
Indian Journal of Pharmaceutical Sciences 1036November-December 2019

Research  Paper

Nanotechnology attains considerable attention in 
pharmaceutical world to open new pathways that are 
capable of overcoming resistance mechanisms of 
bacteria[1]. Hospital acquired infections has become a 
cosmopolitan problem with reported resistance to all 
known classes of antibiotics[2]. Many adjuvant therapies 
have developed by the physicians and researchers to 
deal with multi-drug resistant bacteria but hampered 
due to exhibition of broad-spectrum action, drug-drug 
interactions, extended resistance mechanisms and 
incompatible pharmacodynamic and pharmacokinetic 
profiles[3]. In pharmaceutical research, nano-scaled 
structures endeavor various theragnostic applications 
in a cost effective approach in terms of drug discovery, 
designing and delivery techniques[4,5]. Metals are 
known to be antibacterial since ancient times before any 
conventional antibiotics discovered. Nanotechnology 
employs metals as inorganic nanoparticles (NPs) that 
show their pleiotropic effect in targeting bacterial 
cellular process. Metallic NPs exhibit absolutely novel 
characteristics in comparison with bulk metals in terms 

of antibacterial, antioxidant, anticancer properties with 
less toxicity[6-8]. Synthesizing NPs through physical 
and chemical methods are capital and labor intensive 
with the involvement of non-polar solvents and toxic 
chemicals (capping and reducing agents) that are likely 
to induce toxicity issues[9,10]. Therefore, in recent times, 
an ecofriendly and bio-compatible method emerged 
with involvement of microorganisms and plants as 
environmentally sociable reducing and capping agents 
to reduce toxicity issues[11,12]. Though microbial-based 
synthesis have proven to be the potential bio-factories in 
nanoparticle synthesis, due to the complexity in isolating 
and culturing of microbes, plants and plant parts play 
a vital role in biological synthesis[13,14]. Phytosynthesis 
of NPs offers rapid, stable and easily scalable process 
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in a cost effective way due to the presence of a wide 
range of metabolites. Therefore, phytosynthetic 
inorganic NPs encompass metals in nano form with 
incorporation of plant metabolites to provide effective 
antibacterial action in a safer approach[15]. Though 
inorganic NPs show excellent antibacterial action, with 
vast research under consideration, researchers cannot 
ignore antibiotics that have contributed to a better 
quality of life. Thus, combinational approach of green 
inorganic NPs with antibiotics can be an assurance for 
non-toxic and more effective bactericidal action as 
bacteria cannot develop instant mechanisms to attain 
resistance to the multi-mode mechanistic antibacterial 
approach[16-19]. In present study, silver (Ag) NPs are 
prepared and investigated as silver have shown its 
proficiency in dealings with biological systems and 
biomedical applications[13,15]. Annona squamosa leaves 
are preferred for the reduction process in synthesizing 
NPs, as they possess interesting medicinal properties 
along with treatment of wound and urinary tract 
infections[20]. In addition to bactericidal action of Ag 
and A. squamosa metabolites, gentamicin is elected 
in this adjuvant therapy as it holds unique properties 
in bactericidal action by inhibiting bacterial protein 
synthesis[21]. As gentamicin attain resistance to 
many Gram-negative and Gram-positive strains, this 
adjuvant therapy of gentamicin with A. squamosa-
AgNPs was tested on different Gram-positive and 
negative bacterial strains in comparison with AgNPs 
and gentamicin alone.

MATERIALS AND METHODS

A. squamosa leaves were collected from the 
surroundings of Andhra University, Visakhapatnam, 
Andhra Pradesh, India, which were authenticated in 
the Botany department and a voucher specimen was 
kept in the herbarium (no. 22290). All reagents used in 
this study were of analytical grade and were procured 
from Sigma Aldrich, Pune, India. Staphylococcus 
aureus NCIM 2079, Pseudomonas aeruginosa NCIM 
5514, Acinetobacter baumannii NCIM 5654, Proteus 
vulgaris NCIM 2813 were purchased from the National 
Collection of Industrial Microorganisms (NCIM), 
NCL, Pune, India. Enterococcus faecium MTCC5153 
was obtained from the Microbial type culture collection, 
Chandigarh, India. Agar medium and gentamicin was 
procured from HiMedia, Mumbai, India. 

Preparation of A. squamosa leaf extract:

Fresh A. squamosa leaves were employed to extract 
the active constituents. The leaves were thoroughly 

rinsed with tap water and then with double-distilled 
water to get rid of dust particles. The leaves were dried 
in shade and made into a coarse powder. A. squamosa 
leaf powder (5 g) was mixed with 100 ml of distilled 
water and subjected to boiling at 60° in a water bath for 
10 min. The mixture was cooled and filtered through a 
muslin cloth followed by Whatman no. 1 filter paper. 
Later, the filtrate was centrifuged at 10 000 rpm for  
10 min. The supernatant was collected and autoclaved 
for 15 min at 121° under 15 lbs pressure. A clear 
solution with greenish yellow color was collected and 
stored in screw-capped bottles at 4-8° and used as a 
reducing agent in AgNP synthesis.

Phytosynthesis of AgNPs: 

To synthesize AgNPs, the conditions were optimized 
by fixing 2 of the components among Ag salt 
concentration, time and plant extract and by altering 
one component in each experiment. The optimized 
condition was predicted through the color change 
and also confirmed by periodic monitoring of UV/Vis 
spectra. AgNO3 (≥99.5 % purity) solution and aqueous 
extract of appropriate concentrations were prepared 
using double-distilled water. The reduction of Ag 
ions from AgNO3 to Ag was detected through a color 
change of the solution due to the reducing capability of 
metabolites in the extract. The nanoparticle dispersion 
was subjected to centrifugation at 10 000 rpm at  
4° for 15 min. The obtained pellets were re-dispersed 
in methanol and re-centrifuged. The pellet was again 
washed with deionized water to remove any unbound 
extract or impurities. The obtained NPs were dried at 
80° in a hot air oven. The obtained powder concentrate 
of Ag NPs was stored at 4° in air tight containers for 
further characterization, and antibacterial studies. 

Characterization of AgNPs: 

The chromatographic fingerprint profile of A. squamosa 
leaf extract was studied using high-performance thin-
layer chromatography (HPTLC) analysis Camag 
Linomat 5, Linomat5_211497 instrument programmed 
with WIN CATS software to investigate the 
phytochemical profile. The synthesized AgNPs were 
characterized by UV/Vis (Shimadzu UV/VIS 2450) in 
the wavelength range of 300-700 nm to measure the 
biophysical properties. scanning electron microscope 
(SEM)–EDX (Jeol JSM-6610-LV- with Oxford EDS) 
analysis was performed at an accelerated voltage of  
200 kV to elucidate morphology, structure and 
composition. The X-ray diffraction (PANalytical: 
XPERT-PRO) was operated at 40 kv and 30 mA 
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under Cu Kα radiations (λ=1.54060˚A) using nickel 
monochromator at a range of 2ɵ from 10° to 80° 
to examine the crystalline nature of synthesized 
AgNPs. Fourier-transform infrared spectroscopy 
(FTIR, Shimadzu FT-IR 21) analysis of A. squamosa 
leaf extract and A. squamosa-AgNPs was evaluated 
using KBR pellet in a wavelength range of 4000 to  
400 cm-1 at a resolution of 4 cm-1 to detect the possible 
functional groups (biomolecules) responsible for 
AgNPs formation. 

Antibacterial adjuvant assay:

Antibacterial adjuvant was tested on 5 bacterial strains 
namely, S. aureus, A. baumannii, P. aeruginosa,  
E. faecium and P. vulgaris. The bacterial strains were 
placed on sterile Mueller Hinton agar slants at 4°. Each 
bacterial strain was placed in 50 ml of sterile nutrient 
broth in a 100 ml conical flask and incubated for 24 h to 
activate the bacterial strains. The bacterial inoculums 
were standardized with respect to McFarland standard 
no. 0.5 with 1.5×108 CFU/ml bacterial density. The 
bacterial susceptibility with A. squamosa-AgNPs, 
gentamicin, and A. squamosa-AgNPs in combination 
with gentamicin was tested on bacterial strains by agar 
well diffusion method. 

Twenty five milliliters of ml of MHA was mixed with 
500 μl of test cultures, poured in the petri plate and 
left for solidification. Four wells of 6 mm each were 
made in each plate with the help of sterile cork borer. 
The minimum inhibitory concentration (MIC) of  
A. squamosa-AgNPs was estimated using two-fold 
serial dilutions with in a concentration range of 3.125 
to 50 μg/ml. The wells were loaded with 100 μl of 
AgNPs (25 μg/ml), 100 μl gentamicin (50 μg/ml), and 
combination of gentamicin with A. squamosa-AgNPs 
each at a quantity of 50 μl in dimethyl sulfoxide (DMSO; 
37.5 μg/ml) and incubated for 24 h at 37° using DMSO 
as control. The zone of inhibition (ZOI) was measured 
(in mm) by repeating the experimentation thrice and 
the % of area increase with adjuvancy was calculated 
using the formula[19], ZOI of (AgNPs+antibiotic)2–ZOI 
of antibiotic2/ZOI of antibiotic2×100.

Statistical analysis: 

The one-way analysis of variance (ANOVA) method 
was used the ZOI of each nanoparticle or gentamicin 
against each bacteria used. In order to establish the 
statistical significance, the values were assessed by using 
GraphPad Prism version 5.03 (GraphPad Software, Inc.
CA, USA trail version). All the experiments were done 

in triplicate and the results as expressed as mean±SD, 
n=3, and the statistical significance was accepted at 
a level of p<0.05 for all the combinational effect of 
metallic NPs with gentamicin, where null hypothesis 
was rejected and alternate hypothesis was accepted. 
Hence, there was a significant difference between 
the individual nanoparticle/gentamicin antibacterial 
activity and in the combinational antibacterial activity. 
Hence, combinational therapy with NPs is more 
effective than the individual treatment with gentamicin.

RESULTS AND DISCUSSION

Preliminary screening was performed to detect the 
presence of numerous phytochemicals present in 
A. squamosa leaf extract using reagent tests. The 
phytochemical screening revealed the presence 
of various primary and secondary metabolites 
with significant biological value. HPTLC is an 
updated qualitative analytic tool for identification of 
biomolecules in the sample with the display of more 
resolved spots and effective analysis of compounds. In 
the current study, the HPTLC profile of A. squamosa 
leaf extract was carried out with petroleum ether and 
chloroform solvents separately using definite solvent 
ratios and analyzed before and after spray treatment 
(methanol:sulphuric acid) under UV wavelength, 254 
and 366 nm, respectively. The HPTLC analysis reveals 
the diverse phytochemicals present in A. squamosa 
leaf extract, which might be a valuable source for 
the effective synthesis of AgNPs and enhancement 
in biological activity. In addition, A. squamosa leaf 
extract reported to have numerous phytochemicals 
such as alkaloids, flavonoids, phenols, proteins, 
carbohydrates, glycosides, saponins, tannins and the 
same was confirmed in this study by phytochemical 
analysis[22-24]. Among which, ferric chloride test 
detected the presence of phenols by developing bluish 
green instantly after addition of ferric chloride reagent 
and lead acetate test proved the presence of phenolic 
compounds by forming bulky white precipitate, which 
confirmed abundant presence of phenols. Moreover, 
phenols have high potential to act as reducing and 
capping agent in the preparation of stable NPs as 
evident from recent reports[25,26]. Thus, phenols present 
in A. squamosa leaf extract might play a vital role for 
the formation of AgNPs.

The AgNPs formation was detected through color 
change from colorless silver nitrate to dark yellow 
color and then finally to colloidal brown color within 
few hours after mixing the leaf extracts solution (fig. 1). 
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The color change of the medium could be due to the 
excitation of surface plasmon vibrations[27]. In order to 
obtain stable and uniform AgNPs formation, the various 
physicochemical conditions were optimized such as 
concentration of precursor solution and leaf extract and 
reaction time as these factors can significantly influence 
the size, shape, and morphology[13]. The optimization 
process of Ag nanoparticle synthesis was examined 
analytically via UV/Vis spectroscopy as shown in  
fig. 2. In aqueous solution, AgNPs exhibit strong surface 
plasmon resonance around 430 nm for the formation of 
well-stabilized AgNPs[28]. Based on the earlier reported 
parameters for optimization of NPs, the UV/Vis peak 
with high intensity and low bandwidth were considered 
for the optimization of NPs[13,27,29,30].

For optimizing condition for AgNPs, temperature of 
reaction and pH are not under the focus of study, as the 
preparation of AgNPs was aimed not to employ any 
external energy or agents. High temperature synthesis 
readily form NPs but with large size[31]. Moreover, 
at high temperatures biological moieties from the 
extract may be lost which may rise agglomeration. 

Thus, the present investigation aimed at controlled 
green synthesis at room temperature to synthesize 
small size stable AgNPs. pH can be maintained at the 
range of 4-6 in case of green synthesis[32]. Initially, 
the effect of the silver nitrate precursor solution on 
the formation of AgNPs was studied systematically 
by changing the molar concentration of silver nitrate 

 
Fig. 1: Color change variations of the A. squamosa-AgNP 
solutions with different optimization conditions

Fig. 2: Absorption spectra of AgNPs obtained from various 
optimizing parameters
(a) Effect of Ag ion concentration, (▬▬) 2 mM, (▬▬) 5 mM, 
(▬▬) 10 mM, (▬▬) 50 mM, (▬▬) leaf extract, (▬▬) AgNo3; 
(b) different time intervals, (▬▬) immediate, (▬▬) 30 min, 
(▬▬) 1 h, (▬▬) 2 h, (▬▬) 4 h, (▬▬) 8 h;  (c) different 
volume of leaf extract, (▬▬) 1 ml, (▬▬) 3 ml, (▬▬) 5 ml, 
(▬▬) 7 ml, (▬▬) 10 ml
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in 10 ml by fixing the volume of extract as 3 ml and 
1 h as the reaction time. No absorption spectrum was 
observed for 0.002 M concentration of silver nitrate  
(fig. 2a). With increase in metal precursor concentration  
(0.005 M), the absorption band was observed around 
430 nm. At 0.01 M concentration, optimum intensity 
peak with lower band width was noticed. The 
enhancement in bandwidth was detected with increase 
in the metal precursor concentration (0.01 to 0.05 M). 
From the earlier reports, enhanced band width infers 
large sized NPs/agglomeration. Therefore, the metal 
precursor concentration was optimized as 0.01 M, as 
the lower absorption bandwidth reflects the formation 
of uniformly small sized AgNPs[13,29,30]. Reaction time 
is a crucial factor to obtain the mono dispersed small 
NPs. By fixing the metal precursor concentration  
(0.01 M) and volume of leaf extract (3 ml), reaction time 
was monitored by UV/Vis spectra. With an increase in 
reaction time, the absorbance intensity was increased 
with reduced absorption width simultaneously until  
2 h. On further increase in reaction time from 2 to  
8 h, enlarged width of absorption spectra was 
seen[13,29,30] (fig. 2b), indicating enhancement of particle 
size and/or agglomeration and hence reaction time was 
optimized as 2 h. Further optimization was focused 
on A. squamosa leaf extract volume, by fixing metal 
precursor concentration (0.01 M) and reaction time 
2 h. On rise of A. squamosa leaf extract volume to  
5 ml, absorption band width was reduced with increased 
intensity was observed, which indicated small sized 
NPs with high yield[27,13,29,30]. By further increasing 
the volume to 10 ml, the absorption band width was 
increased (fig. 2c), representing larger size of AgNPs 
and/or agglomeration of particles as confirmed 
from previous reports[27,13,29,30]. Therefore, 5 ml was 
considered as the desired volume for preparation of 
NPs without agglomeration. 

To examine the size, surface morphology and 
crystalline nature of the synthesized A. squamosa-
AgNPs, XRD, and SEM analysis was performed. The 
SEM image exhibited larger clusters with numerous 
small particles, which might be due to the evaporation 
of solvent during SEM sample preparation (fig. 
3a). The energy-dispersive X-ray (EDX) spectra of  
A. squamosa-AgNPs were examined at an accelerating 
voltage (15 kv), which displayed 91.36 % yield  
(weight %) of elemental Ag in L line (fig. 3b). The XRD 
pattern of A. squamosa leaf extract mediated synthesis 
of AgNPs has been evaluated in the range of 20-90° 

and high-intensity peaks of A. squamosa-AgNPs were 
detected at 38, 44, 64, 78 and 81° that corresponds to 
Bragg reflections (111), (200), (211), (311), and (222), 
respectively (fig. 4a). These peaks represent the exact 
peak positions of the silver face center cubic lattice 
structure. There are no additional reflections observed 
indicating absence of impurities or amorphous organic 
phase. From the XRD pattern, the average crystallite 
size was calculated by the Debye-Scherer Eqn. and 
Williamson-Hall plot and was approximately 9 and 
 6.6 nm, respectively.

FTIR analysis was employed to identify the bio-
molecules that are responsible for silver ion reduction 
and capping of AgNPs, which leads to efficient 
stabilization for the biosynthetic process of AgNPs. 
The FTIR spectra of A. squamosa leaf extract and  
A. squamosa-AgNPs were depicted in fig. 4b and  
Table 1. The FTIR spectra of A. squamosa leaf extract 
have dominant absorption bands at 3348, 2903, 2349, 
1441, 1251, 1050 and 663 cm−1. These absorption 
bands were assigned to O-H, C-H stretching, C-C 
stretching vibrations, O-H bend/amide, C-N stretching, 
C-OH vibrations and N-H (amines) respectively[33-35]. 
The absorption bands with low intensity at 1734 and  
1386 cm−1 denote C-O stretching vibrations (carboxylic 
acid)[36].

 

Fig. 3: (a) SEM and (b) EDS analysis of green synthesized  
A. squamosa-AgNPs
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acids[37]. The bands at 1083 and 1046 cm-1 indicated 
the presence of –CO groups. The presence of a weak 
band at 2980 cm-1 is related to aliphatic C-H stretching 
in methyl and methylene groups[35,37]. The similarity 
of bands in both the A. squamosa leaf extract and  
A. squamosa-AgNPs (Table 1), might be due to capped 
biomolecules on to the surface of AgNPs.

The zeta potential measurement of AgNPs exhibited 
the surface charges of the particles and exhibited a 
value of −20 mV (fig. 5), suggesting higher stability 
of AgNPs. The large negative potential value might be 
attributed to the capping of phenols present in the leaf 
extract of A. squamosa.

In the emergent era to find the novel antimicrobials, 
adjuvant therapy of green synthesized NPs with an 
antibiotic seems to be a viable option to treat antibiotic-
resistant strains[16-19]. All the bacterial experimentation 
was done in a laminar air flow chamber under 
sterile conditions. The antimicrobial activity of  
A. squamosa-AgNPs (25 μg/ml), gentamicin (50 μg/ml) 
and gentamicin A. squamosa-AgNPs (50 μl of each 

 

Fig. 4: (a) XRD Pattern (b) FTIR spectra of green synthesized 
A. squamosa-AgNPs
(▬▬) A. squamosa-AgNPs, (▬▬) A. squamosa leaf extract
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Fig. 5: Zeta potential distribution of green synthesized  
A. squamosa-AgNPs
Zeta potential: –20.5 mV

Functional Group Characteristic absorption 
band (cm–1)

Absorption bands in AS leaf 
extract (cm–1)

Absorption bands in AgNPs 
(cm–1)

Water OH stretch 3700-3100

3348 3469
Alcohol OH stretch 3600-3200
Carboxylic acid OH stretch 3600-2500
N-H stretch 3500-3350
-C-H aldehyde 2900-2800 2903

2899
-C-H stretch 2950-2840

C≡C- stretch 2260-2100 2349
C=O amide 1700-1500 1514,1608 1553,1639
O-H bend, amide III 1480-1315 1441 1410
–CO groups 1050-1150 1050 1046

TABLE 1: FTIR SPECTRA OF A. SQUAMOSA LEAF EXTRACT AND AgNP

The FTIR spectra of AgNPs exhibited bands around 
1100, 1400, 1636, 2132 and 3300 cm−1. The most 
prominent band at 1410 cm-1 attributed to COO stretching 
vibration[13,35]. The strong absorption band around 
3348 cm-1 representsed O-H, which corresponded to 
O-H stretching of alcohol and phenolic compounds or 
stretching of the –NH band of an amino group. The 
band at 1640 cm-1 is due to stretching vibration of –CO 
amide groups in the ketones, aldehydes and carboxylic 
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sample) were tested against S. aureus, A. baumannii,  
P. aeruginosa, E. faecium, and P. vulgaris.

There were reports stating that some of these 
bacterial strains attained considerable resistance 
to gentamicin[21]. The MIC of A. squamosa-AgNPs 
in case of S. aureus, A. baumannii, P. aeruginosa,  
E. faecium, P. vulgaris were 3.125, 3.125, 3.125, 6.25,  
and 3.125 μg/ml respectively and the ZOI was 
increased in a dose-dependent manner. The green 
synthesized AgNPs have shown considerable ZOI even 
at the minimum concentration range towards all the 
tested bacteria which proves their effective activity as 
antimicrobial agent. A. squamosa-AgNPs (25 μg/ml) 
have shown almost equal antibacterial activity to that 
of gentamicin (50 μg/ml) as shown in fig. 6.

The mechanism behind the combination of nanoparticle 
and antibiotic is still unclear but with assumptions 
such as covalent bonding between the nanoparticle 

and sulfhydryl groups (–SH) groups in antibiotics 
or due to hydrophobic interactions or because of 
electrostatic interactions between positively charged 
zone in antibiotics and negatively charged particle[20]. 
The combination of antibiotic with NPs may alter the 
properties of NPs with enhanced effects as described 
in a report[38].

In the combination assay of A. squamosa-AgNPs 
with gentamicin, it has the combination assay of  
A. squamosa-AgNPs with gentamicin, it has shown 
significant area increase of 39.68, 62.21, 18, 9.7,  
32.47 %, respectively towards S. aureus, A. baumannii, 
P. aeruginosa, E. faecium, P. vulgaris. The percent 
increase in area is an evidence of synergistic action, 
which is attributed from combinational effect of green 
synthesized AgNPs and the antibiotic as shown in 
Table 2. It is interesting to note that this combination 
showed synergistic effect towards all the tested 
microorganisms without any indifferent or negative 
activity. On observation, it is clear that this adjuvant 
technique has shown greater effect on Gram-negative 
bacteria than Gram-positive bacteria. The difference 
in activity between the Gram strains might be due to 
the thin peptidoglycan layer in case of Gram-negative 
strains, which is readily feasible for penetration of the 
nanoparticle antibiotic combination[13,16]. However, the 
% increase in zones of inhibition of Gram-positive 
bacteria is also significant, which might be due to ultra-
small size of synthesized A. squamosa-AgNPs that 
can penetrate even through thick peptidoglycan layer. 
The probable mechanism for antibacterial activity by 
these adjuvant combinations is still under preliminary 
investigation and possibly due to adherence and 
penetration in to the bacterial cell wall and interaction 
with sulphur and phosphorous groups of bacterial 
DNA ensuing bactericidal action[17-19]. Due to green 
chemistry approach in nano field, it’s an assurance that 
bio-synthesized NPs are usually biocompatible than 
that of chemically synthesized NPs[39-42].

Fig. 6: Synergetic antibacterial activity of AgNP against wound/
burn infection causing bacteria

Bacterial strain A. squamosa- AgNPs
(25 μg/ml)

Gentamicin (50 μg/ml)
[A]

A. squamosa-
AgNPs+gentamicin [B]

% increase in area 
(B2–A2/A2)×100

Zone of inhibition (ZOI) in mm (mean with standard deviation)
Pseudomanas 
aeruginosa 15.24±0.12 17.54±0.17 20.73±0.15 39.68

Acinetobacter
baumannii 15.8±0.25 18.31±0.15 23.32±0.09 62.21

Staphylococcus aureus 16.25±0.17 20.28±0.23 22.067±0.12 18
Enterococcus faecium 20.42±0.15 22.77±0.21 23.85±0.15 9.7
Proteus vulgaris 19.45±0.22 21.66±0.12 24.93±0.18 32.47

TABLE 2: SYNERGETIC ACTIVITY OF A. SQUAMOSA-AgNPs AND GENTAMICIN AGAINST BACTERIAL 
PATHOGENS
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In conclusion, AgNPs of ultra-small size with crystalline 
nature were prepared through an ecofriendly process 
using A. squamosa leaf extract as a reducing agent. In 
spite of potential antibacterial activity displayed by 
bio-synthesized AgNPs, with adjuvant combination 
of green synthesized NPs and conventional antibiotics 
there was a vast improvement in antibacterial activity 
in comparison with antibiotics in a resistance free and 
toxic free manner due to the multimode antibacterial 
activity, which was well demonstrated with significant 
fold percent increase in antibacterial activity. With the 
fascinating green nano chemistry in combination with 
antibiotics, the resistance challenge can be accepted 
by the pharmaceutical world. Further studies on 
evaluation of exact mechanism of A. squamosa-AgNPs 
for antibacterial activity need to be evaluated in future 
research. 
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