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Abstract

Background and Objective: Silver nanoparticles are produced in large quantities in the industry and have estrogenic
activities and toxic effects on different organs. This study was conducted to determine the effect of silver nanoparticles on the
ovarian tissue of NMRI rats treated with alpha lipoic acid.

Methods: In this experimental study, 24 female NMRI rats were randomly divided into 4 groups of 6. The groups included
the control group, oral silver nanoparticles (500 mg/kg of body weight), injected alpha lipoic acid (100 mg/kg of body
weight), and silver nanoparticles (500 mg/kg of body weight) plus alpha lipoic acid (100 mg/kg body weight). The treatment
was performed for 28 days. After the treatment period, blood sampling was performed from the rats’ hearts to analyze
biochemical parameters (malondialdehyde, estrogen, progesterone, and total antioxidant capacity using the ferric reducing
ability of plasma (FRAP) method). By dissecting the rats, the left ovaries were removed, fixed, molded, and cut, tissue
passaging was performed, and the ovaries were stained using the hematoxylin-eosin method. Then, the ovarian tissue was
evaluated by different stereological methods.

Results: The total mean ovarian volume, the cortex volume, the medulla volume, and the corpus luteum volume, and the
total number of primordial, primary, secondary, and Graafian follicles were significantly reduced in the silver nanoparticles
group compared to the control group (P<0.05). The simultaneous administration of alpha lipoic acid and silver nanoparticles
compensated for the adverse effects of silver nanoparticles on the above parameters. On the other hand, the mean number of
different types of follicles in the rats treated with alpha lipoic acid significantly increased compared to the control group
(P<0.05). A statistically significant reduction was observed in the measurement of estrogen and progesterone hormones in the
serum of the silver nanoparticles group compared to the control group (P<0.05). Moreover, in assessing the antioxidant
capacity of the serum of the group treated simultaneously with silver nanoparticles + alpha lipoic acid, a statistically
significant increase was observed compared to the group treated with silver nanoparticles (P<0.05).

Conclusion: Silver nanoparticles can have adverse effects on the structure of the ovary and its components, and alpha lipoic
acid can largely compensate for these detrimental effects.

Keywords: Nanoparticles, Silver, Ovary, Alpha Lipoic Acid, Mice

*Corresponding Author: Seyed Mohammad Ali Shariatzadeh (Ph.D), E-mail: s-shariatzadeh@araku.ac.ir

Received 19 Jul 2022 Cite this article as: Shariatzadeh SMA, Aghabarati S, Maleki P. [Effects of Silver Nanoparticles on
Final Revised 22 Jul 2023 the Ovarian Tissue of NMRI Rats Treated with Alpha Lipoic Acid: A Stereological Study]. J Gorgan
Accepted 22 Jul 2023 Univ Med Sci. 2023; 25(4): 11-18. [Article in Persian]

Published Online 30 Dec 2023

Article ID: Vol25-40 URL: gorganmedj.goums.ac.ir © The author(s)
BY NC

Owned: Golestan University of Medical Sciences Publisher: Deputy of Research and Technology



https://www.ncbi.nlm.nih.gov/mesh/68053758
https://www.ncbi.nlm.nih.gov/mesh/68012834
https://www.ncbi.nlm.nih.gov/mesh/68010053
https://www.ncbi.nlm.nih.gov/mesh/68008063
https://www.ncbi.nlm.nih.gov/mesh/68051379
mailto:s-shariatzadeh@araku.ac.ir
https://orcid.org/0000-0002-2395-8057
https://scholar.google.com/citations?user=GpLDEQwAAAAJ&hl=en
https://orcid.org/0000-0003-2893-6700
https://orcid.org/0000-0003-4942-0746
https://scholar.google.com/citations?hl=en&user=Oa5DZgUAAAAJ
https://goums.ac.ir/journal/article-1-4195-en.html

3

of Medical Sciences

Journal of Gorgan University

e-ISSN: 2008-4080 p-I1SSN: 1562-4765
2023/ Vol 25/ No 4
OPEN ACCESS

Extended Abstract

Introduction

he main characteristic of silver nanoparticles is their antibacterial

T property, a property that is used in wound dressings, bedsore
ointments, disinfectants, and medical tool coatings. Many medical

devices containing silver release silver ions, which can lead to toxicity in
blood circulation and also in some organs, such as the liver and kidney. The
main mechanism of nanoparticle performance is not known yet; however,
various in vivo and in vitro studies propose that the silver nanoparticle is a
highly toxic substance that enters the target cell through two ways, including
diffusion and endocytosis, and leads to creating toxicity via disruption of the
membrane structure, mitochondrial dysfunction in energy production,
chromosomal disorders, oxidative stress, protein or DNA binding, reactive
oxygen production, and cell death or apoptosis. A large number of studies
have confirmed the silver nanoparticle dose-dependent toxicity. Evidence
indicates a relationship between the production of reactive oxygen species
(ROS), oxidative stress, and cytotoxicity stemming from silver nanoparticles.

Alpha lipoic acid is considered a strong antioxidant that exerts its
antioxidant property through the direct cleaning of free radicals, the impact
on other antioxidants, and the increase of intracellular glutathione. Alpha
lipoic acid leads to preventing oxidative stress and producing free radicals.

Nanosilver adversely influences many organs of the body, including the
liver, kidney, lung, and reproductive organs. Silver nanoparticles in high
concentrations have been shown to induce apoptosis in sperm and changes in
the expression of cellular proteins in the testes of rats. The present research
was conducted to determine the effect of silver nanoparticles on the ovarian
tissue of NMRI rats treated with alpha lipoic acid.

Methods

In this experimental study, 24 four-week-old female NMRI rats were
randomly divided into 4 groups of 6. The groups included the control group,
the first experimental group of oral silver nanoparticles (500 mg/kg of body
weight), the second experimental group of injected alpha lipoic acid (100
mg/kg of body weight), and the third experimental group of silver
nanoparticles (500 mg/kg of body weight) plus alpha lipoic acid (100 mg/kg
body weight). The treatment was performed for 28 days. After the treatment
period, the rats were anesthetized, and the amounts of malondialdehyde,
estrogen, progesterone, and total antioxidant capacity of blood serum were
measured. After dissection, the left ovaries of the animals were removed,
weighed, and then placed in Bouin’s fixative. After 21 hours of fixation,
tissue passaging and preparation of paraffin blocks were carried out in
cylindrical molds using the isotropic uniform random (IUR) sampling by the
orientor cutting method.

Total ovarian volume, cortex volume, medulla volume, and corpus luteum
volume were calculated using the Cavalieri method, oocyte volume and its
nucleus in various types of ovarian follicles were calculated using the
nucleation method, and the number of various types of ovarian follicles was
calculated using the dissector method.

The Buege and Aust method was used to measure malondialdehyde.

Serum estrogen and progesterone levels were measured photometrically
using an autoanalyzer device.

Results

The total mean ovarian volume, the cortex and medulla volumes, the
corpus luteum volume, and the mean number of primordial, primary,
secondary, and Graafian follicles were reduced in the rats of the first
experimental group compared to the control group (P<0.001). Also,
comparing the total mean ovarian volume, the cortex and medulla volumes,
and the corpus luteum volume in the third experimental group showed an
increase compared to the first experimental group (P<0.001). In the silver
nanoparticles plus alpha lipoic acid group (the third experimental group), the
reduction in the ovarian volume, the cortex and medulla volumes, the corpus
luteum volume, and the mean number of various types of follicle were

compensated significantly (P<0.05) and were equal to the control group.
Furthermore, the mean number of primordial, primary, secondary, and
Graafian follicles in the second experimental group increased compared to
the control group (P<0.001).

The mean oocyte volume in primordial, primary, secondary, and Graafian
follicles in the first experimental group was reduced compared to all other
groups (P<0.001), and this reduction was compensated in the third
experimental group significantly and was equal to the control group
(P<0.001).

The mean oocyte nucleus volume in primordial, primary, secondary, and
Graafian follicles was statistically significantly reduced in the first
experimental group compared to the control group (P<0.001). The mean
oocyte volume in the second experimental group showed an increase
compared to the control group (P<0.001). The reduced oocyte nucleus
volume observed in primordial, primary, and secondary follicles of the third
experimental group was compensated compared to the first experimental
group significantly and was equal to the control group (P<0.001).

The mean thickness of the clear zone in preantral and antral follicles had a
statistically significant reduction in the first experimental group compared to
the control group (P<0.001). The use of alpha lipoic acid simultaneously
with silver nanoparticles significantly compensated for the reduced thickness
of the clear zone in preantral and antral follicles compared to the group
receiving only silver nanoparticles (P<0.001). Additionally, the mean
thickness of the clear zone in preantral and antral follicles significantly
increased in the second experimental group compared to the control group
(P<0.001).

A statistically significant decrease was observed in the estrogen and
progesterone levels of the first experimental group compared to other groups
(P<0.001). Estrogen and progesterone levels of the third experimental group
were statistically significantly decreased compared to the second
experimental group (P<0.001).

Conclusion

By producing free radicals, silver nanoparticles at the amount of 500
mg/kg of body weight daily for 4 weeks are able to induce oxidative stress in
rats’ ovarian tissues and lead to reduced total ovarian volume, cortex and
medulla volumes, and corpus luteum volume.

Alpha lipoic acid considerably improved the adverse effects stemming
from silver nanoparticles on the ovarian tissue, including reduced total
ovarian volume, cortex, and medulla volumes, and corpus luteum volume.
Moreover, in the group receiving silver nanoparticles plus alpha lipoic acid,
the reduced number of follicles was significantly compensated compared to
the toxin group and was equal to the control group. The volume of the oocyte
and its nucleus also significantly increased in all types of follicles in rats
treated with alpha lipoic acid compared to the control group.
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