, India. The viability of microbial cultures 

against plant extracts/test compounds were assessed by MTT assay (Clancy and Nguyen; 1997; 

Malekinejad et al. 2011). In brief, microbial density was adjusted to an OD of 0.06 at a wavelength 

of 670 nm i.e. approximately 108 CFU mL-1. Extracts were administered at concentrations ranging 

from 3.12-100 µg mL-1 into 96-well-round bottom plates along with 30 µL microbial suspension. 

Final volume was made up to 100 µL by using MRS broth (HiMedia, Mumbai, India). Negative 

control included cells treated with solvent/medium. After incubation for 24 h at 37ºC, 10 µL of methyl 

thaizolyl tetrazolium bromide reagent (MTT, 5 mg mL-1 in 50 mM PBS; Sigma-Aldrich Inc.) was 

added to each well containing microbial inocula and plant extracts. Plates were incubated for 3 h at 

37°C, followed by centrifugation at 2500 g for 10 min. Supernatants were aspirated and 100 µL of 

acid-isopropanol (5 mL 1 N HCl in 95 mL isopropanol) was added to each well. Optical density was 

measured using microplate spectrophotometer (EL X 800MS; BioTek Instrument Inc., Vermont, USA) 

at 540 nm using reference filter at 690 nm. Percent viability was calculated by dividing the absorbance 

of treated cells to untreated cells multiplied by hundred.  
 

Effect of plant extracts on the viability of lactobacilli  

Various Lactobacillus strains such as L. casie (MTCC 1423), L. fermentum (MTCC 903), L. 

plantarum (MTCC 4462) and L. rhamnosus (MTCC 1408) were procured from IMTECH, India and 
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cultured in MRS broth. The effect of various plant extracts/test compounds on the viability of 

lactobacilli was determined by MTT assay (Clancy and Nguyen, 1997; Malekinejad et al., 2011). 
 

Transepithelial resistance (TER) measurement  

The transepithelial resistance (TER) measurement was done as per Clancy and Nguyen (1997). For 

the measurement of transepithelial resistance Caco-2 model is used because it express cytochrome 

P450 enzymes, transporters, microvilli and enterocytes of identical to human small intestine. 

Biopharmaceutics Classification System (BCS) recommends Caco-2 cell line as model to screen 

solubility, bioavailability, drug-drug or herb-drug interaction in the gut lumen (Awortwe et al., 2015). 

In this experiments Caco-2 cell lines were proposed to find out if the selected plant extracts showed 

and irritation effect on normal vaginal or gut cellular environment. 
 

Cell line culture medium- Caco-2 cells, procured from American Type Culture Collection (ATCC), 

were maintained in DMEM supplemented with 10% FBS, 100 units mL-1 penicillin, 100 µg mL-1 

streptomycin sulphate and 250 ng mL-1 amphotericin B at 37°C in a humidified atmosphere of 5% CO2. 
 

Cytotoxicity assay: MTT test will be used to assess cell viability based on the capacity for viable 

cells to metabolize a tetrazolium colourless salt to a blue formazan in mitochondria. MTT test was 

used to assess the cell viability (Alghoraibi et al., 2020). In brief, the Caco cells (6 x 103 0.2 mL-1 

culture medium well-1) were added in 96 well culture plates and incubated in humidified atmosphere 

of 5% CO2 at 37oC for 24 h. After incubation, the cells were treated with varying concentration of 

plant extracts/fractions/isolated compounds for 24 h at 37oC. Appropriate solvents were included as 

negative controls. After incubation, 20 µL MTT reagent [5 mg mL-1 in 50 mM PBS, pH 7.4] was 

added to the cells and culture plates were further incubated at 37oC for 4 h. After this 200 µL MTT 

solvent [20% SDS and 50% dimethyl formamide (DMF) in 50 mM PBS] were added and the culture 

plates left as such for overnight incubation at 37oC. The MTT assay is used to measure cellular 

metabolic activity as an indicator of cell viability, proliferation and cytotoxicity. This colorimetric 

assay is based on the reduction of a yellow tetrazolium salt (3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide or MTT) to purple formazan crystals by metabolically active cells. The 

viable cells contain NAD(P)H-dependent oxidoreductase enzymes which reduce the MTT to 

formazan. The insoluble formazan crystals are dissolved using a solubilization solution and the 

resulting coloured solution is quantified by measuring optical density. The darker the solution, the 

greater the number of viable, metabolically active cells (Berridge and Tan, 1993). The absorbance 

was taken at 570 nm with 690 nm reference filter using ELISA reader ((BioTek Instruments Inc., 

USA). Percent viability was calculated as follows:  
 

% Viability = 
OD of extract/compound−treated culture 

OD of untreated cell control culture
  x 100 

 

TER measurement: The integrity of epithelial cell linings of reproductive tract is critical for the 

prevention of sexual transmission of HIV. The effect of plant extracts/compounds on epithelial cell 

integrity was measured by using voltmeter as per Felix et al. (2021). Caco-2 cells (1 x 105 cell well-1) 

were grown in transwells and medium was dispensed in the basolateral compartment of each well. 

The cells were allowed to grow for 36-48 h in 5% CO2 at 37oC. Resistance was measured using 

Millicell–ERS voltmeter (EMD Millipore Corporation, USA) each day until the resistance reached a 

plateau. After formation of monolayer, the extract (25 μg mL-1) was added to the culture medium and 

the cells incubated in humidified atmosphere of 5% CO2 at 37oC. Resistance was measured at intervals 

of 0.5, 1, 2, 4, 8 and 24 h (cells were incubated at 5% CO2 and 37oC in between each reading. 
 

Statistical analysis 

Analyses of concentration-response data were performed by using nonlinear curve-fitting program 

Prism to determine CC50 and IC50 values (Volpe et al., 2014). The results were presented as average 

of three independent experiments.  
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RESULTS AND DISCUSSION 
 
 

Topical microbicidal application appears to have excellent potential for female-controlled preventive 

option, which would not require negotiation, consent or even the knowledge of partner. Both women 

and men would benefit, as these can be bidirectional (Klebanoff and Coombs, 1991; Zewdie and 

Holschneider, 2001). An ideal microbicide must effectively inhibit STD pathogen transmission while 

causing limited disruption to the structural integrity and function of the healthy cervico-vaginal 

epithelium without inhibiting the vaginal lactobacillus, the most prevalent component of the 

reproductive tract's dynamic ecosystem.  

Lactobacillus induces inhibition by a number of mechanisms which include hydrogen peroxide, 

lactic acid and ribosomal-produced antimicrobial peptide (bacteriocins) production (Turovskiy, 

2010). The antimicrobial activity of bacteriocins includes the cell membrane permeabilization with 

ATR amino acids and ion efflux, and transmembrane potential and pH gradient depletion. Lactic acid 

produced by Lactobacillus potentially inhibit Neisseria gonorrhoeae; while hydrogen peroxide 

suppresses the growth of Gram-negative bacteria, Gram-positive facultative and obligate anaerobe 

bacteria, including Escherichia coli, Gardnerella vaginalis and Mobiluncus species. Moreover, a 

recently identified bacteriocin, lactocin 160A, specifically targets the cytoplasmic membrane of G. 

vaginalis. Further, certain bacteriocins seem to be protective against HIV infection, while others 

appear to induce membrane permeabilization on Gram-negative bacteria (Turovskiy, 2010). Natural 

barriers of HIV are low pH, presence of lactobacilli, intact epithelial surface and the mucosal immune 

system of genital tract (Klebanoff and Coombs, 2010). Therefore, in vitro toxicity on lactobacilli may 

provide an effective and inexpensive method to evaluate the safety of candidate microbicides in a 

preclinical setting. The test plant extracts have high levels of flavonoids and, growth of lactobacilli 

are stimulated by catechins and polyphenol compounds (Alberto et al., 2001; Lee et. al., 2006). 
 

Antimicrobial activity 

The n-butanol fraction of A. catechu does not show any toxicity towards L. casei and L. fermentum; 

whereas, it reduced the viability of L. plantarum and L. rhamnosus by 15 to 30%, when tested at a 

concentration of 100 µg mL-1. On the other hand, standard drug zidovudine at 100 µg mL-1 showed 

toxicity against L. rhamnosus and L. casei (viability of 60 and 80%, respectively) [Fig. 1]. The n-

butanol fraction also reduced the growth of S. aureus and S. pneumoniae by ~ 25%, whereas it doesn’t 

show any inhibition towards the viability of C. albicans. Zidouvdine, demonstrated 20-30% inhibition 

in the viability of S. aureus and C. albicans.   
 

 
 

Fig. 1: Effect of n-butanol fraction of A. catechu stem bark on different Lactobacillus strains, 

and selected opportunistic pathogens  
 

The 50% ethanolic extract of L. speciosa did not affect the viability of L. fermentum and L. 

plantarum; whereas the viability of L. rhamnosus and L. casei was reduced by 50 and 20%, 

repsectively (Fig. 2). The aqueous extract showed no significant decrease in the viability of L. 
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plantarum and L. casei but reduced the viability of L. rhamnosus and L. fermentum by 30-50%. 

Zidouvdine, an anti-HIV drug, which inhibits HIV infection by inhibiting reverse transcriptase 

enzyme, did not show any effect on the viability of L. plantarum and L. fermentum. 
 

 
Fig. 2: Effect of leaf extracts derived from L. speciosa on different Lactobacillus strains and 

selected opportunistic pathogens 
 

Fig. 3: Effect of T. chebula leaves extracts derived from on different Lactobacillus strains and  

              selected opportunistic pathogens 
 

In case of antimicrobial effects on opportunistic pathogens, both 50% ethanolic and aqueous 

extracts prepared from L. speciosa leaves inhibited the viability of S. aureus, and S. pneumoniae by 

30-40%. No significant decrease in the viability of C. albicans was observed at 100 µg mL-1 by both 

50% ethanolic and aqueous extracts. Zidouvdine also showed similar profile as observed in both the 

extracts with respect to S. aureus, S. pneumoniae and C. albicans. 

The 50% ethanolic and aqueous extracts of T. chebula showed no cytotoxic effects up to 100 μg 

mL-1 concentration of L. casei, L. fermentum, L. plantarum and L. rhamnosus (Fig. 3). On comparison 

with Saquinavir, a commercially used protease inhibitor, less than 75% viable population of L. 

fermentum and L. rhamnosus was recorded. In case of opportunistic pathogens, both 50% ethanolic 

and aqueous extracts demonstrated potential antimicrobial effects as both reduced the viability of S. 

aureus and S. pneumoniae by approximately 50%. However, the viability of C. albicans was reduced 

by ~40% only. In comparison to the standard protease inhibitor Saquinavir, the 50% ethanolic and 

aqueous extracts showed slightly higher activity against S. aureus and S. pneumoniae. 

Comparative viability analysis conducted by measuring CC50 values revealed that L. speciosa 

and T. chebula demonstrate high CC50 against most of the Lactobacilli strains (value range 108~322 

µg mL-1) [Table 1] i.e. non-toxic at higher concentration ranges. n-butanol fraction demonstrated 
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toxicity to the vaginal microflora with CC50 values ranging from 70~104 µg mL-1. In case of 

opportunistic pathogens, the extracts effectively inhibited the growth of harmful vaginal pathogens 

with comparative low CC50value ranging from 128 to 46 µg mL-1.  
 

Table 1: CC50 values of standard drugs and plant extracts (µg mL-1) 
 

Bacterial 

species 

L. speciose T. chebula A. catechu  

Zidouvdine 
 

Saquinavir  

Aqueous 
50% 

ethanol 

 

Aqueous 
50% 

ethanol 

 

Butanol 

L. rhamnosus 207.67 426.18 287.17 238.53   70.39 26.18   95.76 

L. plantarum 313.34 322.31 388.81 216.71   85.48   1.92   82.22 

L. fermentum 108.49 106.73 314.71 322.28 103.97   1.19   73.67 

L. casei 235.78 202.48 100.54   91.87 104.40   2.09 100.07 

S. aureus 100.10 100.20   88.11   66.86   89.79   5.24   51.76 

 S. pneumoniae 107.69 107.69   75.23   46.90   92.41   7.27   61.77 

C. albicans 128.64 123.87   95.19   77.06 104.66   8.60   97.48 
CC50: The cytotoxic concentration of the extracts/compounds that caused the reduction of viable cells by 50%. 

All the data presented are average of duplicate experiment.   
 

Effect of various plant extracts/fractions on TER of Caco-2 cells  

The ability of mucosal epithelial cells to maintain an intact polarized monolayer in presence of a 

microbicide is a possible predictor of extract/compound safety on cervical and colorectal tissues (Gali  

 

 

et al., 2010). The effect of 

plant extracts on their ability to 

maintain intact epithelium was 

determined by measuring 

TER. First, the selected plant 

extracts were screened for 

their cytotoxicity on Caco-2 

cells, prior to their evaluation 

for the effect on cellular 

integrity. On the basis of MTT 

viability assay, TER was 

performed at non-toxic 

concentration of extracts. The 

extracts were added after the 

cells established a confluent 

monolayer, followed by TER 

measurement for 24 h. A. 

catechu butanol fraction 

showed some toxicity. Butanol 

fraction contains flavan-3-ol 

subclass of flavonoids (Sunil 

et al., 2019), higher amount of 

ellagic acid, rutin, quercetin, 

gallic acid, catechin, 

chlorogenic acid (Lee et al., 

2006; Hong et al., 2015), 

umbelliferone, kaempferol, 

epicatechin, coumaric acid and 

caffeic acid (Lee et al., 2011). 

Besides, camphor, phytol, 

hexadecane and vitamin E 

 

Fig. 4: Effect of extracts of A. catechu on epithelial monolayer 

integrity: S 71 used for butanol extract (µg mL-1) 
 

 

 

Fig. 5: Effect of extracts of L. 203peciose on epithelial 

monolayer integrity: S46 used for cell control; S 92 aqueous 

extract; S 131 for 50% ethanolic extract. 
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acetate (Kumar et al., 2018) 

were identified from plant leaf 

extracts. These compounds 

may be responsible for 

cytokinin production in Caco-

2 cell line and cytotoxicity 

(Fig. 4). The 50% ethanol and 

aqueous leaf extracts of L. 

speciosa showed similar 

resistance as their control (Fig. 

5), Triton X disrupt the cell 

integrity within 30 min. of 

application whereas 50% 

ethanol and aqueous extract 

maintain cellular integrity 

equal to the control cells (Fig. 

5).  

 

Fig. 6: Effect of extracts of T. chebula on epithelial monolayer 

integrity S71 used for aqueous extract; S 134 for 50% 

ethanolic extract 

After 24 h of application of both aqueous and 50% ethanolic leaf extracts of T. chebula, the TER 

values were same as those of untreated cells, except for Triton-X that led to the reduction of TER 

even after 30 min after application (Fig. 4). Overall, the non-toxic concentrations of extracts of T. 

chebula did not affect TER and hence may be suitable for topical application (Fig. 6).  

Caco-2 cells were grown in transwells supports until they formed stable monolayer. Plant extracts 

or vehicle control were added to the apical chamber at t = 0 and resistance was measured at 0.5, 1, 2, 

4, 8 and 24 h. As a toxicity control Triton-X (10%) was added to the indicated apical chambers 

whereas the test extracts were evaluated at 50 µg mL-1. The data shown represent the mean ± SE of 

two independent experiments. 

In present study, three Indian medicinal plants viz., A. catechu, L. speciosa and T. chebula (which 

had shown anti-HIV activity in different in vitro assays) were screened for their microbicide 

properties. All the test plant extracts were safer to vaginal microflora as compared to the standard 

Zidovudine and Saquinavir. Butanol fraction of A. catechu showed some toxicity to lactobacilli 

strains. In case of opportunistic pathogens all the 5 extracts possessed lower CC50 value as compared 

to the Lactobacillus strains. The lower concentrations of plant extracts effectively inhibited the growth 

of S. aureus, S. pneumonia and C. albicans but were safer to the growth of Lactobacillus casie, L. 

fermentum, L. plantarum and L. rhamnosus. In TER measurement, the plant extracts had the ability 

to maintain an intact epithelium. When the selected plant extracts were screened for their viability on 

Caco-2 cells at a non-toxic concentration, Butanol fraction of A. catechu show some cellular toxicity. 

Whereas, extracts of L. speciosa and T. chebula the values of TER are same as cell control. 
 

Conclusion: The test medicinal plant extracts showed effective anti-HIV activities. In present study, 

these plant extracts demonstrated antimicrobial activities against vaginal pathogens and exhibited no 

harm to the lactobacilli strains (higher CC50 values) as compared to the standard anti-HIV drug. 

Selected plant extracts did not disrupt transvaginal epithelial integrity, except A. catechu. The plant 

extracts appeared to contain bioactive constituents and has been used for centuries in Indian tradition 

medicines. As the plant extracts have all the properties that is needed to prepare potent microbicide, 

thus new scope of effective anti-HIV medication is generated. The study provides some insight for 

the use of medicinal plant extracts in the treatment of HIV. However, the isolation, characterization 

and utilization of bioactive templates in drug development for the management of the formulation of 

effective microbicide is desired.    
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