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Abstract The eco-friendly green bio-synthesis of Ephedra-AuNPs was constructed from Ephedra

plant extract. The synthesis process was optimized using different volumes of Ephedra-extract,

10-3M (HAuCl4�3H2O) solution, reaction temperature, time, and pH of the solution. Where,

4 mL of Ephedra-extract, 6 mL of 10-3M (HAuCl4�3H2O) solution at 25 �C for 3 h at a pH of 4

are showed the optimum reaction parameters respectively. The characterization of AuNPs was ver-

ified by UV–vis. spectrophotometer, FTIR, microscopic techniques (TEM, HRTEM), Zeta poten-

tial, and X-ray techniques (XRD, EDX, XPS). The nanoparticles are extremely important materials

in emerging the future sustainable technologies for the living beings. The AuNPs were employed in

biological assays where ABTS assay used to investigate the antioxidant activity. The in-vivo study

of AuNPs was executed to study the anti-pyretic and anti-asthma activities of Ephedra-AuNPs.

Ephedra-AuNPs of 1.3 nm to 15.6 nm size were achieved which have as importance as proficient

to bind with the biological systems. The Ephedra-AuNPs prepared exploiting Ephedra-extract which

is considered to be influential anti-asthma agent and antipyretic agent reduced the fever by 83.3 %

at 32lg=g=day. Further the Ephedra-AuNPs used to scrutinize the anti-bacterial activities for Sta-

phylococcus aureus, Listeria moncytogenes, Bacillus subtilis, Escherichia coli, Pseudomonas aerugi-

nosa, and Salmonella typhimurium, and anti-fungal activities on Candida albicans, Aspergillus

nigra and Aspergillus flavus. The synthesized Ephedra-AuNPs exhibited great potential activities

comparable to the standard drugs in case of Staphylococcus aureus, Escherichia coli, Candida albi-

cans with the zone of inhibition of 25 ± 0.5 nm, 26 ± 0.6 nm and 24 ± 0.7 nm respectively. It is
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believed that the synthesized Ephedra-AuNPs to be a hopeful option intended for diverse biological

applications.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nanotechnology is materialized as a fastest expanding research thrust

for manufacturing, depiction, and manipulation of materials at nano-

scale. It leads to structural modifications, execution and its rapid pro-

duction is captured considerable attention round the globe (Al-Radadi

et al., 2022; Narband et al.,2009; Sone et al., 2020). The nanomaterials

are well thought-out to be the encouraging entities containing apposite

size particles (1 to 100 nm) (Abdullah et al., 2022) to bind with the bio-

logical systems. The uniting of nano materials and biological systems

leads to the convergence of these technologies and surfaced into a

new field nano-biotechnology (Marooufpour et al., 2019; Shah et al.,

2015; Singh et al., 2008). The nano-biotechnology attracted extensive

research focus due to the applications of nanoparticles, nano-sized

materials/devises in the diagnosis of biological systems (Al-Radadi,

2022a; Al-Radadi, 2022b; Al-Radadi & Abu-Dief, 2022; Baptista

et al., 2008). The defining characteristic possessions of nanoparticles

are the tiny size and a huge surface which grant great concentration

to accomplish their chemical physical, magnetic, and optoelectronic

properties (Elias E Elemike., 2017; Modena et al., 2019). The con-

trolled experiments of shape and size allocation of nanoparticles

endow with desired properties such as biological, optical absorption,

thermal, catalytic, electrical conductivity, and melting point etc. in

large scale. However, Metal nanoparticles (MNPs) captured worthy

importance for their applications in the chemical sensors, photo cata-

lyst pharmaceutical products, chemical industry, medical imaging,

medical diagnosis, medical treatment protocols, and drug-gene deliv-

ery (Magdalane et al., 2019; Thomas., 2019; Iravani., 2011). Moreover,

MNPs explored unique properties, with improved catalytic activities

compared to bulk material owing to their highly active facet mor-

phologies (Du et al., 2017; Faisal et al., 2021; Kolhatkar et al., 2013).

Noble-metal (Au, Ag, Pt, Pd)-nanoparticles extensively employed

now-a-days in the range of products from cosmetics to medical and

pharmaceuticals (Al-Radadi and Al-Youbi, 2018a; Al-Radadi, 2018;

Al-Radadi and Al-Youbi, 2018b; Al-Radadi., 2019; Al-Radadi and

Adam., 2020). It’s because on account of their precious properties,

high stability, biocompatibility, non-toxicity, precise aggregate activi-

ties towards tissues, and target cells (Yaqoob et al., 2020). In the recent

years, increased population, wealth, and technology made researchers

augmented attention on gold nanoparticles (AuNPs) as a consequence

of their unique characteristic physicochemical, dispersion, size, shape,

biological properties, and their latent therapeutic applications (Al-

Radadi., 2022c; Al-Radadi., 2022d; Bai et al., 2020). The fine-tuned

AuNPs possess desired physic-chemical properties, explored various

effective biomedical applications in drug delivery, bio-imaging, bio-

sensors (Daraee et al., 2016; Gurunathan et al., 2014; Sunderam

et al., 2019), disease diagnosis, separation sciences, and in pharmaceu-

ticals (Gerber et al., 2013).

The traditional construction of nanoparticles utilize toxic chemi-

cals, time-consuming procedures, high costs, long-range processing,

and liberate hazardous byproducts. It generated serious interest to

develop eco-friendly processes. The inclination of customizing biolog-

ical methods by means of microorganisms, and plants using various

biotechnology tools were developed. Where, the research on synthesis

of nanoparticles by green technology established great success than the

physical and chemical techniques. Consequently, researchers, technol-

ogists, and chemists, are developing less peril, less energy consumptive

(Gour and Jain., 2019), economical effective, and highly stable

(Herlekar et al., 2014) chemical products. The eco-friendly approach

of nanoparticles connects the nanotechnology with plant biotechnol-
ogy. Whereas, we used Ephedra-extract for the green production of

Ephedra-AuNPs obtain from Au+3. Ephedra is one of the oldest Chi-

nese medicinal herb known as ma-huang belongs to Ephedraceae fam-

ily, a non-flowering plant related to Gnetales (AtaeiAzimi., 2015;

Caveney et al., 2001; Choudhary et al., 2021; Gul et al., 2017; Lin

et al., 2019), and is being used for more than 5000 years

(Abourashed et al., 2003). There are around 45 species of Ephedra

are utilizing throughout the world (Ickert-Bond and Renner., 2016;

Lee, 2011; Rydin et al., 2004), these are small shrubs having slight

angles contained stripy branches with shrunken membranous leaves.

It is generally employed in the treatment of headache, cough, chills,

asthma, and bronchitis fever etc. Its volatile oil is antipyretic

(Khattabi et al., 2022) and works against Asian influenza virus. The

Ephedra is an imperative resource of active components contained

pharmaceutical importance such as reducing sugars, cardiac glyco-

sides, flavonoids (catechin equivalent 27.51 mg/g dry extract), pheno-

lics (gallic acid equivalent 131.55 mg/g dry extract), cyclopropyl

amino acids, cyanurates (Rustaiyan et al., 2011), tannins (gallic acid

equivalent 64.91 mg /g dry extract), proanthocyanins, saponins,

polyphenols and essential oils (ben Lamine et al., 2019; Elhadef

et al., 2020; Mighri et al., 2019). Ephedra could also produce alkaloids,

pseudoephedrine, ephedrine, and nor pseudoephedrine (Parsaeimehr

et al., 2010). Explored its medicinal values as anti-diabetic, antimicro-

bial, high antioxidant activity, antipyretic, analgesic, diuretic, vascular,

hypoglycemia, hypolipidemic (Al-Snafi, 2017; Maayan et al., 2017;

Rashed., 2021) and anti-cancer effects. In the present study we have

synthesized the AuNPs via green synthesis with Ephedra-extract. These

nanoparticles are inert, highly selective, and resistant to bacteria. It

was observed that the sensitivity and photo physical properties of

the manufactured AuNPs were increased and promising antioxidant,

anti-asthma, and antipyretic properties along with antibacterial and

anti-fungal actions were accomplished (Scheme 1). These nanoparticles

are inert, highly selective, and resistant to bacteria. It was observed

that the sensitivity and photo physical properties of the manufactured

AuNPs were increased and promising antioxidant, anti-asthma, and

antipyretic properties in addition with antibacterial and anti-fungal

actions were accomplished. The wide range of applications of nanopar-

ticles to noble metals, particularly AuNPs, shows that this is an area

worth continuing work (Al-Radadi, 2021a; Al-Radadi., 2022e;

Klezbowski et al., 2018) in the current global conditions (Scheme 1).
2. Materials and methods

2.1. Preparation of Ephedra-extract and biosynthesis of
Ephedra-AuNPs

A High class of Ephedra was purchased from a standard spices
store and ethanol was acquired from Sigma Aldrich. Ephedra

was washed for several times very well to remove the impurities
and dust particles before use. Then 50 mL of distilled water
followed by 20 mL of ethanol was added to 5 g of Ephedra,

and mixed it well. To attain the composition of Ephedra-
AuNPs, 4 mL of Ephedra-extract was added to 6 mL of Au.
The solution mixture was stirred nearly an hour until the solu-

tion turns to the sapphire color. Afterward, the Auþ3 ions

were reduced to Au0 due to the existence of antioxidants in
the Ephedra-extract results in the formation of Ephedra-

http://creativecommons.org/licenses/by-nc-nd/4.0/


Scheme 1 Green synthesis of (Au-NPs) Via Aqueous Extract of Ephedra: Characterization, Antioxidant, Antipyretic, Antiasthma and

Antibiotic.
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AuNPs which further confirmed by observing the characteris-

tic ruby red color of the solution.

2.2. Optimization of reaction parameters

Varied factors were studied that influence the assembly of Au-
NPs, for instance the quantities of Ephedra-extract, and

10�3M ðHAuCl4:3H2OÞ solution, time duration of reaction,
PH, and temperature to specify the optimization limits to the

construction of Ephedra-AuNPs. A series of 1 mL to 4 mL
of Ephedra-extract were added to a constant volume of 6 mL

of 10�3M HAuCl4:3H2Oð Þ solution discretely and kept the

reactions at room temperature (25 �C) for about 3 h. to obtain

the Ephedra-AuNPs. The influence of 10�3M ðHAuCl4:3H2OÞ
volume was studied by reacting diverse volumes (1 mL to

6 mL) of 10�3M ðHAuCl4:3H2OÞ solution to a constant vol-
ume of 4 mL of Ephedra-extract individually at room temper-

ature (25 �C) for about 3 h. The effect of reaction time was
optimized by monitoring the UV–vis. absorption spectra of
Ephedra-AuNPs reaction at the optimized volumes of Ephe-

dra-extract and 10�3M HAuCl4:3H2Oð Þ solution up to

180 min with a regular time intervals of 30 min at room tem-
perature (25 �C). The consequences of reaction temperature
was optimized using a set of reactions at various temperatures

(15 �C, 20 �C, 25 �C and 30 �C) for about 3 h by means of
above optimized reaction clauses to obtain the Ephedra-
AuNPs. The pH optimization was assessed in the range of

pH 2 to 7 in the individual reactions for 3 h at room temper-
ature (25 �C) with optimum volumes of Ephedra-extract and
10�3M HAuCl4:3H2Oð Þ solution. The resulting compounds

were scrutinized by UV–visible spectra then finally corrobo-
rated by HRTEM and TEM analysis.
2.3. Characterization of synthesized Au-nanoparticles

Morphology, structure, and vibrational properties of biosyn-
thesized Au-NPs were scrutinized by means of analytical tech-
niques such as UV–Visible spectrophotometer (Cary 100, UV–

Vis. spectrometer), Fourier transformed (FT) infrared spec-
troscopy (Thermo Nico-let 6700), Zeta potential, microscopic
techniques [TEM (JEOL/JEM 2100 model, at 90 KV) and

HRTEM], and X-ray methods of analysis [EDX (JEOL
EDX model-JSM-5610 LV), XPS (PHI 5000 Versa probe II
spectrometer), and XRD (XRD-7000, Japan model)] were

performed.
2.4. Antioxidant assays

The action of AuNPs and Ephedra-extract at different concen-
trations in methanol as antioxidants was measured using
ABTS method. Ascorbic acid was taken as the reference stan-
dard where the reaction was set in a dark room for 30 min.

Absorbance of each reaction was recorded separately. The fol-
lowing equation is used to derive the antioxidant activity:

ABTS free radical scavenging ð% Þ ¼ Control � Test

Control
� 100
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2.5. Antipyretic assays

The antipyretic activity of Ephedra-AuNPs, Ephedra-Gypsum
and aspirin were studied. Eight groups of Wistar rats were
divided as one control, one standard (aspirin), three Ephedra-

Gypsum (8, 16, 32 g/kg doses), and three Ephedra-AuNPs (8,
16, 32 g/kg doses) groups. The animals were fasted for 12 h
and the initial body temperature (Tb) was determined. Mice
were injected with yeast suspension (1 mL/100 g) to raise its

body temperature to induce fever. The testing compound
was administered orally for 6 h followed by the equivalent dose
of distilled water after the insertion of yeast solution; the rectal

temperature was measured for 8 h at 8 body temperatures (TR)
time points on each hour (1–8). The pharmacological kinetics
were followed as.

DTR
oC

¼ TR� TbðR ¼ 1� 8Þ

The antipyretic study was measured according to the fol-
lowing equation:

Reduction ð%Þ ¼ ðmean controlDTR� treatmentmeanDTRÞ
mean controlDTR

Research Ethics: Animals were housed in the animal house
of National Research Centre, Cairo, Egypt.

Animal experiments were intended and carried out accord-

ing to the directions of institutional animal ethical committee.

2.6. Anti-asthmatic assays

Similar to the antipyretic study, The Wistar rats for anti-
Asthmatic assays also separated into 8 groups (n = 12): one
control, one dexamethasone, three Ephedra-gypsum (8, 16,
32 g/kg doses) and three Ephedra-AuNPs (8, 16, 32 mg/g/day
doses) groups.

2.6.1. Asthmatic model preparation and drug treatment

The OVA induced model was employed to evaluate the anti-
asthmatic examination. In this model the animals were
intraperitoneally sensitized on 0, 7th and 14th days by OVA
(100 mg/mL) in 0.9 % saline and make up with Al(OH)3 adju-

vant to 1 mL. From 15th day the rats were allowed to inhale
2 % OVA or saline for about 30 min.

2.6.2. Measurement of latent period

The Latent period was observed where the symptoms such as
scratching, wheezing, nodding respiration, cough were
observed within 5 min after the final exposure to OVA aerosol.

2.6.3. White blood cell and eosinophils analysis

Quite a few white blood cells (WBC) and eosinophils (EOS)
were examined where; the anti-coagulated blood was gathered

utilizing a heparin-coated tube through a canella embedded
into the aorta abdominals.

2.6.4. Measurement of wet and dry weight of lungs

The alteration of wet/dry (W/D) weight proportion of lung
resulted commencing the injury of unblemished rodents lungs.
The water content in lungs of samples was appraised by a wet/
dry weight method. The right lungs were detached and
weighed. In an aluminum foil (pre-weighed), the tissue sample
was enfolded, dried at 100 �C for four to five days until it gets a

constant dry weight, then reweighed (dry weight).

2.7. Antimicrobial activity

2.7.1. Agar-well diffusion method

The antibacterial action of Ephedra-AuNPs was executed by

agar well dispersion strategy. A 5 mm range well within the
petri-plate was made and brooded 72 h at room temperature
for fungal culture and 24 h at 37 �C for bacterial growth. A

movement was estimated in the zone of hindrance by ascer-
taining the breadth in mm. The bacterial strains under investi-
gation were inoculated by spreader and four different
concentrations of test samples were appended to the well.

There was no inhibition activity occurred against microbial
cultures when the test samples were immersed in DMSO indi-
cates the negative effect on the growth of the microbial species.

The microbial strains were obtained from National
Research Centre, Cairo, Egypt.

2.7.2. The antibacterial activity

Antibacterial strength of Ephedra-extract and Ephedra-AuNPs
was appraised using gram-positive Staphylococcus aureus,
Bacillus subtilis, Listeria moncytogenes and gram-negative

Escherichia coli, Pseudomonas aeruginosa, and Salmonella
typhimurium bacterial species.

2.7.3. Antifungal activity

The Ephedra-extract and Ephedra-AuNPs antifungal activity
was estimated using three fungal strains which include Candida
albicans, Aspergillus nigra, and A. flavus.
3. Results

3.1. Effect of reaction parameters on the construction of

Ephedra-AuNPs

The Ephedra-AuNPs were prepared in miscellaneous condi-
tions such as diverse volumes of Ephedra-extract and

10�3M HAuCl4:3H2Oð Þ solution, a range of pH conditions,
at diverse temperatures, and time periods. However, the

ruby-red color (final change in color) to the solution determine
the formation of Ephedra-AuNPs which was monitored by
UV–vis. and TEM studies.

3.1.1. Effect of extract volume

The Ephedra-extract of 1 mL to 4 mL with 6 mL of

10�3M HAuCl4:3H2Oð Þ reactions was scrutinized for 3 h at
RT. The UV–vis. spectra recorded that showed the SPR peak

at 549 nm enhanced and become sharper with increase in 1 mL
to 4 mL volume of Ephedra-extract (Fig. 1).

3.1.2. Effect of 10�3M HAuCl4:3H2Oð Þ volume

The 10�3M HAuCl4:3H2Oð Þ solution volumes ranging from
1 mL to 6 mL were used to react with 4 mL of Ephedra-
extract at RT for 3 h. A low intense peak at 540 nm in the



Fig. 1 U.V-Vis. spectra of Ephedra -AuNPs at different volumes of Ephedra extract (1–4 mL) with 6 mL of (HAuCl4�3H2O)(10�3)M at

room temperature 25 �C and after 3 h.
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UV–vis. analysis observed which shifted to 549 nm upon

increasing the 10�3M HAuCl4:3H2Oð Þ volume from 1 mL to
6 mL. (Fig. 2).

3.1.3. The effect of reaction time

A series of 4 mL Ephedra-extract and 6 mL

10�3M HAuCl4:3H2Oð Þ solution at room temperature for 3 h
reactions were conducted with a regular time intervals of
30 min. and the results were observed in the UV–vis. absorp-

tion spectra. It showed that a prominent SPR peak started
forming at 540 nm after 90 min. of the reaction and increases
its intensity form a sharp peak upon increasing the reaction

time up to 3 h (Fig. 3 (A)). Moreover, the absorbance vs reac-
tion time also plotted in order to understand the extension of
reaction (Fig. 3 (B)).
Fig. 2 U.V-Vis spectra of Ephedra -AuNPs at different volumes of (1

room temperature 25 �C and after 3 h.
3.1.4. The effect of temperature

The Ephedra-AuNPs were synthesized separately at different
temperatures i.e at15 �C, 20 �C, and 25 �C 30 �C, 35 �C and

observed the UV–vis. absorption spectra. The reaction at
15 �C obtained a broad peak at 440 nm which upon increasing
the reaction temperature started forming a prominent sharp

peak at 540 nm at 20 �C that further increases its intensity at
25 �C. When increasing the temperatures again up to 30 �C
and 35 �C the Absorbance of the peak decreased Comparing

with the previous results, suggested the optimum reaction tem-
perature at 25 �C (Fig. 4).

3.1.5. The effect of pH

The Ephedra-AuNPs reaction was performed in the range of
pH levels 1–7 along with the above optimized conditions with
– 6 mL)(HAuCl4�3H2O)(10�3)M with 4 mL of Ephedra extract at



Fig. 3 (A)U.V-Vis spectra of Ephedra -AuNPs of 6 mL (HAuCl4�3H2O) (10�3)M with 4 mL of Ephedra extract at different time (30–

180 min) at 25 �C, (B) Intensity variant within U.V-Vis. spectra of AuNPs as function of time.(0.5–3 h).

Fig. 4 U.V-vis. spectra for Ephedra -AuNPs of 6 mL (HAuCl4�3H2O) (10�3)M with 4 mL of Ephedra extract at different temperatures

(15–35 �C), after 3 h.
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regular UV–vis. monitoring. The 540 nm peak was observed,
where the pH from 1 to 4 the peak intensity was increased.
At pH 5 a broad peak formed and continued broadening up

to pH 7 along with the decrease in the peak intensity was
obtained (Fig. 5). Where, the optimum pH is found to be at
pH 4 and is corroborated by TEM images which further con-

firmed their small size and homogeneous shape as well (Fig. 8
(A)).

3.2. Fourier-transform infrared spectroscopy (FT-IR)

The FTIR of Ephedra-extract and Ephedra-AuNPs showed a
broad-band between 3000 and 3500 cm�1, due to the stretching

vibrations of hydrogen bonded (NAH), (OAH), and aromatic
CAH groups. The absorption bands at 2920 cm�1, 1610 cm�1,
and 1080 cm�1 are due to aliphatic (CAH), (C‚C), and
(CAO) vibrations respectively. The absorption recorded at

1627cm�1 are due to the presence of (C‚N) (unsaturated
amine) stretching vibration. The two weak bands at 825

cm�1 and 600 cm�1 are due to the aromatic compound in the
extract (Fig. 6).

3.3. X-ray diffraction analysis

The Ephedra-AuNPs powder XRD explored four peaks at

38.1�, 44.51�, 64.61�, and 77.82� diffraction angles. The powder
pattern and crystallinity were compared, which is in good agree-
ment with the reported green biosynthetic AuNPs (Fig. 7 (A)).

3.4. EDX analysis

The EDX analysis carried out on dried Ephedra-AuNPs. The
characteristic 2 keV signal for Au with other weak carbon

and oxygen signals confirmed the presence of these elements
(Fig. 7 (B)).
Fig. 5 U.V-vis. spectra for Ephedra -AuNPs of 6 mL (HAuCl4�3H2O)

after 3 h.
3.5. HRTEM analysis:

The HRTEM (50 nm scale) analysis and size distribution his-
togram (20 nm scale) and HAADF-STEM studies of the Ephe-
dra-AuNPs confirmed the presence of 1.3 nm to 15.6 nm

spherical and triangle morphologies (Fig. 8 (A-C)). The con-
structed AuNPs obtained �19.6 mV of average zeta potential
in a single sharp peak further explored its size and stability,
and are not agglomerated (Fig. 8 (D)). The current outcomes

are carefully compared, and are consistent to the former
reports of AuNPs.
3.6. XPS analysis

The XPS of Ephedra-AuNPs revealed two strong peaks at
83.85 eV and 87.47 eV corresponding to 4f 7/2 and 4f 5/2 with

a band gap of 3.63 eV. The intensity of 83.85 eV (4f7/2) peak
is higher than the other peak and owing to the domination
of metallic gold (Au 0) than other elements (Fig. 9 (A)) and

is good agreement with the previous studies. Where, carbon
and oxygen elements were also analyzed (Fig. 9 (B-E)).
3.7. Antioxidant activity of Au-NPs by ABTS

The compounds Ephedra-extract, ascorbic acid, and Ephedra-
AuNPs antioxidant activity was appraised by ABTS assays

(Fig. 10) which showed 90 lgmL�1, 84lgmL�1, and

84lgmL�1 of IC50 values respectively. In fact the radical scav-
enging action of standard and Ephedra-extract is comparable

but when the extract bound to form AuNPs explored
improved activity. It was assumed to be the structure, polarity
and solubility properties might improve the antioxidant activ-

ity in the Ephedra-AuNPs.
(10�3)M with 4 mL of Ephedra extract at different PH(2–7) at 5 �C



Fig. 6 X-ray diffraction pattern of Ephedra extract and Ephedra -AuNPs.
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3.8. Antipyretic activity of Ephedra-AuNPs

Oral treatment of Ephdera-AuNPs on various concentrations
at doses of 8; 16; and 32lg=g=day; and Ephedra-Gypsum at

8; 16 and 32 g=kg doses were examined (Table 1). A signifi-
cantly reduced temperature was observed depending on the
dose. The antipyretic effect of 32 mg/g/day of Ephdera-

AuNPs started from the first hour (p < 0.01) and lasted to
8 h (p < 0.05), while for Ephedra-Gypsum started at 32 g/kg
from the first hour (p < 0.01) and lasted to 6 h (p < 0.05).
But the effect of 16 mg/g/day of Ephedra-AuNPs started at

3 h (p < 0.01) and lasted for 7 h where, the Ephedra-
Gypsum at 16 g/kg, started at 3 h and continued for 5 h
(p < 0.05). The effect of the 8 mg/g/day dose of Ephedra-

AuNPs started at second hour (p < 0.01) and the effect per-
sisted for 5 h (p < 0.05). Ephedra did not show a significant
decrease in temperature. Oral treatment with Ephdera-

AuNPs reduced fever index by 61.5 %, 79 % and 83.3 % at
doses of 8, 16, and 32 mcg/g/day respectively, whereas, Ephe-
dra-Gypsum reduced it by 63 %, 54 %, and 22 % at 8, 16,

and 32 g/kg doses respectively. Perhaps Aspirin (standard
drug) reduce the fever index by 80 %. The results suggest the
significant antipyretic effect of Ephedra-AuNPs than the stan-
dard compound (Fig 0.11).
3.9. Antiasthma activity of Ephedra-AuNPs

The Ephedra-AuNPs at doses of 8; 16; 32lg=g=day and Ephe-
dra-Gypsum at 8; 16; and 32 g=kg doses achieved prolonged

latent period by an average of 36.6 %, 70.1 %, and 106.4 %,
and Ephedra-Gypsum at 63 %, 54 %, and 22 %, respectively.
It is apparent that dexamethasone (0:75=lg=g=day) extended
the latent time (P < 0.01) when matched with the control
group (Fig. 12).

3.10. Antimicrobial study

3.10.1. The antibacterial activity

The Ephedra-extract and Ephedra-AuNPs were appended in

15, 25, 50, and 100 lg/mL using traditional nutrient agar pro-
cess and were examined against the species Staphylococcus aur-
eus (ATCC 29213), Bacillus subtilis (ATCC 6633), Listeria

moncytogenes (ATCC 7644), Escherichia coli (ATCC
25922), Pseudomonas aeruginosa (ATCC 27853) and Sal-
monella typhimurium (ATCC 6539) of bacteria. Ceftazidime

(CAZ) and Ampicillin-Sulbactam (SAM) were used as Stan-
dard Antibiotic (Positive control) and control (Negative con-
trol) (Fig. 13). The Ephedra-extract and Ephedra-AuNPs



Fig. 7 (A)X-ray diffraction pattern of Ephedra extract and Ephedra –AuNPs, (B) EDX image of Ephedra extract mediated AuNPs

synthesized.
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made great contact and considerable activity was displayed
(Table 2).

3.10.2. Antifungal activity

The Ephedra-extract was severely lethal towards Candida albi-
cans (17.6 ± 0.6) and slightest towards Aspergillus nigra
(8.6 ± 0.5) while Ephedra-AuNPs showed extreme activity

against Candida albicans (ATCC 10231) was (24 ± 0.7) and
least active to Aspergillus nigra (ATCC 16620)(19.7 ± 0.5)
(Table 2). The sensitivity of Ephedra-extract and Ephedra-

AuNPs against the studied fungal strains is comparable to
the SAM, CAZ standard compounds (Fig. 13).

4. Discussions

The Ephedra-AuNPs were constructed from Ephedra-extract
and characterized by numerous spectroscopic techniques.
The resultant Ephedra-AuNPs used to investigate the biomed-
ical applications. Various reaction parameters of Ephedra-
AuNPs synthesis were optimized for instance Ephedra-extract

quantity, volume of metal ion 10�3M HAuCl4:3H2Oð Þ, pH,

temperature and the reaction time (Al-Radadi., 2022c;
Narband et al., 2009; Philip, 2008). Our investigation sug-
gested that for the construction of Ephedra-AuNPs, the

required optimum volume of Ephedra-extract is 4 mL and

the best suitable 10�3M HAuCl4:3H2Oð Þ volume is 6 mL
respectively. It was corroborated using UV–vis. and HRTEM
studies where upon increasing the volume of extract from 1 mL

to 4 mL the low intense 549 nm peak intensity increased grad-

ually. Similarly the 10�3M HAuCl4:3H2Oð Þ volume fom 1–
6 mL also showed intensity augmentation at 549 nm peaks
in UV–vis (Al-Radadi., 2021a; Kumar and Gulia., 2021;

Nadaf and Kanase., 2019). The visible spectra of Ephedra-
AuNPs explored the distinctive peak at k max = 549 nm which



Fig. 8 TEM (A), HRTEM images (B), HAAD-STEM images (C), Zeta potential (D) and corresponding size distribution graph of

Ephedra -AuNPs (E).
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Fig. 9 XPS analysis showing survey scan (A), (B) N1s, (C) C1s (D) O1s (E) Ephedra -AuNPs.
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is a characteristic of metallic nanoscale gold, correlated to the
formation of AuNPs (He et al., 2007; Suman et al., 2014; Yuan

et al., 2017). It is supported by exploring TEM images where,
the formed Ephedra-AuNPs attain 1.3 nm to 15.6 nm respec-
tive sizes (Fig. 8 (A)) and are well dispersed without aggrega-

tion (Fig. 8 (B)). The HAADF-STEM images (Fig. 8-C) of
the Ephedra-AuNPs reveal the ‘Au’ in bright ring structures
(Al-Radadi., 2022d). The AuNPs recognized spherical and

triangular-shaped, presented poly-disperse characters results
a wide SPR peak in the spectra. (Al-Radadi., 2021b;
Sunayana et al., 2020; Vijaya Kumar et al., 2018). The AuNPs
synthesis reactions performed for different reaction times for

3 h with 4 mL of Ephedra-extract, and 6 mL of

10�3M HAuCl4:3H2Oð Þ solution by a 30 min. time gap
between the reactions. The absorbance vs reaction time plot

results observed in UV–vis. suggested that, the absorption at
30 min = -0.0191 nm and the reaction was rapid. Therefore,
the SPR peaks intensity raised sharply for 2 h until the absorp-
tion half-time was 1.0913 cm�1. Then the AuNPs formation

reaction slowed and become steady up to 3 h with a sluggish
increase in the peak intensity (Fig. 3 (B)) due to the intrusion
of already formed Ephedra-AuNPs (Islam et al., 2019; Mahdi

et al., 2021; Sarfraz and Khan., 2021). The Ephedra-AuNPs
construction might takes 3 h reaction time for its completion.
Further the nanoparticles synthesis was examined at different

temperatures, 15 �C, 20 �C, 25 �C, 30 �C and 35 �C. The reac-
tion when conducted at 15 �C a broad peak at 440 nm was
obtained but upon increasing the reaction temperature to
20 �C and 25 �C a new peak at 540 nm was emerged. It is impli-

cated that there is no reaction happening at 15 �C and doesn’t
form any characteristic AuNPs peak. However upon increas-
ing the reaction temperature to 20 �C the peak at 540 nm

related to Ephedra-AuNPs product occurred and the peak
intensity increased with increase in the reaction temperature



Fig. 10 The antioxidant activity of the ABTS, Ephedra extract, and Ephedra- AuNPs.

Table 1 Anti-asthma activity of Ephedra-AuNPs.

Treatment groups n Dose Latent period (s) Increasing (%)

Ephedra-AuNPs 12 8 (mg/g/day) 138 ± 11 36.6

Ephedra-AuNPs 12 16(mg/g/day) 169 ± 15 70.1

Ephedra-AuNPs 12 32(mg/g/day) 211 ± 10 106.4

Ephedra-Gypsum 12 8 (g/kg) 127 ± 20 26.3

Ephedra-Gypsum 12 16 (g/kg) 160 ± 24* 58.9

Ephedra-Gypsum 12 32 (g/kg) 101 ± 33* 192

Control 12 – 101 ± 34 –

Dexamethasone 12 0.75 208 ± 24* 105.9

Notes: P*<0.01, compared with the control group.
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to 25 �C. Consequently 25 �C presumed to be the suitable reac-
tion temperature for the development of Ephedra-AuNPs.

Moreover, the optimum pH of the solution used for the
AuNPs synthesis was also analyzed by probing various reac-
tions at different pH conditions. The pH range was 2–7 where

the results suggest that there was no reaction happened when
the reaction maintained up to pH 3. Interestingly at pH 4
the product exhibits a prominent characteristic peak at

540 nm indicating the suitability of the pH level for the pro-
duct formation. Furthermore, when the pH level increases to
5–7 the UV–vis. spectra showed broadening of the peaks along
with red shift in the peak position (kmax = 562), and the inten-

sity of the peaks decreased from pH 5–7 (Castro and Vassend.,
2018; El-Naggar et al., 2016). The decreased intensity specify
the inactivity of the reactions whereas the peak broadening

might be due to the hindrance of the reaction molecules by
hydrogen bonding interactions with the functional groups pre-
sent in the constituents of Ephedra-extract.

The FTIR spectrum makes clear the interactions of AuNPs
with Ephedra-extract and the formation of Ephedra-AuNPs. It
was known that numerous antioxidants exist in the nanoparti-

cles. Where, the regeneration of similar or slight to moderately
shifted functional group peaks of Ephedra-extract bio-
molecules in the FTIR of the product confirms the desired

Ephedra-AuNPs formation. The reduction of the gold ions
substantiated by particularly observing the fingerprint region
and hydrogen bonded (–OH) peaks in the IR of Ephedra-

AuNPs. The stretching vibration band at 1310 cm�1 occurring
in both the compounds correlated to the (CAO) stretching
vibration point out the presence of ‘N’ atom that coordinated

with the metal gold Au0 resulting AuNPs. The 3000–
3500 cm�1 broad band indicates hydrogen bonding interac-



Fig. 11 Antipyretic Activity of Ephedra-AuNPs.Notes: Each point represents the mean ± standard deviation of 6 animals; P*<0.05,

P**<0.01, compared with the control group.
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tions results due to the presence of OH, NH, and aromatic
CAH functions in the compounds (Awwad and Albiss, 2015;

Fazeli-Nasab et al., 2021; Nasar et al., 2022,Nasar et al.,
2019). The peak at 1627 cm�1 reflects (C‚N) functional
group. Where, there is a hump at 1670 cm�1 could be due to

C‚O peak. The existence of these peaks proved that the
nanoparticles were covered by plant secondary metabolites
such as flavonoids, terpenoids, glycosides, Ephedrine deriva-
tives (such as methyl ephedrine, pseudoephedrine, nor pseu-

doephedrine), tannins, with functional groups such as
phenols, ketone, aldehyde, and carboxylic acids. The crys-
tallinity of the produced AuNPs was assessed using XRD pow-

der pattern (Khoshnamvand et al., 2020). The presence of
sharp and moderately intense peaks in the powder XRD deter-
mined that the Ephedra-AuNPs attain crystalline nature might

be owing to the existence of intermolecular interactions of the
constituent molecules of Ephedra-extract. Particularly, the
band of (111) plane was adequately strong in contrast to the

remaining planes, representing the primary orientation of the
constructed Ephedra-AuNPs (Khatami et al., 2018). The sur-
face polarity of the AuNPs was approximated by Zeta poten-
tial that determine the nanoparticles colloidal stability (Al-

Radadi, 2021b).
The presence of elemental composition was identified by

EDX analysis. It substantiate the presence of Au, Carbon

and Oxygen spots which further confirm the coordination of
organic compounds (phytochemicals) with that of the metal
atoms to result the biosynthesized AuNPs (Ekennia et al.,

2021). Whereas, XPS survey was displayed sharp peaks for
Au0 (85.27 eV), nitrogen (400.29 eV), oxygen (533.07 eV),
and carbon (285.48 eV) with inset spectra of Au 4f7/2 and
4f5/2 (Barras et al., 2013; Huang et al., 2007; Riabinina

et al., 2011). The peaks appeared for the elements due to the
coated bio-molecules of Ephedra contain the elements carbon,
nitrogen, and oxygen, on the surface of the Au0 particles.

The prime variables engaged in biological activities are free
radicals and the reactive oxygen created during anti patho-
genic activities. The presence of biologically active oxygen

functions (OH or COOH) or other radical active functions in
the Ephedra-extract possibly create free radicals that showed
comparable anti biological activity (Ilyasov et al., 2018; Re
et al., 1999). In fact Ephedra-extract and ascorbic acid showed

slight difference in biological actions irrespective of their struc-
ture and physical properties. (Lee et al., 2006; Proestos et al.,
2013). But the Ephedra-AuNPs determined improved antioxi-

dant activity (Fig. 11) (Al-Nemi et al., 2022; Pu et al., 2019).
The dose dependent antipyretic activity of Ephedra-AuNPs,

and Ephedra-Gypsum were studied on Wister rats where

Aspirin was used as standard antipyretic drug. A significantly
reduced temperature was observed with Ephedra-AuNPs at
doses of 8; 16; and 32lg=g=day and compared with

8; 16; and 32 g=kg of Ephedra-Gypsum. Among the oral doses
given, the 32lg=g=day dose is showed considerable activity
up to 83.3 % where the Ephedra-Gypsum exhibited a maxi-
mum of 63 % antipyretic activity. Whereas Aspirin was used

as a standard drug obtained 84 % antipyretic activity. When
compared the two components (Ephedra-AuNPs and Ephedra-
Gypsum) the quantity of Ephedra-AuNPs is very less and

activity is more efficient than Ephedra-Gypsum (Fig. 11)
(Kakiuchi et al., 2011; Tiss et al., 2020). These results proved
the quantitative and qualitative activities of synthesized NPs

which explored the comparable antipyretic activity with that
of Aspirin. The trachea and lungs are the major constituents
of the respiratory system which could be influenced by envi-
ronmental issues. Consequently, the Ephedra-AuNPs further

employed for the antiasthma activity study. Ephedra-AuNPs



Fig. 12 (A) Effects of the of Ephedra-AuNPs on EOS Counts in Asthmatic Rats, (B) Effects of the Ephedra-AuNPs on WBC Counts in

Asthmatic Rats, (C) Effects of the Ephedra-Gypsum Extracts on W/D Weight Ratio of Lung in Asthmatic Rats Notes: P*<0.01,

compared with the blank group, PD < 0.01, compared with the control group.
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Fig. 13 (A) Antibacterial Gram-Positive bacteria activity of Ephedra extract and Ephedra-AuNPs, (B) Antibacterial Gram-negative

bacteria activity of Ephedra extract and Ephedra-AuNPs and (C) Antifungal activity of Ephedra extract and Ephedra-AuNPs.
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noticeably reduced the yeast-induced febrile response comprise
the effect of reducing serum WBC and EOS levels, W/D lung

weight ratio, and extending the OVA-induced latent time in
the anti-asthma test (Fig. 12) (Sarwar et al., 2019). The Ephe-
dra-AuNPs at a dose of 16, and 32 mg/g/day and the Ephedra-
Gypsum at 32 g/kg inhibited the level of EOS and WBC in the

blood with a higher percentage than dexamethasone. Also, the
Ephedra-AuNPs was given in three doses 8, 16, and 32 mg/
g/day to reduce the lung weight which too showed greater effi-

ciency than dexamethasone. The results obtained are due to
the size dependent nano-properties of the drug delivery system,
and its huge surface area. These studies illustrated the effi-

ciency of synthesized Ephedra-AuNPs as an anti-asthmatic
by means of reducing EOS and WBC in the blood, and W/D
ratio of lungs and extending the latent period. The antimicro-

bial activity of Ephedra-AuNPs against bacteria and fungi was
evaluated. Ephedra-extract showed a clear inhibition of bacte-
ria at 100 lg/mL (Sunayana et al., 2020), the extract was
inhibiting for Staphylococcus aureus (ATCC 29213) equal

(13.9 ± 0.6) while the inhibition of Ephedra-AuNPs
(25 ± 0.5) and the Standard Medicines SAM, CAZ inhibition
was (24 ± 0.5, 22 ± 05) (Table 2). Ephedra-extract contains

large amounts of natural substances, phenols, flavonoids, alka-
loids that have health-promoting benefits for Human (Zang
et al., 2013), AuNPs as a good conductor of drugs led to raise
the level of inhibition to a higher level than the standards

Ephedra-AuNPs with antibacterial potential gave great results
better than the standard drug for Escherichia coli (ATCC
25922) at (26 ± 0.6), the standards SAM, CAZ was

(22 ± 0.5,24 ± 0.5) (Boussena et al., 2022; El-Zayat et al.,
2021), and this confirms that the particles of Ephedra-AuNPs
were small Size, spherical, and not clumped. The antifungal

activity of Ephedra-extract and Ephedra-AuNPs showed effec-
tive results for the three series of fungi (O _zarowski et al., 2022),
the inhibition of Candida albicans(ATCC 10231) was the best

inhibition, the extract inhibit was (17.6 ± 0.6), Ephedra-
AuNPs gave inhibition was (24 ± 0.7) and this result was
higher than that of SAM and CAZ (Table 2) (Fig. 13).
Nanoparticles prepared by green synthesis with Ephedra-

extract explored the above anti pathogen activities owing to



Table 2 Antimicrobial activity of the greenly synthesized Ephedra-AuNPs various pathogenic microbial strains.

pathogenic microbial

strains

Microorganisms Staphylococcus aureus

(ATCC 29213)

Concentration lg/mL Ephedra (mma) Ephedra–AuNPs

(mma)

Gram-Positive bacteria 15 lg/mL 1.3 ± 0.5 2.6 ± 0.4

25 lg/mL 3.1 ± 0.4 5.8 ± 0.6

50 lg/mL 7.4 ± 0.8 14.4 ± 0.8

100 lg/mL 13.9 ± 0.6 25 ± 0.5

Standardb SAM Standardb

CAZ

23 ± 0.5

21 ± 0.5

24 ± 0.5 22 ± 05

Controlc 0.0 ± 0.0 0.0 ± 0.0

Bacillus subtilis (ATCC 6633) 15 lg/mL 0.4 ± 0.9 1.9 ± 0.8

25 lg/mL 1.3 ± 0.6 4.3 ± 0.5

50 lg/mL 2.8 ± 0.8 12.1 ± 0.6

100 lg/mL 7.4 ± 0.4 20.6 ± 0.7

Standardb SAM Standardb

CAZ

22 ± 0.5

21 ± 0.5

23 ± 0.5 22 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Listeria moncytogenes (ATCC 23074) 15 lg/mL 0.0 ± 0.0 1.1 ± 0.3

25 lg/mL 0.9 ± 0.5 3.9 ± 0.5

50 lg/mL 2.6 ± 0.8 9.8 ± 0.9

100 lg/mL 6.3 ± 0.5 19.6 ± 0.6

Standardb SAM Standardb

CAZ

21 ± 0.5

20 ± 0.5

22 ± 0.5 21 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Gram-negative bacteria Escherichia coli (ATCC 25922) 15 lg/mL 1.5 ± 0.7 3.1 ± 0.4

25 lg/mL 3.8 ± 0.5 7.3 ± 0.2

50 lg/mL 8.1 ± 0.3 16 ± 0.5

100 lg/mL 16.3 ± 0.4 26 ± 0.6

Standardb SAM Standardb

CAZ

21 ± 0.5

23 ± 0.5

22 ± 0.5 24 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Pseudomonas aeruginosa (ATCC 27853) 15 lg/mL 0.7 ± 0.6 2.8 ± 0.3

25 lg/mL 2.1 ± 0.7 6.5 ± 0.2

50 lg/mL 5.5 ± 0.7 14.1 ± 0.6

100 lg/mL 12.6 ± 0.2 20.6 ± 0.5

Standardb SAM Standardb

CAZ

21 ± 0.5

22 ± 0.5

22 ± 0.5 23 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Salmonella typhimurium (ATCC 6539) 15 lg/mL 0.0 ± 0.0 2.4 ± 0.5

25 lg/mL 1.4 ± 0.7 5.4 ± 0.3

50 lg/mL 3.7 ± 0.6 10.8 ± 0.5

100 lg/mL 9.3 ± 0.5 18.7 ± 0.5

Standardb SAM Standardb

CAZ

20 ± 0.5

21 ± 0.5

21 ± 0.5 22 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Fungai Candida albicans (ATCC 10,231 15 lg/mL 1.7 ± 0.6 3.6 ± 0.2

25 lg/mL 3.7 ± 0.8 8.3 ± 0.5

50 lg/mL 9.7 ± 0.5 17.2 ± 0.4

100 lg/mL 17.6 ± 0.6 24 ± 0.7

Standardb SAM Standardb

CAZ

22 ± 0.5

21 ± 0.5

23 ± 0.5 22 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

Aspergillus nigra (ATCC 16620) 15 lg/mL 0.8 ± 0.6 2.9 ± 0.4

25 lg/mL 2.1 ± 0.8 7.5 ± 0.8

50 lg/mL 5.4 ± 0.7 15.7 ± 0.5

100 lg/mL 11.6 ± 0.5 21 ± 0.3

Standardb SAM Standardb

CAZ

21 ± 0.5 22 ± 0.5

20 ± 0.5 21 ± 0.5
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Table 2 (continued)

Controlc 0.0 ± 0.0 0.0 ± 0.0

Aspergillus flavus (ATCC 16883) 15 lg/mL 0.0 ± 0.0 1.8 ± 0.5

25 lg/mL 1.4 ± 0.7 5.3 ± 0.8

50 lg/mL 3.9 ± 0.6 12.4 ± 0.6

100 lg/mL 8.6 ± 0.5 19.7 ± 0.5

Standardb SAM Standardb

CAZ

21 ± 0.5 22 ± 0.5

20 ± 0.5 21 ± 0.5

Controlc 0.0 ± 0.0 0.0 ± 0.0

(a) The diameter (mm) is included in the measured zone of inhibition.

(b) Standard Antibiotic (Positive control) Ceftazidime (CAZ) and Ampicillin-Sulbactam (SAM).

(c) Control (Negative control).

Ephedra mediated green synthesis of gold nanoparticles (AuNPs) 17
the phytochemical compounds which exert as capping, reduc-
ing, and stabilizers.

5. Future perspectives

The present global anti-microbial medications need to be

repurposed and should go through various research clinical tri-
als using diverse reported components which explored promis-
ing results. Nano-materials are deemed to be a feasible

alternative therapy for several microbial issues. Moreover,
the production of nanoparticles preferred for its environment
friendly synthesis using plant materials, simple processing

and their potential biological applications. The synthesized
Ephedra-AuNPs meets the above requirements where it con-
tains a variety of biomolecules which can acts as stabilizing,
capping, and reducing agents and could be used as antioxi-

dant, antipyretic, antiasthma and antibacterial (both Gram-
positive and Gram-negative), and antifungal agents. It’s
resolved to be valuable enough to expand the synthesized

material to further studies in light of various synthesis method-
ologies to scale up the commercialization of gold nanoparti-
cles, valuable properties, and miscellaneous biological

applications as well as conduct the research required for the
agnostic applications and disease markers. In addition,
research should focus on in-vivo explorations so that AuNPs

can be exploited further as a medication or carrier for biomed-
ical applications.

6. Conclusion

We fruitfully explored the Ephedra-AuNPs by means of an easy, cost-

effictive, energy-economy, and environment-friendly process using

Ephedra plant extract. Here, the Ephedra-extract perform as a reducing

and capping agent and improved the efficiency of Au owing to its asso-

ciation to form nanoparticles. The accomplished Ephedra-AuNPs were

scientifically described by the UV–Vis., FTIR, PXRD, HRTEM,

EDX, and XPS analysis. The TEM study exposed the round and trian-

gular figures of Ephedra-AuNPs within 1.3 nm and 15.6 nm size and

the XPS investigation corroborated the bioactive functionalities. Ephe-

dra-AuNPs orally treated with different doses to investigate the anti-

pyretic activity on Wister rats where, the Ephedra-AuNPs at a dose

of 32lg=g=day, considerably reduced 83 % of the fever index which

is comparably high activity than the standard drug, Aspirin. Similar

to the antipyretic activity, the anti-asthmatic study of the Ephedra-

AuNPs was performed on the mice. Where, the Ephedra-AuNPs
noticeably reduced the yeast-induced febrile response comprise the

effect of reducing serum EOS and WBC levels, W/D lung weight ratio,

and delaying the OVA-induced latent period (106.4 %) in the anti-

asthma test. The anti-fungal and anti-bacterial activities of Ephedra-

AuNPs were examined. Where, Gram-positive Staphylococcus aureus,

Bacillus subtilis, and Listeria moncytogenes bacteria, and Gram-

negative Escherichia coli, Pseudomonas aeruginosa, and Salmonella

typhimurium bacteria were treated by 100 lg/mL Ephedra-AuNPs

and explored their anti-bacterial activity which illustrated great results

superior than the standard drugs SAM and CAZ.
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