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Abstract

Objective: Titanium dioxide nanoparticles (TiO2 NPs) can damage the male reproductive system and induce
spermatogenic disorder. Cistanche Herba, as a traditional medicinal medicine in Xinjiang, has the efficacy
of tonifying Yang, consolidating constitutional foundation and cultivating vital essence to promote
spermatogenesis, and is commonly used in clinical practice to improve male reproductive dysfunction.
However, whether Cistanche Herba has a protective effect on spermatogenic disorder induced by TiO2 NPs
and the related mechanisms have not been reported. In this study, network pharmacology and molecular
docking were used to screen the potential targets of Cistanche Herba in the treatment of spermatogenic
disorders and analyze its possible mechanisms. The predicted results were experimentally verified by
constructing a rat staining model, with the aim of providing a theoretical basis for the prevention of TiO>
NPs-induced spermatogenic disorder by Cistanche Herba.

Methods: 1. The components of water extract of Cistanche Herba were determined by Ultra Performance
Liquid Chromatography-Quadrupole-Time of Flight Tandem Mass Spectrometry, and the components of
Cistanche Herba were retrieved by TCMSP database. After the intersection of the two, the active
components were screened by oral bioavailability > 30% and drug-likeness > 0.18, and the targets were
predicted. The GeneCards and OMIM databases were used to retrieve the targets of spermatogenic
disorders diseases, and the common targets of Cistanche Herba and spermatogenic disorders were screened.
Protein-protein interactions were retrieved from the STRING database, with key targets subsequently
identified through topological network analysis using Cytoscape software (version 3.9.1). Based on the
DAVID database, GO and KEGG enrichment analysis were carried out to construct the
“constituent-target-pathway” network diagram. AutoDock Vina 1.1.2 was used to predict the binding
energy between the active components and the core targets. PyMOL 2.6.0 was used to visualize the docking
conformation.

2. Fifty SD male rats aged 6-8 weeks were randomly divided into control group (equal volume of ddH»0),
TiO2 NPs exposure group (dose of 100 mg/kg BW) and TiO> NPs mixed with three different doses of
Cistanche Herba group (TiO2 NPs dose of 100 mg/kg BW, Cistanche Herba doses of 200,400,800 mg/kg
BW). Rats were sacrificed after 8 weeks of continuous gavage. The body weight and testicular weight of
rats were measured, and the testicular coefficient was calculated. Sperm quality, including sperm activity
rate, progressive activity rate, density and deformity rate, were quantitatively assessed using microscopy.
Testicular tissue sections from experimental rats underwent histological examination through

hematoxylin-eosin staining to evaluate pathological alterations. The apoptotic index in rat testicular cells



was quantitatively assessed using terminal deoxynucleotidyl transferase dUTP nick end labeling assay.
Immunohistochemical staining was performed targeting the Caspase-3 protein within rat testis. The levels
of testosterone and estradiol in serum were determined by Enzyme linked immunosorbent assay. The
protein contents of Phosphatidylinositol 3-kinase (PI3K), Phosphorylated Phosphatidylinositol 3-Kinase
(p-PI3K), Protein Kinase B (AKT) and Phosphorylated Protein Kinase B (p-AKT) in testis of rats were
detected by Western Blot.

Results: 1. The effective active components of Cistanche Herba induce beta-sitosterol, arachidonate,
yangambin, suchilactone, and quercetin. The core targets involve key proteins such as AKT1. KEGG
enrichment analysis included the PI3K/AKT signaling pathway. In molecular docking, AKT1 had the
lowest binding energy with the five active components. It was speculated that PI3K/AKT signaling
pathway may play a key role in the prevention of spermatogenic disorders.

2. Compared with the control group, TiO> NPs exposure destroyed the structure of seminiferous tubules in
the testis of rats, and the arrangement of spermatogenic cells at all levels was disordered. Cistanche Herba
intervention improved the damage of seminiferous tubules caused by TiO> NPs. Compared with the control
group, the Johnsen score of the TiO, NPs group was significantly decreased (P < 0.05), and the
co-administration of TiO, NPs with 800 mg/kg BW Cistanche Herba resulted in markedly improved
Johnsen scores relative to TiO2 NPs alone (P < 0.05). Furthermore, the testicular coefficient demonstrated a
significant elevation in the group of TiO> NPs and 800 mg/kg BW Cistanche Herba cohort relative to the
nanoparticle-only TiO> NPs exposure group (P < 0.05). Compared with the control group, the sperm
density, activity rate and progressive activity rate of the TiO> NPs exposure group significantly decreased,
while the sperm deformity rate was significantly increased (P < 0.05). Compared with pure TiO> NPs group,
the sperm activity rate and progressive sexual activity rate of the TiO> NPs and Cistanche Herba combined
exposure group were significantly increased, which was statistically significant when the concentration of
Cistanche Herba was 800 mg/kg (P < 0.01), while the sperm deformity rate began to decrease significantly
from the concentration of 400 mg/kg Cistanche Herba treatment (P < 0.05). The concentration of
testosterone in the TiO» NPs group was significantly lower than that in the control group, and the
concentration of estradiol was significantly increased (P < 0.001). After the intervention of Cistanche
Herba, compared with the TiO> NPs group, testosterone increased in a dose-dependent manner, and
estradiol decreased in a dose-dependent manner, both of which were significantly different from 400 mg/kg
BW (P < 0.05). The TiO2 NPs group demonstrated significantly higher percentages of apoptotic cells in
testicular tissues relative to the control animals, and the expression of Caspase 3 was significantly
up-regulated (P < 0.001). Compared with the TiO> NPs group, the apoptosis rate and the expression of
Caspase 3 were significantly decreased after 800 mg/kg BW Cistanche Herba intervention (P < 0.01).

Compared with the control group, the expression of p-PI3K and p-AKT protein in the TiO, NPs group was



significantly decreased (P < 0.01). Relative to animals receiving TiO2 NPs alone, p-PI3K and p-AKT in
testicular tissues from rats co-administered with TiO2 NPs and 800 mg/kg Cistanche Herba were markedly
elevated (P <0.01).

Conclusions: 1. The results of network pharmacology and molecular docking predicted that the active
components of Cistanche Herba may act on the key target AKT1 through the PI3K/AKT signaling pathway,
so as to achieve the purpose of preventing spermatogenic disorders.

2. TiO2 NPs can cause damage to the seminiferous tubule structure of rat testis, increase of apoptosis rat of
testicular tissue cells and decrease of sperm quality, the decrease of serum testosterone concentration and
the increase of estradiol concentration, and decrease of p-PI3K and p-AKT protein expression. Cistanche
Herba may improve the spermatogenic disorder induced by TiO, NPs through the PI3K/AKT signaling
pathway.

Key words: Titanium dioxide nanoparticles; Cistanches Herba; Spermatogenic disorder; network

pharmacology; molecular docking
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