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Abstract: The green biosynthesis of metal nanoparticles
of already explored phytomedicines has many advan-
tages such as enhanced biological action, increased bio-
availability, etc. In this direction, keeping in view the
peculiar medicinal value of Tropaeolum majus L., we
synthesized its silver nanoparticles (AgNPs) by adopting
eco-friendly and cost-effective protocol by using metha-
nolic and aqueous extract of T. majus. The synthesized
AgNPs were characterized by using several techniques
including UV spectroscopic analysis, FTIR analysis, and
atomic force microscopy. The methanolic/aqueous extracts
of T. majus and synthesized AgNPs were assessed for anti-
oxidant potential and antimicrobial effect. The preliminary
screening showed that the T. majus extracts have variety of
reducing phytochemicals including tannins, terpenoids,
flavonoids, and cardiac glycosides. The green synthesis of
AgNPs was confirmed by the appearance of sharp peak at
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430-450 nm in the UV-Visible spectra. The FTIR spectral
analysis of extract and AgNPs exhibited that peaks at
2947.23, 2831.50, 2592.33, 2522.89, and 1,411cm™! disap-
peared in the spectra of FTIR spectra of the AgNPs,
indicating carboxyl and hydroxyl groups are mainly
accountable for reduction and stabilization of AgNPs.
Atomic force microscopic scan of the synthesized AgNPs
confirmed its cylindrical shape with size of 25pum. The
extracts and AgNPs were investigated for antioxidant poten-
tial by DPPH-free radical essay, which showed that aqueous
extract has significant and dose-independent antioxidant
activity; however, the synthesized AgNPs showed decline
in antioxidant activity. The extracts and synthesized AgNPs
were also evaluated for antibacterial activity against
Klebsiella pneumonia, Staphylococcus aureus, and Bacillus
subtilis. Neither extract nor AgNPs were active against
Klebsiella pneumonia. The aqueous and methanolic extract
exhibited inhibition against Bacillus subtilis and their
synthesized AgNPs were active against Staphylococcus aureus.
Our data concluded that the extracts of T. majus have neces-
sary capping and reducing agents which make it capable to
develop stable AgNPs. The aqueous extract of T. majus has
potential antioxidant effect; however, the AgNPs did not
enhance its free radical scavenging effect. The bacterial
strains’ susceptibility of the extract and AgNPs was changed
from Bacillus subtilis to Staphylococcus aureus, respectively.
The biological action of AgNPs is changed in case of
antibacterial activity which means that AgNPs might change
the specificity of T. majus and likewise other drugs.

Keywords: Tropaeolum majus, phytochemicals, silver nano-
particles, antioxidant, antimicrobial activity

1 Introduction

The medicinal plants provided the ailments and cure
throughout human history. Plants are capable of
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producing diverse range of chemical compounds that are
responsible for various biological actions [1]. Even at the
dawn of twenty-first century, about 90% of potential drug
molecules have been isolated directly or indirectly [2].
WHO estimated that 80% population of Africo-Asian
countries utilize herbal medicine in their primary health
care system [3]. The clinical application of herbal drugs
faces the same challenges as allopathic medicines like
selectivity, drug delivery, solubility, safety, toxicity, effi-
cacy, and frequent dosing [4,5]. The modern pharma-
ceutical research could overcome the above-mentioned
challenges by developing novel drug distribution systems
of herbal medicines, including, micro emulsion, nano-
particles’ solid dispersion, liposomes, matrix system as
well as solid lipid nanoparticles [6,7].

Nanotechnology is emerging as interdisciplinary
science for resolving various problems in the fields of
biomedical sciences, pharmacology, and food processing
[8-10]. It deals with matter at the scale of one billionth of
a metre, so the nanoparticle is the most fundamental
component in the fabrication of a nanostructure. The
nanometre-sized particles exhibit interesting and sur-
prising capabilities [11,12]. There are various methods
reported for fabrication of nanoparticles, but metal nano-
particles like gold and silver are extensively studied due
to their unique electrical and optical properties.

The study of techniques for the synthesis of AgNPs of
various morphologies and sizes is widely accepted
recently [13,14]. Currently, various chemical and physical
methods are applied for the green synthesis of AgNPs,
but most of them have limitation for being expensive
and inclusion of hazardous solvents [15]. The technique
of green biosynthesis of eco-friendly metal NPs processes
is studied widely, where the bio-extracts are fabricated as
NPs [16,17]. It involves the reduction of metal ions by
phytochemicals of extracts to fabricate them as NPs
[18]. Various reducing phytochemicals are involved in
this process including phenol, tannins, terpenoids, flavo-
noids, alkaloids, quinines, etc. The above-mentioned
technique leads to formation of crystalline NPs ranging
in size between 1 and 100 nm and has several advantages
including low cost and easy availability. The extracts’
capability to be fabricated as stable NPs depends on the
phytochemical profile of the plant extract.

Tropaeolum majus L. (T. elatum Salisb., Tropaeolaceae)
is a fast-growing annual plant native to Peru and Bolivia,
found in South and Central America and subcontinent. The
plant is commonly identified with the name of nasturtium
or nasturtiums. The genus roughly includes 80 species.
The explored constituents of T. majus included caroten-
oids (zeaxanthin, lutein, and carotene), anthocyanins
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(delphinidin, cyaniding, delphinidin, and pelargonidin deri-
vatives), flavonoids (quercetin and kaempferol glycosides),
sulfur compounds (glucotropaeolin), phenolic acids (chloro-
genic acid), cucur-bitacines, and vitamin C [19-23]. Nastur-
tium plant has been reported for various ailments including
upper respiratory tract (bronchitis, tonsillitis) as well as
urinary tract diseases [19,22,24], cardiovascular disorders,
and constipation [25-27]. It is reported as disinfectant,
wound-healing, antibiotic [28,29], antiascorbutic [29], and
anticancer activity [30]. Moreover, in the fields of cosme-
tology and dermatology, its external use for treatment of
diseases of the hair, nails, and skin (itchy dandruff), super-
ficial/moderate burns, and rashes has been reported [19].
The leaves and flowers contain glucosinolates resulting in
its peppery flavour and are commonly used in salads [31].
In the present study, we aimed to synthesize the
AgNPs of T. majus, keeping in view its extensive medical
applications. The preliminary investigation of T. majus
has led us to the presence of high number of flavonoids,
phenolics, and tannins components which might play
role in antioxidant effect. Thus, we aimed to synthesize
the stable AgNPs of T. majus’ methanolic and aqueous
extract by adopting easy, reliable, and simple method and
evaluate their antioxidant and antibacterial activities.

2 Materials and methods

2.1 Chemicals

Silver nitrate (BDH laboratory, BH.15-1TD) was purchased
from local market of Peshawar. De-ionized water, potas-
sium bromide, 1,1-diphenyl-2-picrylhydrazyl (DPPH),
methanol, sulphuric acid, sodium hydroxide, ammonia,
ammonium hydroxide, hydrochloric acid, and trichloro
methane were purchased from Merck.

2.2 Plant collection and extraction

The plant is obtained from the ground of Botany
Department, University of Peshawar, Peshawar. The plant
specimen was recognized by taxonomist Ghulam Jillani from
Department of Botany, University of Peshawar. The plant
material was collected and dried under shade for about
15 days. The dried plant material (leaves) of Tropaeolum
majus was crushed to make well powder. The powder mate-
rials were soaked in methanol for 3 days and assessed for
normal cold extraction until exhaustion of plant materials.
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The obtained extract was then concentrated under reduced
pressure at low temperature using rotary evaporator. The
same procedure was done for aqueous extract by soaking
the powder material with water [32].

2.3 Phytochemical screening

Chemical tests for phytochemicals like anthraquinones, tan-
nins, alkaloids, glycosides, saponins flavonoids, steroids,
reducing sugars, terpenoids, phlobatanins, anthocyanins,
soluble starch, and free reducing sugars were carried out
on the methanol extract of the leaves of Tropaeolum majus
using standard procedure to identify the constituents as
described by Sofowora, Trease, and Evans [32-34].

2.4 Synthesis of nanoparticles

The fresh plant materials were cleaned by washing with
water to remove dust and other impurities. The derided
plant sample was cut into small pieces. Small pieces of
fresh plants materials were put in a conical flask sepa-
rately followed by the introduction of methanol. The
flasks were kept for three days, after that the solutions
were filtered and filtrates were concentrated and stored in
the refrigerator at 4°C [35].

2.4.1 Preparation of stock and salt solutions

Crude extract (0.1g) of plant Tropaeolum majus was dis-
solved in 50 mL of methanol, to prepare stock solution of
extract. For the synthesis of metallic nanoparticles, 17 mg
of silver nitrate (AgNO3) was dissolved in 100 mL of dis-
tilled water to prepare 1 mM salt stock solution. The salt
solutions were stored in refrigerator in reagents bottle
which was coated by aluminium foil for further use [35].

2.4.2 Processing for synthesis of AgNPs

The prepared stock solutions of extract and salt were com-
bined in different ratios, i.e. 1:1, 1:2, 1:3, and 1:4, by making
the extract solution diluted in each successive reaction mix-
ture. The reaction mixture 1:1 was first heated at 70°C for 1h;
the colour was observed before heating and after some time.
The modification in colour exhibited the reduction process
and the synthesis of nanoparticles. The above-mentioned
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ratios were then heated same as for 1:1. The UV spectra
were taken for each and every step to check and confirm
the synthesis of metallic nanoparticles [35].

2.4.3 Time and temperature effect on synthesis of
AgNPs

The time and temperature effect of synthesized nano-
particles was performed for confirming the stability of
nanoparticles. The nanoparticles showed maximum absor-
bance was first heated at 70°C for 30 min, and then time
was extended to 60, 90, and 120 min. The temperature
effect was assessed by heating the same ratio of stock
and salt solution at 30°C, 50°C, 70°C, 80°C, and 100°C.
The stability of nanoparticles was then confirmed by
taking UV spectra [36].

2.5 Characterization
2.5.1 UV-Vis spectroscopy

Ultraviolet-Visible (UV-Vis) spectrophotometry assay is
considered easy and less time-consuming assay for con-
firmation of the synthesis of nanoparticle [37,38]. The
UV-Vis analysis was done by using a double beam spectro-
photometer (Shimadzu UV spectrophotometer). Simply,
4mL of the diluted newly synthesized AgNPs solution
was placed in a cuvette and inserted in the UV-Vis spectro-
photometer. The UV-Vis spectrum was obtained for the
sample using wavelength range of 300-800 nm.

2.5.2 FT-IR analysis

Fourier transform infrared (FTIR) is one of the preferen-
tially implemented methods of infrared spectroscopy.
The IR method involves the principle of allowing the IR
radiation to pass through a sample. During the process,
the sample absorbs some of the radiations, while some of
it will be transmitted through sample. The resultant IR
spectrum represented as the molecular absorption and
transmission spectrum, producing a clear idea regarding
the molecular composition or fingerprints of the sample.
They are referred fingerprints because of uniqueness of
the IR spectrum, i.e. each molecular structure has its unique
infrared spectrum. The FTIR spectrum of Tropaeolum majus,
AgNPs were recorded using a FTIR prestige-21 Shimadzu
FTIR spectrophotometer [39]. FT-IR measurement was
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performed and analysed for identification of the chemical
ratios of the plant crude extracts and synthesized AgNPs.
Both (plants crude extracts and synthesized AgNPs) were
analysed in the range from 400 to 4,000. The analysis was
done by following potassium bromide (KBr) pellets method.
Both the spectra of crude and AgNPs were compared to each
other for the confirmation of nanoparticles synthesis.

2.5.3 Atomic force microscopy (AFM)

The atomic force microscopy (AFM) for characterization
of nanoparticles is the most suited technique [40]. It has
the capability of 3D visualization and is effective in gath-
ering both qualitative and quantitative information on
many physical parameters of nanoparticles. The physical
parameters that could be analysed with AFM included
size, surface texture (roughness or smoothness), and
morphology. It could also provide statistical information
regarding size, surface area, and volume distributions.
AFM is capable of analysing wide range of particle sizes
in the same scan, ranging from 1nm to 8 pm. Further-
more, the characterization of nanoparticle with AFM is
possible in multiple mediums, for example, controlled
environments, ambient air, and even liquid dispersions.

2.6 Biological activities

2.6.1 Antioxidant activity (DPPH radical scavenging
assay)

The antioxidant potential was measured by DPPH radical
scavenging assay [41]. The principle of the assay is
bleaching of the purple-coloured methanol solution of
2,2-diphenyl-1-pierylhydrazyl (DPPH) correspondent to the
measurement of the hydrogen atom or electron donation
anilities in the sample. All the samples were performed
in triplicate. Simply, 3mL of samples (extracts/AgNPs)
solutions in methanol (containing 10-100 pg) and control
(without sample) were mixed with 1 mL solution of DPPH
radical solution (1mM) in methanol. The solution was
allowed to stand for 30 min, then the absorbance was mea-
sured in dark at wavelength A = 517 nm. The decline of the
absorbance of DPPH solution is represented as an increase
of the DPPH radical scavenging activity. The following for-
mula was used for calculation of percent radical scavenging
activities (%RSA):

%DPPH = (OD control — OD sample)
x 100/0D control

)
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where control OD is the absorbance of the blank sample
and OD sample is the absorbance of samples or standard
sample.

2.6.2 Antibacterial activity

Three strains of bacteria (Staphylococcus aureus, Klebsiella
pneumonia, and Bacillus subtilis) were used to analyse
antibacterial activity of T. majus extract and AgNPs. The
above-mentioned bacterial strains were kept at 4°C in
Muller-Hinton agar. Modified agar well diffusion method
was implemented for analysis of antibacterial activity of
crude extract and AgNPs. The cultures were cultivated in
triplicates at temperature of 37°C for 1-3 days. Then the
broth cultures were transferred to sterilized Petri-dish
following addition of 20 mL of the sterilized molten MHA.
The amount of 0.2 mL of the extracts and derived AgNPs
solution were added in corresponding wells through a bore
into the medium. The streptomycin (2 mg/mL) was used as
reference antimicrobial agent. To ensure complete diffusion
of the antimicrobial agent into the medium, inoculation
was extended for 1 h. The inoculated plates were incubated
at 37°C for 24 h and the diameter of the zone of inhibition
of bacterial growth was measured in the plate in milli-
metres [42,43].

3 Results and discussion

3.1 Phytochemical screening of plant
T. majus

Selected plant (Tropaeolum majus) was subjected to
extraction to get methanolic and aqueous extract. Keep-
ing in view the objectives of this research project, the
resultant extracts were analysed for presence or absence
of important reducing phytochemicals. The data from
preliminary screening of extracts have been shown in
Table 1. Both the methanolic and aqueous extracts indi-
cated the presence of tannins, alkaloids terpenoids, fla-
vonoids, and cardiac glycosides. These compounds may
be actively involved in the reduction of silver and gold
ions to nanoparticles.

3.2 Characterization of AgNPs

The newly synthesized AgNPs were characterized by
using UV-Vis spectroscopy, FTIR, and AFM.
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Table 1: Phytochemical analysis of aqueous and methanolic
extracts of Tropaeolum majus

Methanolic
extract

Chemical components Aqueous

extract

Alkaloids + +
Tannins + +
Anthraquinone - -
Glycosides - -
Reducing sugar - -
Saponins - -
Flavonoids + +
Phlobatanins - -
Steroids - -
Terpenoids
Cardiac glycoside
Coumarin - -
Emodins - -
Betacyanin - -
Carbohydrates - -
Monosaccharide’s - -
Free reducing sugar - -
Combined reducing - -
sugars

Soluble starch - -

3.2.1 UV-Vis spectroscopic analysis

The UV-Vis spectroscopy is mostly used for confirmation
of newly synthesized metal NPs. It measures surface
plasmon resonance peaks of the metals. The property of
surface plasmon resonance of the metals makes them
capable of exhibiting distinctive optical properties. The
addition of T. majus extract to salt solution at room tem-
perature caused the solutions to change from dark green
to orange brown, the apparent indication of the forma-
tion of AgNPs. This colour change is reported due to the
reduction of Ag* to Ag® by using the active phytochem-
icals present in the extract of T. majus [38]. The variety of
phytochemicals that act as reducing and capping agents
for the synthesis of NPs are already reported. The diverse
range of molecules present in the plant extracts is respon-
sible for the synthesis of symmetrical NPs [27]. Experi-
ment was carried out with varying stock solutions of
T. majus extract and salt solution ratio. For monitoring
of the formation and stability of silver nanoparticles,
the absorption spectra of the synthesized silver AgNPs
were recorded against methanol. The peak absorbance
of AgNPs was observed in wavelength (A) range of 400-
600 nm in methanol solutions which exhibited the suc-
cessful formation of AgNPs.

Biosynthesis of silver nanoparticles of Tropaeolum majus

— 89

3.2.1.1 UV spectrum of AgNPs synthesized with
methanolic extract of T. majus

The absorption spectra of synthesized AgNPs were re-
corded against methanol. The given spectrum shows
the UV-Vis spectra of AgNPs formation using constant
silver nitrate ratio with successive increasing ratios of
extract at room temperature. The colour of the solution
changed from dark green to orange brown. The different
ratios of the nanoparticles (AgNPs) are shown in the
Figure 1. The efficient synthesis was observed in reaction
mixture (1:1) at £ = 430 nm.

3.2.1.2 UV spectrum of AgNPs synthesized with aqueous
extract of T. majus

The absorption spectra of synthesized AgNPs were re-
corded against water. The given spectrum shows the
UV-Vis spectra of AgNPs’ formation using constant silver
nitrate concentration with different aqueous extract con-
centrations at room temperature. The different ratios of
the nanoparticles are shown in the Figure 2. The effi-
cient synthesis was observed by 1:1 AgNPs at 450 nm
absorbance.

3.2.1.3 Temperature effect on AgNPs synthesis with
methanolic and aqueous extract of 7. majus

In the present set of experiment, the concentration of silver
salt and extract solution was kept constant, i.e. 1:1 under
variable temperature range to observe any possible effect
of temperature on AgNPs synthesis. Temperature effects of
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Figure 1: UV spectra of the AgNPs solution with methanolic extract of
Tropaeolum majus.
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Figure 2: UV spectra of AgNPs solution with the aqueous extract of
Tropaeolum majus.
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Figure 3: Temperature effect of methanolic nanoparticles of
Tropaeolum majus.

the methanolic and aqueous extract are shown in Figures 3
and 4, respectively. Data exhibited that increasing tempera-
ture increased synthesis of nanopatrticles, both of methanolic

3.5
e 30 °C
3 4 —50°C
70°C
2.5 =
\ =90 °C

Figure 4: Temperature effect of aqueous nanoparticles of
Tropaeolum majus.
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and aqueous extracts. The maximum absorbance was
observed under temperature of 70°C and 90°C.

3.2.2 FTIR spectra analysis of extracts and synthesized
AgNPs of T. majus

The FTIR spectra acquired from the methanolic extract of
T. majus and synthesized AgNPs are demonstrated in
Figures 5 and 6. In Figure 5, a broader peak observed at
3,379 cm ' is attributed to the O—H bonds stretching, indi-
cating presence of aromatic alcoholic and phenolic com-
pounds. The peaks such as 2947.23, 2831.50, 2592.33, and
2522.89 cm ™ reflect carboxylic acid bond stretching. The
peak of 1635.78 cm™' shows carbonyl group C=0 and
peak at 1411.89 cm ™' shows C-C stretching. The peak at
2,947 indicates the presence of ant symmetric CH, stretching.

Lgemiug | ey | s | mgiesung t m e |
%T

TagaTT—=i

S L
2500 2000

Figure 5: FTIR spectrum of crude water extract of Tropaoelum majus.
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Figure 6: FTIR spectrum of methanolic nanoparticles of Tropaeolum
majus.
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The peak at 2,214 is due to the C-H unsaturated stretching.
The peak at 1,661 is due to C=0 stretching. The peak at 1,411
is due to OH diff and the peak at 643 indicates the presence
of C-H diff.

When FTIR spectra were compared with those of
AgNPs, the spectra exhibited different IR absorption.
FTIR analysis of the AgNPs obtained after 60 min of reac-
tion was performed to detect involvement of different
functional groups present in T. majus extract (Figure 6).
The peaks at 2947.23, 2831.50, 2592.33, 2522.89, and
1,411cm™ disappear in the spectra of FTIR spectra of the
AgNPs. Thus, it means that carboxyl and hydroxyl groups
are considered mainly accountable for reduction and stabi-
lization of AgNPs [44]. Broad bands observed in spectra of
AgNPs, 544.92 and 541.31cm™, validated the formation of
AgNPs which were not observed in the crude FTIR spectrum
[45]. The formation of AgNPs is in agreement with already
existing studies on AgNPs synthesis by using various plant
extracts [46].

The FTIR spectra acquired from the aqueous extract
of T. majus and synthesized AgNPs are demonstrated in
Figures 7 and 8, respectively. In Figure 7, the peak of
1635.78 cm ™' shows carbonyl group C=0 and peak at
1411.89 cm™* shows C-C stretching. The peak 1,118 cm™
exhibits C-N stretching. While comparing the FTIR spectra
of synthesized AgNPs (Figure 8), only peak 1,118 cm™ is
missing which attributes to C-N stretching and seems to
be mainly responsible for aqueous AgNPs synthesis.

3.2.3 Atomic force microscopic analysis

The AFM for characterization of nanoparticles is the most
suited technique [40]. It has the capability of 3D visuali-
zation and is effective in gathering both qualita-

“too0’ T Ts00

——
500
1fcm

Figure 7: FTIR spectrum crude water extract of Tropaeolum majus.

Biosynthesis of silver nanoparticles of Tropaeolum majus =——— 91

1/cm

Figure 8: FTIR spectrum water nanoparticles of Tropaeolum majus.

Figure 9: AFM scan of AgNPs synthesized from methanolic extract of
Tropaeolum majus.

tive and quantitative information on many physical para-
meters of nanoparticles. The physical parameters that

Table 2: Antioxidant activity of T. majus extract and its synthesized
AgNPs

Conc. Percent DPPH (%)

(ng/ . -

ml) Aqueous Aqueous Methanolic Methanolic
extract AgNPs (%) extract (%) AgNPs (%)
(%)

20 96.5 23.4 7.7 42

40 94.9 23.9 10 12.2

60 93.7 26.6 24 11.7

80 93.6 34.7 31.6 9.5

100 92.2 40.6 45.1 5.4

150 90 45.7 49 4
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Table 3: Antibacterial activity of T. majus extract and its synthesized AgNPs

Microorganism strain ~ Gram stanning Aqueous extract Aqueous AgNPs Methanolic extract Methanolic AgNPs Streptomycin
Klebsiella pneumonia - (1] (1] (1] (1] 26
Staphylococcus aureus + (1] 12 (1] 10 28
Bacillus subtilis + 10 0 12 0 28

could be analysed with AFM included size, surface
texture (roughness or smoothness), and morphology. It
could also provide statistical information regarding size,
surface area, and volume distributions. AFM is capable of
analysing wide range of particle sizes in the same scan,
ranging from 1nm to 8 pm. Furthermore, the character-
ization of nanoparticle with AFM is possible in multiple
mediums, for example, controlled environments, ambient
air, and even liquid dispersions. The AFM scan of the
AgNPs synthesized from methanolic extract of T. majus
is shown in Figure 9. The shape of synthesized AgNPs was
observed to be cylindrical and its size was 25 pm.

3.3 Biological activities

3.3.1 Antioxidant activity of AgNPs vs respective extract
of T. majus

The free radical scavenging potential of the methanolic
and aqueous extracts of T. majus versus their synthesized
AgNPs is presented in Table 2. The maximum percent
antioxidant potential was exhibited by aqueous extract
of T. majus at all applied doses. This was found to be
dose-independent, i.e. the scavenging ability was almost
same at 20 pg/mL (minimum dose) to 150 pg/mL (maxi-
mum dose). The scavenging ability of AgNPs synthesized
with aqueous extract was markedly reduced, but it has
shown dose-dependent effect, i.e. 23.4% at 20 pg/mL
(minimum dose) to 45% at 150 pg/mL (maximum dose).
Similarly, methanolic extract has shown dose-dependent
effect and is reduced in case of AgNPs. Our data exhibited
that antioxidant potential of T. majus reduced when fab-
ricated as AgNPs, probably the reducing phytochemicals
would be consumed during metal reduction.

3.3.2 Antibacterial activity

The synthesized AgNPs of various plants, such as
Acalypha wilkesiana and Tithonia diversifolia, has been
documented for antimicrobial potential [47-49]. To ana-
lyse the antibacterial effect of T. majus, crude and

aqueous extracts and their AgNPs were screened
against three strains of bacteria shown in Table 3.
The antibacterial effect was compared to standard
drug of Streptomycin. The aqueous and methanolic
extract exhibited inhibition against Bacillus subtilis
and their synthesized AgNPs were active against Sta-
phylococcus aureus. Both the above-mentioned bac-
terial strains are gram-positive; however, the effect is
far less than standard drug.

4 Conclusion

Our data concluded that the extracts of T. majus have
necessary capping and reducing agents which make it
capable to develop stable AgNPs. The aqueous extract
of T. majus has potential antioxidant effect; however, the
AgNPs did not enhance its free radical scavenging effect.
The bacterial strains’ susceptibility of the extract and
AgNPs was changed from Bacillus subtilis to Staphy-
lococcus aureus, respectively. The biological action of
AgNPs is changed in case of antibacterial activity which
means that AgNPs might change the specificity of
T. majus and likewise other drugs.
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