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ABSTRACT Q
In recent years, the resistance of bacterial strains has been increasing, and effective treatment has decreased. For this purpose, researchers
are looking for nanoparticles with antibacterial properties. In this experimental study, the ous extract of Capparis is combined with
0.1 M zinc sulfate solution to form zinc nanoparticles. The average diameter of.the n %S is measured by X-ray diffraction and
Scanning Electron Microscopy (SEM). Then, the diameter of the inhibitory zgpe agmmum inhibitory concentration against the
bacterial strains are determined. The results of the study showed that the largest diameter of the inhibition zone at a concentration of 1500
pg/ml was 23 mm, and the smallest diameter of the inhibition zone at the same_concentration was 7 mm. The lowest inhibitory
concentration at a concentration of 750 ug/ml was 4 mm, while the largest diameter of the inhibition zone at a concentration of 750 pg/ml
was 19 mm. The results of this study showed that there is a diragt relat shp between the concentration of nanoparticles and the

elimination of bacteria, meaning that increasing the concentration of nan@particles increases the rate of bacterial killing.
Keywords: Nanoparticles, Extract plant, Pathogen, Green Synthesis, SEM

INTRODUCTION \
Bacterial resistance to antibiotics is increasing daily, ipdigating aSlowdown in drug development in the future. Various reasons have been
cited, including reduced funding for new drug discov iversities [1]. Today, nanotechnology has shown great progress in the field

of producing materials with Nano propertie a methods [2]. In the green method, living organisms such as microorganisms,
fungi, bacteria, yeasts, and algae are used a& iates for the synthesis of nanoparticles [3]. These nanoparticles have excellent anti-
U

inflammatory and antimicrobial propertig % become very important in this regard [4].
Metal nanoparticles are used for bio rShcancer treatment, and in household and industrial appliances [5]. Today, the prevalence of
multidrug resistance in clinical th%es
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gcially urinary tract pathogens, has increased due to the overuse of antibiotics and the
accumulation of antibiotics in tré en:ir ent [6]. Urinary tract infection is one of the most common urological diseases in the world,
affecting many people, Whim ria that cause this disease have shown a high resistance to antibiotics [7]. Among the bacteria that
cause office infecti Escherichia coli is the most prevalent [8].

MATERIAL AND%ODS

This study was conduct ex’perimentally over five months in 2022, focusing on urine samples obtained from 100 women diagnosed with
urinary tract infections caused by Escherichia coli. Comprehensive identification tests were performed on the Escherichia coli samples to
ensure accurate results [9].

In this examination, we conducted the biosynthesis of oxide nanoparticles using a shoot extract of Capparis, a medicinal plant. Zinc acetate
dihydrate and sodium hydroxide were employed as precursors in the process, and the structure and morphology of the synthesized
nanoparticles were analyzed (FE-SEM, X-ray) [10].

The determination of bacterial susceptibility to zinc (Zn) was carried out using the well-dilution method. The diameter of the inhibition
zone at concentrations of 750-1500 and 3000 pg/ml was determined by the well method on the bacteria studied [11].

RESULTS
FTIR Results Analysis of Zinc Nanoparticles Synthesized in Capparis shoot Extract:
However, the presence of a variety of functional groups in the sample is revealed (Fig. 1).
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Fig. 1 FTIR analysis of caparis samples: The Fourier Transform Infrared Spectroscopy (FTIR) results obtained from seepage and extracts indicate that
there is an absence of clear and distinct structural information about the compounds present. This ambiguity can arise from sevegal fa«cs. \

AXRD analysis

irm the successful

Analysis XRD

The X-ray diffraction (XRD) pattern of the sample synthesized using the Capparis plant is illustrated i
revealed peaks at angles of 31.89°, 34.45°, 36.51°, 47.42°, 51.48°, 63.01°, 66.53°, 68.01°, 69.03°, and 73.048
formation of nanoparticles. No additional peaks were observed, indicating the purity of the phase Jzigs 2
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Fig. 2 XRD of Capparis

SEM Analysis

Scanning Electron Microscopy (SEM) was employed to capture images and analyze the morphology of zinc oxide nanoparticles
synthesized via a green chemistry method. The SEM images revealed that the particle size was less than 234 nm, and the particles exhibited
a uniform spherical shape Fig. 3.



Fig. 3 Electron microscopic image of green zinc nanopartlcles synthe5|zed in Capper extract

Determination of the MIC and MBC of Synthesized Zinc Nanoparticles . Q

The results of the study showed that the highest inhibitory concentration was 3000 pg/ml, and 9 strains were Inhlblted at this concentration.
The lowest inhibitory concentration was 750 pg/ml, and 4 strains were inhibited at this concentration. The_rqsults also showed that the
highest lethal concentration of zinc nanoparticles was 3000 pg/ml, and 11 strains were killed at this concerﬁatio_n‘.\ ¥

The observations showed that the largest diameter of the inhibition zone at a concentration of 1500 pg/ml was 23 mm, and the smallest
diameter of the inhibition zone at a concentration of 1500 pg/ml was 7 mm (Table 1). The results of the study also showed that the smallest
inhibitory concentration at a concentration of 750 pg/ml was 4 mm. In comparison, the largest diameter of the inhibition zone at a
concentration of 750 pg/ml was 19 mm (Table 1) (Fig. 4).

Table 1 Determination of the diameter of the inhibition zone at different concentrations of zinc nagggarticleé on Escherichia coli bacteria (mm)

1500 Mg/ml 750 Mg/ml Strain 1500 Mg/ml. AL "N, 750 Mg/ml Strain
12 8 11E 8 75 1E
23 19 12E 10 6 2E
18 13 13E 17 13 3E
14 10 14E 1 7 4E
11 6 15E 11 7 5E
15 9 16 E 7 4 6E
12 8 17E 18 14 7E
14 11 18E Q 13 9 8E
22 16 19E \ 10 7 9E
14 11 20 21 16 10E

Fig. 4 Inhibition zone diameter at two different concentrations of zinc nanoparticles on Escherichia coli bacteria (a: concentration 1500 pg/ml) (b:
concentration 750 pug/ml)

DISCUSSION

Bacterial infection during pregnancy has been very common, with the highest mortality rate observed between 2000 and 2008 [12]. The
results of this study indicate that synthetic zinc nanoparticles have good antimicrobial effects on the pathogenic bacterium Escherichia
coli.



In a study that synthesized zinc nanoparticles in the medicinal plant Eucalyptus, the results showed that the diameter of the inhibitory zone
at a concentration of 25 mg/ml of nanoparticles against the bacteria E. coli, S. typhi, S. aureus, K. pneumonia, P. digitatum, and C. albicans
[13].

In a study conducted on Escherichia coli samples from patients in Isfahan, the results showed that nanoparticles with a diameter of 20 nm
caused very good inhibition of Escherichia coli bacteria, which is an effective treatment for patients [14].

Another researcher synthesized nanoparticles using the medicinal plant Eichhornia Crassipes. The results showed that the size of the
produced nanoparticles was 22.89 nm, and this plant showed good antimicrobial activity against gram-positive and gram-negative bacteria
[15].

In Chandra's study, zinc nanoparticles were synthesized using Berberis aristata. These nanoparticles were effective against a wide range
of bacteria causing urinary tract infections [16].

The antimicrobial activity of zinc oxide nanoparticles on bacteria isolated from urinary tract infections in infants was investigated.
Bactericidal effects were observed at a concentration of 0.8 mg/ml on E. coli (99%), Enterococcus faecalis (96%), and Klebsiella (90%)
[17].

Kombucha extract showed the ability to make zinc nanoparticles from zinc salts and also had a minimum inhibitory concentration on
Escherichia coli (25 pg/ml), Staphylococcus aureus (30 pg/ml), and Pseudomonas aeruginosa (35 pg/ml) [18].

CONCLUSION
The results of the study indicated that synthetic nanoparticles possess a significantly high capability to inhibit bacterial growth and may

be applicable in the treatment of female infections. vy
Footnotes:
' 'BQ«:

Acknowledgments
The authors of this article would like to thank all the professors who helped collect and write this

Conflict of Interests Statement
The authors declare no conflict of interest.

Data Availability
All data analyzed are publicly available from the relevant study groups.

Ethical Approval:
The study was approved by the \
Ethics Committee of Zabol University of Medical. Q

Funding
This research was funded by Zabol University of Medical Science

fluid. Molecules. 2014;19(5):6737-53.

3. Karimi J., Mohsenzadeh S. Plant synthesis of rticles by Achilleawilhelmsii Pharmaceutical plant. Razi Journal of Medical
Sciences. 2013;20(111):64- 9. %

4, Srikar S.K., Giri D.D., Pal D.B., MishrafP%., yay S.N. Green synthesis of silver nanoparticles: a review. Green and Sustainable
Chemistry. 2016; 6(1): 34-56. Py

5. Xia Y. Nanomaterials at work in biomedical research. Nature Materials. 2008;7(10):758-60. [PubMed

ID: 18813296]. https://doi.org/10.1038/nmat2277.
6. Ahmed S. A review on pIQ act mediated synthesis of silver nanoparticles for antimicrobial applications: a green expertise. Journal

REFERENCES
1. Gengenbacher M., Dick T. Antibacterial drug dis very% ht. Chemical Biology. 2015; 22(1): 5-6.
2. Atta A.M., Al -Lohedan H.A., Ezzat A.O. Syntheaof sil anoparticles by green method stabilized to synthetic human stomach

of Advanced Research. 201!
7. Mansoor S., Ullal

han®N! Diversity and antibiotic resistance profile analysis of uropathogenic bacteria in human and canines.
Cellular, Molecular a 10M€dical Reports. 2024;4(2):65-73. doi: https://doi.org/10.55705/cmbr.2023.411879.1169

8. Belete M.A., Saravanap M. A systematic review on drug resistant urinary tract infection among pregnant women in developing countries
in Africa and Asia; 2005-2016. Infection and Drug Resistance. 2020;13:1465-77. doi: https://doi.org/10.2147/IDR.S250654

9. Litwin M.S., Saigal C.S., Yano E.M., Avila C., Geschwind S.A., Hanley J.M., Geoffrey F Joyce, Madison R., Pace J., Polich S.M,
Wang M. Urologic diseases in America Project: analytical methods and principal findings. The Journal of Urology. 2005;173(3):933-7.
[PubMed ID: 15711342]. https://doi.org/10.1097/01.ju.0000152365.43125.3b

10. Gupta M., Tomar R.S., Kaushik S., Mishra R.K., Sharma D. Effective antimicrobial activity of green ZnO nano particles of
Catharanthus roseus. Frontiers in Microbiology. 2018;9:2030. doi: https://doi.org/10.3389/fmich.2018.02030

11. Wang Z., Lee Y.H., Wu B., Horst A., Kang Y., Tang Y.J., Chen D.R. Anti-microbial activities of aerosolized transition metal oxide
nanoparticles. Chemosphere. 2010;80(5):525-9. [PubMed ID: 20478610]. https://doi.org/10.1016/j.chemosphere.2010.04.047.

12. Waterstone M., Bewley S., Wolfe C. Incidence and predictors of severe obstetric morbidity: Case-control study. Obstetrical &
Gynecological Survey. 2002;57(3):139-40.


http://www.ncbi.nlm.nih.gov/pubmed/18813296
https://doi.org/10.1038/nmat2277
https://www.sciencedirect.com/science/article/pii/S2090123215000314
https://doi.org/10.55705/cmbr.2023.411879.1169
https://doi.org/10.2147/IDR.S250654
http://www.ncbi.nlm.nih.gov/pubmed/15711342
https://doi.org/10.1097/01.ju.0000152365.43125.3b
https://doi.org/10.3389/fmicb.2018.02030
http://www.ncbi.nlm.nih.gov/pubmed/20478610
https://doi.org/10.1016/j.chemosphere.2010.04.047

13. Droepenu E.K., Amenyogbe E., Boatemaa M.A., Opoku E. Study of the antimicrobial activity of zinc oxide nanostructures mediated
by two morphological structures of leaf extracts of Eucalyptus Robusta Sm. Heliyon. 2024; 10(14).

14. Rahimzadeh Torabi L. The Antibacterial Effects of Zno Nanoparticles on Patients with Urinary Tract Infection Isolated From Alzahra
Hospital in Isfahan, Iran. Zahedan Journal of Research in Medical Sciences. 2017;19(11):e10359. https://doi.org/10.5812/zjrms.10359.
15. Rasheed Z.R., Abd A.N., H Hassan K. Antibacterial Activity of Zinc Oxide Nanoparticles Synthesized by Green Eichhornia Crassipes
Extract Method. Frontiers in Biomedical Technologies. 2024; 11(4). https://doi.org/10.18502/fbt.v11i4.16503.

16. Chandra H., Patel D., Kumari P., Jangwan J.S., Yadav S. Phyto-mediated synthesis of zinc oxide nanoparticles of Berberis aristata:
Characterization, antioxidant activity and antibacterial activity with special reference to urinary tract pathogens. Materials Science and
Engineering C, Materials for Biological Applications. 2019;102:212-220. Doi: 10.1016/j.msec.2019.04.035.

17.J. Bohan A. Antibacterial activity of Zinc Oxide Nano particles against bacteria isolated from Infants with urinary Tract Infection. Al-
Mustansiriyah Journal of Science. 2018; 29(2):34.

18. A. El-Fallal A., A.El Fayoumy R., M.EI Zahed M. Antibacterial activity of biosynthesized zinc oxide nano particles using kombucha
extract. Discover Applied Sciences. 2023; 5(3320).


https://doi.org/10.5812/zjrms.10359
https://doi.org/10.18502/fbt.v11i4.16503
https://www.researchgate.net/journal/Al-Mustansiriyah-Journal-of-Science-2521-3520?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/journal/Al-Mustansiriyah-Journal-of-Science-2521-3520?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

