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ABSTRACT Objective: This study aimed to investigate the metabolic differences between control and cy-
clophosphamide (CP)-induced asthenospermia in rats, and to explore the potential metabolic characteristics and
pathway mechanisms involved. Methods: A rat model of asthenospermia was established by administering cy-
clophosphamide at a dose of 30 mg/kg for 7 consecutive days. Sperm concentration and motility were evaluated
through sperm count analysis, while testicular morphology was assessed using hematoxylin-eosin (HE) staining. The
metabolic differences between the control and asthenospermia groups were analyzed using liquid chromatogra-

phy-mass spectrometry (LC-MS) within a non-targeted metabolomics framework. Concentrations of superoxide dis-
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mutase (SOD), malondialdehyde (MDA), and total glutathione in serum were measured using specific reagent kits.
Results: The results revealed a significant reduction in both sperm concentration and motility in the CP-treated group
compared to the control group. HE staining showed disorganized testicular architecture and a marked decrease in the
number of spermatogenic cells at all stages in the CP group. These findings confirmed the successful establishment
of the asthenospermia model. Metabolomic analysis identified 129 differential metabolites between the two groups.
KEGG pathway enrichment analysis indicated significant alterations in choline metabolism, glycerophospholipid
metabolism, and sphingolipid signaling pathways. Additionally, the sphingolipid signaling pathway analysis high-
lighted the involvement of reactive oxygen species (ROS) in modulating this pathway. Furthermore, a significant de-
crease in SOD and total glutathione levels, alongside a marked increase in MDA levels in serum, was observed in the
CP group. Conclusions: The results suggest that asthenospermia may be associated with reduced antioxidant levels
and increased lipid peroxidation. Excessive oxidative stress could compromise the structural integrity of sperm mem-
branes and induce DNA damage, thereby impairing sperm count and motility. This phenomenon appears to be closely
linked to alterations in the sphingolipid metabolic pathway.
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Fig.1 Comparison of the body weight of rat in control
group and CP group
Note: Data were expressed as x+ SD, n=22. *P<0.05,

**Pp<0.01, compared with control group.
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Table 1 Comparison of sperm concentration and motility rate in control group and CP group

Groups Amount(n) Sperm concentration(10°-mL™") Sperm motility rate(%)
Control Group 10 72.6% 443 63.65+ 1.00
CP Group 10 10.2+ 3.97** 31.66% 2.15%*

Note: Data were expressed as x* SD, n=10. **P<(0.01, compared with control group.
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Fig.3 Multivariate statistical analysis and model verification in rat epididymis tissue samples
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Fig.9 Serum SOD, MDA, and total glutathione levels in normal and asthenospermia groups
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A: Concentration of SOD in serum of normal and asthenospermia groups; B: Concentration of MDA in serum of normal

and asthenospermia groups;

C: Concentration of total glutathione in serum of normal and asthenospermia groups.

Note: Data were expressed as x* SD, n=12. *P<0.05,**P<0.01, compared with control group.
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