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In the present study antimicrobial activity of Withania somnifera L. Dunal (Solanaceae) has been evaluated against
selected pathogens. Free and bound flavonoids of different parts (root, stem, leaf and fruit) of W. somnifera have been
studied for their antimicrobial activity using disc diffusion assay against three Gram negative bacteria (Escherichia coli
MTCC 46, Proteus mirabilis MTCC 3310 and Pseudomonas aeruginosa MTCC 1934), one Gram positive bacteria
(Staphylococcus aureus MTCC 3160) and three fungi (Candida albicans MTCC 183, Aspergillus flavus MTCC
277 and Aspergillus niger MTCC 282). Minimum inhibitory concentration (MIC) of the extracts was evaluated
through micro broth dilution method, while minimum bactericidal/fungicidal concentration was determined by sub
culturing the relevant samples. C. albicans was found to be the most susceptible organism followed by S. aureus,
P. mirabilis, E. coli and P. aeruginosa. Out of the tested organisms, A flavus and A. niger were observed to be
resistant as none of the tested extracts showed activity against them. Total activity (TA) of extracts (ml/g) against
each sensitive pathogens was also evaluated. Bound flavonoid extract of root showed best activity against C. albicans
(IZ 30, MIC 0.039, MFC 0.039, respectively). However all the microorganisms were found to be sensitive against
the extracts tested. Total activity of bound flavonoid extract of root was found to be same for E.coli, P. mirabilis,
S. aureus and C. albicans (153.84 ml/g). Results of the present study reveal that extracts of W. somnifera showing
great antimicrobial potential against test microorganisms may be exploited for future antimicrobial drugs.
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The plants are still widely used in ethno medicine
around the world. Today, medicinal plants have
recently received attention of the pharmaceutical
and scientific communities and various publications
have documented the therapeutic value of natural
compounds in a bid to validate claims of their
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biological activity. Attention has been drawn to
antimicrobial activity of plants and their metabolites
due to the challenge of growing incidences of drug
resistant pathogens. Some plants have shown the
ability to overcome resistance in some organisms
and this has led to researches to investigate
their mechanisms of action and isolating active
compoundst'l. There is a continuous and urgent
need to discover new antimicrobial compounds with
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diverse chemical structures and novel mechanisms of
action as there has been an alarming increase in the
incidence of new and re-emerging infectious diseases.
In the present scenario of emergence of multiple drug
resistance to human pathogenic organisms, this has
necessitated a search for new antimicrobial substances
from other sources including plants. Higher plants
produce hundreds and thousands of diverse chemicals
compounds with different biological activities”. The
antimicrobial compounds produced by plants are active
against plants and human pathogenic microorganisms!..
The substances that can either inhibit the growth of
pathogens or kill them and have no or least toxicity
to host cells are considered potential compounds for
developing new antimicrobial drugs.

Withania somnifera, commonly known as
Ashwagandha, is an important medicinal plant that
has been used in Ayurvedic and indigenous medicine
for over 3,000 years. In view of its varied therapeutic
potential, it has also been the subject of considerable
modern scientific attention. Ashwagandha roots are a
constituent of over 200 formulations in Ayruvedha,
Siddha and Unani medicine, which are used in
the treatment of various physiological disorders! 3.
Ashwagandha is widely claimed to have sedative,
rejuvenative and life prolonging properties. It is also
used as a general energy-enhancing tonic known as
Medharasayana, which promotes learning and a good
memory and in geriatric problems!®7..

Pseudomonas aeruginosa, Escherichia coli,
Staphylococcus aureus, Proteus mirabilis and Candida
albicans have been proved to be major causal
organisms of various human infections and have
been selected for the present study. P. aeruginosa is
an opportunistic pathogen that causes urinary tract
infections, respiratory system infections, dermatitis,
soft tissue infections and a variety of systemic
infections, particularly in victims of severe burns.
E. coli and P. mirabilis are the culprits for human
urinary tract infections® and most of human intestinal
infections are due to the bacterium Escherichia coli,
Staphylococcus aureus causes a variety of suppurative,
wound infections and food poisoning in human beings.
Major causative agent of nosocomial infections is
Staphylococcus aureus along with Escherichia coli
and Proteus mirabilis, Candida albicans is notorious
for causing candidiasis and candida vaginitis.

The present study investigation evaluated the
antibacterial and anticandidal effects of free and
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bound flavonoids of Withania somnifera (root, stem,
Leaf and fruits).

Different parts of W. somnifera (root, stem, leaf
and fruit) were collected in the month of April
from the western parts of India (Jaipur, Rajasthan).
A voucher specimen has been submitted in Herbarium
of Department of Botany, University of Rajasthan.
Collected plant parts were separately shade dried,
finely powered using a blender, and subjected to
extraction following the method of Subramanian and
Nagarjan, 1969. Hundred gram of each finely powered
sample was Soxhlet extracted with 80% hot methanol
(500 ml) on a water bath for 24 h and filtered. Each
filtrate was re-extracted successively with petroleum
ether (fraction I), ethyl ether (fraction II), and ethyl
acetate (fraction III) using separating funnel. Petroleum
ether fractions were discarded as being rich in fatty
substances, whereas ethyl ether and ethyl acetate
fractions were analyzed for free and bound flavonoids,
respectively. Ethyl acetate fraction of each of the
samples was hydrolyzed by refluxing with 7% H,SO,
for 2 h (for removal of bounded sugars from the
flavonoids) and filtered. The filtrate was extracted
in ethyl acetate and washed with distilled water to
neutrality. Ethyl ether (free flavonoid) and ethyl acetate
fractions (bound flavonoids) thus obtained were dried
in vaccuo and weighed. The extracts were stored at 4°
and were re- suspended in their respective solvents to
get 10 mg/ml for antimicrobial assay.

Free and bound flavonoids were extracted by well
established method of Subramanian and Nagarjan!'”
which had also been followed by several others
workers!!""'¥, The extraction protocol which has been
carried out in the present investigation is exclusively
meant for free and bound flavonoids. In the extraction
procedure ethyl ether and ethyl acetate fractions
are supposed to contain free and bound flavonoids,
respectively. Here bound flavonoids imply that the
flavonoids that are bound with sugar moiety. These
bounded sugar moieties are removed (from ethyl acetate
fraction) by acid hydrolysis during extraction. If sugar
part of the flavonoids is not removed, extracts do not
react with spraying reagents (i.e 5% Fehling solution and
1% AICI, solution) during TLC analysis. On the other
hand, after removal of sugar part, flavonoids become free
from sugars bounded to it and now react with spraying
reagent and give colour reactions during TLC analysis.
Spraying reagents 5% fehling solution and 1% AICI,
solution are exclusively used to detect flavonoids!'.
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Ethyl ether fraction contains free flavonoids i.e
flavonoids free from sugar moiety and during TLC
shows positive colour reactions with the spraying
reagents. In the ethyl ether fraction there is no need
of acid hydrolysis as flavonoids in this fraction are
not bound with sugar.

Test pathogenic microorganisms: P. aeruginosa
(MTCC 1934), E. coli (MTCC 46), P. mirabilis
(MTCC 3310), S. aureus (MTCC 3160) and
C. albicans (MTCC 183), A flavus (MTCC 277) and
A. niger (MTCC 282) were procured from Institute
of Microbial Technology (IMTECH), Chandigarh,
India. Bacterial strains were grown and maintained on
Muller-Hinton Agar medium, while yeast and fungi
was maintained on Sabouraud Dextrose Agar medium.

Disc diffusion assay!'®! was performed for screening.
Muller-Hinton agar (MHA) and Sabouraud dextrose
agar (SDA) base plates were seeded with the bacterial
and fungal inoculum, respectively with inoculum
size 1x10% CFU/ml for bacteria and 1x107 cell/ml
for yeast). Sterile filters paper discs (Whatman
no. 1, 6 mm in diameter) were impregnated with
100 pl of each of the extract (10 mg/ml) to give
a final concentration of 1 mg/disc and left to dry
to remove residual solvent, which might interfere
with the determination. Extract discs were then
placed on the seeded agar plates. Each extract was
tested in triplicate with streptomycin (1 mg/disc) and
candid-V6 (1 mg/ml) as standard for bacteria and
fungi, respectively. The plates were kept at 4° for 1
h for diffusion of extract, thereafter were incubated
at 37° for bacteria (24 h) and 27° for fungi (48 h).
Antibacterial and antifungal activity was expressed in
terms of activity index (Al). Activity index for each
extract was calculated (Table 1) as, Activity index=I1Z

produced by extract/IZ produced by standard; where
1Z is inhibition zone.

Minimum inhibitory concentration (MIC) was
determined for plant extract showing antimicrobial
activity against test pathogens. Broth microdilution
method!"” was followed for determination of MIC
values. Plant extracts were resuspended in acetone
(which has no activity against test pathogens) to make
10 mg/ml final concentration and then two fold serially
diluted; and added to broth media of 96-wells of
microtiter plates. Thereafter 100 pl inoculum (for
bacteria 1x10® CFU/ml and 1x107 CFU/ml for yeast
and fungi) was added to each well. Bacterial and
fungal suspensions were used as negative control,
while broth containing standard drug was used as
positive control. The microtiter plates were incubated
at 37° for 24 h for bacteria and 28° for 48 h for yeast.
Each extract was assayed in duplicate and each time
two sets of microplates were prepared, one was kept
for incubation while another set was kept at 4° for
comparing the turbidity in the wells of micriplate. The
MIC values were taken as the lowest concentration
of the extracts in the well of the microtiter plate that
showed no turbidity after incubation. The turbidity of the
wells in the microtiter plate was interpreted as visible
growth of microorganisms. The minimum bactericidal/
fungicidal concentration (MBC/MFC) was determined by
subculturing 50 pl from each well showing no apparent
growth. Least concentration of extract showing no
visible growth on subculturing was taken as MBC/MFC.

Total activity is the volume at which the test extract can
be diluted with the ability to kill the microorganisms.
It is calculated by dividing the amount of extract from
1 g plant material by the MIC of the same extract or
compound isolated and is expressed in ml/gH®,

TABLE 1: ANTIMICROBIAL ACTIVITY OF WITHANIA SOMNIFERA

Plant Extract Test microorganism
part P. aeruginosa E. coli P. mirabilis S. aureus C. albicans
1Z (mm) Al IZ (mm) Al 1Z (mm) Al 1Z (mm) Al I1Z (mm) Al
Root E, - - - - - 12.5 0.595:0.014 7.83  0.559:0.031
E, 10 0.500+0.050 25.5 0.980+0.011 28.5 1.140+0.012 21.5 1.023:0.014 30 2.142+0.041
Stem E, 11.66  0.467+0.012 11 0.523:0.027 10.16 0.726+0.031
E, - - - - 8.5  0.404:0.024 8.5  0.607:0.020
Leaf E, 16.5 0.634:0.033 10 0.400+0.012  10.5 0.499:0.024 19.5 1.392+0.020
E, 11.5  0.460+£0.012 15.33 0.729:0.124 8 0.571+0.021
Fruit E, 16.5 0.660+0.035 - - 10 0.714+0.021
E 13 0.618+0.090 12.5 0.892:0.020

1Z - inhibition zone in mm (mean value; indicating 6 mm diameter of disc); Al - activity index (IZ developed by extract/IZ developed by standard); + - SEM;
(-) - No activity; E, - free flavonoids; E, - bound flavonoids; Extracts assayed in triplicate, IZ of standard drug streptomycin against P. aeruginosa (20 mm),
E. coli (26), P. mirabilis (25), S. aureus (21), 1Z of Candid-Vé against C. albicans (14) Intraconazol against A. flavus (15) and A. Niger (10)

July - August 2011

Indian Journal of Pharmaceutical Sciences

475



www.ijpsonline.com

Antimicrobial activity (assessed in terms of inhibition
zone and activity index) of the plant extracts, tested
against selected microorganisms were recorded
(Table 1). In the present study total eight extracts
of different parts of plant were tested for their
bioactivity. All 8 extracts showed significant
antimicrobial activity against test microbes. Most
susceptible organism in the investigation was C.
albicans against which one or other all the plant
extracts showed inhibition zone in some cases even
more than the standard and the best activity was
observed for bound flavonoids of root with IZ
30 mm, Al 2.142+0.041 and MIC 0.039 mg/ml.
P aeruginosa was found to be the most resistant
microbe, against which only one extract showed
activity. Best antibacterial activity against E. coli (I1Z
25.5, Al 0.980+0.011, MIC 0.039), P. mirabilis (1Z
28.5, Al 1.140+0.012, MIC 0.039) and S. aureus (1Z
21.5, Al 1.0234£0.014, MIC 0.039) was observed for
bound flavonoids of root whereas, free flavonoids
of leaf showed best activity against E. coli (1Z
16.5, Al 0.634+0.033, MIC 0.078). Free flavonoids
of fruit showed bioactivity against P. mirabilis (1Z
16.5, A1 0.660+0.035, MIC 0.078) whereas, bound
flavonoids showed activity against S. aureus (1Z 13,
Al 0.618+0.090, MIC 0.078).

MIC and MBC/MFC values (Table 2) were evaluated
for plant extracts which had shown activity in
diffusion assay. The range of MIC and MBC/MFC of
extracts recorded was 0.039-0.625 mg/ml and 0.039-
1.25 mg/ml, respectively. In the present investigation
lowest MIC value 0.039 mg/ml was recorded against
E. coli, P. mirabilis, S. aureus and C. albicans
whereas, against P. aeruginosa lowest MIC observed
was 0.156 mg/ml, indicating significant antimicrobial
potential of test extract. MIC and MBC/MFC values
were found to be same for extracts of plant.

Quantity of extract obtained per gram from plant parts
and total activity (TA) was calculated and recorded
(Table 3). Total activity indicates the volume at which
extract can be diluted without loosing ability to kill
microorganism. Most of the extracts showed high
values of TA against E. coli, P. mirabilis, S. aereus
and C. albicans. Maximum TA values calculated were
38.46, 153.84, 198.71, 153.84 and 198.71 ml against
P. aeruginosa, E. coli, P. mirabilis, S. aureus and C.
albicans, respectively.

There is a continuous and urgent need to discover
new antimicrobial compounds as there is an alarming
increase in the incidence of new and re-emerging

TABLE 2: MIC AND MBC/MFC VALUES OF W. SOMNIFERA AGAINST TEST PATHOGENS

Plant Extract Test microorganism
part P. aeruginosa E. coli P. mirabilis S. aureus C. albicans
MIC MBC MIC MBC MIC MBC MIC MBC MIC MFC
Root E, - - - - - - 0.156 0.312 0.312 1.25
E, 0.156 0.312 0.039 0.039 0.039 0.039 0.039 0.078 0.039 0.039
Stem E, 0.078 0.156 0.156 0.312 0.078 0.156
E, - - - - 0.625 0.125 0.156 0.312
Leaf E, 0.078 0.078 0.312 0.312 0.156 0.312 0.078 0.078
E, 0.156 0.312 0.078 0.156 0.156 0.312
Fruit E, 0.078 0.078 - - 0.078 0.156
E 0.078 0.156 0.039 0.039

E, - Free flavonoids; E, - Bound flavonoids; MIC - Minimum inhibitory concentration (mg/ml); MBC/MFC - Minimum bactericidal/fungicidal concentration (mg/ml)

TABLE 3: QUANTITY AND TOTAL ACTIVITY OF FREE AND BOUND FLAVONOIDS OF W. SOMNIFERA

Plant Extract Amount of Total activity (ml/g)
part extract mg/g
dried plant part P. aeruginosa E. coli P. mirabilis S. aureus C. albicans

Root E, 7 - - - 44.87 22.43

E, 6 38.46 153.84 153.84 153.84 153.84
Stem E, 5.5 70.51 35.25 70.51

E, 3 - - 4.80 19.23
Leaf E, 10.5 134.61 33.65 67.30 134.61

E, 3.5 22.43 44.87 22.43
Fruit E, 15.5 198.71 - 198.71

E, 6.5 83.33 166.66
E, - Free flavonoids; E, - Bound flavonoids; total activity = Extract per gram dried plant part/MIC
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infectious diseases. Medicinal plants could be a good
alternative source for costly antibiotics (against which
microbes are developing resistance rapidly), as most
of the medicinal plants are safe with little or no side
effects, cost effective and have ability to affect a wide
range of antibiotic resistant microorganisms.

Present study is an effort towards this direction. In
the present study 1Z, Al, MIC, MBC/MFC and TA
have been evaluated for each extract. For most of
the extracts MIC values recorded were very low,
indicating strong bio efficacy of the plant. Most of the
extracts of plant were found to be potent inhibitor of
tested microorganisms except P. aeruginosa, against
which only one extract of the plant showed activity.
Excellent activity was shown by bound flavonoids of
roots having low MIC and MBC/MFC values.

Extracts with higher MBC/MFC values than MIC
values against microorganisms tested, indicate the
bacteriostatic/fungistatic effects of the extracts. Bound
flavonoids of roots were found to be bactericidal
against E. coli and P. mirabilis and fungicidal against
C. albicans. Bound flavonoids of fruit were found
fungicidal against C. albicans. Free flavonoids of
leaf were found bactericidal against E. coli and P.
mirabilis and fungicidal against C. albicans whereas,
free flavonoids of fruit were found bactericidal against
P. mirabilis.

Gram positive bacteria S. aureus was the second most
susceptible organism after fungi C. albicans, which
supported the finding that plant extracts are usually
more active against Gram positive bacteria than Gram
negativel'”?%. Susceptibility differences between Gram-
positive and Gram-negative bacteria may be due to
cell wall structural differences between these classes
of bacteria. The Gram-negative bacterial cell wall
outer membrane appears to act as a barrier to many
substances including synthetic and natural antibiotics??!.

Boiactive potential of flavonoids have been proved
by several workers!?*?4. Screening of the plant under
investigation (W. somnifera) so far has not been
worked out for flavonoids. Mostly the crude extracts
have been screened, that too without MIC, MBC/
MFC and TA determination. Such studies could
only indicate their antimicrobial potential but are
not helpful in establishing them as an antibiotic. In
the present study 1Z, Al, MIC, MBC, MFC and TA
have been evaluated for each extract. For most of
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the extracts MIC values recorded were very low,
indicating strong bio efficacy of the selected plant.

Extracts under study not only inhibit the bacterial/
fungal growth but the IZ developed, was more or
less permanent when compared with the 1Z developed
by the standard drug used, as after sometime
bacterial/fungal colonies could be easily seen in
1Z developed by standard drugs. In the light of
the fact that microorganism are becoming resistant
against the drugs in use, present investigation is
of great significance, as far as the future drugs are
concerned and advocates uses of selected plant by the
pharmaceutical industries for preparing plant based
antimicrobials drugs.
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