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 Abstract 
The rise of antimicrobial resistance has spurred interest in exploring natural sources for new 
antibiotics and antifungals. In this study, we investigated the antimicrobial and antifungal 
potential of Withania somnifera extracts against common pathogens. Among various fractions 
(ethyl acetate, aqueous, hexane, and dichloromethane) obtained from Withania somnifera and 
tested using the agar well diffusion method, ethyl acetate extract proved to be the most effective 
one against   Staphylococcus aureus, Escherichia coli by producing maximum zone of 
inhibition (10.5±1mm, 7.3±0.2mm, respectively). Similarly, strong antifungal activity was 
demonstrated against A. fumigatus, particularly by the ethyl acetate fraction (12.3±0.5mm). 
While these fractions showed promising activity, standard antibiotics generally displayed 
greater inhibition. Phytochemical analysis revealed the presence of bioactive compounds like 
tannins, phenols, saponins, and flavonoids, which likely contribute to the observed 
antimicrobial and antifungal effects. Anti-oxidant DPPH assay showed that the values of 
DDPH inhibition of Withiana somnifera samples collected from forest site samples were higher 
(81.63±0.56) than those of roadside collected samples (54.25±3.44). Additionally, environmental 
factors influenced the phytochemical composition of Withania somnifera extracts, with 
roadside plants exhibiting higher levels of phenolics and flavonoids (100.10±0.90 and 
92.88±1.12, respectively) due to vehicular pollution exposure. These findings underscore the 
potential of Withania somnifera as a source of natural antimicrobial agents and highlight the 
importance of cultivation practices for preserving medicinal properties. 
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INTRODUCTION 
Withania somnifera belongs to the 

Solanaceae family, a group renowned for 
its diverse array of medicinal plants. This 
perennial shrub typically grows in the drier 
regions of the World, thriving in arid 
climates and sandy soils (Otmani et al., 
2021). Characterized by small, green 
flowers and spherical orange-red berries, 
the plant possesses distinct morphological 
features that facilitate its identification in 
the wild (Chithiraikumar et al., 2017). 
Withania somnifera holds a venerable status 
in Ayurveda, the ancient Indian system of 
medicine, where it is classified as a 
rejuvenating herb (Nile et al., 2019). For 
centuries, Ayurvedic practitioners have 
prescribed Withania somnifera to enhance 
vitality, promote longevity, and alleviate 
various ailments.  

The therapeutic potential of Withania 
somnifera can be attributed to its complex 
phytochemical composition, which 
encompasses a diverse array of biologically 
active compounds. Chief among these are 
alkaloids (such as withanine and 
somniferine), steroidal lactones (including 
withanolides and sitoindosides), and 
various other constituents like flavonoids, 
saponins, and amino acids (Alagesan & 
Venugopal, 2019; Alam et al., 2011; Fang et 
al., 2022; Ganguly et al., 2018; Yahia et al., 
2020; Złotek et al., 2016) Numerous 
preclinical and clinical studies have 
validated its efficacy in ameliorating stress, 
enhancing cognitive function, improving 
sexual health, and bolstering immune 
function. Additionally, Withania somnifera 
exhibits neuroprotective, cardioprotective, 
and anti-cancer properties, making it a 
subject of intense scientific inquiry and 
pharmaceutical interest (Ezez & Tefera, 
2021; Keneni et al., 2021). 

In recent years, Withania somnifera has 
garnered increasing attention from 
researchers, healthcare practitioners, and 

consumers worldwide, owing to its 
potential therapeutic benefits and 
relatively low risk of adverse effects 
(Babbar et al., 2014; Dirar et al., 2019; Ezez 
& Tefera, 2021; Keneni et al., 2021; Khan et 
al., 2021). Its adaptogenic properties, in 
particular, have fueled its popularity as a 
natural remedy for stress management and 
overall well-being, amidst the growing 
prevalence of stress-related disorders in 
modern society (Mondal et al., 2021; Souza-
Silva et al., 2015). Withania somnifera 
extracts and compounds are of interest to 
the pharmaceutical industry for their 
potential therapeutic applications. 
Research continues to explore their efficacy 
in treating various health conditions and 
developing novel pharmaceutical 
formulations. The current study was 
designed to determine the antioxidant and 
antimicrobial capacity of Withania somnifera 
leaf extract using the DPPH assay, and to 
investigate the concentration-dependent 
response of the extract in neutralizing 
DPPH radicals, providing insights into its 
dose-dependent antioxidant activity. 
MATERIAL AND METHOD 
Methodology 

Fresh Withania somnifera leaves were 
obtained from a local village in Punjab and 
were botanically authenticated. All 
experiments were performed in triplicates 
or as per the experimental design. Positive 
and negative controls were included to 
ensure the validity of the assay. 
Preparation of Withania somnifera Leaf 
Extract 

To begin the extraction process, 1 gram 
of leaf was carefully weighed and then 
crushed using a mortar and pestle in 10 ml 
of 80% methanol. The resulting mixture 
was refrigerated at 0°C for 24 hours. 
Afterwards, the supernatant was separated 
and combined with an additional 80% 
methanol to achieve a final volume of 10 
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ml. This solution was then stored in a 
refrigerator for subsequent analyses. 
Determination of Antioxidant Activity 
Using the DPPH Assay 

Different concentrations of the Withania 
somnifera leaf extract were prepared in a 
solvent. To each test tube, a specific volume 
of the extract was added, followed by the 
addition of the DPPH solution. The 
reaction mixtures were incubated in the 
dark at an appropriate temperature for a 
fixed time. A standard curve was 
established using known concentrations of 
a reference antioxidant (e.g., ascorbic acid) 
under the same conditions. The scavenging 
activity of the extract was calculated as a 
percentage of DPPH radical inhibition and 
compared to the standard curve. 
Antibacterial Activity Methodologies 
Agar Diffusion (Kirby-Bauer) Assay 

This method (Hudzicki, 2009) involves 
impregnating paper disks with the test 
substance and placing them on agar plates 
inoculated with bacterial cultures. The 
zones of inhibition around the disks 
indicate the effectiveness of the substance 
against the bacteria. 
Broth Dilution Method (MIC and MBC) 

Minimum Inhibitory Concentration 
(MIC) is determined by exposing serial 
dilutions of the test substance to bacterial 
cultures in liquid media. The lowest 
concentration that inhibits visible bacterial 
growth is considered the MIC. Minimum 
Bactericidal Concentration (MBC) is 
determined by sub-culturing from the MIC 
well onto agar plates to check for bacterial 
viability. Both these methods were used 
according to the method devised by 
Wiegand et al., (2008).  
Time-Kill Assay 

This method devised by Pankey and 
Ashcraft (2009) involves exposing bacterial 
cultures to the test substance at 
predetermined time intervals and assessing 
the reduction in bacterial count over time. 

It provides information on the rate and 
extent of bactericidal activity. 
Antifungal Activity Methodologies 
Agar Diffusion (Kirby-Bauer) Assay 

Similar to the antibacterial assay, this 
method uses fungal cultures inoculated 
onto agar plates. Paper disks containing the 
test substance are placed on the agar, and 
zones of inhibition are measured to 
determine antifungal activity. 
Broth Dilution Method (MIC and MFC) 

Minimum Inhibitory Concentration 
(MIC) for fungi is determined by exposing 
serial dilutions of the test substance to 
fungal cultures in liquid media. The lowest 
concentration that inhibits fungal growth is 
recorded as the MIC. Minimum Fungicidal 
Concentration (MFC) is determined by sub-
culturing from the MIC well onto agar 
plates to check for fungal viability. 
Resazurin Microtiter Assay 

This quantitative colourimetric assay 
developed by Rolón et al., (2006) uses 
resazurin, a dye that changes colour in 
response to the metabolic activity of fungi. 
The colour reduction indicates fungal 
growth inhibition. 
Hyphal Elongation Assay 

This method devised by Matsuoka et 
al., (1990) measures the effect of the test 
substance on fungal hyphal growth. Fungi 
were cultured in the presence of different 
concentrations of the substance, and the 
length of hyphal growth was measured to 
determine the antifungal effect. 
Data Analysis 

The data obtained from the DPPH assay 
were statistically analyzed. Graphical 
representations, such as dose-response 
curves, were generated to visualize the 
antioxidant activity of the extract. 
Calculations were made to determine the 
concentration at which the extract 
exhibited 50% inhibition of DPPH radicals 
(IC50) (Anbalagan et al., 2016; Ghosh et al., 
2020; Saif et al., 2016; Thakur et al., 2018). 
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RESULTS  
Antibacterial and antifungal activities of 
Withania somnifera 

Bacteria and fungi were the driving 
force behind this investigation. 
Antimicrobial screening was conducted 
using the agar well diffusion method, by 
the national committee for clinical labs’ 
standard protocol. The antibiotics that have 
been derived from plants are thought to be 
secure, and efficient, and typically have 
little or no adverse effects. To find new 
antibiotic medications, active 
phytochemicals with antimicrobial action 
against microorganisms are essential. This 
work is the first to examine the antibacterial 
and antifungal properties of the medicinal 
herb Withania somnifera. Table 1 
summarizes the antibacterial properties of 
fractionated Withania somnifera extracts. 
These extracts affect the tested pathogens 
and show dose-dependent action.  

Table 1: Antibacterial activity of 
Withania somnifera fractions.  

The unrefined ethyl acetate extract 
shows that at 30 μL concentration, the 
Withania somnifera ethyl acetate fraction 
demonstrated a maximal zone of inhibition 
of 10.5 ± 1 mm against S. aureus and 7.3 ± 
0.2 mm against E. coli, as indicated in Table 
1. In comparison to the ethyl acetate 
fraction, the hexane extract produced 
inhibitory zones against S. aureus and E. coli 
that were 6.3 ± 0.5 mm and 4.3 ± 0.2 mm, 
respectively (Figure 1). The inhibition 
zones of the dichloromethane fraction 
against S. aureus indicated decreased 

activity, in contrast to the more inhibiting 
conventional antibiotics ampicillin (11.9 ± 
0.4 mm) and ofloxacin (11.5 ± 0.15 mm), 
while the most major inhibitor was 
gentamicin (15.5 ± 0.3 mm) (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
Figure. 1 Inhibition zones exhibited by 

Withania somnifera against different 
bacteria. 

The antifungal assay results of 
Withania somnifera are summarized in 
Table 2. The crude extracts from 
Withania somnifera strongly inhibited 
Aspergillus fumigatus at the tested 
concentrations. Similarly, water, and 
dichloromethane extracts produced 
inhibition zones of 12.1 ± 0.2 mm, 10.6 ± 
0.5 mm, and 8.3 ± 0.5 mm, respectively, 
at the same concentration. In 
comparison, the standard nystatin (test 
control) displayed a lower inhibition 
zone of 6.7 ± 0.5 mm at a 10 μL 
concentration compared to the 
extracted fractions of Withania somnifera. 
(Table 2, Figure 2). 

Table 2: Antifungal activity of 
Withania somnifera fractions. 
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Figure 2: Inhibition zones demonstrated 

by each fraction of Withania somnifera 
against fungal strains. 

DPPH inhibition potential of 
Withiana somnifera in methanol extracts  

DPPH inhibition potential was 
evaluated in methanol extracts obtained of 
Withiana somnifera in a Bahawalpur city at 
two sites i.e. forest site and roadside. 
Results showed that methanol extract of 
roadside collected Withiana somnifera 
exhibited higher values of total phenolics 
and total flavonoids as compared to those 
collected from the forest side. Similarly, the 
values of DDPH inhibition from forest site 
samples were higher than those of roadside 
samples of Withiana (Table 3).  

Table 3. DPPH inhibition potential, 
evaluated in methanol extracts obtained of 
Withiana somnifera in a Bahawalpur city. 

Likewise, the DPPH scavenging capacities 
(IC50) assessed for methanol extracts were 
higher for roadside-collected Withiana 
somnifera relative to forest site samples. The 
trend was also noticed in high IC50 values 
of BHT and ascorbic acid (Table 4, Figure 
3). 

Table 4. The DPPH scavenging 
capacities were assessed for methanol 
extracts. 
 

 
 
 
 
 
 
 
 
 
 
 
Figure 3. The free radical scavenging 

assay of samples collected from 
Bahawalpur, Punjab. 
Discussion 

The effectiveness of plant extracts 
against bacteria varies, with gram-positive 
bacteria being more susceptible than gram-
negative bacteria. This disparity is 
attributed to differences in cell membrane 
structure and composition. Plant extracts 
have shown promising activity that 
reduces the uptake of antibiotics, leading to 
resistance. However, certain plant species 
contain bioactive compounds like 
terpenoids, steroids, saponins, tannins, and 
flavonoids, which exhibit antimicrobial 
properties. Withania somnifera, for 
instance, contains a range of bioactive 
compounds, contributing to its strong 
antimicrobial activity. Similarly, various 
Veronica species have been reported to 
exhibit notable antimicrobial activities, as 
documented by several researchers 
(Alagesan & Venugopal, 2019; Alam et al., 
2011; Fang et al., 2022; Ganguly et al., 2018; 
Yahia et al., 2020; Złotek et al., 2016). In our 
study, the Withania somnifera ethyl acetate 
fraction demonstrated a maximal zone of 
inhibition of 10.5 ± 1 mm against S. aureus 
and 7.3 ± 0.2 mm against E. coli. On the 
contrary, the hexane extract produced 
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inhibitory zones against S. aureus and E. coli 
that were 6.3 ± 0.5 mm and 4.3 ± 0.2 mm, 
respectively.  The inhibition zones of the 
dichloromethane fraction against S. aureus 
indicated decreased activity, in contrast to 
the more inhibiting conventional 
antibiotics ampicillin (11.9 ± 0.4 mm) and 
ofloxacin (11.5 ± 0.15 mm), while the most 
major inhibitor was gentamicin (15.5 ± 0.3 
mm). Flavonoids, as a type of polyphenols, 
increase the effectiveness of antibiotics 
against microbes by forming complexes 
with fungal cell wall proteins and 
extracellular components. Terpenoids 
weaken the cell walls of fungal strains and 
promote the dissolution of membranes. 
Saponins interact with fungi to cause 
enzyme proteins to leak from cells, while 
steroids cause liposomes to leak from lipid 
bilayers (Dimitrić Marković et al., 2017; 
Treml & Šmejkal, 2016). This study 
comprehensively reported on the 
antifungal activity of Withania somnifera 
against Aspergillus fumigatus, highlighting 
its important therapeutic potential. 

Higher concentrations of phenolics and 
flavonoids found in plant leaf extracts 
obtained from roadside areas could be 
attributed to elevated levels of free radicals 
induced by vehicular pollution. Typically, 
free radicals are inherently unstable and 
typically harmless, undergoing conversion 
into non-radical products. The reduced 
state of phenolic compounds functions as 
antioxidants; however, the oxidized form 
(phenoxy radical) can be cytotoxic, posing 
risks to living systems by potentially 
initiating free radical chain reactions within 
membranes and exhibiting tendencies to 
cross-link with diverse substances. It was 
found that the increase in phenolic content 
is correlated with the increase in the 
activity of enzymes involved in the 
metabolism of phenolic compounds under 
stressful conditions, and the increase in 

flavonoid content was mainly due to 
conjugation hydrolysis (Altemimi et al., 
2017; Ali et al., 2020). Previous research has 
demonstrated that exposure of plants to 
ozone and heavy metals leads to a notable 
increase in the activity of antioxidants such 
as peroxidase, phenols, superoxide 
dismutase, and glutathione reductase. Mir 
et al. (2009) observed an elevation in total 
flavonoid and phenolic content in certain 
medicinal plants growing alongside roads. 
These results are in agreement with our 
findings of the DPPH inhibition potential 
of Withiana somnifera where samples in a 
Bahawalpur city were collected from two 
different sites i.e. forest site and roadside. 
Results showed that methanol extract of 
roadside collected Withiana somnifera 
exhibited higher values of total phenolics 
and total flavonoids as compared to those 
collected from the forest side. Similarly, the 
values of DDPH inhibition from forest site 
samples were higher than those of roadside 
samples of Withiana somnifera. 
Furthermore, the most noteworthy IC50 
esteem was noticed for the plant extracts 
from dirtiest destinations, trailed by those 
from non-contaminated locales, BHT, and 
ascorbic corrosive. This study reports, 
interestingly, that methanol concentrates of 
W. somnifera starting from the side of the 
road areas in Punjab suggest that they may 
lose their medicinal properties from 
constant exposure to vehicle emissions. 
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