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Silver nanoparticles (AgNPs), due to their interesting properties
and many potential applications have attracted enormous
interests in recent years. An attempt has been made in this
present study to synthesize AgNPs through biological reduc-
tion of silver nitrate, with leaf extract of Hyptis suaveolens (L)
Poit serving as a reducing agent. AgNPs formed were
characterized with spectral (UV-Vis, XRD, FTIR) and electron
microscopic investigations. Dispersed spherical nanosilver par-
ticles in the range of 2 nm–85 nm were observed through
microscopic analysis and the crystalline nature was evidenced
through XRD analyses. Anticandidal activity of biosynthesised

AgNPs was evaluated against two Candida albicans strains. The
minimum inhibitory concentration (MIC) values for AgNPs
against the two clinical strains were 0.27�0.03 μg/ml and
0.97�0.13 μg/ml. AgNPs were found to be more effective than
the amphotericin-B used as control against the strains of the
test pathogens. Scanning electron microscopic (SEM) analyses
of the Candida cells treated with AgNPs shows change in the
surface morphology, suggesting cell wall disruption to be a
potential mode of anticandidal activity. Based on our observa-
tions, AgNPs synthesized with leaf extract of Hyptis suaveolens
could be potentially used in combating candidal infections.

Introduction

Invasive fungal diseases are important causes of morbidity and
mortality. Highly host adaptive fungal commensals evolve into
deadly pathogens under dysbiosis conditions leading to
disease state.[1] Disease burden of various species of Candida
casuing Candidiasis, Aspergillus leading to Aspergillosis, Zygo-
mycetes members like Mucor, Rhizopus, Rhizomucor causing

mucormycosis have been well documented.[2] While the anti-
biotic armour against these opportunistic pathogens is limited,
evolution of drug resistant strains skyrockets their threat.[3]

Recently during the COVID associated hospitalizations, among
the patients with fungal co-infection, Candida spp. were the
most frequently isolated fungal pathogen. Candida spp., a
dimorphic fungus present in the normal flora of the healthy
people; thriving commensally on the skin and mucosal layers,
turns out to be an opportunistic pathogen causing superficial
and systemic infections,[4] in the immune compromised hosts.
COVID, HIV infection, and broad spectrum of antibiotic therapy
have resulted in significant outburst of candidiasis.[5,6] Various
ranges of antibiotics are currently in use to treat the candidal
infections viz polyenes (amphotericin B), triazoles (fluconazole,
itraconazole, voriconazole, and posaconazole), and echinocan-
dins (caspofungin, micafungin, andanidulafungin).[7] However
administration of these kind of antibiotics are associated with
complications including toxicity and other adverse side-
effects.[8–11] Therefore it is very crucial to find newer molecules
for the treatment of Candida infections without any adverse
effect on the host cells.

The advent of nanotechnology has offered unique solutions
to several pressing problems plaguing the mankind and offers
great promise and hope in overcoming them.[12] The hybrid of
nanoscale technologies with biology generally termed as
nanobiology covers a wide range of topics like synthesis,
fabrication, characterization of nano-dimensional entities from
biological sources and its application in the biological realms.
Nanomaterials with unique physical and chemical properties
have found its way into biological realms. Different types of
nanomaterials like copper, zinc, titanium,[13] silver, magnesium,
gold[14] and alginate[15] had been reported to exhibit antimicro-
bial and cytotoxic potentials. Among them, AgNPs had been
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proved to be most effective antimicrobial agent against fungi,
bacteria, viruses and other eukaryotic micro-organisms.[16,17] In
view of their importance, AgNPs have been chosen in this
present study and its’ efficacy against Candida albicans were
evaluated.

Antimicrobial property of nanoparticles are mainly depend-
ent on their size, shape, pH, ionic strength and capping
agent.[18] It has also been reported that the smaller-sized
spherical AgNPs demonstrated higher antiseptic efficacy than
that of triangular AgNPs, whereas larger spherical AgNPs were
found less efficient in bactericidal action than triangle shaped
AgNPs against bacterial strains.[19] Some reports suggested that
isotropic geometries such as spherical particles demonstrated
high antibacterial effectiveness. They claim that large surface to
volume ratio of spherical shapes, which provided the maximum
reactivity to obtain the highest antibacterial activity.[20,21] Nano
silver has been demonstrated to be an effective and fast acting
fungicide against broad spectrum of common fungi like
Aspergillus, Malassezia, Candida and Saccharomyces.[22,23]

The biological reduction (green synthesis) method has
been one of the most effective, economical and rapid method
for synthesizing metallic nanoparticles and had been used to
synthesize AgNPs.[24] The plant used in this present study, Hyptis
suaveolens (L) Poit belonging to the family Lamiaceae has been
commonly known as vilayati tulsi and has been an ethno-
botanically important medicinal plant. The plant has been
considered as an obnoxious weed, distributed throughout the
tropics and subtropics. Almost all parts of this plant are being
used in traditional medicine to treat various diseases. The
leaves of H. suaveolens have been utilized as a stimulant,
carminative, sudorific, galactogogue and as a cure for parasitic
cutaneous diseases.[25] Crude leaf extract is also used as a relief
to colic and stomach ache. Leaves and twigs are considered to
be antispasmodic and used in antirheumatic and antisuporific
baths,[26] anti-inflammatory, antifertility agents,[27] and also
applied as an antiseptic in burns, wounds, and various skin
complaints. Hence this plant has been chosen for the present
study and an attempt has been made for a rapid synthesize of
AgNPs using aqueous leaf extracts of H. suaveolens and various
operational parameters were evaluated for biosynthesis route.
Anticandidal effect on two different strains of C. albicans viz
5314 and 10261 was evaluated. In addition topological changes
made by AgNPs on the cell surface of the Candida were
evaluated using FESEM.

Experimental Section

Chemicals

All the chemicals and reagents used in this study were of analytical
grade. Antifungal drug such as amphotericin B was purchased from
HiMedia (India). Silver nitrate was obtained from Sigma-Aldrich
Chemicals. De-ionised water employed in the study was collected
from Merck-Milli-DI® water purification system. Culture media such
as yeast nitrogen base (YNB) and yeast extract peptone dextrose
agar (YEPDA) were purchased from Difco Laboratories (Detroit, MI,
USA) and HiMedia (India).

Sample collection and extraction

The healthy leaves of H. suaveolens were collected from the
Maraimalai (Guindy) Campus of University of Madras, India.
Aqueous extract of H. suaveolens was prepared from freshly
collected leaves (10 g). They were surface cleaned with running tap
water, followed by distilled water and boiled with 100 ml of
distilled water at 100 °C for 15 min. This extract was filtered through
Whatman filter paper No.1 and used for further experiments.

Synthesis of silver nanoparticles

For synthesis of AgNPs, 3 ml of AgNO3 (1 mM) solution was added
with the aqueous extract of H. suaveolens and incubated in dark (to
prevent the photo activation of silver nitrate) under static
conditions.[28] The reaction conditions were optimised for the
concentrations of the plant extract, kinetics of contact time,
temperature and different concentration of metal ion. A control
setup was also maintained without the extract throughout the
conduct of the experiment.

Characterization studies

The reduction of silver ions was monitored using UV/Vis double
beam spectrophotometer (HITACHI 2900, Japan) by scanning an
aliquot of the reactant mixture at a wavelength range of 300 to
700 nm. The size, shape and composition of the nanoparticles were
analysed using TEM (JEOL-JEM-2100, Japan) equipped with EDX,
DLS(Zetasizer Nano ZS, Malvern Instruments Ltd., UK), XRD (Philips,
USA), and FT-IR (Perkin Elmer, Germany) studies. For TEM analysis,
the nanosol was filtered through 0.2 micron sterile filter to remove
the impurities if any. Samples for TEM studies were prepared by
placing 3 μl of the nanosol filtrate on the carbon coated copper
grid, making a thin film of sample on the grid. The excess sample
was removed using the cone of a blotting paper and kept in grid
box sequentially. For XRD and FTIR analysis, AgNPs were pelleted
out of the nanosol by centrifugation process at 10,000 rpm for
15 min, air dried and used. The purity of the AgNPs were analysed
by subjecting the sample to XRD studies using Philips X-Ray
Diffractometer with Philips PW 1830 X-Ray Generator operated at a
voltage of 40 kV and a current of 30 mA with Cu Kα1 radiation.
Further, functional groups of the stabilising and capping molecules
adherent onto the AgNPs surface were determined through FT-IR
analysis by KBr (FTIR grade) pellet method.

Anti-candidal activity by disc diffusion method

Anti-candidal activity was evaluated against two different clinical
strains of Candida albicans 5314 and 10261.The AgNPs synthesized
using H. suaveolens plant extract were tested for their antimicrobial
activity by disc diffusion method. The pure cultures of the test
organisms were sub-cultured in YNB broth at 35 °C and kept on
rotary shaker at 200 rpm. The Muller Hinton agar plates (MHA)
were swabbed with the 18–24 h old fungal pathogens to create a
confluent lawn of fungal growth (1×105 cells /ml). Paper disc of
6 mm dimension (Hi-Media, India) was impregnated with 25 μl
silver nanoparticles. Amphotericin B (10.24 mg/10 mL) used as
positive control. Efficacy of plant extract and silver nitrate was also
compared. The discs were gently pressed to get better contact with
Muller Hinton Agar. The plates were incubated for 24 h at 37 °C.
After incubation at 37 °C, the different levels of zone of inhibition
were measured. After incubation the susceptibility of the test
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organisms was determined by measuring the diameter of the zone
of inhibition.

Minimal inhibitory concentration of silver nanoparticles

The determination of MIC of the AgNPs against C. albicans was
performed as per the recommendations of the Clinical Laboratory
Standard Institute.[29] The yeast cells of C. albicans were grown
planktonically under aerobic conditions at 37 °C for 24 h in YNB
broth. The cell count was made with hemocytometer, and a
standardized cell suspension (1×105 cells/ml) was prepared. One
hundred microliters of the cell suspension was dispensed in
triplicate microtiter wells to which 100 μl suspension containing
different concentrations of nanoparticles in YNB medium was
added and mixed well. Conventionally used antifungal agent such
as amphotericin B[30] was used in order to compare the antifungal
potential of AgNPs. Amphotericin B was dissolved in dimethyl
sulfoxide (DMSO) and diluted with sterile YNB medium to obtain
drug concentrations ranging from 0.0313 to 1024 μg/ml. The cells
with either nanoparticles or conventionally used antifungal were
incubated at room temperature for 24 h, and the growth inhibition
was measured spectrophotometrically at 600 nm (Powerserve XS
Biotech, USA). Wells with cells without AgNPs were used as the

control. The MIC was calculated as the lowest amount of AgNPs
that inhibited 50% growth of C. albicans cells under the
experimental conditions.

Scanning electron microscopy (SEM)

One millilitre of candidal suspension (1×105 cells/ml) was incu-
bated with AgNPs at their MIC values for 24 h and observed in
FESEM (H-7650, Hitachi, Japan), and the morphological changes
were observed. The cells grown on YNB medium without AgNPs
served as the control.

Results and Discussion

Synthesis of silver nanoparticles

The reduction of silver ions (Ag+) in aqueous extract of H.
suaveolens was marked by a visible colour change (colourless
to reddish brown) of the reaction mixture (Figure 1). The
aqueous leaf extract reduced the Ag+ and lead to the
formation of silver hydrosol. The control AgNO3 solution
(without extract) showed no change of colour.

The synthesis of AgNPs in the reaction mixture was
monitored using UV-Visible spectroscopy. AgNPs synthesized

Figure 1. Formation of AgNPs as visualized by visible color change. A- Silver
Nitrate; B -Plant Extract; C - 1 : 60 V/V; D - 1 :30 V/V; E - 1 : 20 V/V.

Figure 2. UV-Vis spectra of AgNPs synthesised with different concentrations of H. souveolens leaf extract.

Table 1. Antimicrobial activity of AgNPs and antifungal drug against
Candida albicans.

Test Compounds Zone of inhibition (mm)
Candida albicans 10261 Candida albicans 5314

Silver nanoparticles 22�0.43 20�0.75
Amphotericin B 18�0.5 18�0.6
Silver nitrate 16�0.43 15�0.45
Plant extract [NZI] [NZI]

[Data are represented as mean� standard deviation; NZI – No zone of
inhibition]
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were evident by the occurrence of a characteristic Surface
Plasmon Resonance (SPR) peak at 435 nm. SPR patterns,
characteristics of metal nanoparticles are strongly dependent
on the particle size, stabilizing molecules or the surface
adsorbed particles and the dielectric constant of the
medium.[31] SPR plays a major role in the determination of

optical absorption spectra of metal nanoparticles, which shifts
to a longer wavelength with increase in the particles size.[32]

Figure 3. UV-Vis spectra of AgNPs synthesised with H. souveolens leaf extract at kinetics of contact time.

Figure 4. UV-Vis spectra of AgNPs synthesised with H. souveolens leaf extract at different temperatures.
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Figure 5. UV-Vis spectra of AgNPs synthesised with H. souveolens leaf extract at different concentration of metal ion.

Figure 6. A-Transmission electron microscopic image of the synthesised AgNPs. B - EDAX spectrum showing the peak for silver.

Figure 7. DLS spectrum of AgNPs synthesised using the leaf extract of H. souveolens.
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Optimization of AgNPs synthesis using different parameters

The reaction parameters such as concentrations of leaf extract,
silver nitrate solution, reaction time and temperature were
optimized through one factor at a time (OFAT) approach.

Effect of different concentrations of leaf extract

The concentration of leaf extract to silver nitrate (1 mM)
solution in the reaction mixture was varied in the range of
1 :60, 1 : 30 and 1 :20 V/V at 37 °C. UV-Visible spectrum analysis
revealed that leaf extract and silver nitrate solution at 1 :60 V/V
concentrations was effective over the other tested concen-
trations, which was evident from the sharper SPR peak at
435 nm. The intensity of the absorption spectra recorded for
other test concentration of leaf extract was smaller and it may
be due to decreased or low synthesis of silver nanoparticles. A
control setup with no silver nitrate solution (leaf extract alone)
did not show any peak in the absorption region specific for
silver (Figure 2). Furthermore, higher concentration of leaf
extracts had been attributed with enhanced agglomeration of
nanomaterials.[33] Hence, leaf extract at 1 :60 V/V dilutions has
been considered to be optimal for AgNP synthesis.

Effect of contact time on AgNPs synthesis

A visible change in the colour of the reaction mixture from
yellow to bright red and then to dark brown was observed
during the incubation. The rate of AgNPs formation in the
reaction mixture was followed over 24 h period and occurrence
of AgNPs specific peaks started within 5 min, whose intensity
increased up to 24 h. The spectrum in Figure 3 clearly shows
that as the time increases, the intensity of the peak at 435 nm
corresponding to the SPR of AgNPs increased. There was no
change in the spectra even after 24 h which indicates that the

reaction came to equilibrium at 24 h. Interestingly the solution
was extremely stable even after 24 h, with no evidence of
aggregation of particles. These observations corroborated with
the previous report[34] on H. suaveolens dried leaf extract based
reduction of silver and stabilization of AgNPs. Previously, rapid
synthesis of AgNPs with Boswellia ovalifoliolata plant extract
was reported in 10 minutes and Shorea tumbuggaia plant
extract took 15 min.[35] AgNPs were formed within 30 min using
the leaf extracts of Acalypha indica as a reducing agent.[28]

Effect of temperature on the synthesis of AgNPs

In an attempt to optimize the temperature for optimal
synthesis of AgNPs, the SPR peak and its intensity were found
to shift towards higher wavelength and increase respectively
with an increase in the reaction temperature (Figure 4). The
phenomenon could be attributed to enhanced conversion of
metal ions to nanoparticles at elevated temperatures. While the
trend observed in this study corroborates with several earlier
reports, optimum temperature for AgNPs synthesis through
bio-reduction methods had been reported around 37 °C.[36,37]

Agglomeration of AgNPs had been reported at elevated
reaction temeperature,[36] however in this study we confirmed
the stability of AgNPs even at higher temperatures. There was
no agglomeration even at 100 °C. Among the various temper-
ature tested, 70 °C was found to be the most optimum for the
silver nanoparticles, as it shows absorption peak at 421 nm.

Effect of different concentrations of silver metal ion

Concentration of silver nitrate plays a major role in the
nanoparticle synthesis. Different concentrations of silver ions
were evaluated by maintaining other parameters at optimised
levels for the synthesis of AgNPs. Colour intensity increases
with the increase in silver nitrate concentrations at a fixed

Figure 8. XRD pattern of AgNPs synthesized from the leaf extract of H. souveolens.
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volume fraction of leaf extract. Among the various concen-
trations tested 1 mM of AgNO3 was found to be the optimum
for synthesis of AgNPs and this is in good agreement with the
earlier reports.[38] At 0.5 mM of AgNO3, occurrence of larger
grain or agglomerates resulted in the peak shift to a higher
wavelength, thereby making it unsuitable for the synthesis
purposes (Figure 5). They also reported that increasing concen-
trations of AgNO3 increased the agglomeration of Ag+ to
AgNPs. The synthesis of AgNPs was found to be low at low
metal ion (0.1 mM AgNO3) concentration and hence absorb-
ance was also weaker.

Transmission electron microscopy (TEM) and EDAX

The size and morphology of the nanoparticles were analysed
with a Transmission Electron Microscope (TEM). The TEM
micrograph (Figure 6) shows well-dispersed particles that are
more or less spherical, one or more aggregated as well as
faceted particles. The polydispersed nanoparticle ranged
between 2 nm to 85 nm. Similar results had been documented
in several plant extract based AgNPs synthesis.[24,39] Recently
AgNPs ranging about 29.5 nm to 52.27 nm were synthesised
using the dried leaves extract of H. souveolens.[34] Size of the
AgNPs synthesized using Cyprus pangorei extracts ranged
about 32–60 nm[40] and with Cycas leaf extracts ranged about
2–6 nm.[41]

Figure 9. FTIR spectrum of aqueous leaf extract of Hyptis souveolens (A) and AgNPs synthesized by reduction of Ag+ ions by leaf extract (B).
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Most studies had reported formation of spherical
AgNPs,[24,39] although other forms were sparsely reported.
Spherical, triangular, square, oval shaped AgNPs were synthes-
ised using Corn cobs xylan,[42] while spherical and cuboidal
AgNPs were synthesised from leaf extracts of Citrus medica.[43]

In biological synthesis methods, exercising strict control over
the size and shape of the nanoparticles has been elusive;[24,44]

understanding the impact of individual process variables and
their interactions would be the key towards achieving it. The
purity of the biosynthesised AgNPs were investigated through
EDX analysis. AgNPs generally shows a typically strong signal

peak at 3 KeV, due to surface plasmon resonance.[45] In the
present investigation, strong signals for Ag from the synthes-
ised AgNP were observed at 3–4 KeV. Similar results were
reported for AgNPs synthesised with varied sources of
bioreactants.[45,46]

Dynamic light scattering

The size distribution pattern of AgNPs was determined by
monitoring the dynamic fluctuations in the light scattering
intensity of the particles. Two major population based on size

Figure 10. Minimal inhibitory concentration of AgNPs against Candida albicans 5314 and Candida albicans 10261.

Figure 11. Surface topography of Candida albicans 5314 control (A); treated with AgNPs (B,C,D).
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could be discerned whose average ranged about 2.8�0.87 nm
and 54.75�31.24 nm (Figure 7). These size measurements
corroborated with the results obtained in TEM analysis (2–
85 nm). Further the DLS measurements confirmed the stable
hydrodynamic properties of the AgNPs.

X-ray diffraction was carried out to confirm the crystalline
nature of the particles. XRD analysis showed four distinct
diffraction peaks at 38.12°, 46.17°, and 76.48° corresponding to
the planes (111), (200), and (311) of the cubic face-centered
silver (Figure 8). The unassigned peaks at 27.88°, 32.26°, 54.68°
and 57.34° were due to the crystallization of bioorganic phases
that occur on the surface of NPs.[47,48] The lattice constant
calculated from this diffraction pattern was 4.08 Å and the data
obtained matched with that in the database of Joint Commit-
tee on Powder Diffraction Standards (JCPDS), file No. 01-1167.
The average grain size of the AgNPs formed in the bioreduction
process was determined using Scherrer’s formula, d=0.9λ/B
cosθ and was estimated as 35 nm. The XRD pattern thus clearly
showed that the crystalline nature of AgNPs formed in this
study and corroborated with the previous studies.[48,49]

Fourier transformed infrared spectroscopy (FTIR)

The biosynthesised AgNPs and the lyophilized leaf extract of H.
suaveolens were characterized using Fourier Transformed Infra-
red Spectroscopy (FTIR) by scanning them in the range 450–
4000 cm�1 at resolution of 4 cm�1. FTIR analysis was carried out
to identify the bio molecules responsible for the reduction of
silver ions and functional groups adherent onto the surface of
the AgNPs. In FTIR spectrum (Figure 9) of the leaf extract of H.
suaveolens the peak stretching extending at 3371.98 cm�1 and
3322.93 cm�1 were of free NH and H-NH group respectively.
Reduction in the intensity of these peaks was observed in

AgNPs suggesting formation of amide linkages. Peaks at
3667.82 and above denoted the presence of free OH groups.
Peaks in the range of 3000–3300 cm�1 are characteristics of OH
stretching from carboxylic acids. Peak at 1736.59 cm�1,
1267.21 cm�1 and 1058.73 cm�1 corresponded to C=O, aliphatic
ester and aliphatic ether vibrations respectively. Their inten-
sities also increased significantly in AgNPs suggesting occur-
rence of condensation reactions to stabilizing the nano-
particles. Similarly, the peak at 1341.99 cm�1 and 1396.34 cm�1

in the leaf extract corresponded to aromatic amine and S=O
group respectively were significantly reduced in the IR
spectrum of AgNPs. The peak at 1595.84 cm�1 in the leaf
extract corresponds to the nitro compound was lacking in the
IR spectra of AgNPs. Multiple weak peaks pertaining to C=C
stretching in the range of 2100–2260 cm�1 and CH stretchings
in the range of 2840–3000 cm�1 were observed to be more
pronounced in the IR spectrum of AgNPs. The strong affinity of
the amide group of proteins towards the metal and its
contribution to the stability of the nanoparticles was reported
erstwhile.[49] Detailed reviews of the plant based synthesis of
AgNPs have established that the metabolites in the plant
extracts contribute to the reduction and stabilization process.
Our results suggest that the surface of the AgNPs were
harbouring plant based biomolecules and it could confer
stability to AgNPs. The extracts of H. suaveolens had been
earlier reported to harbour phytochemicals like essential oils,
tannins, saponins, phenols, flavonoids, terpenoids, alkaloids,
and sterols.[50] They have served as the source of biomolecules
in this study.

Figure 12. Surface topography of Candida albicans 10261 control (A); treated with AgNPs (B,C,D).
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Anticandidal activity

The anticandidal activity of AgNPs was investigated against
two different strains of Candida albicans 5314 and 10261 using
disc diffusion technique. Amphotericin B was used as reference
drug. The antifungal activity of the phytosynthesized AgNPs
showed higher inhibitory activity than the standard drug. The
results clearly depicts that the efficiency of the AgNPs is better
than the conventionally used drug. The inhibitory zone
produced by the AgNPs against the C. albicans strains 5314 was
found to be 20 mm and 10261 were 22 mm (Table 1); on par
with commercial drug and higher than silver nitrate. The AgNPs
synthesized from leaf extract of Lotus lalambensis Schweinf
exhibited about 24 mm ZI against C. albicans.[51] AgNPs (20–
45 nm) synthesized using Streptomyces sp.VITPK1 exhibited
about 20 mm ZI against C. albicans, C. tropicalis and C. krusei.[52]

Determination of Minimal Inhibitory Concentration

Minimum inhibitory concentration (MIC) test was performed to
check the minimum concentration of biogenic AgNPs against
Candida strains. MIC test reveals the existence of antifungal
activity at different concentration levels. In this present
investigation the MIC test value of biogenic AgNPs against
both the strains of Candida albicans 5314 and 10261 was
calculated as 0.27�0.03 μg/ml and 0.97�0.13 μg/ml respec-
tively and Amphotericin B was calculated as 0.5 μg/mL and
2 μg/mL respectively (Figure 10). Interestingly it was found that
the IC50 value was very much lower than the IC50 value of the
commercial drug. AgNPs produced using different plant
extracts found to be effective against Candida sp. AgNPs
biosynthesized by the Calotropis gigantea leaf extract against C.
albicans with an MIC of 50 μg/mL.[53] AgNPs synthesized using
the extract of Lycopersicon esculentum displayed inhibitory
action against C. albicans, C. parapsilosis, and C. glabrata with
an MIC of 8 μg/mL while biosynthesized AgNPs using Artemisia
annua showed MIC against C. albicans, C. tropicalis, and C.
glabrata that ranged between 80 and 120 μg/mL.[54] Thus,
AgNPs produced by different approaches and species were
reported to show antifungal activity at different MIC levels
depending on their size, shape, and surface modification.[51,55]

Size of the nanoparticles plays an important role in the
antimicrobial property. It had been reported that the size and
shape of the metallic nanoparticles influence their chemical,
optical and thermal properties. In our previous report we have
reported that PVP-stabilized quantum sized AgNPs work as a
potent antifungal agent at very low concentration. The MIC
value obtained was very much lower when compared with
other known antifungals.[17]

Scanning Electron Microscopy

SEM images reveal that the cell morphology of the AgNPs
treated and untreated Candida cells differ widely. The clear
budding of the cells can be observed in untreated cells
whereas in AgNPs treated cells no such budding was observed.
Cell shrinkage was observed in treated cells due to the cell

leakage (Figure 11 & 12). AgNPs treatment could have created
pores on the cell wall and penetrated into the cells which
might have caused the cell damage. Previous reports suggests
that the AgNPs entering into the cells reacts with the microbial
enzymes and release reactive oxygen species, leading to the
membrane damage and cell destruction.[56] It had also been
reported that disruption of membrane morphology may cause
a significant increase in permeability, leading to uncontrolled
transport through the plasma membrane and finally cell
death.[57] Recent reports confirms that AgNPs creates pores on
the cell wall which leads to the leakage of ions which causes
the membrane lipid bilayer damage.[51] Different mechanisms
have been proposed on mode of action of silver nanoparticles.
Silver has greater tendency towards sulphur or phosphorous
containing bases. Hence sulphur containing proteins in the
membrane or inside the cells and phosphorous containing
elements like DNA are the preferential sites for AgNPs
binding.[58,59] AgNPs block the cell cycle at G2/M phase in C.
albicans which results in the production of reactive oxygen
species (ROS) and decreases the metal based antioxidant
enzymes.[60,61]

Conclusion

The present work identifies an ethanobotanically valuable
plant, Hyptis suaveolens (L) Poit as a source of bio-reductant
and stabilizing agent for AgNPs synthesis in environmentally
benign and economically viable route. The spherical AgNPs
synthesised exhibited no agglomeration over the study period
and manifested well pronounced anticandidal effects. The MICs
recorded against Candia albicans strains were significantly
better than Amphotericin B, suggesting that they could be a
formulated into anticandidal preparations after a serious of
in vivo and toxicity studies. Pharmaceutical preparations with
AgNPs alone or in conjugation with conventional antifungal
therapeutics could also be generated to effectively combat
candidiasis and other mycoses in immuno-compromised indi-
viduals.
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