
 
Volume 2, Issue 4, 2024 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

http://fmhr.org                                       | Salman et al., 2025 | Page 83 

 
ANTIBACTERIAL AND PHOTO-CATALYTIC APPLICATIONS OF BIO-

INSPIRED EUPHORBIA PROSTRATA-MEDIATED IRON 
NANOPARTICLES 

 
Salman1, Arshad Islam*2,3, Muhammad Qasim4, Asad Zia5, Ajmal Khan1, Farhan Ahmad*1 

 
1Institute of Biotechnology and Microbiology, Bacha Khan University, Charsadda, Khyber Pakhtunkhwa, 24420 

Pakistan. 
2Sulaiman Bin Abdullah Aba Al Khail Centre for Interdisciplinary Research in Basic Sciences (SA-CIRBS), 

International Islamic University, Islamabad, Pakistan. A.I. 
3Deparmtent of Pathology, Lady Rading Hospital Medical Teaching Institution, Peshawar, Pakistan 

4Department of Zoology, Faculty of Biological Sciences, Quaid-i-Azam University, Islamabad, Pakistan 
5Public Health Reference Laboratory, Khyber Medical University, Peshawar, Pakistan. 

 
*2arshad.cgl@gmail.com,*6ahmadfarhan31@gmail.com 

 
DOI: https://doi.org/10.5281/zenodo.17141566  
 Abstract 

The synthesis of nanoparticles using plant extracts is a more cost-effective and 
environmentally friendly option than the traditional chemical or physical 
methods. In the current study, we synthesized iron oxide (FeO) nanoparticles 
(NPs) using a green approach by employing an extract from the Euphoria 
prostrata plant. X-ray diffraction (XRD) analysis of FeO NPs revealed its 
highly crystalline structure, while scanning electron microscopy (SEM), showed 
the agglomerated form of the particles. Energy Dispersive X-Ray (EDX) 
verified the elemental composition of FeO NPs and indicated their purity. 
FTIR spectroscopy was utilized to identify the functional groups. UV- visible 
spectrometry was used for the evaluation of synthesis. About 30.1% weight loss 
was observed in heating the sample from 25oC to 600oC. FeO NPs exhibited 
strong antibacterial activity, as evidenced by the development of a broad 
inhibitory zone (how much was the zone in mm?). FeO NPs exhibited superior 
antimicrobial efficacy against Pseudomonas aeruginosa, with amoxicillin as 
control. According to the results of a flow cytometric susceptibility test, FeO 
nanoparticles were able to destroy P. aeruginosa (74.12%), E. coli (72.1%), 
and S. aureus (62.41%) at a concentration of 400 µg/ml. The photo catalytic 
activity was investigated against Methylene blue and Phenol red dyes. It was 
noticed that 27% of the dye was damaged in the first 30 minutes; however, as 
the irradiation period was increased up to 150 minutes, the percentage of dye 
degraded reached 91.1%. Additionally, the biocompatible nature of FeO NPs 
was also tested which showed comparable hemolytic action than Triton X-100. 
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INTRODUCTION 
Nanotechnology has made significant advances in 
the last 20 years. It is now one of the most 
researched and fastest-growing fields because it can 
be used in many areas of human welfare. 
Nanoparticles (NPs) are very small particles with 

sizes between 1 and 100 nm that can be made or 
found in nature. They have physical and chemical 
properties that are unique and valuable. At the 
nanoscale, the magnetic, electrical, mechanical, 
optical, chemical, and biological properties of  
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particles are better. Because NPs have more surface 
area than volume, they are more reactive, mobile, 
dissolve easily, and strong [1, 2]. In the wide variety 
of nanoparticles, ferric oxide nanoparticles 
(FeONPs) stand out as one of the most significant 
type of metal oxide nanoparticles. These 
nanoparticles are notable for their magnetic 
properties as well as their compatibility with living 
organisms [3]. Based on their size, distribution, 
and structure Iron Oxide has applications in 
numerous fields, including antimicrobial [4], 
mosquitocidal [5], anti-plasmodial [6], larvicidal 
[7], ovicidal and larvicidal potential for malaria, 
dengue, and filariasis mosquito vectors [8]. Iron 
oxide nanoparticles with suitable surface chemistry 
are used in immunoassay, tissue repair, 
detoxification of biological fluids, cell sorting, and 
hyperthermia [9], targeted drug delivery [10], and 
cancer [11]. In addition, it was used as inhibitors 
for dengue growth [12]. FeO NPs are considered 
the most promising agent for all the above 
functions.The development of antibiotic-resistant 
strains is a major concern for the wellbeing of 
people all over the world. The antibacterial activity 
of iron oxide nanoparticles (FeO NPs) is receiving 
a great deal of attention. Different types of bacteria 
have been utilized for the bactericidal activity of 
FeO NPs [13]. Iron Oxide NPs can be used in 
regenerative medicine [14] due to the fact that 
these NPs have good biocompatibility in vivo and 
in vitro [15, 16]. This is something that sets it apart 
from ZnO NPs on a fundamental level. FeO NPs 
are a desirable contender for the role of an 
antibacterial preparation of the next generation as 
a result of their antimicrobial activity as well as 
their compatibility with living organisms [17, 18]. 
The production of Iron Oxide NPs and the 
improvement of its effectiveness have been 
accomplished through the application of a wide 
variety of chemical and physical techniques. The 
sol-gel process, co-precipitation, microemulsion, 
hydrothermal, chemical vapor deposition, and 
polyol are the most common chemical processes 
used in the formation of nanoparticles. In the 
process known as metal reduction, a reducing 
agent is applied to a solution that already contains 
a metal ion. For the synthesis of NPs, the majority 
of the time, reducing agents consisting of NaBH4, 
sodium citrate, ascorbic acid, and hydrazine are 
utilized. However, there are some instances in  
which a stabilizing agent may be necessary [19, 
20]. However, these traditional methods use  

chemicals that are both expensive and hazardous, 
and as a result, they cannot be termed an 
environmentally friendly approach [21, 22]. Taking 
into consideration, researchers in today's world 
have shown a great deal of interest in the synthesis 
of metal and metal oxide NPs through the use of 
green synthesis [23]. The twelve primary systems of 
green chemistry can be utilized to determine the 
technique for green synthesis. The biogenic system 
of nanoparticles is one method that is frequently 
utilized [24]. When compared to conventional 
synthesis methods, the utilization of 
microorganisms (fungi and bacteria) [25] as well as 
natural products (fruit juice, polysaccharides, and 
plant extracts) containing plentiful hydrogen 
atoms for the biosynthesis of nanoparticles is more 
advantageous. This is the case in terms of 
biocompatibility, low production expenses, and a 
natural reductive chemical atmosphere [26, 27]. In 
addition, plant extracts that contain reducing and 
stabilizing agents offer a biological route for the 
synthesis of metallic NPs that does not involve the 
use of toxic organic solvents. This paves the way 
for a controlled synthesis that results in highly 
ordered NPs of any size, shape, and dispersion 
[28]. Furthermore, the typical reduction potential 
of these phyto-compounds is around 0.534 V, 
whereas the reduction potential of metallic iron is 
0.44 V. Since the reduction process is 
spontaneous, the phyto-compounds surround the 
nanoparticles, which provides stability and a 
distinctive form [29, 30]. Among different plants 
the annual herb Euphorbia prostrata is characterized 
by its prostrate growth habit, hirsute pubescence, 
and widespread distribution across Asia. 
Antibacterial, nematicidal, and antiparasitic 
properties can be found in extracts of the leaves of 
the E. prostrata plant. The leaf extract of E. prostrata 
has been shown to contain flavonoids, 
anthraquinone, phenols, phlobatannins, 
polysaccharides, saponins, tannins, and terpenoid 
[31, 32]. Keeping in view the benefits of green 
synthesis over traditional techniques a study was 
designed to synthesize FeO NPs using E. prostrate 
leaf extract. Evaluation of the synthesized NPs’s 
therapeutic applications were among the study 
objectives. 
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Materials and methods 
2.1 Plant material collection and extract 
preparation 
The Euphorbia prostrata plant was collected in 
Charsadda, Khyber Pakhtunkhwa. Fresh plant 
material was employed in the synthesis of FeO 
NPs. 
 
2.2 Materials / Chemicals 
In this investigation, all the chemicals like 
nutrient agar, nutrient broth, iron chloride etc. 
were of high degree purity and were purchased 
from Sigma Aldrich®. 
 
2.3 Preparation of plant extract 
Euphorbia prostrata plant was cleaned three 
times with distilled water. About 50g of fresh 
plant was chopped into small pieces and 
ground by morter-pestal before being mixed to 
200 ml of de-ionized water in a flask and stirred 
for 15 min. The extract was filtered, cooled to 
ambient temperature, and kept at – 4°C for 
future use. 
 
2.4 Preparation of FeONPs 
Iron oxide nanoparticles were synthesized by 
modified protocol from the previous studies 
[33]. Briefly, one millimolar (1mM) iron 
chloride solution was added to Euphorbia 
prostrata plant extract in a 1:2 volume ratio and 
placed on the magnetic stirrer for one hour to 
examine the reaction mixture's color. FeO 
nanoparticles were synthesized when dark 
brown color turned black. The above approach 
was used to produce FeO NPs for further 
characterization after the confirmation test. 
 
2.5 Characterizations of iron oxide 
nanoparticles 
Characterization procedures let us quickly and 
accurately grasp the properties of the substance 
or nanoparticles being researched. UV–Vis 
spectrophotometers confirmed FeO NP 
production (Shimadzu UV 2450). Fourier 
transform infrared spectrophotometers 
evaluated FeO NPs' functional group. SEM, 
XRD, and EDX measured FeO NP size, shape, 
and elemental composition. 
 
 
 

2.6 Antibacterial activity 
Well Diffusion assays were used to test the 
antibacterial efficacy of plant-mediated 
produced FeO NPs against a range of gram-
positive and gram-negative bacteria. Bacterial 
cultures were disseminated onto nutrient agar 
(NA) plates using a sterile spreader. By using a 
borer, wells were drilled into the agar-filled 
plates. FeO nanoparticle solutions of varying 
concentrations were poured into the wells. A 
24-hour incubation period at 37°C was 
performed after the plates were set in place. 
Measurements of inhibitory zones were taken 
after a 24-hour incubation period [34]. 
 
2.7 Efflux pumps inhibition (Cart wheel 
assays) 
To investigate the efflux inhibitory effect of 
iron oxide nanoparticles, Cartwheel assay was 
performed on different bacterial strain. In 
cartwheel assay, bacteria eject ethidium 
bromide (EtBr), which is a conjoint substrate 
for many efflux pumps (transporter proteins) 
were used. Within the cells, Efflux pumps 
inhibitors (EPI) leads to deposit of EtBr and 
generate fluorescence. EtBr and nanoparticles 
were taken in different concentration in each 
micro centrifuge tube. MDR strains were 
swabbed in TSA plates containing different 
concentrations of EtBr and incubated for 16 
hours at 37ºC.  For control, bacterial strains 
and EtBr without NPs was swabbed on nutrient 
agar plates in cartwheel pattern. The plates 
were incubated for 24 hours at 37oC. After 
incubation the plates were detected for 
fluorescence under UV transilluminator [35]. 
 
2.8 Bacterial cell membrane damage assay  
By measuring the absorbance of intracellular 
substance generated when nanoparticles 
interact with cell, researchers were able to 
examine the impact of nanoparticles on 
membrane integrity. The inoculum for the 
bacteria was grown by transferring a loopful of 
culture from the nutrient agar plate to the 
nutrient broth and incubating it at 37°C for a 
full 24 hours. The culture was harvested, 
washed, and resuspended in PBS solutions 
following centrifugation at 10000rpm for 10 
minutes. In the end, the 420 nm absorbance of 
the solution was adjusted to 0.7. The bacterial 
inoculum was combined with 1.5 mL of NPs at 
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varying concentrations. Shimadzu UV 160 UV-
visible spectrophotometer readings were taken 
at 260 nm to determine the rate of intracellular 
substance release [36]. 
 
2.9 RBC Hemolytic assay  
Hemolysis is defined as the breaking of the 
erythrocyte membrane in order to release 
haemoglobin into the plasma. The previous 
approach, with minor modifications, was used 
to perform hemolytic activity against iron oxide 
nanoparticles. A syringe was used to take blood 
from a healthy volunteer male person. To 
suppress blood coagulation, 5 mL of blood was 
placed in an EDTA tube. Blood was 
centrifuged for 5 minutes at 3000 rpm. The 
RBC pellet was resuspended in 10 mL pH 7.4 
PBS after removing the platelet-depleted plasma 
supernatant. The buffy RBC layer was removed 
twice or three times. For a uniform cell 
suspension, PBS was added [37]. The 
experiment was carried out in dark. Iron oxide 
NPs at various concentrations were added to 
Eppendorf tubes with diluted blood. Triton X-
100 and PBS were incubated for 3 hours at 37 
°C. 1500 rpm centrifuged suspended cells for 
15 minutes. Carefully collecting the 
supernatant, the absorbance at 576 nm was 
measured. 
 
 
 

2.10 Photocatalytic study 
The photo catalytic experiment used 20ppm 
methylene blue dye in 50ml deionized water. 
The standard solution was separated, and 0.02g 
of biosynthesized FeO NPs catalyst was added 
to the leftover (45 ml) solution. After 30 
minutes in the dark to reach adsorption-
desorption equilibrium, the UV lamp was 
turned on and 5ml was removed every 30 
minutes using a small syringe. Centrifugation at 
12000 rpm for 10 minutes separated the NPs 
from the dye solution, and a UV-Visible 
Spectrophotometer evaluated their absorption 
[38]. Lambda max of the dye was 662 nm. The 
procedure below estimated the dye degradation 
percentage. 

Degradation (%) =   
     

  
    × 100… (1) 

“At” is the time interval and “Ao” is the initial 
concentration of dye 
 
Results 
3.1 Optical properties of FeO NPs. 
UV-visible spectroscopy was used to determine 
the optical characteristics of FeO nanoparticles. 
Shimadzu UV-1800, Japan, was used to 
evaluate the absorption spectra of FeO 
nanoparticles. The optical absorption value was 
measured in the wavelength range of 200 to 
800nm. At 260nm(Figure 1), optical absorption 
was found for the synthesized FeO 
nanoparticles utilizing Euphoria prostrata. 

 
Figure 1. UV- Vis Spectroscopy of FeO NPs, peak appear at wavelength of 260 nm 

 
3.2 FTIR analysis FTIR study shows biomolecules in Euphorbia 

prostrata's aqueous extract that may cap and 
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reduce Fe+2 ions. The FTIR spectra of the 
Euphorbia prostrata aqueous extract showed 
prominent bands at 1040, 1632 and 3324 cm-1, 
while that of iron oxide nanoparticles showed 
wide peaks at 540,1100, 1650, and 3434 cm-

1(Figure 2). The O-H stretching vibration of 
polyphenols causes the extensive peak at 3324  
cm-1 in Euphorbia prostrata plant extract and 
3434 cm-1 in FeO NPs. The large peaks at 1650 

and 1632 cm-1 in Euphorbia prostrata plant 
extract and FeO nanoparticles, respectively, are 
connected to carbonyl C=O groups, while the 
absorption band at 1100 cm-1 in iron oxide 
nanoparticles is due to O-H bending and C-H 
starching vibration. FeO stretching may cause 
the peak at 540cm-1. 

 

 
Figure 2 FTIR analysis of FeO NPs and Euphorbia prostrata extract 

 
3.3 SEM analysis 
SEM examination was used to determine the 
structure and morphology of FeO NPs, which 
showed that the size of these nanomaterials was 
25 and 55 nm. The produced particles were  
 
 

 
agglomerated and posed various sizes (Figure 3). 
The occurrence of natural substances on the 
particle surface caused the agglomeration of 
nanoparticles. As a result of H-bonding 
between bioactive chemicals, the particles had a 
tendency to agglomerate. 
 

 
Figure 3. SEM images of FeO nanoparticles at scale of 10 and 20 µm 

 
3.4 XRD analysis 
The crystal nature of the prepared FeO 
nanomaterials was investigated by X-ray  
diffraction, as demonstrated in (Figure 4). Exact 
peaks of diffraction were seen at 2 thetas = 
63.99, 62.41, 57.59, 54.09, 49.48, 35.61, 
30.85, 24.13 and 33.15, corresponded to the 
planes (300), (018), (214), (116), (024), (110) 

(113), (012) and (104), Bragg considerations 
and validate the rhombohedral phase of FeO  
NPs. These XRD results closely match the card 
(JCPDS; 33-0664) and no other impurity peaks 
have been observed. The XRD examination 
demonstrated the materials' purity and 
crystallinity. Using the Debye-Scherrer 
equation, the crystallite size is calculated. 
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D = kλ/βcos(θ)… (2) The aforementioned equation was utilized to 
calculate the mean size of crystallites. 

 

 
Figure 4. XRD analysis of FeO nanomaterials synthesized from Euphorbia prostrata plant extract 

 
3.5 EDX analysis 
The EDX spectrum of the synthesized FeO NPs 
is depicted in (Figure 5). The elemental  
composition analysis of the biosynthesized FeO 
NPs revealed the existence of oxygen (O) and 
iron (Fe) in the sample and demonstrates their  
 
 

 
great purity. 30.96% and 25.65% of the 
produced FeO NPs are composed of iron (Fe) 
and oxygen (O), respectively. This is 
comparable to the percentage of theoretically 
probable stoichiometric mass. The presence of 
Zn,Ca,Si, K, and Mg suggests the existence of 
plant constituents covering the FeO NPs. 

 

 
Figure 5: EDX spectra of the biosynthesizedFeONPs. 
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3.6 TGA analysis 
Thermo gravimetric analysis of FeO 
nanoparticles is shown in Figure 6. The weight  
 
 

loss of the produced substance was measured in 
air at a breakdown rate of 15 °C/min. Prepared 
sample experienced 30.1% weight loss from 25 
to 600oC temperature. 

 
Figure 6: TGA analysis of FeO nanoparticles 

 
3.7 Antibacterial activity  
Well diffusion technique was used to examine 
the antibacterial properties of iron oxide NPs 
against a variety of harmful bacteria. Creating a 
sizable zone of inhibition demonstrates 
effective antibacterial action, which was 
confirmed for the FeO NPs. Improved 
antimicrobial activity of FeO NPs was shown 
against a variety of pathogenic bacterial strains, 
including P. vulgaris, P. aeruginosa, E. coli, and S. 

aureus, as demonstrated in (Figure 7aand b). It 
was shown that FeO NPs had significant 
bactericidal action than the standard 
medication amoxicillin. Factors such as cell wall 
impermeability, concentration, bacterial 
species, physicochemical qualities, and 
ribosome variation all have a role in how well 
FeO nanoparticles kill different types of 
bacteria. 

 

 
Figure 7a: Antibacterial activity of FeO nanoparticles at various concentrations 
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Figure 7b: Bacterial zone of inhibition of FeO nanoparticles 

 
Table 1. Bacterial cell membrane damaged 

Concentrations 
(µg/ml) 

(E. coli % damage) Cell membrane damage 
(Pseudomonas% 

damage) 

(Staphylococcus % 
damage) 

400 72.1±0.93 62.41±0.89 74.12±0.28 
200 62.37±0.28 53.51±0.85 63.63±0.39 
100 51.86±0.73 45.23±0.22 53.64±0.56 
50 33.29±0.66 27.76±0.55 42.47±0.26 
25 21.16±0.24 19.41±0.35 32.39±0.15 

 
Table1 shows that at 25, 50, 100, 200, and 400 
µg/ml, the cell viability of E. coli was reduced by 
21.16±0.24%, 33.29±0.66%, 51.86±0.73%, 
62.37±0.28%, and 72.1±0.93%, respectively. At 
the same concentrations (25, 50, 100, 200, and 
400 µg/ml) FeO NPs caused 19.41± 0.35%, 
27.76 ±0.55%, 45.23±0.22%, 53.51±0.85%, 
and 53.64±0.56% of cell membrane damage in 
Pseudomonas aeruginosa, respectively. At 25 
µg/ml, Staphylococcus aureus cell membrane 
damage is 32.39±0.15%, at 50 µg/mL, its 
42.47±0.26%, and at 100 µg/ml, its 
74.12±0.28%. According to a flow cytometric 
susceptibility test, at 400 µg/m1, iron oxide 
nanoparticles killed 72.1% of E. coli cells, 
62.4% of Staphylococcus aureus cells, and 
74.12% of Pseudomonas aeruginosa cells, 
respectively. It could be because FeO NPs 
invade the bacterial cell, where they function as 

a bactericidal or bacteriostatic agent, preventing 
the bacterium from growing and multiplying. 
 
3.8 Efflux Pump Inhibition Assay/Cart Wheel 
Assay 
This straightforward technique is based on the 
fact that many efflux pumps require ethidium 
bromide (EtBr) as a substrate. As a result of 
efflux pump inhibitor accumulation, EtBr 
causes blooming at significantly lower 
concentrations. An evaluation of iron oxide 
NPs' efflux inhibitory impact using a cart wheel 
experiment was carried out(Figure 8). We 
performed cartwheel assay for Pseudomonas 
aeruginosa,Staphylococcus aureus, E coli, Citrobacter 
freundii, Klebsiella penumoniae, and proteous 
vulgaris by incorporating 2, 4, 6, 8, 10, and 
12mg/ml of iron oxide NPs in the agar media 
and evaluating the fluorescence exhibited by  
EtBr in all the bacteria tested. Treatment 
without FeONPs was maintained as control. 
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Figure 8. Cart Wheel Assay of FeO NPs 

 
3.9 Hemolytic assay of FeO NPs 
The hemolytic activity of FeO NPs at 37 °C was 
measured at various doses (5, 10, 15, and 
20mg/ml), with triton X-100 serving as a 
positive control and phosphate-buffered saline 
(PBS) serving as a negative control (Fig. 9).  
 
 

 
Values showed that the prepared NPs had 
lower hemolytic activity than the positive 
control (triton X-100). Increased cellular 
permeability is the mechanism by which the 
NPs cause hemolysis. The cell death caused free 
radical generation and total cell death, which 
safely reduced the RBCs count. 

 
Figure 9. Hemolytic activity of FeO nanoparticles 

 
3.10 Photocatalytic Activity 
Effect of irradiation time on degradation of 
Methylene blue and phenol red dye 
For initial 30min illumination the degradation 
of Methylene blue dye and Phenol red dye 
was27.5% and 35.8% respectively while with  

 
further increasing the time the degradation of 
both the dyes increased. Maximum degradation 
at 150min for Methylene blue dye and Phenol 
red dye was 91.1% and 75.02% as exhibited in 
figures 10 (a, b) and 11 (a, b) respectively.  
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Figure 10: (a) Percent degradation of Methylene blue dye and (b) their UV-Vis Spectra by using FeO 
NPs. 

 
Figure 11. (a) Percent degradation of phenol red dye and (b) their UV-Vis Spectra by using FeONPs. 
 
3.11 Photo catalytic degradation mechanism 
Methylene blue and Phenol red dyes 
degradation could both take place by photo 
catalysis, as seen below: Once the photo catalyst 
has had the dye molecules adsorbed on its 
surface and been irradiated with UV light, the 
excitation of electrons from the valance band to 
the conduction band occurs, leaving holes (h+) 
behind in the valance band(Figure 12). After 

arriving at the photo catalyst’s surface, the h+ 
and e couple will react with adsorbed water  
molecules, dissolved oxygen, and the surface's 
hydroxyl groups, resulting in the formation of 
hydroxyl and superoxide free radicals. As 
shown in scheme 1, the h+ ions react with 
water molecules to form •OH radicals, while 
the e- ions decrease the dissolved oxygen in the 
dye to form the superoxide anion radical O2•. 
These light-generated free radicals would then 
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be able to destroy the dye molecules, leaving 
behind only carbon dioxide (CO2) and water 

(H2O) [39]. 

 
Figure 12. Possible mechanism for the degradation of Methylene blue and Phenol red dyes 

 
FeO (NPs) +hν→ e− + h+… (3) 
H2O + h+ →⋅OH• + H+… (4) 
O2 +    e−

→⋅ O2•−… (5) 
OH + dye→ degradable product… (6) 
O2

−   + dye→ degradable product… (7) 
 

Discussion 
Due to its simplicity, nontoxicity, reduced time 
requirements, and low cost, as well as its 
potential for large-scale production, green 
nanotechnology has gained significant 
popularity in the research community in recent 
years. Here, we have used green synthesis to 
create iron oxide nanoparticles from a 
Euphorbia prostrata plant extract and evaluated 
their antimicrobial, hemolytic, photo catalytic, 
and bacterial cell membrane-damaging 
properties. Additionally, FeO NPs were 
characterized using a number of analytical 
techniques, including UV-visible spectroscopy, 
FTIR, SEM, EDX, and XRD. UV-visible 
spectroscopy revealed that the sample displayed 
a typical peak value of FeO-NPs at 260 nm for 
absorbed energy. Previous work also revealed 
comparable results, with a peak at 277 nm in 
the UV-visible absorption spectra of 
Agrewiaoptiva extract-mediated FeO 
nanoparticles [40]  
The aqueous extract of the Euphorbia prostrate 
plant contains biomolecules responsible for the 

formation of FeO NPs, as shown by FT-IR 
analysis of these molecules. Iron oxide  
 
nanoparticles have wide peaks at 540 cm, 1100, 
1650 and 3434 cm-1, and in their FT-IR spectra, 
while the plant extract exhibited prominent 
bands at 1040, 1632, and 3324 cm-1. Figure 2 
suggests that the peak at 540 cm-1 is caused by 
the FeO stretching vibration, and this finding is 
consistent with the results of the previous 
investigation [41]. Further analysis revealed that 
the peaks resulted from stretching vibrations of 
-C = O-, C-O-C, and C-O in carboxylic acid, 
polysaccharide, and amino acid, respectively. 
Previous reports have showed similar outcomes 
[42] 
SEM micrograph of the produced FeO NPs 
showed agglomeration of the FeO NPs, with 
particle sizes ranging from 25 to 50 nm. In 
addition, the synthesized iron oxide-NPs had an 
agglomeration morphology, which is consistent 
with our results. However, the size of the 
nanoparticle in the present study was larger 
than in the previous study [43], which may be 
attributable to variations in synthesis 
conditions such as incubation time, 
temperature, handling applications, and the 
nature of the plant extract. 
The atomic weight and elemental makeup were 
also determined by EDX analysis. The 6.3 keV 
peak in the EDX spectrum, corresponding to 
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iron, and the 0.7 keV peak, corresponding to 
oxygen, were both identified in the EDX study. 
In this paper, we described the EDX spectra of 
FeO NPs synthesized through a green 
technique in which FeCl2 serves as the starting 
material. According to the EDX spectra, the 
FeO NPs production was productive, as 
evidenced by the presence of prominent peaks. 
However, the spectra revealed additional peaks, 
indicating the participation of biomolecules in 
the plant extract's nanoparticle formation. It 
has been previously documented that high-
purity FeO NPs exhibit the same EDX pattern 
[44]. 
The biosynthesized iron oxide nanoparticles' 
size and crystallinity were also analyzed using 
XRD. In an XRD analysis, the crystalline 
nature and plane orientation of FeO NPs were 
clearly visible. At 2Theta or diffraction angles 
of 33.15, 24.13, 40.85, 35.612, 49.48, 54.09, 
62.41, 57.59, and 63.99 degrees, the most 
prominent XRD peaks were spotted: 104, 012, 
113, 110, 024, 116, 214, and 018. Crystal 
morphology and an average crystal size of 25-50 
nm were confirmed by X-ray diffraction (XRD), 
which agreed with the International Center for 
Diffraction Data card (JCPDS-36-1451), 
confirming the synthesis of an amorphous 
agglomerated structure, which is consistent 
with the findings of prior studies [45]  
The most significant bactericidal action was 
seen against Pseudomonas aeruginosa, followed by 
Proteus vulgaris, Escherichia coli, and 
Staphylococcus aureus. Iron oxide nanoparticles 
can interact with bacterial cell membranes, 
causing them to perforate and expel their 
internal contents into the surrounding media, 
thus posing a health risk [46]. Absorbance at 
260 nm in a membrane damage experiment 
demonstrated that the concentration of 
nanoparticles in a culture suspension of 
Staphylococcus aureus increased more damage 
done to the membrane. At a concentration of 
25 g/ml, the A260 for Staphylococcus aureus is 
32.39±0.15%, at 50 µg/ml, it is 42.47±0.26%, 
and at a concentration of 100 µg/ml, it is 
74.12±0.28%. Specifically, Pseudomonas 
aeruginosa 19.41±0.35%, 27.76±0.55% 
45.23±0.22%, 53.51±0.85% The MIC values 
for iron oxide nanoparticles against E. coli are 
as follows: 53.64±0.56% at 400µg/ml; 

21.16±0.24% at 25 µg/ml; 33.29±0.66% at 50 
µg/l; 51.86±0.73% at 100 µg/ml; 62.37±0.28% 
at 200 µg/ml; and 72.1±0.93% at 400 µg/ml. 
Because of their small size and high 
concentration, nanoparticles are able to quickly 
penetrate the bacterial protective walls and 
cause damage on the inside. This is relevant for 
their antibacterial, antifungal, and other 
biological properties [47]. 
EtBr was used in this essay, instrument-free, 
agar-based approach to show that bacteria have 
an efflux pump. This method is a refined and 
enhanced variant of the EtBr-agar technique 
reported in [48]. It is a straightforward 
approach predicated on the substrate specificity 
of ethidium bromide (EtBr) efflux pumps and 
the capacity of bacteria to excrete the 
compound. Efflux pump inhibitors cause EtBr 
to concentrate inside the cells, where it can 
trigger blossom at much lower concentrations. 
The efflux inhibitory effect of iron oxide NPs 
was assessed using a cart wheel test. we 
performed cartwheel assay for Pseudomonas 
aeruginosa, Staphylococcus aureus, E coli, 
Citrobacter freundii, Klebsiella penumoniae and 
proteous vulgaris by incorporating 2mg/ml, 
4mg/ml, 6mg/ml, 8mg/ml, 10mg/ml and 
12mg/ml of iron oxide NPs in the agar media 
and evaluating the fluorescence exhibited by 
EtBr in all the bacteria tested and the result 
were compared to the previous research. 
It has been determined how effective ZnO and 
Fe-ZnO NPs were at rupturing red blood cells 
by measuring the amount of haemoglobin 
released into the plasma during the hemolytic 
activity [49]. Activity to regulate the hemolytic 
property of FeO NPs at 37 °C was shown to 
vary through a wide percentage range from 
1.011, 0.899, 0.788, and 0.567. Compared to 
the positive control (triton x-100), iron oxide 
NPs showed much lower hemolytic activity. 
Hemolysis is induced by the NPs because of the 
enhanced permeability of the cell, allowing for 
full lysis. Another study found that the safe 
nature of bio manufactured PbO nanomaterials 
against red blood cells. This cell lysis led to the 
generation of free radicals [50]. 
Methylene blue dye and Phenol red dye's 
potential photo catalytic degradation is listed 
as, Initially, dye molecules are adsorbed on the 
surface of the photo catalyst, which is then 
bombarded with UV light, causing the 
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excitation of electrons in the valance band to 
the conduction band and the creation of holes 
(h+) in the valance band. After arriving at the 
photo catalyst’s surface, the h+ and e couple 
will react with adsorbed water molecules, 
dissolved oxygen, and the surface's hydroxyl 
groups to generate hydroxyl and superoxide 
free radicals. According to scheme 1, the h+ 
ions react with water molecules to form •OH 
radicals, whereas the e- ions decrease the 
dissolved oxygen in dye to form the superoxide 
anion radical O2•. Upon acquiring the ability 
to breakdown the dye molecules, these photo 
generated radicals would do so by creating 
intermediate intermediates that ultimately 
break down into CO2 and water [51]. 
 
Conclusions 
The synthesized FeO nanoparticles through 
greener route has crystalline structure with the 
particle size ranged from 25 to 50 nm. FeO NPs 
exhibited significant bactericidal action against 
Pseudomonas aeruginosa. FeO NPs were found 
capable of quickly penetrating to the bacterial 
protective walls and increased membrane 
damage was found in Staphylococcus aureus.  
Iron oxide NPs also showed efflux inhibitory 
effect on the bacterial strains used. Hemolytic 
assay confirmed that as compared to the 
positive control (triton x-100), iron oxide NPs 
showed much lower hemolytic activity. The 
synthesized NPs can also be used as photo-
catalysts in the degradation of Methylene blue 
and Phenol red dyes. With increase in time 
duration the rate of degradation also increased. 
Maximum degradation at 150min for 
Methylene blue dye and Phenol red dye was 
91.1% and 75.02% respectively. 
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