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Impairment of spermatogenesis and alterations in the structure and
function of mitochondria and endoplasmic reticulum in
Sertoli cells of high-fat diet-induced obese rats*

Liu Wei-wei, Li Xi-jing, Liu Da-wei, Cui Xiao-xue, Gao Rui-fang, Wang Lian, Gu Na
(Tianjin Institute of Medical and Pharmaceutical Sciences, Tianjin 300020, China)

Abstract: Objective To observe the effects of obesity induced by high-fat diet on spermatogenic function
and the structural and functional changes of mitochondria and endoplasmic reticulum in Sertoli cells of rats, and to
explore the possible mechanism of impairment of spermatogenesis caused by obesity. Methods Thirty-two male SD
rats were divided into the control group and the model group randomly. The control group was fed with normal diet,
and the model group was fed with high-fat diet. After 20 weeks of modeling, the rats were sacrificed, and sperms in
the epididymis were collected for the function analysis. The enzyme-linked immunosorbent assay was used to
analyze the changes of sex hormone levels. The pathological changes of liver and testes were observed by

hematoxylin-eosin staining. Lipid deposition in liver and testes was observed by oil red O staining. The localization
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and expressions of ZO-1, GRP78 and Mfn2 in the testes were detected by immunofluorescence staining. The relative
protein expressions of GRP78 and Mfn-2 in testes were detected by Western blotting. Transmission electron
microscopy (TEM) was used to observe the alterations in tight junctions between Sertoli cells and the structural
changes of mitochondria and endoplasmic reticulum in Sertoli cells. Results The body weight in the model group
was higher than that in the control group (P < 0.05). The estradiol level in the model group was higher than that in
the control group (P < 0.05), while the testosterone level in the model group was lower than that in the control group
(P < 0.05). There was no difference in the levels of the progesterone, prolactin, luteinizing hormone and follicle-
stimulating hormone between the two groups (P > 0.05). In the model group, the steatosis of hepatocytes was
obvious, the arrangement of spermatogenic cells in the testes was sparse, cellular degeneration was observed, and
lipid deposition was observed with oil red O staining. The sperm motility in the control group was higher than that in
the model group (P < 0.05), and the malformation rate of sperms in the control group was lower than that in the
model group (P < 0.05). There was no difference in the sperm density, straight-line velocity, and curvilinear velocity
between the two groups (P >0.05). The relative protein expression of GRP78 in the model group was higher than that
in the control group (P <0.05), whereas the relative protein expression of Mfn2 in the model group was lower than
that in the control group (P <0.05). The tight junctions between Sertoli cells were disrupted in the model group, and
the protein expression of ZO-1 was lower in the model group than in the control group. Besides, endoplasmic
reticulum and mitochondria were swollen and vacuolar, and some of the membranes were ruptured in the model
group. Conclusions Obesity induced by high-fat diet can cause impairment of spermatogenesis in rats, and its
mechanism may be related to the damage of tight junctions caused by the structural and functional changes of
mitochondria and endoplasmic reticulum in Sertoli cells.

Keywords: obesity; spermatogenesis; testis; Sertoli cells; tight junctions; mitochondria; endoplasmic

reticulum; rat
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