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Abstract

In the last years, there has been an alarming increase in antibiotic resistance by patho-
genic microbes, which has become a major public health concern. There is a great interest
in developing new antimicrobial for reducing the impact. Silver nanoparticles (AgNPs) as
antibacterial agents are currently being studied to be used to fight these pathogenic mi-
crobes. The aim of the present study was to synthesize AgNPs of different sizes through
the use of microwave and determine their antimicrobial activities. Synthesis of size-
dependent L-glutathione-capped spherical nanoparticles through one-pot microwave syn-
thesis was achieved, and their antimicrobial properties were determined. Different sizes
of AgNPs between 5-10, 15-35, and 50-80 nm were made by varying the concentration of
silver nitrate and using sodium borohydride (NaBH4) as a reducing agent. L-glutathione
was used to stabilize the AgNPs to prevent them from aggregation in the colloidal solution.
The synthesized AgNPs showed ultraviolet absorption at around 400 nm with high concen-
tration of AgNO; having sharp peaks. The formed particles were crystalline in nature with
uniform spherical shape. The formed AgNPs were of crystalline size of 9.94, 18.45, 34.96,
52.40, and 58.50 nm. Fourier transform infrared analysis confirmed conjugation of gluta-
thione as a capping agent to AgNPs as the result of the formed spectra showing the absence
of oSH stretch. The high temperature generated by microwave helped to synthesize nano-
particles within a short time and by varying the concentration of AgNOs helped obtain the
desired particle size. Glutathione conjugated well with AgNPs as a result of interaction of
negative thiol resulting to colloidal stabilization and reduced aggregation. The antibacte-
rial activity of AgNPs was found to be size dependent with the smaller size of 9.94 nm be-
ing more efficient than 18.45, 34.96, 52.40, and 58.50 nm against the tested strains
Bacillus subtilis (ATCC 6633), Escherichia coli (ATCC 25922), Salmonella spp. (ATCC
700623), and Staphylococcus aureus (ATCC 25923). Of the four stains, E. coli was found
to be the least affected by all three different particle sizes of the synthesized AgNPs.
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Introduction

Nanotechnology involves synthesis, identification,
study, and application of very small particles (1-100
nm) in the field of science to solve various problems
(Mehr et al., 2012). Nanoparticles exhibit improved
physical, biological, and chemical properties and func-
tionality. The field of nanotechnology has found appli-
cation in the area of medicine in drug delivery (Franci
et al., 2015), in diagnosis of diseases, in treatment of
current diseases such as cancer and diabetes (De
Matteis et al., 2018), in catalysis (Joseph and Mathew,
2014), and in making sensors (Zhang et al., 2015).
Nanotechnology is also a promising area in provision of
solutions to antimicrobial resistance (Khatoon et al.,
2011; Nyamu et al., 2018). Nanoparticles with different
sizes and dimensions can be prepared by chemical
method (Raza et al., 2016), physical method, bio-based
method (Phanjom et al., 2015; Sunita and Palaniswamy,
2017), green synthesis method,(Atta et al., 2014)
polyol mediated (Dzido et al., 2015), or the use of mi-
crowave (Chen et al., 2008; Pal et al., 2009; Aitenneite
et al., 2016).

The use of microwave to synthesize nanoparticles is a
promising method as it results to consistently uniform
particle sizes, higher degree of crystallization, and
narrower size distributions preventing agglomeration
of particles (lravani et al., 2014). Other than the good
yields of nanoparticles, microwave-assisted synthesis
helps to reduce reaction time and chemical waste as
it supports solvent-free reaction (Ombaka et al.,
2014; Saloga et al., 2018).

Due to the problem of aggregation of nanoparticles
brought about by their high surface energy (Pal et al.,
2013), capping agents and dispersing agents are used
to stabilize them. Selection of the capping/stabilizing
agents is important as it contributes to determination
of their stability, solubility, dispersibility, reactivity,
and shape and size of silver nanoparticles (AgNPs) dur-
ing the synthesis (Suriati et al., 2014). A number of cap-
ping agents such as poly acrylic acid, poly vinyl
pyrrolidone, poly vinyl alcohol, polysaccharide, and L-
glutathione have been reported to stabilize nanoparti-
cles (Wang et al., 2010; Atta et al., 2014). A capping
agent works by restricting nanoparticles from growing,
resulting to agglomeration; the steric forces of this cap-
ping agent keep ligands separated from each other. If a
capping agent is not used, nanoparticles will still be
formed, but they will grow uncontrollably, and in the
process, the nucleated particles join other surrounding
particles becoming non-uniform. Such non-uniform and
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agglomerated particles are not good for applications
that need mono-dispersed particles such as cell separa-
tion and biomedical and information storage. A dispers-
ing agent creates an active polymer when added to the
suspensions, preventing clumping of the particles in the
colloidal solution.

Glutathione (Fig. 1) is a tripeptide that contains an
oSH group and an acetyl group oCOO. This peptide can
be easily adsorbed onto the surface of metal nanoparti-
cles; the free-cysteinyl thiol moiety has a strong bind-
ing affinity for silver (Murariu et al., 2014;
Consumption A, 2018). The oSH group and oCOO of glu-
tathione form a weak bond with the surface of AgNPs
due to its positive charge. This brings colloidal stabili-
zation because the positive AgNPs are surrounded on
the surface by the negatively charged acetyl group
and the thiol. (Figure 2)

Statement of the Problem and Justification
The treatment of infectious diseases is facing chal-
lenges due to the emergency of bacteria that are resis-
tant to antibiotics that are currently in use. Mutation
and changes in biochemical activities in the microbes
may prevent antibiotic from fighting the microbes or
change the target of antibiotic (WHO, 2014). Drug resis-
tant by bacteria have been reported, from single to
multi-drug resistance. Methicillin-resistant Staphylo-
coccus aureus, Escherichia coli resistant to cephalospo-
rins and fluoroquinolones, and Shegella species
resistant to fluoroquinolones are good examples of
multi-drug-resistant strains(Consumption A, 2018). Cur-
rent studies are being geared towards incorporation of
nanoparticles in medicine to fight the microbes. Studies
performed have shown that silver nanomaterials have
antimicrobial properties; however, the debate on the
topic that how the size and shape of nano-sized entities
influence the antimicrobial activities is still ongoing.
This work reports on easily achieved way for one-pot
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Figure 1. Glutathione.
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Figure 2. Color of the formed silver nanoparticle solution as a function of silver nitrate concentration.

synthesis of AgNPs of different particle sizes by the help
of microwave irradiation and determination of antimi-
crobial properties. The AgNPs are synthesized by the
use of sodium borohydride, which is a reducing agent,
and stabilized using L-glutathione as a capping agent.

Materials and Methods

The following analytical grade chemicals, sodium boro-
hydride (99%), L-glutathione (98%), and silver nitrate
(99%), were all acquired from Sigma Aldrich company
(Germany). The bacterial strains Bacillus subtilis (ATCC
6633), E. coli (ATCC 25922), Salmonella spp. (ATCC
700623), and S. aureus (ATCC 25923) were obtained
from KEMRI Centre for Microbiology Research.

All glass wares were first soaked in a solution of chro-
mic acid for a night and then washed with a detergent.
A final rinse was performed in alcoholic KOH and then in
de-ionized water and then dried in oven before use.

Synthesis of silver nanoparticles

Five samples of nanoparticles were prepared by varying
concentration of AgNOs;, while that of NaBH, were
maintained constant for all reactions as shown in
Table 1. Using a burette, 30 mL of 0.002-M NaBH,4 was
transferred in a 250-mL conical flask followed by addi-
tion of 4 mL of 0.004-M AgNO; dropwise while stirring.
The mixture was then placed in microwave and irradi-
ated for 30 s at high power until a yellow color was
formed, which indicated formation of AgNPs. The
formed AgNPs colloidal solution was allowed to cool to
around 50°C; then 10 mL of 0.01-M L-glutathione was
added while stirring for 3 min for stabilization of AgNPs.
The colloidal solution was then placed in 100-mL plastic
bottles and named solution A. The same procedure was
repeated for preparation of sample solutions B, C, D,
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Table 1. Various concentration of silver nitrate and sodium boro-
hydride and their volumes that were reacted.

AgNO3 Amount NaBH,4 Amount
Solution (M) (mL) (M) (mL)
A 0.004 4 0.002 30
B 0.003 4 0.002 30
C 0.002 4 0.002 30
D 0.001 4 0.002 30
E 0.0005 4 0.002 30

and E by varying the concentration of AgNO;. The
formed AgNPs were confirmed using ultraviolet (UV)-
visible spectra and also analyzed using Fourier trans-
form infrared, scanning electron microscope (SEM),
transmission electron microscopy (TEM), and X-ray dif-
fraction (XRD).

Microwave oven (Domestic Model RM 240, output 700
W) was used as a heating source in order to take advan-
tage of rapid synthesis of AgNPs under microwaves irra-
diation. The UV-visible spectra of the nanoparticles
were determined by UV/Vis spectrophotometer model
(Specord-200). The samples were measured against dis-
tilled water as reference. The XRD spectra were re-
corded in a D2 Phaser Bruker Diffractometer (with Cu
Ka radiation, A being 0.154056). The diffracted intensi-
ties were recorded from the range between 10° and
80° 26 angles.

Antimicrobial assay

The antimicrobial activities of the synthesized AgNPs of
different sizes were determined using the following
pathogens bacteria: B. subtilis, Salmonella spp., E.
coli, and S. aureus. The AgNPs particles were dispersed
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in autoclaved water by ultrasonication before prepar-
ing the required concentration.

Disc diffusion method

The antimicrobial assay was performed following the
standard method NCCLS (Eleonor and Tendencia,
2004). Nutrients broth/agar were used to cultivate bac-
teria. The prepared agar was placed in the petri disc
and left for 45 min to solidify. Then after 45 min, the
fresh four different cultures of inoculum that had been
prepared and left overnight were spread on the agar
plates. Sterilized filter paper discs of diameter 6 mm
were immersed in 50 mg/L of the prepared different
size AgNPs solution. The standard antibiotic containing
ciprofloxacin disc (30 pg) that serves as a positive con-
trol was also placed onto the cultured agar plate. Cul-
tured plates with the AgNPs and the controls were
placed inside the incubator at 37°C for a period of 24
h. The zone of inhibition was later determined against
the different bacteria and compared with the accepted
inhibitory zones.

Results and Discussion

Ultraviolet-visible spectroscopy
The characteristic change of color of the solution dur-
ing formation of AgNPs may be due to the excitation
brought about by shrinking of lattice of nanoparticles
during formation causing surface plasmon vibrations
Figure 2. We observed spectra of silver colloids of dif-
ferent concentrations within the range of 250 to 600
nm with the use of UV-visible spectroscopy. A well-
defined plasmon band was observed at around 400 nm.
Increased concentration of AgNO; gave a sharp peak
as compared with low concentration that gave a broad
peak as shown in Figure 3. Comparing the results with
that performed for XRD, a sharp peak/narrow band at
398 nm for UV-Vis was associated with smaller nanopar-
ticles, while a broad peak/wide band that had shifted
to 424 nm symbolized increased size of nanoparticles.

X-ray diffraction analysis

The XRD spectra of the synthesized AgNPs had the fol-
lowing diffraction peaks at 260 = 38°, 20°, 44.40°,
64.59°, and 77.50°. These corresponded well with
planes of a faced center cubic lattice of Ag (111),
(200), (220), and (311), respectively. This suggests that
the synthesized AgNPs were in agreement with refer-
ence standard cubic Ag® of Joint Committee on Powder
Diffraction Standards - JCPDS file no. 00-001-1167
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Figure 3. Ultraviolet-visible spectra of silver nanoparticles under
different concentrations of AgNOs.

Table 2. Sample of AgNPs, their peak numbers, diffraction an-
gles, and full width at half maximum height of the peak.

AgNPs Peak no. 20 FWHM
A 1 38.2043 0.9213
2 44.4012 0.9127
3 64.5907 0.9993
4 77.5012 0.9997
B 1 38.2901 0.6223
2 44.5583 0.6397
3 64.8185 0.6033
4 77.0231 0.6682
C 1 38.3271 0.4100
2 43.9720 0.2557
3 64.2381 0.2575
4 76.9932 0.2341
D 1 38.4832 0.1433
2 44.7825 0.1534
3 64.8185 0.1734
4 77.8326 0.1634
E 1 38.4831 0.1444
2 44.7825 0.1534
3 64.8180 0.1727
4 77.8330 0.1637

AgNPs, silver nanoparticles; FWHM, full width at half maximum.
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(Mehta et al., 2017). Diffraction peak angles together
with full width at half maximum height of the diffrac-
tion peaks for the synthesized nanoparticles are shown
in Table 2.

Transmission electron microscopy and scanning
electron microscopy analyses

The formed AgNPs particles were crystal-like in nature
with uniform spherical shape. The formed particles
were of average sizes 9.94, 18.45, 34.96, 52.40, and
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58.50 nm (as shown in Figs 4-8, respectively) deter-
mined from transmission electron microscopy images
using ImageJ software.

Fourier transform infrared analysis

Fourier transform infrared was useful in providing the
chemical composition of the nanoparticles and the en-
vironment of the stabilizing agent. The characteristic
band of glutathione used as the stabilizing agent before
and after conjugation with AgNPs is shown in Figure 9. A

Mean size 9.94 nm
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Figure 4. Transmission electron microscopy image, scanning electron microscopy micrograph, and histogram of particle size of A.

Mean size 18.45 nm
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Figure 5. Transmission electron microscopy image, scanning electron microscopy micrograph, and histogram of particle size of B.

Figure 6. Transmission electron microscopy image, scanning electron microscopy micrograph, and histogram of particle size of C.
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Mean size 52.4 nm
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Figure 7. Transmission electron microscopy image, scanning electron microscopy micrograph, and histogram of particle size of D.
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Figure 8. Transmission electron microscopy image, scanning electron microscopy micrograph, and histogram of particle size of E.
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Figure 9. Fourier transform infrared spectra of glutathione and
silver nanoparticles (AgNPs) conjugated to glutathione.

band at 2600 cm~" for glutathione spectra represented
oSH stretch, which is a thiol group in glutathione. A
band at 1600 cm~' represented a COO~, and a peak at

3300 cm ™" signified NH3 stretches, which are all charac-
teristic functional groups for glutathione.

There was no shift of peak for NH3 and COO™ stretch
after inclusion of glutathione as a capping agent in the
synthesized AgNPs. This indicated that there is no inter-
action between these functional groups and the AgNPs,
therefore helping it not to aggregate. However, the
spectra for conjugation of glutathione with AgNPs
showed the absence of oSH peak, indicating that the
thiol had taken part in interaction with the surface of
AgNPs. The oSH group of glutathione forms a weak bond
with the surface of AgNPs, which is positively charged.
This brings colloidal stabilization because the positive
AgNPs are surrounded on the surface by the negatively
charged thiol, thus reducing chances of aggregation.

Disc diffusion test of silver nanoparticles
Effects of different particle sizes of AgNPs 9.94 (A),
18.45 (B), 34.96 (C), 52.40 nm (D), and 58.50 (E) on
bacteria were performed. Table 3 shows the zone of in-
hibition treated with different sizes of AgNPs.

The analyzed AgNPs of sizes 9.94, 18.45, 34.96,
52.40, and 58.50 nm showed antibacterial activity
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against the selected strains B. subtilis, Salmonella
spp., E. coli, and S. aureus. Ciprofloxacin was used as
the positive control, while distilled water was used as
the negative control. The zone of inhibition of the AgNP
with a particle size of 58.50 nm was significantly differ-
ent when compared with that of a particle size of 9.94
nm for the tested bacteria B. subtilis, Salmonella
spp., E. coli, and S. aureus (P < 0.05). The zone of inhi-
bition for a particle size of 9.94 nm was significantly
different to that of 52.40 and 34.96 nm against all the
tested bacteria (P < 0.05). All the tested bacteria in
all different AgNPs particle sizes were significantly dif-
ferent from that of the positive control (ciprofloxacin,
30 pg/disc) (P < 0.05).

In general, AgNPs of small sizes showed higher anti-
bacterial properties against all the strains of bacteria
in terms of the zone of inhibition as compared with that
of other large particle sizes. This may be a result of
small particles having good penetration in the cell
membrane of bacteria as compared with the large
particles.

Conclusions

The use of microwave-mediated synthesis of nanoparti-
cles helps increased kinetic of reaction due to rapid ini-
tial heating resulting to high temperatures. This helped
to synthesize AgNPs with uniform spherical shape with
desired particle size. The size of AgNPs was found to
strongly depend on the concentration of AgNO; used.
Glutathione conjugated well with AgNPs as a result of
interaction of negative thiol bringing colloidal stabiliza-
tion and reduced aggregation. From the results of mi-
crobial assay, we can conclude that AgNPs have
antibacterial activity against the analyzed strains of
bacteria. This activity varies with particle size with
the smaller particles being more efficient; this can be

included to make materials with antibacterial
properties.
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