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Abstract: The current study was designed to investigate
the potential of Euphorbia wallichii shoot extract for
reducting Au3+ and stabilizing gold nanoparticles.
UV-visible spectra of gold nanoparticles showed obvious
surface plasmon resonance peak at 548 nm. Microscopy
(SEM and TEM) showed spherical dimensions, and the
energy dispersive X-ray spectra displayed the strongest
optical absorption peak for gold (Au) at 2.1 keV. Dynamic
light scattering spectra represent polydispersed mixture
with particulate diameter of 2.5–103.2 nm. The IR spectra
confirm the potential functional groups of shoot extract
responsible for the reduction of Au3+ to gold nanoparti-
cles which exhibit tremendous antibacterial potential of
76.31%, 68.47%, 79.85%, 48.10%, and 65.53% against
Escherichia coli, Staphylococcus aureus, Bacillus pumilus,
Pseudomonas aeruginosa, and Klebsiella pneumoniae,
respectively. Gold nanoparticles showed markedly elevated
fungicidal potency compared to the shoot extract alone
against the tested fungal strains. IC50 for 2,2-diphenyl-1-
picrylhydrazyl scavenging was 31.52, 18.29, and 15.32 µg/mL
at 30, 60, and 90min of reaction time, respectively.
Both shoot extract and nanoparticles revealed 71% mor-
tality at 100 µg/mL, with LD90 values of 310.56 µg/mL.
Experimental mice acquired dose-dependent analgesia
of 54.21%, 82.60%, and 86.53% when treated with gold

nanoparticles at 50, 100, and 200mg/kg bw. Inhibition of
gastrointestinalmuscular contractionwas 21.16%, 30.49%,
and 40.19% in mice feed with 50, 100, and 200mg/kg bw,
respectively.

Keywords: Euphorbia wallichii, gold nanospheres, char-
acterization, in vitro, in vivo applications

1 Introduction

Centuries ago, gold nanoparticles (AuNPs) have been uti-
lized by artists due to its interaction with light and cap-
ability to produce attractive colors. Besides, biomedical
and electrical engineers are also taking advantages of the
interesting and eye-catching applications of AuNPs in
nanomedicine and electronics. In this aspect, the impor-
tance of gold nanospheres cannot be neglected as it is
more potent and advanced than other metallic NPs [1].
Phytomedicines are moving from fringe to a major stream
and are used by greater number of people who seek reme-
dies for health, with no or low side effects. In the recent
era, a green route has emerged for NP fabrication, and
people from both developing and developed countries
have paid considerable attention to the eco-friendly and
bio-friendly plant-based products in curing and pre-
venting various human diseases [2]. Nano biotechnology
is a new frontier for medicine with the application of
nano-sized material for targeted cell or tissue-specific
clinical intervention. Nanotechnology designed and
employed techniques for the synthesis of systems that can
interact at molecular (subcellular) level with great specifi-
city in order to achieve maximum therapeutic potency with
minimal side effects. The toxic chemicals limit the biome-
dical applications of chemically synthesized NPs [3]. The
use of gold in nanostructure has become an attractive area
of research during last several years because of its diverse
applications in various fields of science and technology [4].
A great deal of efforts has been employed for the biological

Rehman Ullah, Zahir Muhammad, Tauheed ul Haq: Department of
Botany, University of Peshawar, Peshawar, KPK, Pakistan



* Corresponding author: Sumaira Shah, Department of Botany,
Bacha Khan University Charsadda, Charsadda, KPK, Pakistan,
e-mail: sunehra23@gmail.com

Sajjad Ali Shah, Shah Faisal: Department of Biotechnology,
Bacha Khan University Charsadda, Charsadda, KPK, Pakistan
Umbreen Khattak: Department of Botany, Islamia College
University, University of Peshawar, Peshawar, KPK, Pakistan
Muhammad Taj Akbar: Department of Microbiology, Abdul Wali
Khan University Mardan, Mardan, KPK, Pakistan

Green Processing and Synthesis 2021; 10: 101–111

Open Access. © 2021 Rehman Ullah et al., published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0
International License.

https://doi.org/10.1515/gps-2021-0013
mailto:sunehra23@gmail.com


application of AuNPs in drug delivery, bio-diagnostics, bio-
technology, and medicine as metallic gold is biologically
nonreactive [5]. AuNPs have excellent antimicrobial activ-
ities against a wide of range of microorganisms such as
bacteria and fungi [6]. These days AuNPs are used widely
in chemical catalysis, nonlinear optics, surface-enhanced
Raman scattering, nanoelectronics, gene expression, dis-
ease diagnosis, targeted drug delivery, and a controlled
release of a drug at the desired site [7]. Similarly, nanoscale
particles of gold also caught distinct position in biosensing,
enzyme electrodes, catalysis electronics, super conductors,
and cancer therapy [8]. The AuNPs prove overwhelming
photocatalytic and therapeutic properties and are more
effective against microbes [9].

Both Euphorbia wallichii shoot extract (SE) and
AuNPs possess some novel physiological and physio-
chemical features such as electromagnetic and thermal
conductance, intense plasmon resonance, biochemical
stability, catalytic potential, antimicrobial activity, anti-
HIV, antiangiogenic agents, antiarthritic, and antimalarial
activities [10]. The current study is designed to biosynthe-
size AuNPs from E. wallichii SE and eluate its antimicrobial
and other in vivo and in vitro applications.

2 Materials and methods

2.1 Plant collection and preparation of
extract

E. wallichii shoots is collected from various localities of
Khyber Pakhtunkhwa, Pakistan. The plant is identified at
theDepartment of BotanyUniversity of Peshawar, Pakistan.
A specimen of the collected plant is submitted to herbarium
withvoucherNo.Bot. 20210 (UOP). The shoots are separated
and washed with distilled water and dried for 1 week in
shade. The dry shoots are powdered using an electric
grinder. The shoot powder of 500 g is soaked in 1,500mL
ethanol for 2weeks. The extract isfiltered throughWhatman
filter paper and then evaporated at 40°C through a rotatory
evaporator. The solid product is preserved at 4°C in refrig-
erator for NP synthesis.

2.2 Biosynthesis of AuNPs

The synthesis of AuNPs involved the mixing of 1 mL SE
solution with 1 mM aqueous solution of HAuCl4 in dif-
ferent ratios (1:1 to 1:5) by volume and stirred for

30min at 35 ± 3°C till the color of the reaction mixture
changes from pale yellowish to ruby red. After the com-
pletion of reaction, the AuNPs is centrifuged and washed
with deionized water through centrifugation. The AuNPs
were dried through freeze-drying technique. The synthe-
sized AuNPs were then stored for further use.

2.3 Characterizations

The reduction of Au ions was confirmed by analyzing
through UV-visible (UV-Vis) spectroscopic analysis of
the synthesized mixture run against ethanol mixture
and distilled water as a blank. The analysis is carrying
out using UV-Vis spectrophotometer at a resolution of
1 nm from 300 to 800 nm. For further characterizations,
the selected sample is freeze-dried.

Perkin Elmer spectrometer is used for FT-IR analysis
in the range of 4,000–0 cm−1 at a resolution of 4 cm−1.
Thin pellets of KBr are prepared by pressing with the
hydraulic pellet press and the sample was put on KBr
pellet, which is then subjected to FTIR analysis. After
FTIR analysis, the AuNP solution was dried at 90°C for
XRD analysis using JEOL JDX-3532 X-ray diffractometer
(JDX-3532, JEOL, Japan). The average particle size of
AuNPs is calculated from the XRD pattern according to
the full width at half maximum (FWHM) of the maximum
intensity reflection peak. The size of NPs is calculated
through the Scherrer’s equation (Eq. 1).

= ×D Kλ
β θcos

1001
2

(1)

where D is the average crystal size, K = 0.89 is the
Scherrer coefficient, λ = 1.5406 Å is the X-ray wavelength,
2θ is the Bragg’s angle, β (β = sample, β reference) is
FWHM in radians.

Surface morphology of AuNPs is inspected by using
FE-SEM. A dried sample of AuNPs is coated on a carbon
tape and then with gold before subjecting it to Spi-
module sputter coater for analysis.

The distribution of AuNPs is evident from the TEM
image. The synthesized AuNPs is used for the analysis of
particle size. Specimens for TEM analysis are prepared by
adding 1 or 2 drops of AuNPs solution onto the copper
grids and allowing to dry at normal temperature. TEM
(Philips Tacna G2 FEI F12, Brown University, Rhode
Island, USA) is used to evaluate the surface morphology
and size of NPs. The particles are washed and isolated by
centrifugation method by taking 30mL of suspension in
distilled water containing AuNPs for 30min at 12,000 rpm.
The pellets are collected and dried at 50°C in the oven to
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remove the rest of the water. The collected sample is used
for EDX analysis. AuNPs are dried and drop coated on to
the carbon film. EDX analysis is then carried out by using
SEM equipped with a thermo EDX attachment.

2.4 In vitro bioassay

For bactericidal examination, Mueller–Hinton agar was
poured in sterile petri plates and sterilized in autoclave.
Freshly prepared diluted culture of the tested bacterial
strains was swabbed on Mueller–Hinton agar plates.
Wells of 6 mm diameters were bored, filled with 2 mg/mL
each of streptomycin root extract (RE) and RE-mediated
AuNPs, incubated at 30°C for 24 h, and evaluated for the
zone of inhibition (mm) for antibacterial activity.

Antileishmanial bioassay was investigated against
Leishmania tropica (KWH23). From the standardized pro-
mastigotes’ suspension (4 × 106 parasites/mL), 200 µL
M-199 medium/well with 1 × 105 promastigotes were
transferred to 96 well plates and fed with 10, 50, and
100 µg/mL of each of SE and AuNPs, incubated at 26°C
for 48 h, and the number of promastigotes was counted
with the help of Neubauer hemocytometer in microscope.

2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging acti-
vity was evaluated for both SE and AuNPs by mixing of
0.1mM DPPH in methanol with different grades (10, 20,
40, 60, 80, and 100 µg/mL) of SE, AuNPs, and ascorbic
acid and incubated for 90min in dark. The absorbance for
each run was measured at 517 nm at a difference of 30min
intervals (30, 60, and 90min of incubation). Antioxidant
potential was measured using (Eq. 2).

=

( )− ( )

( )

×

% Antioxidant potential
Absorbance of control nm Absorbance of test nm

Absorbance of control nm
100 (2)

2.5 In vivo bioassay

Analgesic potency was determined using Eddy’s hot plate
in Swiss albinomice. Animalswere divided intofive groups
of six animals each, respectively, and received normal
saline (10mL/kg bw), diclofenac sodium (10mg/kg bw),
50mg/kg bw of each SE and AuNPs (ip), 100mg/kg bw of
SE and AuNPs (ip), and 200mg/kg bw of each SE and
AuNPs (ip). Animals response, i.e., paws flick or/and jump-
ing to high temperature (55 ± 2°C), was investigated.

For antispasmodic activity, forenight fasted groups
of mice were fed with normal saline (10 mL/kg bw), atro-
pine sulfate (10mg/kg bw), 50mg/kg bw of each SE and
AuNPs (po), 100mg/kg bw of SE and AuNPs (po), and
200mg/kg bw of each SE and AuNPs (po). After 15min,
the animals were fed with 0.2mL of activated charcoal,
sacrificed (after 30min), dissected, and the intestine was
cut down from pyloric to cecum. The distance traveled by
the charcoal relative to the total intestinal length was mea-
sured as percentage of propulsion.

3 Results and discussion

3.1 Synthesis and characterizations of
AuNPs

SE of E. wallichii acts as both a reducing agent and sta-
bilizing agent. Reduction of Au3+ in the aqueous solution
of HAuCl4 was indicated by a change in color of reaction
mixture from light pale to dark purple (Figure 1). E. wall-
ichii possesses primary and secondary metabolites such
as flavonoids, sugars, polyphenols, etc. which could be
attributed to the reduction of gold ions to AuNPs [11]. The
possible chemical equation for the synthesis of AuNPs
will be:

+ →
( ) ( )

HAuCl SE AuNPs4 aq aq (3)

SE-mediated AuNPs were confirmed through UV-Vis
spectroscopy. The UV-Vis spectra (Figure 2) showed sur-
face plasmon resonance (SPR) band of between 500 and
600 nm, which is characteristic to nanogold particles.
The obvious peak was found at about 548 nm for all
ratios, where the maximum absorption was recorded at
1:2. Narrow sharp peak for gold revealed that the AuNPs
are spheroidal in shape, small in size, and poly dispersed

HAuCl4 SE Soln. AuNPs

+

Figure 1: Synthesis of AuNPs through green approach using HAuCl4
as a source of Au3+ and SE as the reducing and stabilizing agents.
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with no aggregation. As the particle size increases, the
plasmon band frequency decreases and the band shifts to
longer wavelength. The broader peaks with low intensi-
ties at other HAuCl4 to SE ratios might be due to the
relatively large anisotropic gold nanocrystals. Plasmon
vibration on gold nanosurface produces SPR band cen-
tered at about 536 nm, giving the purplish aqueous
medium. The SPR absorbance is strongly correlated to
the shape, nature, and size of the NPs and their interpar-
ticular space [12,13].

The SEM micrographs (Figure 3a) revealed spherical
morphology having intense agglomerated pattern of dis-
tribution. AuNPs have diverse size distribution, ranging
from 28 to 200 nm. Transmission electron micrography
represents well-dispersed Au-NPs encapsulated by SE
matrix (Figure 3a). The SE matrix acts as the capping
agent responsible for the stability of Au-NPs. The mean
size of the Au-NPs was 17.52 ± 6.81 nmwith predominantly
spherical morphology. Moreover, different workers while
using SEM and TEM reported phytogenic nanogold parti-
cles with spherical to triangular morphology with a size
range of 10–300 nm [14].

The EDX spot -profile of SE-mediated Au-NPs shows
signals of the Au atoms at 1.7, 8.5, 9.9, and 10.4 keV. The
EDX spectra (shown in Figure 4) highlight the strongest
optical absorption peak for gold (Au) at 2.1 keV, which is

characteristic of Au. Themultiple strong signals of chlorine
(Cl) are due to the chloride salt of gold (HAuCl4)used for the
synthesis of AuNPs. Similar results were reported earlier,
where energy dispersive X-ray spectroscopy (EDS) spec-
trum showed strong signal of Au at 2.0 and 2.1 keV for cor-
iander leaf-mediated AuNPs [15], barbated skull cup
extract-mediated AuNPs [16], and for AuNPs in Mentha
piperita extract [17].

Dynamic light scattering (DLS) analysis of AuNPs
showing a trimodal size distribution curve (Figure 5),
representing polydisperse mixture of AuNPs with a range
of particulate diameter from 2.5 to 103.2 nm of 63.18 nm
mean diameter. DLS showed comparatively larger dia-
meter for the synthesized NPs than that shown in the
SEM and TEM images, revealing an average particle of
diameter 17.52 nm, which is due to the fact that SEM
and TEM consider only the geometrical diameter of the
metallic core while DLS analysis includes the ligand shell
anddetermines the hydrodynamic size.Optical approaches
for size measurements are restricted to the detection of
particles with size larger than ∼10 nm, whereas particles
ranging from 1 to 8 nm can only be detected using the
DLS approach [18].

The X-ray crystallography of biomimetic nanogold
particles (Figure 6) showed multiple intense peaks at
2θ = 16.84°, 38.14°, 44.56°, 64.28°, and 78.00°. The intense
peaks at 2θ values of 38.14°, 44.56°, 64.28°, and 78.00°
correspond to (111), (200), (220), and (311) planes of Bragg
reflections, representing crystalline nature with the face
center cubic dimension of SE-mediated Au-NPs and
matching the XRD pattern of pure Au-NPs with the
database; JCPDS file number 00-004-0784 [19]. The other
peaks represent crystallineamorphousphaseof theorganic
matter adsorbed at the surface of AuNPs. The Debye–
Scherrer’s equation was used to calculate the crystallite
size of the AuNPs on the basis of the FWHM of the (111)
Bragg’s reflection arising from the diffractogram, which
showed the crystallite particle size to be about 21 nm.

Figure 2: UV-Vis spectra of shoot extract (SE)-mediated AuNPs.

Figure 3: Electron microscopy of SE-mediated AuNPs: (a) scanning
electron micrograph and (b) transmission electron micrograph.

Figure 4: SEM and EDX spectra of SE-mediated AuNPs showing the
optical density of metallic gold.
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Comparative IR spectral analysis (Figure 7) of SE and
SE-mediated AuNPs confirms the potential functional
groups of SE responsible for the reduction of gold ions
toAuNPs. In thecurrentwork,differentvibrational stretches
were reported at 3,240, 2,922, 2,340, 1,610, 1,507, 1,305,
1,220, and 1,016 wave numbers cm−1, respectively, repre-
senting O–H stretch, H–bonded (alcohol/phenols), C–H
stretch, C≡N stretch, C]O stretch, N–H bend (1° amines),
C–N stretch (aliphatic amines), and C–O stretch (alcohol/
carboxylic acids/esters/ethers). Vibrationalwavenumber of
1,930 cm−1 present in SE represent C]O stretch of aldehyde
characteristics of glycosides and carbohydrates masked at
IR spectra ofAuNPs, showing thepotential functional group
involved in the reduction of Au3+ to AuNPs. Some deep
peaks were recorded in range of 1,500–1,000 cm−1, which

showed the presence of phosphate II and carbohydrates.
Based on the available literature, it is evident that shifts in
peak position in AuNPs IR spectra are due to the overchap-
ping of these functional groups on the surface of metallic
gold [20–23].

Figure 6: X-ray diffractogram of SE-AuNPs. The standard diffraction
pattern of Au (JCPDS PDF no. 4-784) is also shown at the bottom.

Figure 7: Comparative IR spectra of SE and SE-mediated AuNPs
showing transmittance levels at different wavenumbers repre-
senting stretches of various functional groups.

Figure 5: DLS graph showing size distribution, mean size, and standard deviation of SE-mediated AuNPs.
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3.2 Pharmacology

3.2.1 Analgesic activity

Analgesic response of mice to SE-mediated AuNPs is
shown in Figure 8. At 30min of drug administration,
mice fed with 50, 100, and 200mg/kg bw of SE-mediated
AuNPs showed increase in latency timeby 88.91%, 85.10%,
and 82.25% (as percentage of diclofenac-Na), respectively.
Mice fedwith50, 100,and200mg/kg bwofAuNPsacquired
analgesia of 54.21%, 82.60%, and 86.53% as compared to
absolute (100%) analgesia produced by diclofenac-Na at
60min of dose administration. Similar trend in response
ofmice in termsof pawflick latency timewasobserved after
90min of drug administration. Tissue damage more often
causes pain by stimulating the nociceptive receptors but
may also occur due to damages in the neural structures
without nociception (neuralgia or neuropathic pain). The
former responds easily to analgesics but often acute, while
neuralgia is long-lasting and very difficult to treat as it per-
sists long after healing the initial injury [24,25]. Opiate,
serotonergic, and dopaminergic descending noradrener-
gics are central systems, modulating pain by complex pro-
cesses while peripheral nociceptive mechanism involves
synthesis of bradykinin, serotonin, histamine, leuko-
trienes, prostaglandins, and other endogenous substances.
Thermal nociception may be prompted through opioid
receptors or through inflection of several neurotransmitters
involved in the relevant phenomena [26]. In the paw flick
test, pre-oral administration of SE and SE-mediated AuNPs
caused evident dose-related analgesia, though less
analgesic than the standard diclofenac sodium. AuNPs
were more potent and had crude extract probably due to
their rapid diffusion as they are of considerably small sizes
(1–100 nm). The current result suggests the involvement of

µ-opioid receptors mediated by SE and AuNPs, resulting in
the generation of analgesic response through the central
system. Thermal nociceptive tests are more sensitive to
opioidµ-agonists andnonthermal tests to opioidκ-agonists.
In the thermal nociceptive tests, theanimal response is typi-
cally integrated at the lower levels in CNS, thus, giving
knowledge about the pain threshold, and could be used to
test both narcotic and nonnarcotic analgesics [27]. The
analgesic activity of E. wallichii is attributable to the pre-
sence of potent secondarymetabolites, i.e., alkaloids, flavo-
noids, saponins, etc. The analgesic potential of some of the
natural products has beenattributed to their alkaloidal frac-
tion. Flavonoids are also known for trigging prostaglandins
responsible for peripheral nociceptive perception [28–30].
Similarly, saponins and tannins have been reported to pos-
sess anti-inflammatory and antinociceptive efficacy, where
saponins inhibit histamine release [31–33].

3.2.2 Antispasmolytic activity

A dose-dependent gastrointestinal (GI) propulsion inhi-
bition was observed for both atropine and SE-mediated
AuNPs (Figure 9). Mean GI propulsion (percent) shown
by mice fednormal salinewas 72.27%.Maximuminhibition
of GI propulsion (58.20%) was observed in mice treated
with atropine sulfate (standard drug). The AuNPs at 50,
100, and 200mg/kg bw showed 36.36%, 52.39%, and
69.05% antispasmodic potential compared to the standard
drug (atropine) by inhibiting the muscular contraction by
21.16%, 30.49%, and 40.19%, respectively. GI lining is
innervated by sympathetic and parasympathetic fibers
chiefly associated with adrenergic and cholinergic fibers,
respectively. The GI tract motility is mainly initiated by the
local reflexes and is myogenic, and the extrinsic nerves of

Figure 8: Analgesic efficacy of SE-mediated AuNPs, showing
analgesia (percentage of diclofenac-Na) under different dose
concentrations and time durations.

Figure 9: Spasmolytic efficacy of SE-mediated AuNPs, showing GI
propulsion inhibition under different dose concentrations.
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GI tract have limited role inmodulating the peristalsis [34].
Opioid delays gastric emptying through acting on GI sphinc-
ters and hence decrease intestinal transit. The smoothmuscles
showing marked contraction when exposed to neuro-
transmitter acetylcholine released from acetylcholine
receptors (parasympathetic nerves) [35]. Antispasmodics
such as atropine and dicyclomine are antagonists of mus-
carinic acetylcholine receptors. Extract derived from shoot
of E. wallichii and its mediated AuNPs exhibited promising
antispasmodic effect most probably by antagonizing mus-
carinic acetylcholine receptors. The spasmolytic effect of
NPs was more evident than extracts alone due to the provi-
sion of large surface area for antagonism because of larger
size tomass ratio. The blockage ofmuscarinic acetylcholine
receptor is coupled with the decline in intestinal motility
hence lessening the excretion of water and electrolytes [36].

3.2.3 Antioxidant activity

Antioxidant efficacy of SE-mediated AuNPs was assessed
by measuring its bleaching potential on DPPH. AuNPs
exhibits time- and dose-dependent effectiveness. The
EC50s for ascorbate (the standard drug used) were 3.46,
2.86, and 1.64 µg/mL at 30, 60, and 90min of reaction
time, respectively. AuNPs showing effective concentra-
tion for 50% DPPH inhibition at 30, 60, and 90min of
reaction time were 31.52, 18.29, and 15.32 µg/mL, respec-
tively (Figure 10). DPPH scavenging assay is considered
as themodel for lipophilic-freeradicals,which is initiatedby
auto-oxidation of lipids. Phytometabolites have the ten-
dency to donatehydrogen (reduction) to DPPH (ROS)which
is indicated by its bleaching purple color, where the degree
of discoloration is correlated with the concentration and
potential of antioxidants [37]. The natural compound-
mediated AuNPs has redox properties against free radicals,
decomposing the peroxides or slaking singlet and triplet
oxygen or decomposing peroxides. The current study repre-
sents moderate antioxidant efficacy of SE-mediated AuNPs
due to the utilization of redox potentials of phytometabo-
lites in SE during the synthesis of AuNPs as evident in the
FTIR analysis. The synthesis of AuNPs and antioxidant
activity are competing processes where both are dependent
on theconcentrationsandpotential of reducingphytochem-
icals. Researchers studied the antioxidant potential of
metallic NPs by evaluating longan fruit juice. The synthe-
sizedNPs of longan fruit juice showed significant DPPH free
radical scavenging activity [38]. Our current results are in
line with the findings of these researchers.

3.2.4 Antileishmanial activity

The antileishmanial efficacy of SE-mediated AuNPs was
analyzed against the promastigote form of L. tropica.
Both SE and AuNPs revealed dose-dependent anti-
promastigote efficacy by recording 44%, 52%, and 71%
mortality at 10, 50, and 100µg/mL, respectively. LD50, LD70,
and LD90 values recorded were 13.86, 49.42, and 310.56 µg/mL
(Table 1). Though both promastigote and amastigote
forms show remarkable differences but still similar in
their metabolic pathways and hence the target against
the promastigote could be relevant against the amasti-
gote [39]. Metal NPs show the tendency to impair with
glycoprotein 63 and lipophosphoglycan found on the
leishmanial parasite surface and are responsible for
infection. NPs often release core metal ion, generate
ROS, and inhibit the growth of Leshmania by degener-
ating its cytochemical profile [40]. Similarly, AuNPs
enhance antileishmanial activity in contrast to micro
materials. The investigation on gold [Au(dppz)2]Cl3 com-
plex showed that the gold-derived NPs exhibit signifi-
cant dose-dependent antipromastigote activity against
Leishmania mexicana [41,42].

3.2.5 Antifungal activity

Both SE and SE-mediated AuNPs presented variable
antifungal activities against the studied pathogenic
fungal strains. Fusarium solani was the most resistive
fungus because it showed no inhibition for both SE and
AuNPs (Figure 11). Aspergillus niger was markedly sus-
ceptible by showing 61.53 ± 0.88% and 70.85 ± 1.57% of
mycelia growth inhibition to SE and AuNPs, respec-
tively. SE and AuNPs induced mycelia growth inhibition
by 31.74 ± 0.22% and 54.22 ± 0.48% against Candida
albicans, 48.75 ± 0.49% and 55.67 ± 0.50% against
Aspergillus flavus, and 17.22 ± 0.11% and 37.60 ± 1.08%
against Aspergillus parasiticus, respectively. The SE-
mediated AuNPs exhibited alleviated antifungal activity
compared to SE due to its large surface area and
small size. Available literature revealed that the anti-
fungal efficacy of AuNPs depends on the size, shape, con-
centration, and nature of surfactants used [43]. It is
reported that AuNPs restrict the transmembraneH+ efflux
by inhibiting H+-ATPase activity in a size-dependent
manner [44].
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Table 1 The: efficacy of anti-promastigotes’ various concentrations of SE-mediated AuNPs against L. tropica

Treatment Doses (µg/mL) No. of promastigotes (1 × 104) % mortality LC50 LC50 LC90 Probit

Control DMSO 0.5% 100 — — — — —
AuNPs 10 56 ± 3.87 44 21.39 149.02 2468.11 Y = 4.17 + 0.62X

50 48 ± 2.56 52
50 29 ± 3.09 71

Figure 10: DPPH radical scavenging activity of SE, SE-mediated AuNPs, and ascorbic acid (standard) under different concentrations at
(a) 30min of incubation time, (b) 60min of incubation time, and (c) 90min of incubation time.
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3.2.6 Antibacterial activity

Zones of inhibition corresponding to SE-mediated AuNPs
against Escherichia coli, Staphylococcus aureus, Bacillus
pumilus, Pseudomonas aeruginosa, and Klebsiella pneu-
moniae were 21.9 ± 0.5 mm, 15.2 ± 0.5 mm, 21.8 ± 0.4mm,
17.7 ± 0.4mm, and 17.3 ± 0.5 mm, respectively, thus
exhibiting the antibacterial potency of 76.31%, 68.47%,
79.85%, 48.10%, and 65.53%, respectively (Figure 12).
Generally, gram-negative strains show more suscept-
ibility than gram-positive strains because of a thicker
peptidoglycan layer in the gram-positive than the gram-
negative bacteria; thus, comparatively larger doses of
NPs are required for the former strains [45]. The possible
mechanism for bacterial growth inhibition by AuNPs is
either altering the membrane potential for ATP synthesis
or/and declining the tRNA binding capacity for ribosome,

thus disordering its protein synthetic mechanism [46].
The pronounced antibacterial potency of AuNPs is due
to its small size and large surface area which facilitates
rapid diffusion and enhances the contact area, inter-
acting with microbes. Bacterial DNA and membrane pro-
teins are altered as a first choice for AuNPs, by binding to
their phosphoric and thiol groups, respectively, thus
inhibiting bacterial growth. Most of the research articles
report the synthesized NPs to be active against bacteria
and fungus. The metallic NPs have significant result
against different bacterial strains such as E. coli, Bacillus
subtilis, K pneumoniae, and Pseudomonas fluorescens
and fungal strains such as Trichophyton simii, Tricho-
phyton mentagrophytes, and Trichophyton rubrum [47].
Aloe vera leaf extract NPs were evaluated against dif-
ferent strains of S. aureus and E. coli bacteria. The inhibi-
tion zone for S. aureus (12 mm) was higher than that of
E. coli (around 10mm) [48]. Therefore, our current results
are in consistency with the findings of these researchers.

4 Conclusion

Fabrication of gold nanocrystals has been carried
out using the reducing power of E. wallichii SE.
Spectroscopic, morphologic, and structural analyses sug-
gest the key role of phytochemicals of E. wallichii in eco-
friendly phytofabrication of polydisperse, crystalline and
spherical nanogold particles. In vitro and in vivo phar-
macologies strongly support the use of surface functio-
nalized AuNPs of plant origin as analgesic because the
alkaloids, flavonoids, and saponins of E. wallichii trigger
prostaglandins responsible for peripheral nociceptive
perception. The spasmolytic effect of NPs was more evi-
dent than extracts alone due to the provision of large
surface area for antagonism because of larger size to
mass ratio. The antioxidant potential of AuNPs has redox
properties against free radicals and represents moderate
antioxidant efficacy due to the utilization of redox poten-
tials of phytometabolites in the synthesis of AuNPs. The
antimicrobial agent is alternative to the conventional
phytomedicine due to its cost-efficient, eco-friendly,
and alleviated therapeutic potential.
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