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ABSTRACT 

 

The use of medicinal plants for the treatment, prevention and cure of diseases 

accompanies man since the earliest civilizations (Firmo et al., 2011). Between 1981 and 

2002, of the 877 new molecules introduced into the pharmaceutical market, 49% were 

substances isolated from natural products (Newman et al., 2003). In 2010, herbal 

medicines accounted for approximately 15% of the capital of the world pharmaceutical 

industry (Niero, 2010). 

The bioactive compounds present in the medicinal plant are responsible for the 

medicinal properties of the plant (Bargah, 2015). The medicinal plants are useful for 

healing as well as for curing of human diseases because of the presence of 

phytochemical constituents (Nostro et al., 2000). Indigenous people are generally very 

knowledgeable about the wild medicinal plants around them, many of which have local 

names and are important to the people medically or are featured in folklore (Kharkongor 

and Joseph, 1981). 

Meghalaya a small state in North-east India but it is one of the richest states of 

India in terms of vegetation and flora. This is due to the large variation in the altitude, 

topographical features, soil characteristics and climatic factors which has favoured the 

growth and luxuriance of rich flora here. The forests of Meghalaya are rich in 

biodiversity and endowed with rare species of orchids and medicinal plants.  

According to Hynniewta (2010), the use of medicinal plants extract is common 

among the people of Meghalaya and found to be a significantly higher among rural 

people due to poor transportation and medical facilities in the rural areas. Modern 

medicinal facilities are scanty and could not reach these inaccessible areas inspite of 

government's best efforts.  

However, analytical experimental studies like phytochemical screening and 

antimicrobial activities of medicinal plants of Meghalaya are lacking which is required 

to establish and confirm the benefit and effectiveness of medicinal plants as a treatment 

for various diseases. Scientific analysis and evaluation of the ethnomedicinal plants used 
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by the Khasi tribe in Meghalaya is the need of the hour and research work in this 

context is very scarce and limited. Hence, efforts are made in this direction in the form 

of phytochemical screening and antibacterial activity detection. It is a fact that justifies 

this research of evaluation of the antibacterial activity and phytochemical screening of 

the selected ethnomedicinal plants used by the Khasi tribe in Meghalaya. 

Prior to the field work, all relevant literature of ethno-botanical researches were 

surveyed and studied, along with interview and consultation of the traditional medicine 

practitioners and ethnomedicine knowledgeable individuals, to identify a set of 15 plant 

species having ethnomedicinal value. For the selection of the plant species to study, 

randomized approach suggested by Albuquerque and Hanazaki (2006) was followed. 

For collecting information on ethnomedicinal aspects, the approaches and 

methodologies suggested by Jain (1989) was followed while for plant collection and 

herbarium preparation, routine methods suggested by Jain and Mudgal (1999) was 

followed.  

Critical morphological studies were undertaken on the collected plant specimen 

using various literatures such as Forest Flora of Meghalaya, Vol I & II (Haridasan and 

Rao, 1985 and 1987), Flora of British India, Vol I – VII (Hooker 1872-1897), Flora of 

India (Sharma et al., 1993), Check-list of Flora of Meghalaya (Mao et al., 2016). 

All the selected potential ethno-medicinal plant were identified and authenticated 

at the Botanical Survey of India, Eastern Region, Shillong, Meghalaya and voucher 

specimens (herbarium) were deposited at the Assam Herbarium, BSI, Shillong, 

Meghalaya. 

The medicinal plants selected and documented during the present work are (i) 

Achyranthes aspera L. (Amaranthaceae) (ii) Acmella paniculata (Wall.exDC.) R.K. 

Jansen (Asteraceae) (iii) Ageratum conyzoides L. (Asteraceae) (iv) Bidens pilosa L. 

(Asteraceae) (v) Centella asiatica (L.) Urb. (Apiaceae) (vi) Garcinia pedunculata Roxb. 

Ex Buch.-Ham. (Clusiaceae) (vii) Gaultheria fragrantissima Wall. (Ericaceae) (viii) 

Hibiscus sabdariffa L. (Malvaceae) (ix) Houttuynia cordata Thunb. (Saururaceae) (x) 

Lantana camara L. (Verbenaceae) (xi) Piper attenuatum Buch.-Ham. ex Miq. 
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(Piperaceae) (xii) Potentilla lineata Trevir. (Rosaceae) (xiii) Prunella vulgaris L. 

(Lamiaceae) (xiv) Sonchus oleraceus L. (Asteraceae) (xv) Sonchus palustris L. 

(Asteraceae) 

  Out of the 15 plants selected, 5 plants belong to the family of Asteraceae, one 

plant each belong to the family of Amaranthaceae, Apiaceae, Clusiaceae, Ericaceae, 

Lamiaceae, Malvaceae, Piperaceae, Sauraceae and Verbenaceae. 

 The specimens collected were as complete as possible and healthy. They are 

collected from its typical habitat. Flowers and fruit were included, as well as vegetative 

parts wherever possible. Clearly, in most cases, this is impossible since ripe fruit and 

flowers do not usually occur at the same time.  

The randomly collected plants were brought to the laboratory and thoroughly 

washed in running water to remove debris and dust particles and then rinsed using 

distilled water and finally air dried at room temperature before grinding them to 

powdered form using pestle and mortar / mechanized grinder. The powdered medicinal 

plants were extracted using water, methanol, ethanol and chloroform. The extracts were 

then used for antibacterial activity screening and phytochemical analysis. 

The test microorganisms used in the study were clinical isolates of Escherichia 

coli AF06, Staphylococcus aureus AM12, Enterococcus faecalis AF24, Enterobacter 

cloacae AM03, Pseudomonas aeruginosa CM07 and Klebsiella pneumoniae CF09. The 

microorganisms were isolated from urine samples collected from patients. The collected 

samples were streak on selective media and characteristic colony morphological study 

was conducted. The isolated colonies were sub – cultured to obtain pure culture and then 

the pure culture were then subjected to a biochemical test for identification using Vitek 

Automated Machine in the laboratory of Department of Microbiology, Woodland 

Hospital, Shillong.  

 The pure cultures of the clinical isolates of the test microorganisms were 

maintained on different agar slants - Staphylococcus aureus AM12 (MSA), 

Enterococcus faecalis AF24 (CLED), Enterobacter cloacaeAM03 (McConkey), 



4 
 

Escherichia coli AF06(EMB), Pseudomonas aeruginosa CM07 (Cetrimide), Klebsiella 

pneumoniae CF09 (McConkey). 

 The susceptibility of the six (6) reference strain of test bacteria to twelve (12) 

commonly employed different antibiotics viz. Ceftazidime CAZ 30mcg/disc, 

Gentamicin GEN 10mcg/disc, Piperacillin PI 100mcg/disc, Amikacin AK 30mcg/disc, 

Cefepime CPM 30mcg/disc, Aztreonam AT 30mcg/disc, Cefoperazone CPZ 

75mcg/disc, Ciproflaxacin CIP 5mcg/disc, Levoflaxacin LE 5mcg/disc, Imipenem IPM 

10mcg/disc, Meropenem MRP 10mcg/disc and Piperacillin/Tazobactam PIT 

100/10mcg/disc was assessed by disc diffusion method using HiMedia’s Dodeca Disc 

for easy and relevant comparision and to ascertain the relative effectiveness of the 15 

medicinal plant extracts. The different cultures of the clinical bacterial isolates 

responded to standard antibiotics in a variable manner resulting in various size of zones 

of inhibition. The size of zone of inhibition ranges from 10.3±0.5 

(Piperacillin/Tazobactam PIT 100/10mcg against K. pneumoniae CF09) to 59.7±0.5 

(Levoflaxacin LE 5mcg against S. aureus AM12). 

The test bacteria were grown on Mueller-Hinton Agar (MHA, HiMedia) plate 

for 16–18 hr. at 37 ± 2°C. Well-isolated colonies were suspended in sterile Mueller-

Hinton Broth (MHB, HiMedia) and the turbidity was adjusted against 0.5 McFarland 

standard to comprise approximately 1.5 x 108 CFU/ml. 

Antibacterial activity of the methanol extract of the 15 medicinal plants towards 

different clinical isolates were measured in terms of zone of inhibition using disc 

diffusion method as stated by Kirby - Bauer et al. (1966). It is the recommended method 

of European Committee on Antimicrobial Susceptibility Testing (EUCAST) and 

National Committee for Clinical Laboratory Standard (NCCLS), USA. 

The susceptibility of different bacterial clinical isolates to the methanol extract 

of the selected 15 ethnomedicinal plantswere also measured in terms of zone of 

inhibition using agar well diffusion assay. The plates containing MHA were spread with 

the inoculum. Wells (8 mm diameter) were cut out from agar plates using a sterilized 

stainless steel well borer and filled with 250 µl of the plant extracts (200 mg/ml). Wells 
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filled with 250 µl methanol were used as negative control for methanol plant extract. 

Disc of ampicillin (10 mcg) and methicillin (5 mcg) antibiotics (HiMedia) were used as 

reference antibiotics. The plates inoculated with different bacteria were incubated at 37° 

C for 16 to 24 hours and diameter of any resultant zone of inhibition were measured. 

For each combination of extract and the bacterial strain, the experiment was repeated 

thrice. All the tested bacteria were susceptible to Garcinia pedunculata while none of 

the extract of A. aspera, A. paniculata, A. conzyoides, C. asiatica, H. sabdarifa, H. 

cordata, P. attenuatum, P. vulgaris, S. oleraceus and S. palustris were active against 

any of the tested bacterial species. 

Staphylococcus aureus AM12 was susceptible to B. pilosa, G. pedunculata, G. 

fragrantissima and P. lineata while both S. aureus AM12 and E. faecalis AF24 were 

susceptible to G. pedunculata, G. fragrantissima and P. lineata. E. cloacae AM03, E. 

coli AF05 and K. pneumoniae CF09 were inhibited by only G. pedunculata while P. 

aeruginosa CM07 was susceptible to only G. pedunculata and L. camara. 

It is noteworthy that G. pedunculata shows antibacterial activity against E. 

cloacae AM03, P. aeruginosa CM07 and K. pneumoniae CF09 which are not 

susceptible to the standard antibiotics namely Ampicillin and methicillin. 

Comparative study of the Antimicrobial Activity of methanol and ethanol extract 

of P. lineata and G. pedunculata against the UTI clinical bacterial isolates were also 

investigated involing MIC and MBC analysis and Time-Kill studies. 

The antibacterial activity of the methanol extract and ethanol extract of the 

selected 2 ethnomedicinal plants viz. P. lineata and G. pedunculata were determined by 

the disc and well diffusion method. It was observed that both the organic solvent extract 

of P. lineata produced very effective and notable antimicrobial activities against the two 

tested Gram-positive bacteria (Staphylococcus aureus AM12, Enterococcus faecalis 

AF24 but Gram-negative bacteria (Enterobacter cloacae AM03, E. coli AF05, 

Pseudomonas aeruginosa CM07, Klebsiella pneumoniae CF09) were not susceptible to 

the extract. 
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On the other hand, both the organic solvent extract of G. pedunculata were 

inhibitory to all the six bacterial isolates and are more potent than that of the extract of 

P. lineata. All the methanol and ethanol negative control discs did not produce any zone 

of inhibition against any of the tested clinical isolates. The results were compared with 

those of ampicillin and methicillin as standard antibiotics. The solvent extract (50 

mg/ml) of both P. lineata and G. pedunculata were not as potent as ampicillin (10 mcg) 

but are quite effective as methicillin (5 mcg) antibiotics or even better. It is noteworthy 

that G. pedunculata shows antibacterial activity against E. cloacae AM03, P. 

aeruginosa CM07 and K. pneumoniae CF09 which are not susceptible to the standard 

antibiotics namely Ampicillin and methicillin. 

The minimum inhibitory concentrations (MIC) of P. lineata plant extracts 

were determined by using broth microdilution method, as described previously by 

Wiegand et al. (2008) supplemented with Resazurin dye (Elsinkh, 2016) based on 

Clinical Laboratory Standard Institute. The MICs of only methanol extract of P. 

lineata for the susceptible bacterial isolates was determined, though both the 

methanol and ethanol extracts showed antimicrobial activities against Gram-positive 

bacteria, Staphylococcus aureus AM12 and Enterococcus faecalis AF24. The extract 

is approximately equally potent against Enterococcus faecalis AF24 and 

Staphylococcus aureus AM12 with MICs being 25 mg/ml.  

The minimum bactericidal concentration (MBC) of P. lineata was determined by 

plating directly the content of Eppendorf tubes with concentrations higher than the MIC 

value. The lowest concentration of the extract that did not permit any growth was taken 

as the MBC. The MBC values of methanol extract is 100 mg/ml for both 

Staphylococcus aureus AM12 and Enterococcus faecalis AF24. 

The MICs of the methanol extract of G. pedunculata for the susceptible bacterial 

isolates were also determined. The extract is approximately equally potent against 

Staphylococcus aureus AM12, Enterococcus faecalis AF24 and Pseudomonas 

aeruginosa CM07, with MIC being 12.5 mg/ml. Against Enterobacter cloacae AM03, 
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E. coli AF05 and Klebsiella pneumoniae CF09, the MIC of the extract was observed to 

be approximately 25 mg/ml. 

The MBC of the methanol extract of G. pedunculata was found to be 

approximately 25 mg/ml against Staphylococcus aureus AM12, Enterococcus faecalis 

AF24 and Pseudomonas aeruginosa CM07 while 50 mg/ml was the observed MBC 

against Enterobacter cloacae AM03, E. coli AF05 and K. pneumoniae CF09. 

Time-kill assays were performed by the broth macro-dilution method in 

accordance with the CLSI guidelines. All the susceptible exponentially growing 

susceptible test bacteria in mid-logarithmic growth phase were adjusted to the 0.5 

McFarland standard. Then, each of the standardized bacterial suspension of all the 

susceptible test bacteria (50 μl) were inoculated into several Eppendorf tubes 

(0,1,2,3,4,5,6,7 and 8 h) of MHB containing 450 μl  of MHB and 500 μl of the extracts 

with final concentrations corresponding to 1X MIC (i.e.25 mg/ml of MEGP for 

Enterobacter cloacae AM03, E. coli AF05 and Klebsiella pneumoniae CF09; and 12.5 

mg/ml of MEGP for Staphylococcus aureus AM12, Enterococcus faecalis AF24 and 

Pseudomonas aeruginosa CM07; 50 mg/ml of MEPL for Staphylococcus aureus AM12 

and Enterococcus faecalis AF24) . The final density of bacteria was approximately 4-

5x105 CFU/mL.  

Time-kill assays have been widely used for in vitro investigations of new 

antimicrobial agents as these provide descriptive (qualitative) information on the 

pharmacodynamics of antimicrobial agents (Lewis, 2007). 

With regards to MEPL, only MEPL with activity towards susceptible bacterial 

strains was selected for time-kill studies. The kinetic interaction between susceptible 

bacteria and MEPL was examined at the concentration of 1X MIC (25 mg/ml) and 2X 

MIC (50 mg/ml). The kill kinetic profiles of MEPL displayed rapid killing rate towards 

both the susceptible Grampositive bacteria, S. aureus AM12 and E. faecalis AF24, 

showing complete destruction after 5 h exposure at 1X MIC and after 4 h exposure at 

2X.  
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In the present study, the kinetic interaction between susceptible bacteria and 

MEGP was examined at the concentration of 1X MIC (12.5mg/ml for S. aureus AM12, 

E. faecalis AF24 & P. aeruginosa CM07 and 25 mg/ml for E. cloacae AM03, E. coli 

AF05 & K. pneumonia CF09), and 2X MIC. The kill kinetic profiles of MEGP 

displayed rapid bactericidal activity towards all susceptible strains, showing complete 

destruction after 7 h exposure at 1X MIC   and after 5 h exposure at 2X MIC. As 

expected from the determined MBC/MIC ratios, the time-kill assays for MEGP towards 

S. aureus AM12, E. faecalis AF24, E. cloacae AM03, E. coli AF05, P. aeruginosa 

CM07 and K. pneumoniae CF09 were consistent with bactericidal characteristic. The 

kill kinetic profiles of MEGP exhibited varying degrees of bactericidal activities 

depending on the tested strains. The killing rate of MEGP was slower against E. cloacae 

AM03 and K. pneumonia CF09 (complete killing were only seen after 7 h interaction at 

1x MIC) than against E. coli AF05 and P. aeruginosa CM07 (complete killing were 

only seen after 6 h interaction at 1x MIC) but the killing rate was found to be similar for 

all tested Gram negative bacteria - E. cloacae AM03, E. coli AF05, P. aeruginosa 

CM07 and K. pneumoniae CF09 (complete killing were seen after 5 h at 2X MIC). 

MEGP exhibited a faster killing rate against S. aureus AM12 and E. faecalis AF24, 

showing bactericidal activity only after 4 h at both 1X MIC and 2X MIC indicating that 

increase concentration does not have any significance. 

According to the 31st edition of CLSI performance standard for antimicrobial 

susceptibility testing, E. coli AF05 was susceptible to all the 12 standard antibiotics 

tested; E. cloacae AM03 was resistant to CAZ, PI, CPM, AT, CPZ and PIT but 

susceptible to GEN, AK, CIP and LE; K. pneumoniae CF09 was susceptible to GEN, 

AK, CIP, LE, IPM and MRP but resistant to CAZ, PI, CPM, AT, CPZ and PIT; P. 

aeruginosa CM07 was susceptible to CAZ, GEN, AK, CPM, AT, CIP, LE and IPM; S. 

aureus AM12 was susceptible to GEN, CIP and LE; E. faecalis AF24 was susceptible to 

CIP and LE. All the five (5) test bacteria viz. S. aureus AM12, E. faecalis AF24, E. coli 

AF05, P. aeruginosa CM07 and K. pneumoniae CF09, were susceptible to the twelve 
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(12) different antibiotics except E. cloacae AM03 which showed resistance towards 

Ceftazidime, Cefepime and Aztreonam. 

The antibacterial activity of the selected 15 ethnomedicinal plants were 

evaluated by disc and well diffusion method measuring the diameter of zone of 

inhibition. Potentilla lineata and Garcinia pedunculata extract were observed to exhibit 

largest zone of inhibition and therefore, were chosen for comparative study. It was 

observed that both the organic solvent extract of P. lineata produced very effective and 

notable antimicrobial activities against the two tested Gram positive bacteria (S. aureus 

AM12 and E. faecalis AF24) but Gram negative bacteria (E. cloacae AM03, E. coli 

AF05, P. aeruginosa CM07 and K. pneumoniae CF09) were not susceptible to the 

extract. Tomczyk et al. (2007) reported that the aqueous extract of nine Potentilla 

species (P. rupestris, P. argentea, P. fruticoa, P. recta L, P. erecta, P. anserine, P. 

nepalensis HOOK var Miss Willmott, P. thuringiaca BERNH ex LINK, P. grandiflora 

L.) show inhibitory effect on the various species of bacteria. In the present study, one 

more species of Potentilla, named P. lineata antibacterial activity and bioactive 

component was studied. The methanol and ethanol extract of P. lineata show moderate 

antibacterial activity against Gram positive bacteria (S. aureus and E. faecalis) but no 

activity was observed against Gram negative bacteria (E. cloacae, E. coli, P. 

aeruginosa, K. pneumoniae). This observation is in good agreement with the findings of 

Tomczyk et al. (2007) since the plant under investigation also belongs to the same 

genus. 

The investigation also revealed the potency of G. pedunculata extract as an 

effective antibacterial agent against both Gram positive bacteria (GPB) and Gram 

negative bacteria (GNB).  G. pedunculata are evaluated to be bactericidal against the 

tested bacteria. The antibacterial activity may be due to an individual compound, 

mangostin or synergistic effect of more than one compound present in the medicinal 

plant extract detected in LC-ESI-MS study (Priscilla et al., 2007). 

The antibacterial activity may be due to an individual compound or synergistic 

effect of more than one compound present in the medicinal plant extract. Heymsfield et 
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al. (1998), Kumar et al. (2013) and Aravindakshanpillai et al. (2016) reported 

xanthones, biflavonoids, benzophenones, benzoquinones, and triterpenes are bioactive 

chemicals found in Garcinia species that exhibit antibacterial, antifungal, antioxidant, 

and cytotoxic properties (Heymsfield et al., 1998; Kumar et al., 2013; 

Aravindakshanpillai et al., 2016).  

The antibacterial activity of MEGP was quantitatively evaluated by determining 

its minimum inhibitory concentration (MIC) values and minimum bactericidal 

concentration (MBC). As the bigger zone of inhibition was observed with methanol 

extract of G. pedunculata (MEGP) than that of ethanol extract of G. pedunculata 

(EEGP), MEGP was preferred to EEGP for determination of MIC and MBC. The 

MEGP is considered to be bactericidal rather than bacteriostatic since its MBC/MIC 

ratio is ≤ 4. An antimicrobial agent is considered bactericidal if the MBC is not more 

than fourfold higher than the MIC (Levison, 2004).   

The present investigation revealed the potency of both methanol and ethanol 

extracts of G. pedunculata as an antibacterial agent. G. pedunculata is effective as an 

inhibitory agent against both GPB as well as GNB. The antibacterial activity can be 

attributed to its phytochemical constituents (Priscilla et al., 2007). 

It can be concluded that MEGP possess potent and differential activity against 

Gram-positive and Gram-negative bacteria pathogens while MEPL shows antibacterial 

activity towards only Gram-positive bacteria. As the antibacterial activities and bacterial 

killing rates of MEPL and MEPL were different from each other, it is likely that 

different mechanisms are involved. Further investigation is needed to determine the 

mechanism(s) of action of these extracts in order to strengthen their potential as 

therapeutic antibiotics. MEGP, in particular, with its potent and specific antibacterial 

profile, deserve further investigation.  

Time-kill studies have provided valuable information on the rate, concentration 

and potential action of MEGP and MEPL in vitro. Time-kill assays have been widely 

used for in vitro investigations of new antimicrobial agents as these provide descriptive 
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(qualitative) information on the pharmacodynamics of antimicrobial agents (Lewis, 

2007). Time-kill curves that monitor bacterial growth and death over a wide range of 

antimicrobial concentrations have been frequently used to evaluate the effect of 

antimicrobials over time. Information about the effects of antimicrobials covering a 

wide range of antimicrobial concentrations below and above the MIC is particularly 

valuable for pathogens where data about PK/PD effects are limited. 

In summary and consistent with the MBC/MIC ratios, at its MIC value, MEGP 

were found to be bactericidal towards all the tested bacteria after 7 hours exposure, 

whereas MEPL was observed to be bactericidal towards only tested Gram-positive 

bacteria after 5 hours exposure. MEGP possess potent and differential activity against 

Gram-positive and Gram-negative bacteria pathogens while MEPL shows antibacterial 

activity towards only Gram-positive bacteria. The time-kill studies have provided 

valuable information on the rate, concentration and potential action of MEGP and 

MEPL in vitro. As the antibacterial activities and bacterial killing rates of MEPL and 

MEPL were different from each other, it is likely that different mechanisms are 

involved. Further investigation is needed to determine the mechanism(s) of action of 

these extracts in order to strengthen their potential as therapeutic antibiotics. In 

particular, MEGP, with its potent and specific antibacterial profile, is deserving of 

further investigation. 

Preliminary qualitative phytochemical analysis of the crude extract of the 15 

plants collected was determined as as per standard methods described by Brain and 

Turner (1975) and Evans (1996). The result of the phytochemical group test revealed 

that there was great diversity in the phytochemical content of various species of plants. 

Phytochemical screening revealed variations and diversity in the content of 

phytochemical compounds, qualitatively and quantitatively, for the 15 selected 

medicinal plants investigated. The variations and diversity were observed not only 

between the family and genus, but also between the species.  
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Quantitative phytochemical analysis was also persued. The alkaloid content was 

determined gravimetrically by following Harborne (1973) Method. The flavonoids were 

estimated spectrophotometrically by the method of Zhishen et al. (2010) whereas 

saponins and tannins were estimated by the method of Hiai et al. (1976) and Van-

Burden and Robinson (1981) respectively. The result of the phytochemical group test 

revealed that there was great diversity in the phytochemical content of various species of 

plants. S. palustris contain highest total alkaloid content viz.13.2 μg/ml while the least 

alkaloid content (2.6 μg/ml) was estimated for A. aspera.  S. oleraceus contain highest 

total flavonoid content viz.155.97 μg/ml while the least flavanoid content (50.135 

μg/ml) was estimated for S. palustris. B. pilosa contain highest total saponin content 

viz.74.73 μg/ml while the least saponin content (47.36 μg/ml) was estimated for P. 

vulgaris. C. asiatica contain highest total tannin content viz.71.77 μg/ml while the least 

tannin content (15.04 μg/ml) was estimated for S. oleraceus. 

Phytochemical analysis by TLC were carried out by following the method of 

Harborne (Harborne, 1998). TLC is a quick, sensitive, and inexpensive technique, which 

separates the number of components present in any non-volatile complex mixture or 

plant sample using a suitable solvent for separation of different components. 

Clear separated resolved bands/spots were observed in three solvent systems i.e., 

Chloroform: Methanol (6:1), Hexane : Ethyl acetate (4:1) and Ethyl 

acetate:Methanol:Water:Glacial acetic Acid (1.35:0.5:0.5:0.5) after being sprayed with 

reagent. Therefore, they are recommendable as a solvent system for further analysis. 

The evaluations of various plants extract showed presence of different bioactive 

compounds as indicated by varying number of spots on a TLC plate and different Rf 

values (Table 8). The TLC profiles are depicted in Plate 41 (a-f). 

Alkaloid were found to be present in eleven (11) of the medicinal plants Viz. 

Achyranthes aspera, Acmella paniculata, Ageratum conzyoides, Centella asiatica, 

Houttuynia cordata, Lantana camara, Piper attenuatum, Potentilla lineata, Prunella 

vulgaris, Sonchus oleraceus and Sonchus palustris. S. palustris contain highest total 
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alkaloid content viz.13.2 μg/ml while the least alkaloid content (2.6 μg/ml) was 

estimated for A. aspera.  

Flavonoid were detected in ten (10) of the medicinal plants Viz. Bidens pilosa, 

C. asiatica, Garcinia pedunculata, Hibiscus sabdarifa, H. cordata, L. camara, P. 

lineata, P. vulgaris and S. oleraceus. S. oleraceus contain highest total flavonoid 

content viz.155.97 μg/ml while the least flavanoid content (50.135 μg/ml) was estimated 

for S. palustris.  

 In this research, appreciable quantities of saponin were present in five (5) of the 

medicinal plants Viz. A. aspera, B. pilosa, L. camara, P. vulgaris and S. oleraceus. B. 

pilosa contain highest total saponin content viz. 74.73 μg/ml while the least saponin 

content (47.36 μg/ml) was estimated for P. vulgaris.  

 Tannin was detected in eight (8) of the medicinal plants viz. A. aspera, C. 

asiatica, Gaultheria fragrantissima, L. camara, P. lineata, P. vulgaris, S. oleraceus and 

S. palustris. C. asiatica contain highest total tannin content viz.71.77 μg/ml while the 

least tannin content (15.04 μg/ml) was estimated for S. oleraceus. Thus, from the result 

of this research, the leaves of A. aspera, C. asiatica, G. fragrantissima, L. camara, P. 

vulgaris, S. oleraceus and S. palustris and root of P. lineata may be an ideal source for 

tannin extraction.  

Steroid was found to be present in all the selected medicinal plants except G. 

pedunculata while Cardiac glycoside were detected in five (5) of the medicinal plants 

viz. A. aspera, A. conzyoides, C. asiatica, Hibiscus sabdarifa and L. camara.  

  The methanol extracts of P. lineata and G. pedunculata (MEGP) were subjected 

to LCMS analysis. Methanol extract of P. lineata (MEPL) and G. pedunculata (MEGP) 

was selected for LCMS analysis over ethanol extract of P. lineata (EEPL) and G. 

pedunculata (EEGP) since it was observed that it gives larger zone of inhibition against 

the bacteria tested. It implies that methanol may be a better organic solvent for 

extraction of antibacterial compounds. A continuous gradient system was followed 

rather than isocratic system using mobile phase composed of acetonitrile (ACN) and 

formic acid (0.1 % FA, v/v in water). 
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All analyses were carried out in the full scan mode from 150.0 to 2000.0 m/z 

using an ESI source in both positive-ion mode and negative-ion mode for MEPL while 

the analysis for MEGP was carried out in negative ion mode over a mass range of 

150.0-750.0 m/z. 

 LC-MS of the methanol extract of G. pedunculata fruit revealed presence 

of several compounds. A total of 23 compounds (ESI-ve) and 17 compounds (ESI+ve) 

were characterized. Among them, 5 compounds viz. Hydroxy Citric Acid Lactone 

(MW-190), Garcinone E (MW-464), α-Mangostin (MW-410), β–Mangostin (MW-424), 

and γ-Mangostin (MW-396) were tentatively identified (peaks 2, 36, 46, 69 and 72). On 

the other hand, gallic acid, catechin/epicatechin, epiafz/afz-epicat/cat dimer, epicat/cat-

epicat/cat dimer, epiafz/afz-epiafz/afz-epicat/cat trimer, epiafz/afz-epicat/cat-epicat/cat 

trimer, and epiafz/afz-epiafz/afz-epiafz/afz-epicat/cat tetramer were identified in the 

methanolic extract of P. lineata. 

Identification was carried out based on molecular weight, using the mass spectra 

of the LC-MS. Retention times (tR), UV and mass spectral data of compounds were 

compared to literature data and to those of authentic standards, where available, for 

unambiguous identification.  
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Chapter 1 

Introduction 

 

 

In order to survive and thrive, mankind has been depending upon nature for 

meeting its various needs. Be it, food, shelter or clothing, nature never failed in 

providing the need of man. The various forms of life on earth do suffer from various 

kinds of illness in order to check and balance population growth. Since there are no 

medicine or drugs in the primitive world, mankind is compel to find and derive their 

cure from the naturally available source in their surounding. These led to their 

exploration of natural products with trials and errors. Medicinal plants lie at the 

center of this persistence war between man and diseases. 

“Modern drugs era” makes its beginning at the beginning of the nineteenth 

century when pharmacologically active compound morphine was isolated from 

opium plant for the first time in 1805 by Friedrich Serturner (Joo, 2014; Hamilton 

and Baskett, 2000). Subsequently, countless active compounds have been separated 

from natural products. Later, the development of synthetic techniques led to a 

significant reduction in the importance of natural products. However, natural 

products are important for the development of new drugs, and these products have 

been in constant use (Joo, 2014; Newman et al., 2003). 

Even after lapse of 200 years since the beginning of modern drugs era, many 

people especially the tribals in rural areas still do practice traditional medicine for 

various reasons. The Khasi, the inhabitants of Meghalaya in the remote north eastern 

corner of India, are no exception and many traditional healers have their own clinic 

where they practice and prescribe ethnomedicinal formulation to their patient.  

The bioactive compounds present in the medicinal plant are responsible for 

the medicinal properties of the plant (Bargah, 2015). The medicinal plants are useful 

for healing as well as for curing of human diseases because of the presence of 

phytochemical constituents (Nostro et al., 2000). 

The phytochemical constituents may exert a definite metabolical and 

physiological action on the human body or kill the pathogens that enter the body 
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(Edeoga, 2005). Medicinal plants possess a variety of compounds of known potent 

therapeutic property. Worldwide trend towards the utilization of natural plant 

remedies has created an enormous need for the use of medicinal plants. The most 

important of these bioactive constituents of plants are alkaloids, tannins, flavonoids, 

and phenolic compounds. Now- a-days, these phytochemicals become more popular 

due to their countless medicinal uses. Plants are recognized in the pharmaceutical 

industry for their broad structural diversity as well as their wide range of 

pharmacological activities. 

Natural products from plants called secondary metabolites are the end 

products of primary metabolites such as carbohydrates, amino acid, chlorophyll lipid, 

etc. Secondary metabolites include alkaloids, steroids, flavonoids, terpenoids, 

glycoside, saponin, tannins, phenolic compounds, etc. (Ghahi et al., 1990). The 

active principle of many drugs found in plants are secondary metabolites (Dobelis, 

1993). Therefore, basic phytochemical investigation is vital. The identification and 

isolation of such active compounds makes it more effective for therapeutic 

application.   

 Secondary metabolites are the classes of compounds which are known to 

show curative activity against several ailments in man, and therefore, could explain 

the traditional use of medicinal plant for the treatment of some illnesses. There are 

chemical compounds (phenolic compounds, alkaloids, terpenoids, steroids, quinones, 

saponins etc.) with complex structures and with more restricted distribution than 

primary metabolites. They are not indispensable for the plant that contains them; at 

least their metabolic functions have not been discovered yet (Zohra, 2012). 

 Ethnobotany is important in drug research. Recent advances in technology 

have made natural drug prospecting a viable solution to the search for new cures for 

diseases. Taking clues from folk uses followed by critical scientific evaluation have 

given to the world newer resources not only to fight diseases but also to other aspects 

of health care system. In view of fast-growing demand for the medicinal plants for 

the use in pharmaceuticals, nutraceuticals, cosmetologicals, dietary supplements etc. 

both at national and international level, implementation of the projects and the 

schemes meant for cultivation, collection, awareness, commercial supply of the 

medicinal plants for generation of income and employment while ensuring 
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conservation of endemic and threatened species through the sustainable use is the 

urgent need of the hour. 

There has been an increasing interest worldwide on therapeutic values of 

natural products. Nature provides mankind vast therapeutic flora with a wide variety 

of medicinal potential. The revival of interest in plant derived drugs is mainly due to 

the current widespread belief that “green medicine” is safe and more dependable than 

the costly synthetic drugs many of which have adverse side effects. The need of the 

hour is to screen a number of medicinal plants of promising biological activity 

(Parekh et al., 2006). The future of ethnobotany lies not simply in adding to the 

observational foundation, but rather in using the knowledge base to effectively 

address the current concerns of mankind (Bates, 2001). 

India has one of the oldest, richest and most diverse cultural traditions 

associated with the use of medicinal plants (Saxena, 2008). Therefore, investigation 

of plant chemical compounds has become desirable (Ahmad et al., 1998). Even 

though the effect of certain plants on pathogenic bacteria have been demonstrated 

(Voravuthikunchai et al., 2004), a number of them have not yet been investigated for 

their antimicrobial activities. Hence, it is essential to establish the scientific basis for 

their therapeutic actions, which may serve as the source for the development of 

effective drugs (Kader et al., 2011). Keeping this in view, efforts are underway to 

search for better understanding of qualitative, quantitative chemical composition and 

to explore the antibacterial activity of extracts of various medicinal plants. The 

traditional system of herbal medicine has become a topic of global importance since 

they are considered as rich sources of lead compounds and quietly safe for both 

human use and environment-friendly (Pradeepa et al., 2016). 

In India, there are 227 ethnic groups and comprising 573 tribal communities 

derived from six racial stocks viz. Negroid, Proto-Australoid, Mongoloid, 

Mediterranean, West Breachy and Nordic exists in different part of the country. 

Nearly 80% people in India and the developing countries of the world are depending 

on forest resources for meeting their health needs, they live in the vicinity of forests 

and have managed and conserved the biodiversity of their localities since long time.  

India, a megadiverse country with only 2.4% of the world's land area, 

harbours 7 – 8 % of all recorded species, including over 45,000 species of plants and 
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91,000 species of animals. It is also amongst the few countries that have developed a 

biogeographic classification for conservation planning, and has mapped biodiversity-

rich areas in the country. Of the 34 global biodiversity hotspots, four are present in 

India, represented by the Himalaya, the Western Ghats, the North-east, and the 

Nicobar Islands (India’s Fifth National Report to the Convention on Biological 

Diversity, 2014). 

North-east India comprises of eight states viz. Meghalaya, Manipur, 

Nagaland, Assam, Mizoram, Tripura, Arunachal Pradesh, Sikkim. It comprises 7.7% 

of India's total geographical area supporting 50% (8000 species) of the country's total 

flora (Rao, 1994), of which 31.58% (2526 species) are endemic (Nayar, 1996). 

North-east region has 4 biosphere reserves, 48 sanctuaries, 14 national parks and 2 

world heritage sites. With more than 150 tribes speaking as many languages, this 

region is a melting pot of variegated cultural mosaic of people and races and ethnic 

tapestry of many hues and shades. The North Eastern region has still remained 

unexplored because of various reasons particularly difficult terrain, poor 

communication, hostility of the inhabitants and insurgency conditions in the region. 

Meghalaya a small state in North-east India but it is one of the richest states 

of India in terms of vegetation and flora. This is due to the large variation in the 

altitude, topographical features, soil characteristics and climatic factors which has 

favoured the growth and luxuriance of rich flora here. The forests of Meghalaya are 

rich in biodiversity and endowed with rare species of orchids and medicinal plants.  

The traditions of collecting, processing and applying and consuming plants 

and plant based medications, long and carefully maintained by individuals with a 

profound knowledge, have been handed down from generation to generation among 

the indigenous people. The value of such ethno-medicine and traditional 

pharmacology is now increasingly recognised in modern human and veterinary 

medicine (Maydell, 1990). These plants mostly grow naturally and are collected by 

local people and sold to traders who, in turn, sell to the pharmaceutical and cosmetic 

industry and to exporters. There is no scientific system of collection or regeneration 

as a result of which many of these plants have become endangered and extinct 

(Kayang et al., 2005).  



5 
 

Indigenous people are generally very knowledgeable about the wild 

medicinal plants around them, many of which have local names and are important to 

the people medically or are featured in folklore (Kharkongor and Joseph, 1981). 

Knowledge of herbal remedies for treatment of various diseases rest with the 

traditional healers, which belong to a family of indigenous practitioners and skills 

have been passed on from one generation to the other only by word of mouth. Each 

village has one or two traditional healers or Nongaidawaikynbat as they are called 

locally. Each of them practices at home or has a place in the weekly market of the 

villages, where people come to consult him (Hynniewta and Kumar, 2007). Inspite of 

the development of advanced/modern medicine, tribal people in Meghalaya continue 

to use medicinal plants extract to cure infectious diseases amongst other diseases 

(Kayang et al., 2005; Sajem and Gosai, 2006; Hynniewta, 2010).  

According to Hynniewta (2010), the use of medicinal plants extract is 

common among the people of Meghalaya and found to be a significantly higher 

among rural people due to poor transportation and medical facilities in the rural 

areas. Modern medicinal facilities are scanty and could not reach these inaccessible 

areas inspite of government's best efforts.  

Ethnomedicines and medicinal plants of Meghalaya have attracted attention 

of various researchers. Ethnobotanical research work in Meghalaya had been done in 

Jaintia Hills district of Meghalaya by Samati (2007) and in Khasi Hills of Meghalaya 

by Hynniewta (2010). However, most of these studies are restricted to documentation 

of uses of plants by tribal people. Ethnobotanical knowledge of Khasi tribe in 

Meghalaya is very now well documented.  Enormous work on the distribution of 

medicinal plants in various agro-ecological regions of Meghalaya, analysis of the 

status of medicinal plant sector in the state and the strategies for equitable utilisation 

and management of this vital resource had been accomplished (Mishra and Dutta, 

2003; Tynsong et al., 2006). However, analytical experimental studies like 

phytochemical screening and antimicrobial activities of medicinal plants of 

Meghalaya are lacking which is required to establish and confirm the benefit and 

effectiveness of medicinal plants as a treatment for various diseases. Scientific 

analysis and evaluation of the ethnomedicinal plants used by the Khasi tribe in 

Meghalaya is the need of the hour and research work in this context is very scarce 
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and limited. Hence, efforts are made in this direction in the form of phytochemical 

screening and antibacterial activity detection. It is a fact that justifies this research of 

evaluation of the antibacterial activity and phytochemical screening of the selected 

ethnomedicinal plants used by the Khasi tribe in Meghalaya. 

In view of this gap, the present study focuses on the following objectives: 

1. To collect and identify the Khasi medicinal plants growing in various sites     

     of study area. 

2. To carry out the phytochemical analysis of selected plant species.  

3. To study the antibacterial potential of the selected plants. 
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Chapter 2 

Review of Literature 

 

Nature has been a source of medicinal agents for thousands of years and since 

the beginning of mankind. Medicinal plant is an integral part of human life to combat 

the sufferings from the dawn of civilization. It is estimated that more than 80,000 of 

total plant species have been identified and used as medicinal plants around the world 

(Chaudhary et al., 2010). Over the past twenty years, interest in medicinal plants has 

grown enormously from the use of herbal products as natural cosmetics and for self-

medication by the general public to the scientific investigations of plants for their 

biological effects in human beings (Joy et al., 1998). Therefore, people are encouraging 

indigenous production and processing of these medicinal plants to use in different 

cultures and religion for the treatment of various diseases (Burkill et al., 1966). The 

demand for plant-based medicines, health products, pharmaceuticals, food supplement, 

cosmetics etc. are increasing in both developing and developed countries, due to the 

growing recognition that the natural products are nontoxic, have less side effects and 

easily available at affordable prices (Kalia, 2005). Nowadays, there is a revival of 

interest with herbal-based medicine due to the increasing realization of the health 

hazards associated with the indiscriminate use of modern medicine and the herbal drug 

industries is now very fast-growing sector in the international market (Sharma et al., 

2008). There is great demand for herbal medicine in the developed as well as developing 

countries like India, because of their wide biological activities, higher safety of margin 

than the synthetic drugs and lesser costs (Gadre et al., 2001; Akbar, 2011). 

Ethnomedicinal Used 

When reviewing the literature available on ethnomedicinal plants studies 

conducted especially in the North-Eastem part of India, it is obvious that there are few 

doctoral theses and ethnobotanical studies on some of its parts. Borthakur (1980) 
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elaborated the regional perspective of ethnobotanical studies in Mikir Hills (Assam), 

Sinha (1986) on Manipur, Sapu (1991) on Mokokchung and Tuengsang districts 

ofNagaland, Ethnobotany of Jaintia Hills (Samati, 2007) on ethnobotany of Jaintia Hills 

and Hynniewta (2010) on ethnobotany of Khasi Hills. 

Arora (1981) gave a list of 300 native food plant species of Northeastern tribals. 

Islam (1996) noted the ethnobotany of some underground parts of plants of North-

Eastem India. Tripathi and Goel (2001) studied the Ethnobotanical use of 43 taxa of 

Zingibers in North- Eastern India. Dutta and Dutta (2005) in their paper gave an 

overview on the potential of Ethnobotanical studies in North East India. 

An ethnobotanical study on medicinal and aromatic plants of Mizoram was done 

by Lalramnghinglova (1991, 1996), ethnomedicine from Mizoram – North East India 

(Lalramnghinglova and L.K. Jha, 1997) and medicinal plants in tropical, sub-tropical 

and semievergreen forests of Mizoram (Lalnundanga, 2000). Bhardwaj and Gakhar 

(2003) gave the usage of wild plants by the native people of Mizoram for the cure of 

dysentery while Lalhriatpuii (2010) had studied the phytochemistry and pharmacology 

of selected medicinal plants of Mizoram.  

Devi (1989) also contributed to ethnobiological studies of Manipur Valley with 

reference to Museological aspects. Singh et al. (2003) studied 25 plants belonging to 13 

families ranging from mushrooms to higher angiospermic plants, used by the traditional 

Meitei singers of Manipur to enhance vocalism. Sharma et al. (2003) recorded 2153 

species of edible fruits of Manipur. Jain et al. (2007) worked on the aquatic and semi-

aquatic plants used as herbal remedies by the people living in the wetlands of Manipur. 

Medicinal flora of Lohit District with special reference to ethnobotany (Bhuyan, 

1989), ethnobotany of wild edible plants (Haridasan et al., 1990), ethnobotany of Nishis, 

Karbis, Kacharis and Chakma (Maikhuri and Ramakrishnan, 1992) and on the edible 

mushrooms of East Siang district of Arunachal Pradesh (Das, 2001) are important 

contributions in the field of ethnobotany in Arunachal Pradesh. An ethnobotanical 
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studywas conducted by Singh et al. (2007) on the traditional foods of Monpa tribe of 

West Kameng. Sarmah et al. (2008) documented 63 medicinal plant species used by 

Chakmas of Arunachal Pradesh. 

Deb (1968) has reported on medicinal plants of Tripuri tribe while Singh et al. 

(1999) gave an account of 37 wild edible plants used by the Tripuri tribe of Tripura 

state. Wild plants used and sold in markets of Sikkim have been documented by Bennet 

(1983), Hajra and Chakraborty (1982) respectively. Hussain and Hore (2007) worked on 

the collection and conservation of major medicinal plants of Darjeeling and Sikkim 

Himalayas. 

Some good publications have appeared on ethnobotany of Assam during the 

lasttwo decades by Borthakur (1976, 1996); Baruah and Sarma (1984 and 1987); Sarma 

et al. (2001). Food adjunct, beverages and masticatories used by Karbis have been 

studied by Borthakur (1997). Borthakur (1998 and 1999) also studied on the house 

gardens of Assam. Gogoi and Borthakur (2001) recorded 69 herbal recipes for 27 

ailments involving 68 plant species prevalent among the Bodo tribe inhabiting Kamrup 

district of Assam. Anaccount of the folklore medicinal uses of 71 plant species used 

among the Tai Ahoms, one of the ethnic groups predominant in Assam is reported by 

Dutta and Nath (2003). Barua et al. (2003) documented 58 plant species used as folk 

medicine among the Rajbanshis of Assam. 

A list of medicinal plants of Nagaland have been given by Rao and Jamir (1982a 

and b), medico-botany used by Ao Naga tribe by Jamir (1989), fifty medicinal 

plantsused by Zeliangs of Nagaland have been reported by Jamir and Rao (1990). 

Ethno-botanical folk practices and beliefs of the Ao-Nagas have been reported by Sapu 

and Yogendra (1996). Mao (2003) worked on the symbolic uses and superstitions in 

botanical folklore about Mao Naga tribe of Manipur. Five plants with symbolic uses 

andsix plants with superstition beliefs in the Mao Naga tribes have been listed. 

Traditional fermented foods of the Naga tribes of North east India were reported by Mao 

and Odyuo (2007). 
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Jain et al. (1977) made a survey of the edible plants in the bazaars of Meghalaya. 

Joseph and Kharkongor (1981) brought forward two papers based on the Ethnobotanical 

studies of the Khasis and Jaintia tribes of Meghalaya. One paper deal with over 100 

plants of Ethnobotanical importance used as medicines, subsidiary food, making 

implements and musical instruments, religious ceremonies etc. The other paper presents 

an enimieration of 100 species of plants belonging to 81 genera and 46 families having 

medicinal virtues. Rao (1981) gave a list of 33 medicinal plants belonging to 27 families 

used by Khasis and Garos. The work of Hajra (1981) on nature conservation in Khasi 

folk beliefs and taboos deals with the religious beliefs of the tribe that helps in 

thepreservation of forests in their natural condition. Shanpru and Vasudeva (1981) 

investigated the Garos and reported 25 plant species used by them for food, 24 for 

medicine, 5 for fish poison, 7 for fibres, 3 for dyes, 4 for magico-religious beliefs and 10 

for miscellaneous purposes.  

Kumar et al. (1987) recorded 74 species used by the Khasiand Jaintia tribes. Rao 

et al. (1989) worked on the Ethnobotany of some weeds of Khasi and Garo Hills of 

Meghalaya. The paper deals with the ethnobotany of 65 taxa belonging to 26 families of 

angiosperms. Maikhuri and Gangwar (1993) recorded a total of 105 plants used by 

Khasis and Garos of Meghalaya. Choudhury and Neogi (2003) reportedon the 

ethnobotany of Khasi and Chakma tribes of North-east India. In the paper, 37 such taxa 

belonging to 34 genera and 15 families have been discussed. Samati (2004) reported 55 

taxa of kitchen garden plants of Pnar tribe in Jaintia Hills. Fourteen wild edible berries, 

fruits, roots and nuts consumed by the Khasi tribe of Meghalaya were identified and 

analyzed for their nutrient content (Murugkar and Subbulakshmi, 2005). 

Ahmed and Borthakur (2005) documented a total of 577 species of plants 

belonging to 375 genera under 146 families used by the Hynniewtreps of Meghalaya as 

edibles, plant masticatories, ethnoiatrical plants etc. Baruah et al. (2006) recorded 45 

ethnomedicinal plants used by the Khasi tribe of Cachar district, Assam. Kayang (2007) 

documented 110 wild growing plants, which are eaten by the local people of Meghalaya. 
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Hynniewta (2010) documented 172 ethnomedicinal plants used by the Khasi tribals of 

Meghalaya. 

Ratra et al. (1970) reported that Achyranthes aspera L. is use as folk medicine 

since time immemorial in different parts of India. It holds a reputed position as 

medicinal herb in different systems of medicine in India. Traditionally, the plant is used 

in asthma and cough. It is pungent, antiphlegmatic, antiperiodic, diuretic, purgative and 

laxative, useful in oedema, dropsy and piles, boils and eruptions of skin, etc. A. aspera 

is used in indigenous system of medicine as emenagogue, antiarthritic, antifertility, 

laxative, ecbolic, abentifacient, anti-helminthic, aphrodisiac, antiviral, anti-plasmodic, 

anti-hypertension, anti-coagulant, diuretic and anti-tumor. 

Kamble (2018) stated that A. aspera is useful to treat cough, renal dropsy, 

fistula, scrofula, skin rash, nasal, infection, chronic malaria, impotence, fever, asthma, 

piles and snake bites. Crushed plant is boiled in water and is used in pneumonia. 

Infusion of the root is a mild astringent in bowel complaints. The flowering spikes or 

seeds, ground and made into a paste with water, are used as external application for bites 

of poisonous snakes and reptiles, used in night blindness and cutaneous diseases 

(Nadkarni, 2009).  

For snake bites, the ground root of A. aspera is given with water until the patient 

vomits and regains consciousness. Inhaling the fume of A. aspera mixed with Smilax 

ovalifolia roots is suggested to improve appetite and to cure various types of gastric 

disorders (Bhattaraj, 1992). It is useful in haemorrhoids, leaves and seeds are emetic, 

hydrophobia, carminative, resolve swelling, digestive and expel phlegm. Ash of the 

plant is applied externally for ulcers and warts. The crushed leaves rubbed on aching 

back to cure strained back (Singh, 1996).  

Gupta (2010) reported that a fresh piece of root or dried twigs of A. aspera is 

used as tooth brush. In Western India, the juice is applied to relieve toothache. Paste of 

the roots in water is used in ophthalmia and opacities of the cornea. Paste of fresh leaves 
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