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ABSTRACT

Fifteen percent of all diabetic patients develop a foot ulcer at some point in their lives, which is highly susceptible to
infection. Diabetic foot infection is polymicrobial in nature; most of the bacteria have multidrug resistance. Thus, there is a
need for new treatment strategies and recently much attention have been paid to extracts and biologically active compounds
isolated from plant species. Crude extract from five different medicinal plants (Ficus racemosa, Gymnema slyvestre,
Cinnamomum zeylancium, Terminalia chebula and Momordica charantia) were studied for their antibacterial activity against
the multidrug resistant isolates of diabetic foot ulcer along with controls by agar dilution method. Partial purification was
carried out for effective antimicrobial active plant. Among the plant extracts, highest antibacterial activity were expressed by
T. chebula, followed by F. racemosa, G. slyvestre, C. zeylancium and M. charantia and the minimum inhibitory
concentration of T. chebula against the DFU isolates were between as 0.5-4mg/ml. Partial purification of T. chebula was
carried out by chromatographic techniques. Gallic acid was found to be the principle compound for antibacterial activity
determined by HPLC. Development of newer formulation from T. chebula could be considered as an alternative therapeutic
strategy for the management of diabetic foot infections.

Keywords:- Terminalia chebula, Gallic acid, Medicinal plant, Antibacterial activity, Plant extract, Diabetic foot ulcer.

INTRODUCTION

Diabetes and foot problems are almost
synchronous. The trio of problem leading on to the
diabetic foot is neuropathy, wvascular changes and
infections, which constitute the diabetic foot syndrome.
Infection complicates the pathological picture of diabetic
foot and plays a main role in the development of moist
gangrene. The infection leads to the early development of
complication even after a trivial trauma, the disease
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progress and becomes refractory to antibacterial therapy
(Viswanathan et al., 2002).

DFU is polymicrobial in nature. Many studies
have reported on the bacteriology of DFU over 25 years,
but with varied results from different places. Earlier
studies (Lipsky et al., 1990; Dang et al., 2003; Lipsky et
al., 2004) have found Staphylococcus aureus as the main
causative pathogen but recent investigation reported a
predominance of gram negative aerobes (Gadepalli et al.,
2007; Shakil and Khan, 2010).

The development of multi drug resistance is
mainly owing to the indiscriminate use of antibiotics for
the treatment of infectious diseases (Davis, 1994; Service,
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1995). In addition to this problem, antibiotics are also
associated with adverse effects on the host including
hypersensitivity, and immune-suppression (Ahmad et al.,
1998). This necessitates the evaluation of newer
therapeutic strategies for treatment of infections.
Therefore, we evaluated five Indian medicinal plants for
their antibacterial activity.

Several studies were conducted on antimicrobial
activity of plant extracts worldwide. (De Boer et al.,
2005; Nair et al., 2005). Much attention has been paid to
extracts and biologically active compounds isolated from
plant species used in Siddha, Ayurvedic medicines against
most of the infections and other conditions (Essawi et al.,
2000).

In India, thousands of species of plants were
known to have medicinal value and the use of different
parts of several medicinal plants to cure specific ailments
has been in vogue since ancient times. Herbal medicine is
one of the main therapeutics followed in the in developing
countries, because of feasibility, acceptability with
minimal side effects and traditional value. Notably, the
usages of plant extracts for the treatment of microbial
infections were recently implemented in developed
countries too (Parekh et al., 2005). With this background,
the present study was planned to isolate and characterize
microbial pathogens from diabetic foot infection and to
study their current trends of antibiotic resistance and five
different medicinal plants were evaluated for their
antibacterial properties against isolates from DFU.

MATERIALS AND METHODS
Plant material

The plants were collected from Indian Medicinal
Practitioner Co-Operative Pharmacy and Stories Ltd.,
(IMCOPS) Thiruvanmiyur, Chennai. The Taxonomic
identities of these plants were confirmed with Centre for
Advanced Studies in Botany, University of Madras,
Guindy Campus, Chennai. The Ethno botanical
information of the screened plants was given in Table-1.

Table 1. Ethno botanical information of screened

plants
Plant name Family Common Parts
Name used
Ficus Moraceae Indian fig Bark
racemosa tree
Cinnamomum Lauraceae Cinnamom Bark
zeylancium
Terminalia Combretaceae Kadukai Fruits
chebula
Momordica Cucurbitaceae Bitter Fruits
charantia melon
Gymnema Asclepiadaceae | Sirukunjan | Whole
sylvestre Plants

Preparation of Extract

The plant materials washed under running tap
water, shade dried and then homogenized to fine powder
and stored in airtight bottles. Fifty grams of dried powder
mixed with 100ml of Methanol, Isopropanol, Chloroform,
Diethyl Ether and Hexane (Qualigens, India.) kept on
rotary shaker at 190-220 rpm for 24hours. After overnight
incubation, the supernatant was filter through Whatman
No.1 filter paper and the filtrate has dried to evaporate the
organic solvent at room temperature. The sediment extract
was weighed and dissolved in 10% Dimethyl Sulfoxide
(DMSO). It was stored at 4°C in airtight bottles for further
studies (Agaoglu et al., 2007)

Twenty-five grams of dried powder was mixed
200 ml of double distilled water containing 0.5N NaOH
and kept at 80°C for 3 hours. Whatman No.1 filter paper
was used for filtration and filtrate is dried, weighed and
dissolved with 10 % DMSO. It was stored at 4°C in
airtight bottles for further studies (Wafaa et al., 2007).

Evaluation of extracts for antibacterial activities
Agar well dilution method

The antibacterial activities of the extracts were
determined using the well diffusion method. The bacteria
used in the study were multi-drug resistant DFU isolates.
The isolates consisted five strains of Staphylococcus
aureus, Klebsiella pneumoniae, Pseudomonas
aeruginosa, and Enterococcus faecalis, with appropriate
Control strain (Staphylococcus aureus ATCC 5923,
Pseudomonas aeruginosa ATCC 27853, Klebsiella
pneumoniae ATCC 700603 and Enterococcus fecalis
ATCC 25922).

The inoculum size of the test strain standardized
according to the Clinical and Laboratory Standards
Institute (CLSI, 2005) guidelines. Susceptibility tests
were performed by a modified agar-well diffusion
method. One ml volume of the standard suspension of test
bacterial strain was spread evenly on Mueller Hinton
Agar plate using a sterile cotton swab and the plates were
allowed to dry at room temperature. Subsequently 6-mm
diameter wells were bored in the agar and a 20ul volume
of each extract was transferred into wells. After holding
the plates at room temperature for 2 h to allow diffusion
of the extract into the agar, the plates were incubated at
37°C for 24hours. Inhibition Zone Diameter was
measured to the nearest millimeter (mm). Vancomycin
(1pg/ml) was used as experimental positive control and
10% DMSO, 0.5N NaOH were used as negative control
(Chattopadhyay et al., 2007).

Microbroth dilution method

Minimal inhibitory concentration (MIC)
determination was done by micro broth dilution method.
In brief, 0.1g/ml concentration of plant extracts was
prepared. 136uL of Muller Hinton Broth (MHB) with
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64l of respective plant extract suspension were added in
the first and 100ul of Muller Hinton Broth in the rest of
the well was dispensed in the microtitre plate. In addition,
100l of mixture first well serially diluted up to the last
well except control to get a concentration of 64-
0.25mg/ml.  Organism and broth controls were
maintained, the test organisms were adjusted to 0.5
McFarland standards and 10ul was inoculated into all the
wells and incubated at 37°C for 24hours. MIC/MBC was
determined based on the growth observed in the lowest
dilution of the well (Kannan et al., 2009).

Identification of antibacterial compound
Thin layer chromatography (TLC)

The concentrated extracts T. chebula were
subjected to TLC analysis to observe the fraction present
in the extract according to the procedure of Irouegbu and
NKkere, 2005.

Column chromatography of selected plant extracts

The column chromatographies of the selected
extracts were performed using the procedure described by
Irouegbu and Nkere, 2005. The column separation was
carried out with a glass column of internal diameter
40mm and length of 1.0m. A 250g of Silica Gel with a
particle size 0.200mm was wet packed using the
Methanol/Chloroform (2:3) solvent system determined
from Thin Layer Chromatography. After settling, the
methanolic extracts of selected plants were gradually
poured on the column. The extract was allowed to drain
completely into the gel before the eluent
Methanol/Chloroform (2:3) was continuously used to
elute the stationary phase. The eluent was collected as
different fractions in 2-minute intervals. Each fraction
was further assessed for antimicrobial activity using agar
well diffusion method.

Identification of Antimicrobial compound by HPLC

The equipment consisted of a Hewlett-Packard
HP 1100 Series HPLC equipped with auto sampler;
Injection volume is 10ul, and a Varian model DAD
detector. Chromatogram was carried out on a MetaChem
PolarisSTM Amide C18 column, 5um, 4.6 x 250 mm.
Mobile Phase is 0.1% phosphoric acid:acetonitrile (85:15)
gradient at a flow rate of 1ml/min. Calibration curves for
the gallic acid was obtained from standard solutions
containing concentration was 7.5mg/100ml Calibrations
were determined at 280 nm, and analyses were conducted
at 35°C (Yang et al., 1993).

RESULT
Agar well diffusion method

The extracts of the medicinal plants tested were
found to have effective antibacterial activity against a
group of microorganisms that were isolated from diabetic

foot infection. The aqueous extract (28mm) of T. chebula
shows the highest activity against control and DFU
isolates of S. aureus followed by methanol and
Isopropanol extract (25 and 25mm respectively), less
activity was observed for other extracts of T. chebula.

For P. aeruginosa the highest activity was observed in
methanol (27mm) and isopropanol (27mm) extract of T.
chebula followed by hexane extract (26mm) and other
extract does not show any significant activity. Aqueous
(32mm) extract followed by methanol (26mm) and
isopropanol (25mm) showed the highest activity for E.
faecalis ATCC 25922 and DFU isolates. Methanol and
isopropanol showed the highest activity for K.
pneumoniae ATCC 700603 and DFU isolates, less
activity observed for other extracts. This result was shown
in Table-2.

Ficus racemosa extracts showed antibacterial
activity against standard strains and clinical isolates of
DFU but it showed lesser activity when compared to
activity of T. chebula. The zone of inhibition of various
extracts of Ficus racemosa for Diabetic foot ulcer isolates
is as follows: methanol (21 mm) and aqueous (19mm) for
P. aeruginosa; methanol (21mm) for S. aureus; methanol
(20mm), aqueous (20mm) and isopropanol (19mm) for
Enterococcus faecalis; isopropanol (21mm), methanol
(20mm) and aqueous (20mm) for Klebsiella pneumoniae.
Less activity was observed for other extracts of the plants
M. charantia, Gymnema sylvestre and Cinnamomum
zeylancium for the Diabetic foot ulcer isolates except for
the Control strains (Table-2).

Micro broth dilution method

Results of MIC and Minimum Bactericidal
Concentration (MBC) were given in the Table-3. The
MIC values of methanol and isopropanol extracts of T.
chebula were found to be 2mg/ml, against both standard
strain and S. aureus. P. aeruginosa ATCC 27853
(0.5mg/ml); P. aeruginosa (1mg/ml), K. pneumoniae
ATCC 70060 (2mg/ml); K. pneumoniae (4mg/ml). The
MIC value of Hexane extract of T. chebula was observed
to be 2mg/ml against both P. aeruginosa ATCC 27853
and DFU isolates; 2mg/ml against E. faecalis ATCC
25922 and 4mg/ml against E. faecalis DFU isolates. The
MIC value of aqueous extract of T. chebula was observed
to be 2mg/mL for E. faecalis ATCC 25922 and 4mg/ml
for E. faecalis DFU isolates.

The MBC value of Methanol, Hexane, Aqueous
and Isopropanol extracts of T. chebula were same
compared with MIC dilution (Table-3).

Identification of antibacterial compound
Thin layer chromatography

TLC performed to determine the best solvent for
the column chromatography. The methanolic extracts of
T. chebula was separated by TLC on Silica Gel G using
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different solvent systems; Methanol alone,
Methanol/Chloroform (2:3), Methanol/Acetic Acid (1:1),
n-Hexane/Methanol/Acetone (1:1:2) and
Methanol/Acetone (5:1). After each separation, the TLC
plates exposed to iodine vapor in an iodine chamber to
visualize the spots. Methanol/Chloroform (2:3) solvent
system, which yield 4 bands to elute compound from
TLC.

Column chromatography of selected plant extracts

The eluents collected as different fractions in 30
minutes intervals. Eight fractions further assessed for
antimicrobial activity using agar diffusion method. The
concentration of each fraction adjusted to 10 mg/ml
before assaying antimicrobial activity against a set of
microbial strains. The antimicrobial activity observed
between fractions 2-5 against standard strains shown in
Table-4.

Identification of Antimicrobial compound by HPLC

In column chromatography, the antimicrobial
activity observed only in the fraction F4 among F1-F8
fractions. Fractions F2-F5 pooled and subjected to HPLC,
it exhibited peak on the chromatogram. It was compared
with standard Gallic acid by retention time with it was
identified as a gallic acid. It was shown in Fig. 1. Total
amount of Gallic acid present in the Methanol extract of
T. chebula is 2.07%
The eluted gallic acid tested against control strain by MIC
showed in Table-5, the micro-broth dilution method was
done. Dilution range of 1 to >512 pg/ml for gallic acid
separated from column was used. According to micro-
broth dilution method, 64 pg/ml for S. aureus ATCC
25923 and E. faecalis ATCC 25922, 256 pg/ml for P.
aeruginosa ATCC 27853 and 128 pg/ml for K.
pneumoniae ATCC 700603.

Table 3. MIC and MBC of T. chebula extracts on DFU isolates

Bacterial isolates

Terminalia chebula MIC and MBC in mg/ mi

Methanol Isopropanol | Aqueous Hexane

MIC | MBC | MIC | MBC | MIC | MBC | MIC | MBC

S. aureus ATCC 25923

2 2 2 2 NA | NA [ NA | NA

P. aeruginosa ATCC 27853

0.5 0.5 1 1 NA | NA 2 4

K. pneumoniaee ATCC 700603

2 4 4 4 NA | NA | NA | NA

E. faecalis ATCC 25922

NA | NA | NA | NA 2 2 2 2

Five Multidrug resistant Diabetic Foot Ulcer Isolates

S. aureus

NA | NA | NA | NA

P. aeruginosa

NA | NA 2 4

K. pneunmoniae

AN
AN
BN
R Ll B

NA | NA | NA | NA

E. faecalis

NA | NA | N

>
z
>

4 4 4 4

** NA- Not applicable

Table 4. Screening all the chromatographic fractions for anti-microbial activity (methanol (2): chloroform (3),

fraction time 10min.)

Bacterial isolates

T. chebula Zone of inhibition (mm)

FL [F2 [F3 [F4 [F4 |F5 |F6 |F7 |F8

S. aureus ATCC 25923

e 10 |18 |7 - - -

P. aeruginosa ATCC 27853

- - 18 T19 s [- [- [-1-

K. pneumoniaee ATCC 700603

- 8 10 19 10 6 - - -

E. faecalis ATCC 25922

- - 12 22 10 6 - - -

“F”-fraction

Table 5. MIC and MBC of T. chebula extracted compound gallic acid against control strain

Bacterial isolates

Gallic acid(pg/ml)

MIC MBC
S. aureus ATCC 25923 64 64
P. aeruginosa ATCC 27853 256 256
K. pneumoniaee ATCC 700603 128 128
E. faecalis ATCC 25922 64 64
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Table 2. Antibacterial screening of Medicinal plants

Multidrug Zone of Inhibition (mm)
resistant Terminalia chebula Momordica charantia Cinnamomum zeylancium Ficus racemosa Gymnema slyvestre

bacterial

oathogens M ! D C H A M I D CHAMIDC CHAMIDCHAMIDCHA
P. aeruginosa
ATGCo7geg (2828 17 0 27 23 14 18 14 12 8 10 10 7 15 10 O O ‘21 17 13 9 10 19 (16 18 11 12 0 10
i" aeruginosa fo7 26 15 0 26 22 0 9 0 0O O O 10 7 15 10 O O 18 20 15 10 10 17 0O O O O 0 O
5 -eTUgiN0sa oy o5 15 0 26 22 8 7 8 0 8 6 10 6 14 9 0 0 11 12 8 8 9 10 0 0 0 0 0 0
g -erUgiNosa e o7 45 0 26 21 7 6 8 3 8 6 10 6 14 8 0 0 18 20 14 8 10 17 0 0 0 0 0 O
Z' aerugnosa o7 27 15 0 26 22 7 6 0 O 8 6 10 6 14 9 0 O 18 20 14 9 10 17 0O 0O O O O O
E' aerugnosa o6 27 15 0 26 22 3 0 8 0O O O 10 6 14 8 0 O 18 20 14 8 10 17 0 0O O 0 0 0O
S. aureus
ATCGoegp3 25 25 15 20 2028 25 25 18 0 0 2 10 0 0 0 0 11 21 17 13 17 10 16 10 10 10 10 O O
S. aureus 1 25 25 15 18 0 28 O O O O O O 10 0 O O O O 1618 17 16 10 0 0 0O O O 0 O
S. aureus 2 24 25 14 18 0 2 0O O O O O O 10 0 O O O O 1618 16 14 10 0 O 0O O O 0 O
S. aureus 3 25 24 15 20 0 27 0 O O O O O 10 0 O O O O 10 10 15 15 10 0 O O O O 0 O
S. aureus 4 25 25 15 20 0 2 0O O 0O O O O 10 0 0 O O O 1618 10 15 10 0 0 0 O O 0 O
S. aureus 5 25 25 15 20 0 2 0O O O O O O 10 0 0O O O O 1618 20°16 10 0 O O O O 0 O
E. faecalis
ATCoosgry (2820 17 0 223 11 12 0 14 0 11 12 0 0 0 0 14 20 19 10 0 0 (20 12 12 14 0 0 12
E.faecalis1 26 20 15 0 20 3 11 12 0 14 0 11 11 0 0O O O 12 20 19 10 0O 0O 20 0 0O 10 0O 0 O
E.faecalis2 25 20 14 0 19 30 11 12 0 14 0 11 11 0 0O O O 12 20 19 10 O O 20 0 O 10 O 0O O
E.faecalis3 26 20 15 0 18 '8 11 12 0 14 0 11 11 0 0O O O 12 20 19 10 O O 20 0 O 10 0O 0 O
E.faecalis4 25 20 15 0 19 /30 11 12 0 14 0 11 11 0 O O O 12 20 19 10 O O 20 0 O 10 0O 0 O
E.faccalis5 26 20 14 0 20 31 11 12 0 14 0 11 11 0 0 O O 12 20 19 10 O 0 /20 0 O 10 0O O O
K.
pneumoniae 27 25 17 15 25 16 0 0 10 0O 0 O O O 10 0 O 12 20 21 10 10 10 20 11 10 0 10 0 10
ATCC 700603
K. . 26 24 16 12 25 16 0 O O O O O O O O O O O 18 18 10 10 10 0 O O O O 0 O
pneumoniae 1
K. . 20 23 16 13 22 12 0 O O O O O O O O O O O 18 18 10 10 10 0 O O O O 0 O
pneumoniae 2
K, . 27 25 17 15 20 13 0 O O O O O O O O O O O 15 16 8 7 0O O O O O O 0 O
pneumoniae 3
K, . 22 16 15 14 15 18 0 O O O O O O O O O O O 14 13 15 10 10 0 O O O O 0 O
pneumoniae 4
K.

.. 22 21 13 12 0 20 O O O O O O O O O O O O 18 18 10 10 10 0O O O O O 0 O
pneumoniae 5

M-Methanol, I-Isopropanol, C-Chloroform, D-Diethyl Ether and H-Hexane, shaded no.-showed highest activity of medicinal plant against bacterial pathogen
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Figure 1. Identification of gallic acid with standard gallic acid

045 —

- : - |

Time (min

Standard Gallic acid

DISCUSSION

The crude extract from 5 different medicinal
plants  Ficus  racemosa, = Gymnema  sylvestre,
Cinnamomum zeylancium, Terminalia chebula and
Momordica charantia were studied for their antibacterial
activity.  The extracts (Methanol,  Chloroform,
Isopropanol, Aqueous and hexane) of the medicinal plants
were made by standard procedure, tested against multi
drug resistant microorganisms that were isolated from
DFU. Not all the solvents exhibited activity against the
bacterial isolates only the following extract showed.
Aqueous (32mm) extract of T. chebula followed by
methanol (26mm) and isopropanol (25mm) showed the
highest activity for E. faecalis ATCC 25922 and DFU
isolates of E. faecalis. The highest activities were
observed in methanol (27mm) and isopropanol (27mm)
extracts against P. aeruginosa. Methanol and isopropanol
extracts showed 25 and 25mm respectively against S.
aureus.

This was similar to an earlier study by Kannan et
al., 2009 in which alcoholic extract of T. chebula
exhibited greater activity than the aqueous and hexane
extracts against gram positive and gram-negative bacteria.
Two possibilities that may account for the higher
antibacterial activity, the nature of biological active
components  (Alkaloids, Flavonoids, Essential oil,
Tarpenoids, Tannins, etc.) and the stronger extraction
capacity of ethanol that may have yielded a greater
number of active constituents responsible for antibacterial
activity.

F. racemosa extracts showed antibacterial
activity against standard strains and clinical isolates of
DFU but it showed lesser activity when compared to T.
chebula. The zone of inhibition of various extracts of F.

by HPLC

Gallic acid separated from Methanol
extract of T.chebula

racemosa for Diabetic foot ulcer isolates is as follows:
methanol and aqueous showed 21 mm, 19mm
respectively for P. aeruginosa; methanol (21mm) for S.
aureus; methanol (20mm), aqueous (20mm) and
isopropanol (19mm) for E. faecalis; isopropanol (21mm),
methanol (20mm) and aqueous (20mm) for K.
pneumonia.

F. microcarpa and F. cordata, having

antibacterial activity, also they characterized the active
phenolic compound. Mousa et al., 1994 reported that
antibacterial activity of F. racemosa. Less activity was
observed for other extracts of the plants M. charantia, G.
sylvestre and C. zeylancium for the diabetic foot ulcer
isolates compared with control strains.
MIC was done to T. chebula extracts, we have found the
MIC value of 2mg/ml for methanol extracts of T. chebula
against standard stains, and DFU isolates of S. aureus and
K. pneumoniae ATCC 70060. P. aeruginosa ATCC
27853 showed 0.5mg/ml, P. aeruginosa were 1mg/ml,
and 4mg/ml for K. pneumoniae. The MIC value of hexane
extract of T. chebula was observed to be 2mg/ml against
both P. aeruginosa ATCC 27853 and DFU isolates of P.
aeruginosa; 2mg/ml against E. faecalis ATCC 25922 and
4mg/ml against DFU isolates of E. faecalis. The MIC
value of aqueous extract of T. chebula was observed to be
2mg/ml for E. faecalis ATCC 25922 and 4mg/ml for E.
faecalis.

The MIC value of our methanol, hexane,
aqueous and isopropanol extracts of T. chebula were
compared with Acharyya et al., 2009, they have also
shown 0.5mg-2.0mg/ml MIC for bacterial pathogen,
similar to that of our study. This antibacterial activity
study also revealed the stronger extraction capacity of
solvents like ethanol, methanol. These compounds were
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shown to contain phenolics and flavonoids, which
possesses antimicrobial activity (Kannan et al., 2009).
Grosvenor et al., 1995 has shown that the basis of the
differences in susceptibility might be due to the
differences in the cell wall composition of gram positive
and negative bacteria that the drug-resistant strains of
bacteria sensitive to the tested plant extracts. And has
clearly indicated that antibiotic resistance does not
interfere with the antimicrobial action of plant extracts
and these extracts might have different modes of action
on test organisms.

Five plants in this study were also screened
previously against other test strains by Ahmad et al.,
1998; the present study also showed similar results with
varying degrees of potency. Nimri et al., 1999 has showed
that the difference in potency may be due to the stage of
collection of the plant sample, different sensitivity of the
test strains and method of extraction.

The presence of various phyto-constituents was
detected by phytochemical investigation. The tests
performed on methanolic extracts of T. chebula for the
results of phytochemical analysis showed the presence of
constituents such as Alkaloids, carbohydrates, tannins,
and phenolic compounds, flavonoids, saponins, proteins
and amino acids, and steroids. Tannic acid represents the
major constituent of the fruit of T. chebula (Naik et al.,
2004). Some studies reported that tannic acid is
bacteriostatic or bactericidal to some Gram positive and
negative pathogens. Gallic acid is one of the chemical that
had antimicrobial properties (Panizzi et al., 2002) and in
some as gallate esters. The antibacterial activity of
methanolic extract of T. chebula and the results of TLC
are agreement with the results of Sato et al., 1997, Ahmad
et al., 1998, and Bonjar, 2004.

To locate the major active constituents
responsible for antibacterial activity against bacterial
pathogens, TLC-bioautography was performed from T.
chebula plant extracts. Methanolic extracts of T. chebula
were fractionated for the active compounds. Fractions
were pooled and analyzed by HPLC and found to be
gallic acid and are confirmed with standard gallic acid.
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