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Abstract

and cell fate in spermatogonia, in vivo experiments were conducted to establish a mouse testicular heat stress mod-

To investigate the regulatory effects of heat stress on mitochondrial function, oxidative stress,

el. Testicular coefficient, sperm density, and motility were analyzed. Structural alterations in seminiferous tubules
were examined by hematoxylin-eosin staining with measurements of their diameter and area, and mitochondrial
ultrastructure was observed by transmission electron microscopy. Additionally, testicular transcriptome sequencing
was performed to screen for differentially expressed pathways. In spermatogonia, mitochondrial membrane poten-
tial was examined using JC-1 probe, ROS (reactive oxygen species) levels were measured with DCFH-DA fluores-
cent probe, and lipid metabolism-related gene expression was quantified by real-time PCR. Cell proliferation and
apoptosis were assessed by EdU and PI fluorescence staining, respectively. The results demonstrated that heat stress
significantly reduced testicular coefficient, sperm density, and motility, and induced disorganization of seminifer-
ous tubules. Transcriptome analysis revealed significant enrichment of pathways related to mitochondrial function,
TNF-mediated response, metabolic processes and oxidative stress. TEM (transmission electron microscopy) of tes-
ticular tissue revealed ultrastructural damage to mitochondria, while spermatogonia exhibited decreased mitochon-
drial membrane potential and disruption of the mitochondrial network, with upregulation of lipid metabolism gene
ACSL4 and downregulation of SLC7A411. Cell proliferation was significantly inhibited, whereas apoptosis rate was
markedly increased. Collectively, heat stress induced mitochondrial dysfunction, an oxidative stress elevation, and
lipid metabolic reprogramming, thereby suppressing spermatogonial proliferation and promoting apoptosis. Mito-
chondrial dysfunction and oxidative stress may represent key early events mediating heat stress-induced reproduc-
tive impairment.

Keywords heat stress; testis; spermatogonia; sperm; mitochondria; oxidative stress
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Table 1 The primer sequences for qRT-PCR

B DK 44 K S5 (5'—3")

Gene name Primer sequences (5'—3")

HSP90aa F: AAG ACC GGA CCC TCA CGA TA; R: AGG CAT ACT GCT CGT CAT CG
HSP90ab F: ATA AAG CGA CTG GGG TCT CAC; R: GAG ACA TGA GCT GGG CGATT

Ki67 F: ATC ATT GAC CGC TCC TTT AGG T; R: GCT CGC CTT GAT GGTTCC T

CDK1 F: AGA AGG TAC TTA CGG TGT GGT; R: GAGAGATTT CCC GAATTG CAG T
CCNBI1 F: AAG GTG CCT GTG TGT GAA CC; R: GTC AGC CCC ATC ATC TGC G

BCL2 F: GAG AGC GTC AAC AGG GAG ATG; R: CCA GCC TCC GTT ATC CTG GA

BAX F: AGA CAG GGG CCT TTT TGC TAC; R: AAT TCG CCG GAG ACACTC G

P27 F: GGC AAG TAC GAG TGG CAA GA; R: CGT GTC CTC AGA GTT AGC CG

P53 F: CTC TCC CCC GCA AAA GAA AAA; R: CGG AAC ATC TCG AAG CGT TTA
CASPASE1 F: ACAAGG CAC GGG ACC TAT G; R: TCC CAG TCA GTC CTG GAA ATG

ACSL4 F: CTT CCT CTT AAG GCC GGG AC; R: AGC CAG CAATAAAGT ACA CAG AT
MTI F: CTG TTA CGG TTC TTC TTT CCT GT; R: GCA CCA AGG GAT AAG GGT AAAC
MT12 F: GAA CAG CTC AAT CCC TAA CTG C; R: ACG ACT ACT GTA GAT AGC ATG GG
NOXI F: GGA GGA ATT AGG CAA AAT GGA TT; R: GCT GCA TGA CCA GCAATG TT
SLC7A11 F: CCT CCC CCAATG GTC TTG TC; R: CCATCC ATG TTG TCC AGG CT

TFRL F: ACC ATT GTC ATA TAC CCG GTC A; R: CAATAG CCC AAG TAG CCAATC AT
GAPDH F: AGT ATG ACT CCA CTC ACG GC; R: CAC CAG TAG ACT CCA CGA CA
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1.6 Western blot #&7
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A: testis coefficient analysis; B: sperm density analysis; C: total sperm motility analysis; D: progressive sperm motility analysis; E: rapid progressive
sperm motility analysis; F: immotile sperm percentage analysis; G: microscopic images of sperm motility trajectories; H: H&E-stained images of testic-
ular tissue; I: analysis of seminiferous tubule diameter; J: analysis of seminiferous tubule area; K: transmission electron microscopy images of testicular
tissue. *P<0.05, **P<0.01, ***P<(.001, ****P<0.000 1.
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Fig.1 Effects of heat stress on testis coefficient, sperm density, sperm motility, and testicular histology in mice
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Fig.2 Effects of heat stress on the transcriptome of mouse testes and its functional analysis
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Fig.3 Effects of heat stress on mitochondrial membrane potential and morphology in spermatogonia cells
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Fig.4 Effects of heat stress on gene expression and ROS levels in spermatogonia cells
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Fig.5 Effects of heat stress on the proliferation, apoptosis, and related protein and gene expression in spermatogonia cells
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