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Abstract: Efficacy of silver nanoparticles against pathogemnicrobes has been known from ancient era. Now
a day, bacteria are getting resistant to varietbiatics based on their wide adaptability naturetie present
study, silver nanoparticles (AgNPs) were bio-sysithed in-vitro by extracellular method from Perigih
glabrum (MTCC1985). The appearance of yellowish brown catothe conical flask suggested the formation
of Ag-NPs. The supernatant of the fungu#ture changed the solution into brownish coloorughe completion

of the 5 minute reaction. The nanoparticles wengfioned by Uv-Vis spectrophotometer, Fourier tramsf
infrared (FTIR) analysis, Field emission scannitgcieon microscopy (FESEM), Atomic force microscopy
(AFM). Size of the nanoparticles was measuredatwben 26nm to 32nm by FESM. Silver nanoparticles
showed good antimicrobial activity against the stelé pathogens but combined formulation with aatibs,

the biosynthesized Nanoparticles frétenicillium glabrum (MTCC1985) amplified the antimicrobial potency
of the antibiotics studied.

From the Clinical Editor : In this studyPenicillium glabrum (MTCC 1985) has been used for the synthesis of
silver Nanopatrticles is quite fast, biocompatitdanple and free from any toxic chemicals The amtibaal
efficacy of various antibiotics was found to be amted in the combination of silver Nanoparticlegsiast
varied human bacterial pathogens.
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Introduction

Nanomaterials especially silver Nanoparticles havdot of applications in the field of biotechnology
biomedicine, biosensors, catalyst and therapentiasd. Different methods are available for the synthesis
silver nanoparticles like physical, chemical butertly development of biological method for the thysis of
Nanoparticles is simple, quite fast, eco-friendhg dree from any solvent or toxic chemicals invohent in the
process®. Synthesis and characterization of nanoparticeeresently an important area of research, as
selection of size and shape of nanoparticles pesvidn efficient control over many of the physicad a
chemical propertiés Biological method for synthesizing of silver Naaticles could have application in the
field of medicine especially as anti-carcinogerffed, drug carrier and diagnosis purposes. Difiegold and
silver nanopatrticles (nonmaterial) have been swithd by the biological method using (fungi, baetealgae)

’. By using biological method, controlled silver Nignarticles has been produced which increases theegt in
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this field of nanomedicine (development of drugpearch®. Different fungi have been reported for the
synthesis of silver Nanoparticlé$’. These fungi reduces the metal (silver and goktbaeellularly due to the
presence of reductase enzyme present in the akulich generate stable silver and gold Nanoglagiin the
deionized watéf'’. Silver has been used from the ancient times & fthm of silver nitrate and silver
sulfadiazine in order to treat various infectioit® Iwounds, burns, ophthalmic problems and alsal @ésea
disinfectant’. Development of resistance by the bacterial pathsgo the antibiotics has become a major
problem in the worldwide in the recent timfesBiosynthesized Silver Nanoparticles have beed tseounter
these drug resistant microbeJhis present work is an attempt to biosynthesiheer Nanoparticles from
Penicillium glabrum (MTCC1985) procured from IMCT, Chandigarh, Indiadxtracellular method to confirm
the formation of silver Nanoparticles by UV-Vis sp@scopy followed by various microscopic charaesgion
and to evaluate its (silver Nanoparticles) efficasya bactericide as well as its synergistic efféth other
drugs in order to combat the growth of selecteddrad pathogens viz.&aphylococcus aureus, Bacillus
cereus, E. coli, andProteus vulgaris.

Materials and Methods

The fungal culture oPenicillium glabrum (MTCC 1985) strain was obtained from the Institute of Micrdbia
Technology (IMTECH) Chandigarh, India. The obtainfingal culture was maintained in Sabouraud’s
Dextrose Agar (SDA) medium and sub cultured frometito time to regulate its viability in the labamat
during the present study.

Synthesis of silver Nanopatrticles

Penicillium glabrum (MTCC1985) was used for the biosynthesis of silvenoparticles. Fungal biomass was
grown aerobically in a liquid medium containing L(g/ KH,PQ, 7.0; 2.0 KHPO, MgSQ,. 7H,O 0.1;
(NH,)2SQ, 1.0; yeast extract 0.6; glucose 10.0 at 283 After incubation, the biomass was filtered gsin
Whatman filter paper No.1 and extensively washetth @istilled water to remove residual media compse
The resulting fresh and clean biomass was takentivé Erlenmeyer flasks, containing 100ml of deiedi
Milli-Q water. The flask was incubated at°®5in a shaker at 140 rpm for 72 hours. The biomess filtered
again with Whatman filter paper No.1 and the cedefextract was used in the following experimebhmM
AgNO; was prepared and 50ml was added to the cell-ixéacat and kept in a shaking incubator aP@5
140rpm for 72hours in dark condition.

Characterization of silver Nanoparticles

The samples were observed for color change and mmemi absorbance was analyzed using UV-
spectrophotometer. 1ml of sample supernatant vkas tafter 24hours and absorbance was measuredrgy us
UV-visible spectrophotometer between 300-600nm. Jdraple was subjected to FTIR spectroscopy analysis
Three milligram of the sample was taken and pregsedthe pellet .The sample was placed into thepa
holder and FTIR spectra was recorded. After thehsggis, the silver Nanoparticles were further ctiarazed

by AFM which is used to determine the particle s@® agglomeration of the nanoparticles. The two
dimensional and three dimensional image of AFM wefen which showed the particle height and average
roughness of silver nanoparticles. The sample fsethe analysis was sonicated for 5 minutes, rfeged

and made into a thin film for AFM analysis. SEMused to determine the surface morphology and gideeo
nanoparticles. For SEM sample has been prepareceblyifugation and then dried into powder form and
subjected to SEM analysis.

Antibacterial Analysis

The silver nanoparticles were checked for its amfiérial activity by disc diffusion methtd The
antimicrobial activity of the prepared silver naadjtles fromPenicillium glabrum (MTCC 1985) was tested
against the pathogenic bacteria suct8aphylococcus aureus, Bacillus cereus, Escherichia coli and Proteus
vulgaris. The combined formulation of silver nanopartickesh standard antibiotic discs such as Ofloxacin,
Sparfloxacin, Carbicillin and Amoxicillin were use find out the synergistic effect against the \a&bo
pathogens. The zone of inhibition was measuredt afternight incubation at 32.
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Calculation for Increase in fold area

The mean of increase in fold area can be calculayetie mean surface area for the zone of inhibitibeach
antibiotics that has been used alone and antibioigNPs. The increase in fold area of differerthpgens for
antibiotics and antibiotics + AgNPs can be caladaby using this equation: {B- A%)/A? where A is the
antibiotic alone and B is the antibiotic + AgNPspectively®.

Results and Discussion

The Penicillium glabrum (MTCC1985) was procured from the Institute of Migial Technology (IMTECH)
Chandigarh, India and employed in the present stoidthe biosynthesis of silver Nanoparticles. ABS\were
synthesized from Ag+ ions by treating the supemtat&Penicillium glabrum (MTCC1985). The appearance of
a yellowish brown color in the conical flask suggesthe formation of Ag-NP3% The supernatant of the
Penicillium glabrum (MTCC1985) culture changed the solution to a brahriolor upon the completion of the
5 minute reaction with Ag+ (Fig 1). The Ag-NPs weteracterized by UV-Vis spectroscopy. The techaiqu
outlined above has proved to be very useful forath@lysis of nanoparticlés™**** As illustrated in Fig 2, Uv-
Vis spectra, a strong surface plasmon resonance eegrtered at approximately 420nm indicated thegoree
of silver Nanoparticles.

(B)

Fig 1: Synthesis of silver nanoparticles fromPenicillium glabrum (MTCC1985)
(A) Before treatment (B) After treatment of silve nitrate

The exact mechanism for the synthesis of silverdgarticles has not been clear yet but it has beggested
that the fungal biomass contain the NADH dependérdte reductase enzyme, when the silver ions sdme
contact with the cell wall of the fungal biomaske tnitrate reductase secreted by the fungus cahses
reduction of silver ions into silver nanopartictés®*
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Fig. 2: Uv—Vis spectrum of silver nanoparticles sythesized fromPenicillium glabrum (MTCC1985)
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FTIR analysis was used to identify the moleculestgins and functional groups involved in the reiturc of

silver ions into silver Nanopatrticles (Fig 3). TREIR analysis obtained for the Nanoparticles slbweat the
absorption peaks located at 3417.6"¢@+H stretch)2923.8 crit(C-H stretch), 1635.5 ¢m(C=0 stretch of
amide), 1380.9cth(CH; bend of alkanes),1080¢h{C-N Stretch of aliphatic amines), 601.7t(acetylenic C-
H bend of alkynes).
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Fig. 3: FTIR analysis of Silver Nanoparticles syntksized fromPenicillium glabrum (MTCC 1985).

Atomic Force Microscopy (AFM) analysis has beenduf® the determination of particle size and averag
roughness of the particles. Three dimensional stras of the AFM showed the particle height, averag
roughness and in homogeneity of the cluster folwnatif the surface (Fig 4). Two dimensional struetaf the
AFM (Fig 5) were used to determine the agglomenatidanoparticles size was spherical and poly dssgzer
whose range was in between 30 to 50nm.

Fig 4: 3D picture of Atomic Force microscoby (AFM)shows the particle height, roughness and
inhomogenity of cluster formation of silver nanopaticles synthesized fromP. glabrum
(MTCC1985).
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nm

Fig 5: 2D picture of Atomic Force Microscopy (AFM)of silver Nanoparticles synthesized
from Penicillium glabrum (MTTC1985).

Field emission Scanning electron microscopy (FE3Mje used to understand the surface topology laad t
size of silver nanoparticles and it showed theesilManoparticles are spherical and well dispersitd the
diameter ranges between 26 nm and 32.1nm froma)kig
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Fig. 6: Field emission Scanning electron microscope showsetwell dispersed and particle size
of silver nanoparticles (26.35 t032.21 nm). Scabar = 100nm

The antimicrobial activity of silver Nanoparticley disc diffusion method against different clinigakolated
pathogens viz.Saphylococcus aureus, Bacillus cereus, E. coli, and Proteus vulgaris were satisfactory in the
present study (Fig 7The combined formulation of silver nanoparticleshwdifferent antibiotics like carbicillin
(100mcg disc) and amoxicillin (30mcg disc) showenharkable results against all the pathogens sty#igds
and Table 1) when subjected to antimicrobial anslyEhe antibacterial activities of carbicillin aadhoxicillin
were amplified in the presence of AgNPs againstbiheterial strains. The highest increase in fokhavas
observed for amoxicillin againgt coli, Proteus vulgaris andBacillus cereus (Table 1), where as carbicillin had
the highest fold area agairistcoli (1.52%). Silver Nanoparticles showed good antioh@l activity alone. It
was found that the silver nanoparticles producethfP. glabrum enhanced the reaction rates of the antibiotics
in a synergistic mode as well as in its own waytase clinically isolated pathogens (Fig 7). Thespnt study
carried out on enhanced antimicrobial activity dfves Nanoparticles synthesized frof glabrum in
combination with antibiotics was agreed with fewrkerys but quite different from others sinPenicillium
glabrumis from the ancestral antibiotic family as a dpagducer® %
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Staphylococcus aureus Bacillius cereus E. coli Proteus vulgaris

Fig 7: Synergistic antimicrobial activity of silver Nanoparticles and antibiotics on agar plates.

From the above investigation it has been found thatsilver Nanoparticles synthesized fréenicillium
glabrum (MTCC1985) along with antibiotics enhanced theraidiobial activity against the clinically isolated
pathogens. By using the biological method for thetlsesis of Nanoparticles is safe, ecofriendly aad be
readily used in the field of biomedicife?® Further investigation is required to check thaatmechanism of
the biosynthesis of silver Nanoparticles from d#éfe microbes and to study its effect in-vivo irdihg
cytotoxicity studies are necessary in order td fiut its biocompatibility with the animals and hambeings
before using it as a antimicrobial drug.

Table 1: Zone of inhibition (mm) of Carbicillin and Amoxicillin against test pathogens in presence
and absence of silver nanopatrticles.

Sl. Pathogenic | Carbicillin | Ag | Carbicillin | Increase | Amoxicillin | Amoxicillin Increase in
No. Bacteria (A) NPs | + AgNPs in fold (A) + AgNPs | fold area (%)
(B) area (%) (B)

1 S aureus 21 24 27 0.65 21 28 0.77

2 Bacillus cereus 22 18 28 0.61 14 22 1.46

3 E. coli 17 20 27 1.52 12 20 1.77

4 Proteus vulgaris 15 20 21 0.96 14 23 1.69

Conclusion

During our study, silver Nanopatrticles was bio-sysized by extracellular method frdPenicillium glabrum
(MTCC1985) in-vitro. The appearance of yellowislbwn color in the conical flask suggested the foromabf
AgNPs. The supernatant of the fungudture changed the solution to a brownish colarughe completion of
the 5 minute reaction. Size of the nanoparticles maasured in between 26 nm to 32 nm by FESEMeISilv
nanoparticles showed good antimicrobial activitgiagt the selected pathogens but combined fornoulatith
antibiotics, the biosynthesized nanoparticles fré¥enicillium glabrum (MTCC 1985) amplified the
antimicrobial potency of the antibiotics studiederel it would be inferred from the current studytttee
synergistic use of antibiotics and silver nanophet together as a drug to minimize the potency dowhge
against the multi drug resistant pathogens in omeure dreaded diseases in future. But silverddarticles
needs animal trial to check its cytotoxicity befaseavailability in the market.
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