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ABSTRACT 
 
Aims: The current study was aimed to evaluate the antibacterial activity of biogenic synthesized golden nanoparticles 
from Sophora flavescens Aiton roots aqueous extract against multidrug-resistant (MDR) clinical bacterial isolates. 
Methodology and results: The green synthesis of gold nanoparticles (AuNPs) was accomplished using S. flavescens 
roots aqueous extract and examined using many accepted techniques. The antibacterial activity of S. flavescens extract 
and the aqueous AuNPs at concentrations (7% and 9%) ppm were investigated against two clinical MDR bacteria, 
including Gram-positive (Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas aeruginosa). The findings 
demonstrate inhibitory activity against the selected MDR bacterial isolates for the aqueous extract of S. flavescens and 
the aqueous AuNPs noted by the significant decrease in the number of bacteria after treatment with highly significant 
differences (P≤0.01) compared to the untreated control.  
Conclusion, significance and impact of study: Sophora flavescens root extracts and their biosynthesized AuNPs with 
antibacterial activity may find broad applications in fighting MDR pathogenic bacteria and therapeutic manufacturing. 
 
Keywords: Antibacterial activity, gold nanoparticles, green synthesis, multi-drug resistance pathogenic bacteria, Sophora 
flavescens 
 

INTRODUCTION 
 
One of the biggest threats to public health today is the 
rise of antibiotic resistance, particularly given the paucity 
of new, effective antimicrobial drugs being discovered (El-
Hamid et al., 2020; Zaboon and Al-Hayanni, 2021). 
Several strategies have been used to update the 
antimicrobial chemotherapeutic alternatives that are now 
accessible (Casciaro et al., 2017; Abbas and Hegazy, 
2020; Thapa et al., 2020). Currently, nanotechnology 
shows promise as cutting-edge technology for creating 
novel antimicrobial medicines with a wide range of 
features, including effective targeting, enhanced 
pharmacokinetic profile and decreased toxicity (Tao, 
2018; Thapa et al., 2020). 

Numerous nanoscience and nanotechnology sectors 
use metallic nanoparticles (NPs) that display antibacterial 
properties. These nanoparticles potentially replace the 
functions of commonly used medications (Rao et al., 
2017). 

Emerging materials known as gold nanoparticles 
(AuNPs) have optical and electrical properties that are 
different from those of conventional materials and have a 

bright future in the field of medicine (Cabuzu et al., 2015; 
Tao, 2018). These characteristics include stability, 
surface plasmon resonance, surface chemistry, 
multifunctionalization and a high surface area-to-volume 
ratio. By carefully adjusting the components and 
concentrations, GNPs may advantageously be readily 
manufactured in various forms and sizes (Wiley et al., 
2007). The adjustable size of AuNPs makes it simpler for 
them to pass through cellular membranes and impacts 
cellular permeability, protein synthesis and metabolism, 
which causes bacterial cell death (Tao, 2018; Yougbare 
et al., 2019). 

Beyond their use as carriers of antibodies, antibiotics, 
vaccines and medicines, several recent papers have 
highlighted AuNPs' potential antibacterial activity (Arvizo 
et al., 2012; Zhang, 2015; Casini et al., 2018; Gurunathan 
et al., 2020). The antibacterial effects of AuNPs have 
numerous potential mechanisms: the capacity to 
penetrate microbial cells, the enhancement of cell 
membrane damage, the assistance in bacterial DNA 
destruction and the release of reactive oxygen species 
(ROS) (Cabuzu et al., 2015; Zhang et al., 2015; Yougbare 
et al., 2019). 
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The need to find environmentally benign solutions to 
prevent the use of harmful chemicals, especially for 
medical purposes, is growing despite the availability of 
flexible chemical and physical processes for the 
production of nanoparticles (Salem and Fouda, 2021).  
The utilization of natural resources to create metallic 
nanoparticles (NPs) has drawn increasing interest from 
scientists, particularly since Cu, Ag and Au NPs are 
considered to be biocompatible nanomaterials (Rao et al., 
2017). The ecologically beneficial approach of creating 
metallic nanoparticles by plant-mediated biosynthesis has 
gained popularity, replacing the need for harmful or 
organic compounds (Nayantara and Kaur, 2018). Due to 
the vast range of health applications, the synthesis of gold 
nanoparticles using plant extracts has attracted significant 
interest in the field of biomedicine (Al Saqr et al., 2021). 

Sophora flavescens is a member of the Fabaceae 
family and is widely cultivated in China. The root of S. 
flavescens, also known as "Kushen" in traditional Chinese 
medicine, is said to be a potent antibacterial and anti-
inflammatory herb that has been used to treat a variety of 
bacterial and viral infections, including eczema, psoriasis, 
chronic proctitis and bacillary dysentery (Xiong et al., 
2016). Additionally, S. flavescens alkaloids are widely 
employed in agriculture as green antibacterial agents with 
an insecticidal action (Zhao et al., 2021). 

Therefore, the purpose of this work was to investigate 
AuNPs' antibacterial efficacy after green synthesizing 
them. In order to create AuNPs, S. flavescens' aqueous 
root extract has been employed. Against two Gram-
positive and Gram-negative bacterial strains, the 
antibacterial activity of AuNPs was examined. 
 
MATERIALS AND METHODS 
 
Bacterial isolates 
 
The Department of Biology, College of Science for Girls, 
University of Baghdad's laboratories provided two 
pathogenic bacterial isolates (Gram-positive and Gram-
negative). They were originally isolated from clinical 
specimens and were initially diagnosed as S. aureus and 
P. aeruginosa, and their confirmatory diagnosis was 
performed using the Vitek-2 system, which confirmed that 
they were S. aureus and P. aeruginosa, in addition to 
determining their antibiotics susceptibility pattern and 
these two isolates were used in the current study. 
 
Antibiotics susceptibility test  
 
Various classes of antibiotics were used in the antibiotic 
susceptibility test, which was carried out on bacterial 
isolates by the disk diffusion method (Kirby-Bauer 
method) as described by Bauer et al. (1966) and Clinical 
Laboratory Standard Institute recommendations (CLSI, 
2020). The sensitivity of antibiotics was determined by 
measuring the inhibition zone diameter. In order to 
identify whether the bacteria were susceptible (S), 
intermediate (I) or resistant (R) to the antibiotics, 
reference tables were employed. 

Preparation of S. flavescens root aqueous extract 
 
Sophora flavescens root samples purchased from local 
markets in Baghdad city were identified by a botanist 
(specialist in plant taxonomy in the Department of 
Biology/College of Science for women. Aqueous extracts 
of S. flavescens root were prepared according to Al-
Hayanni and El-Shora (2021). Soak the dried root powder 
(60 g) with 600 mL distilled water (DW) for 3 h. To create 
an aqueous extract, the extraction solutions were filtrated 
with filter paper (Whatman No. 1) and evaporated under 
decreased pressure using a rotary evaporator (N-1200B, 
EYELA) to obtain an aqueous extract (4 g). Two 
concentrations of aqueous plant extracts which include 
7% and 9% ppm were prepared by dissolving 700 and 
900 mg, respectively, of each dried extract in 10 mL 
distilled water and then sterilizing with a Millipore filter unit 
(0.22 µm).  
 
Gold chloride (HAuCl4) solution preparation  
 
In 100 mL of deionized distilled water (DW), 1 g of gold 
chloride (HAuCl4) was dissolved. Then, 4 mL of the 
prepared HAuCl4 solution was added to another 96 mL of 
DW to make a 1 mM solution (Al Saqr et al., 2021). 
 
Preparation of gold nanoparticles by green synthesis 
using S. flavescens extract  
 
At room temperature, a reaction mixture containing 4 mL 
of root extract and 16 mL of aqueous gold chloride 
solution (1 mM) was constantly stirred while being 
watched for color changes. Gold chloride was completely 
bio-reduced to gold nanoparticles from plant extract in the 
reaction mixture over the course of 24 h. The first 
indication that gold nanoparticles or AuNPs had formed 
came from a change in color (Al Saqr et al., 2021). 
 
Characterization and examination of gold 
nanoparticles 
 
After getting a stable color change, the solution was 
centrifuged for 10 min at 5000 rpm to remove any 
precipitate. The obtained supernatant was centrifuged for 
another 30 min at 15000 rpm. To eliminate any residual 
plant extract, the pellet was then washed three times with 
deionized distilled water. The final pellet was 
resuspended in deionized DW before being used for 
characterization.  
 
UV-Visible spectroscopic analysis 
 
UV-Visible spectroscopy, a powerful method for the 
characterization of colloidal particles, was used to track 
the signature of AuNPs. Synthesized AuNPs were 
characterized by UV-Vis analysis in the wavelength range 
300 to 800 nm (The UV-Vis spectra were recorded in a 
Shimadzu, Japan). UV-Vis spectrophotometer operating 
at a resolution of 1 nm for the confirmation of complete 
bioreduction of gold ions to gold nanoparticles in aqueous 
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plant root extract. Deionized water was utilized as a blank 
solution. 
 
Fourier transform infrared spectroscopy (FTIR) 
 
To identify the functional groups involved in the synthesis, 
a Fourier transform infrared spectroscopy study was 
done. In order to examine the freeze-dried samples of 
plant root extract and AuNPs, FTIR (Shimadzu, Japan) 
was used in transmittance mode with a 4/cm resolution. 
The spectrum that resulted was captured between 400 
and 4000/cm. 
 
Determination of zeta (ζ) potential  
 
Zeta potential was analyzed (Shimadzu, Japan) by adding 
a solution of gold nanoparticles in dip cells using a 
syringe and measured by droplet electrophoretic light 
scattering at 25 °C.  
  
Atomic force microscopy (AFM ( 
 
An atomic force microscope (Shimadzu, Japan) was used 
to analyze the samples in order to determine the precise 
particle size. This instrument detects the atomic range of 
particles in tapping mode. 
 
Atomic absorption spectroscopy (AAS) 
 
To measure the number of gold nanoparticles (Shimadzu, 
Japan). The samples were taken out and centrifuged. 
Centrifugation at a speed of around 15000 rpm may 
readily separate the zero-valent metallic forms of Au 
nanoparticles. 
 
Antibacterial activity assay of S. flavescens root 
aqueous extract and the aqueous AuNPs  
 
The antibacterial activity of the S. flavescens root 
aqueous extract and the aqueous AuNPs against 
antibiotic-resistant S. aureus and P. aeruginosa was 
carried out (Balouiri et al., 2016). 0.1 mL of standardized 
bacterial inoculum (1.5 × 108 CFU/mL, 0.5 McFarland’s 
standard) of each bacterial isolate and 0.1 mL of each 
concentration (7% and 9% ppm) prepared from the 
extract and from the aqueous AuNPs were transferred to 
a sterile test tube, then incubated at 37 °C for 15 min and 
the mixture was poured onto sterile Petri dishes 
containing Muller-Hinton agar (MHA) and spreading it by 
the spreader. And all the dishes were incubated at 37 °C 
for 24 h and the antibacterial activity was observed by 
counting bacterial colonies and compared with the 
control. Three dishes (replicates) were used for each 
concentration to reduce the errors that resulted from 
conducting the experiment. 
 
Statistics analysis 
 
The Statistical Analysis System (SAS, 2018) application 
was employed to identify the impact of various factors on

research parameters. In this study, the least significant 
difference (LSD) test (ANOVA) was used to compare the 
means significantly. 
 
RESULTS AND DISCUSSION 
 
Visual confirmation  
 
AuNPs production was initially seen and visually verified. 
The plant extract was added to a 1 mM gold chloride 
solution, which initially caused the reaction mixture to 
become reddish pink. The solution's color then abruptly 
shifted to pink as the incubation period was extended to 
24 h. Figure 1 illustrates the whole bioreduction and the 
production of more AuNPs. The excitations of surface 
plasmon resonance in the nanoparticles caused the color 
to emerge in the reaction mixture (Khan et al., 2018). In 
the work of Folorunso et al. (2019), the process of 
creating gold nanoparticles for Annona muricata is quickly 
initiated and is finished after 22 h of incubation. 
 

  
 
Figure 1: Visualization of the green synthesis of gold 
nanoparticles. (a) a 1 mM gold chloride solution; (b) a 
solution containing gold nanoparticles. 
 
UV-Visible spectroscopic analysis 
 
By using UV-VIS spectrophotometry, the combination of 
S. flavescens roots extract solution and 1 mM gold 
chloride solution was examined. UV-Visible range surface 
plasmon resonance (SPR) bands with unique 
appearances can be seen in Figure 2 and the highest 
absorption range was 540 nm. Because of the oscillation 
of electrons on the surface of AuNPs, the surface 
plasmon resonance of these nanoparticles produces 
different shades depending on their size and shape (Sett 
et al., 2016). According to Kaykhaii et al. (2018), the 
maximum wavelength of produced gold nanoparticles as 
measured by spectrophotometry in the visible range is 
535 nm. 
 
Fourier transform infrared spectroscopic analysis 
(FTIR) 
 
The potential biomolecules in the S. flavescens root 
extract that may be responsible for capping and the 

(a) (b) 
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Figure 2: UV-spectral analysis for gold nanoparticles. 
 

 
 
Figure 4: Zeta (ζ) potential of Au nanoparticles 
synthesized by extract of roots of S. flavescens. 

 
 
Figure 3: FTIR spectrum of gold nanoparticles made from S. flavescens root extract. 
 
effective stability of the gold nanoparticles were 
determined using FTIR measurements. Using an FTIR 
spectrophotometer, an Au nanoparticle was used to 
measure the infrared radiation spectrum (IR) at 
wavelengths between between 4000/cm and 500/cm. 
Figure 3 may be seen at 3406.29, 2927.94, 2854.65, 
1743.65, 1573.91, 1458.81, 1276.88, 1232.51, 1161.15 
and 1026.13/cm. The best bands at 3406.29/cm (N-H 
stretching amide), 2927.94 and 2854.65/cm (C-H 
stretching alkane) and 1743.65/cm (C-H stretching 
aldehyde) were caused by the reduction of Au3+ to Au0. 
The NH bent corresponds to the abandon at 1573.91 and 
1458.81/cm. C-N stretching mode might be the cause of 
the absorption bands at 1276.88/cm. The stretching mode 
of -C-O-C might be responsible for the absorption bands 
at 1232.51 and 1161.15/cm. Sharp bands at 1026.13/cm 
in wavelength correspond to -C-N functional groups. The 
water-soluble chemicals like flavonoids, terpenoids and 
protein contained in the extract of the roots of the S. 
flavescens plant correlate to vibrational bands for bonds 

like N-H, C=C, C-O and C-N. The reduction of gold ions, 
synthesis and stability of the biosynthesized nanoparticles 
may be caused by the presence of these biomolecules in 
the extract (Kaykhaii et al., 2018). 
 
Zeta (ζ) potential 
 
The colloidal metal nanoparticles' stability is gauged by 
their zeta potential. The stability of colloids was also 
influenced by the zeta potential, which is shown by the 
surface charge of nanoparticles. Greater zeta potential 
values that inhibit aggregate formation between 
nanoparticles give nanoparticles their increased stability 
(Noruzi, 2015). Zeta potential was measured at -27.40 
mV. Figure 4 showed that the produced S. flavescens 
root extract gold nanoparticles were stable, as indicated 
by the larger negative zeta potential value (Ahmad et al., 
2018).  
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Figure 5: AFM photos of AuNPs in solution displaying their surface structure and size distribution. (a) The AFM picture 
depicted AuNPs in two dimensions; (b) The AFM picture depicted AuNPs in three dimensions; (c) Displayed a column 
AFM diagram showing the size distribution of AuNPs. 
 
Table 1: The antibiotics susceptibility test results of Staphylococcus aureus and Pseudomonas aeruginosa isolates by 
Kirby Bauer method. 
 

Antibiotics S. aureus Antibiotics P. aeruginosa 

Ciprofloxacin R Amikacin R 
Clindamycin R Cefepime R 
Erythromycin R Ceftazidime R 
Gentamicin S Gentamicin R 
Tetracycline R Levofloxacin R 
Trimethoprim S Meropenem R 
Vancomycin R Tobramycin R 

R, resistant; S, susceptible. 

 
Atomic force microscopy (AFM ( 
 
The produced AuNPs' existence and size distribution 
were assessed by AFM analysis. Figure 5 shows the 
generation of both two-dimensional (2D) and three-
dimensional (3D) pictures from a scanning area that was 
11 m in a tapping mode. Given that the majority of the 
particles had a spherical topology and a diameter of about 
51.69 nm, the photos demonstrate that AuNPs are 
distributed uniformly. 
 
Atomic absorption spectroscopy (AAS) 
 
AAS analysis of the gold ion concentration revealed the 
transformation of Au ions into GNPs. Initial HAuCl 

standard solution preparation and AAS analysis was 
placed at 0 min. After adding leaf extract, the reaction 
solution's Au ion concentration was measured to assess 
the amount of GNPs present (Singh and Kundu, 2014). 
GNP concentrations were between 956 and 1321 ppm. 
 
Antibiotics susceptibility test 
 
According to the results of the antibiotic susceptibility test, 
and as shown in Table 1, the two bacterial isolates 
exhibited a multi-drug resistant (MDR) pattern. The isolate 
of S. aureus was sensitive to only two of the chosen 
antibiotics (Gentamicin and Trimethoprim). While the 
isolate of P. aeruginosa was resistant to all the selected 
antibiotics. 

(a) 2-D profile of AuNPs.  (b) 3-D profile of AuNPs.  

(c) AuNPs average size range. 
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Table 2: The antibacterial activity of the Sophora flavescens roots aqueous extract and the aqueous gold nanoparticles 
against Staphylococcus aureus and Pseudomonas aeruginosa. 
 

The antibacterial activity of the Sophora flavescens roots aqueous extract 

The concentration of extract (%) Staphylococcus aureus  
(CFU/mL) 

Pseudomonas aeruginosa 
(CFU/mL) 

Control 1.5 × 108a 1.5 × 108a 
7% 1.3 × 106b 1.9 × 106b 
9% 4.7 × 102c 6. 6 × 102c 
LSD value 27.79* 32.66* 

The antibacterial activity of the aqueous gold nanoparticles 

The concentration of AuNPs (%) Staphylococcus aureus 
(CFU/mL) 

Pseudomonas aeruginosa 
(CFU/mL) 

Control 1.5 × 108a 1.5 × 108a 
7% Nonb Nonb 
9% Nonb Nonb 
LSD value 19.47* 19.47* 

Means with different letters in the same column differed significantly. *(P≤0.05). 

 
The antibacterial activity 
 
The present study showed that S. flavescens root 
aqueous extract and gold nanoparticles had antibacterial 
effects against MDR S. aureus and P. aeruginosa 
isolates, with highly significant differences (P≤0.01) in 
comparison with the control. Whereas the concentrations 
of 7% and 9% ppm of the aqueous extract reduced the 
number of S. aureus to 1.3 × 106 CFU/mL and 4.7 × 102 
CFU/mL, respectively, while the number decreased to 1.9 
× 106 CFU/mL and 6.6 × 102 CFU/mL for P. aeruginosa, 
respectively, compared to the bacterial number in control 
(1.5 × 108 CFU/mL). As for the nanoparticles, the growth 
disappeared completely for the two concentrations used. 
In addition, the gold nanoparticles have the highest 
antibacterial activity than aqueous extract as shown in 
Table 2 and Figures 6 and 7. 

The current results showed that S. flavescens root 
aqueous extract exhibited more antibacterial activity 
against Gram-positive bacteria than Gram-negative, and 
this is compatible with the study of Yang et al. (2015) that 
revealed aqueous extract from S. flavescens roots had an 
inhibitory effect on S. aureus but had no effect on P. 
aeruginosa, and in an earlier study, the crude S. 
flavescens extract also displayed remarkable inhibitory 
activity against the methicillin-resistant S. aureus and 
methicillin-sensitive S. epidermidis, displaying especially 
potent antibacterial activity against S. epidermidis (Yang 
et al., 2007). Maybe due to the structure of the bacterial 
cell wall, because lacking Gram-positive bacteria for a 
layer of outer membranes., which makes the permeability 
of materials entering the cell greater compared to Gram-
negative bacteria, whose inner wall has an internal barrier 
represented by a common lipopolysaccharide with 
multiple proteins that has the ability to prevent the 
passage of a lot of killer substances into the cell (Nader et 
al., 2010; Al-Mossawei et al., 2014) and also may be due 
to the high resistance to antibiotics of P. aeruginosa more 
than S. aureus in the present study. 

Both conventional and modern medicine have 
regarded S. flavescens wide range of biological activity, 

as a significant resource. More than 200 chemicals have 
been extracted from S. flavescens, a potential traditional 
medicine, with flavonoids and alkaloids being the main 
constituents. At least 50 pure compounds and crude 
extracts from S. flavescens have been shown to have 
extensive anticancer, antibacterial, antipyretic, 
antinociceptive and anti-inflammatory pharmacological 
properties in recent in vitro and in animal research (He et 
al., 2015). 

Since ancient times, people have valued using gold as 
the preferred inorganic antibacterial agent to prevent 
infections and spoilage. GNPs inhibited both Gram-
positive and Gram-negative isolates in the current 
investigation; this finding is consistent with that of Al-
Sager et al. (2021) obtained. There are various 
mechanisms responsible for this inhibiting impact. GNPs 
target bacterial cell membranes, cell walls, DNA and 
proteins in addition to their great penetrating capacity 
(Arvizo et al., 2012; Patel et al., 2013; Singh et al., 2018). 
GNPs have been shown time and time again to cause pits 
to form in bacterial cell walls and membranes. 

It has been demonstrated that GNPs may target the 
subcellular compartments of cell membranes, causing pits 
and cellular death. Additionally, GNPs bind the peptide 
surface to the glycan ports of the cell wall and break down 
the N-acetylglucosamine and N-acetylmuramic acid 
linkage in glycans, which causes pit formation in glycans 
(Li et al., 2018). As stated by earlier research, Gram-ve 
bacteria are extra susceptible to metal nanoparticles. 
Gram-ve bacteria have a thinner cell wall than Gram+ve 
bacteria. The thickset cell wall may decline the 
permeation of nanoparticles within cells (Alfahad et al., 
2022). 

GNPs have been shown to target new bacterial 
targets, such as respiratory chain dehydrogenases and 
bacterial chromosomes, in addition to cidal targeting of 
cell walls and membranes (Yougbare et al., 2019). 
Additionally, metallic nanoparticles have an extra biocidal 
action due to their capacity to generate reactive oxygen 
species (ROS), which impede the oxidation of freed gold 
ions (Iswarya et al., 2016; Yougbare et al., 2019). 
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Figure 6: (a) The Sophora flavescens root aqueous extract's antibacterial 
efficacy against Staphylococcus aureus at doses of 7% and 9%; (b) The 
aqueous gold nanoparticles' antibacterial efficacy against S. aureus. 
 

  
 

  
 

  
 

 
Figure 7: (a) The Sophora flavescens root aqueous extract's antibacterial 
activity against Pseudomonas aeruginosa at concentrations of 7% and 9%; 
(b) The aqueous gold nanoparticles' antibacterial activity against P. 
aeruginosa.

(b) (a) (b) (a) 
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CONCLUSION 
 
Gold nanoparticles can be synthesized by the green 
method from S. flavescens plant extracts successfully. 
Research findings suggest that gold nanoparticles have 
higher antibacterial activity than aqueous extract. Further 
research is needed to explore the potential of S. 
flavescens. 
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