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Effects of electroacupuncture on hypothalamic-pituitary-gonadal axis function and

testosterone synthesis in high-fat diet-induced obese male rats

ZHANG Jing-yi', SHEN Yi-feng’, YU Ke-qgiang’, WANG Mei-jing', TIAN Xing-zhao', GONG Ya-nan', GUO Xin-lei',
DONG Liang*, YANG Fang®’, YU Xu-jun', CHANG De-gui® ('College of Clinical Medicine, Chengdu University of
Traditional Chinese Medicine, Chengdu 610075, China; *TCM Regulating Metabolic Diseases Key Laboratory of Sichuan
Province, Hospital of Chengdu University of Traditional Chinese Medicine, Chengdu 610072; *Department of Integrated
Traditional Chinese and Western Medicine Surgery, West China Hospital, Sichuan University, Chengdu 610047; *School of
Medical and Life Sciences, Chengdu University of Traditional Chinese Medicine, Chengdu 611137)

[ABSTRACT] Objective To observe the effects of electroacupuncture (EA) on hypothalamic-pituitary-gonadal
(HPG) axis function and testosterone synthesis-related enzymes in high-fat diet-induced obese male rats, and to
explore the molecular mechanism of electroacupuncture in improving obesity-related reproductive dysfunction.

Methods Thirty-two 6-week-old male Wistar rats were randomly allocated into four groups with 8 animals per group:
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control group (Control group) , model group (Model group) , electroacupuncture group (EA group) and sham
electroacupuncture group (Sham EA group). The obesity model was established by feeding a high-fat diet for 8 weeks.
Subsequently, rats in the EA group received electroacupuncture treatment at the "Zusanli" (ST36), "Shenshu" (BL23),
and "Sanyinjiao" (SP6) acupoints for 4 weeks, with treatment sessions lasting 30 minutes each and administered 5
times per week. Body weight, body mass index (BMI) and Lee’s index were measured in each group. Serum levels of
gonadotropin-releasing hormone (GnRH), luteinizing hormone (LH), follicle-stimulating hormone (FSH), testosterone
and estradiol (E2) , as well as lipid metabolism indicators were detected by enzyme-linked immunosorbent assay
(ELISA). Epididymal sperm concentration and motility were measured, and sperm malformation rate was calculated.
Testicular morphological changes were observed by hematoxylin-eosin (HE) staining. Western blot and RT-qPCR were
used to detect the protein and mRNA expressions of testosterone synthesis-related enzymes including steroidogenic
acute regulatory protein (StAR) , cytochrome P450 side chain cleavage (P450scc) , cytochrome P450 17A1
(CYP17A) , 3P -hydroxysteroid dehydrogenase (3B -HSD), and 17 -hydroxysteroid dehydrogenase (173 -HSD) in
testes. Results Compared with the Control group, the Model group showed significantly increased body weight, BMI
and Lee’s index (P<0.05), elevated serum levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein
cholesterol (LDL-C) and oxidized low-density lipoprotein (OxLDL) (P<0.05) , decreased high-density lipoprotein
cholesterol (HDL-C) level (P<0.05), reduced GnRH, testosterone, FSH and LH levels (P<0.05), increased E2 level
(P<0.05), decreased sperm concentration and motility (P<0.05), increased malformation rate ( P<0.05), seminiferous
tubule atrophy, disordered arrangement of spermatogenic cells, and decreased protein and mRNA expressions of
testosterone synthesis-related enzymes (P<0.05). Compared with the Model group and Sham EA group, all the above
parameters were significantly improved in the EA group (P < 0.05). The Sham EA group showed no significant
differences from the Model group except for increased StAR protein expression (P>0.05). Conclusion
Electroacupuncture can effectively improve reproductive dysfunction in high-fat diet-induced obese rats, and its
mechanism may be related to restoring HPG axis function balance, upregulating the expression of testosterone
synthesis-related enzymes, and promoting testosterone production.
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Reproductive function

Electroacupuncture; Obesity; Hypothalamic-pituitary-gonadal axis; Testosterone synthesis;
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Fig.1 Comprehensive assessment of body weight parameters and obesity indicators in experimental groups of rats (r+ Sy

high-fat diet group 24 rats/group, other groups 8 rats/group)
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Fig. 2 Comparative analysis of serum lipid metabolism indicators in experimental groups of rats (z+5s,5 rats/group)
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Fig.3 Quantitative analysis of reproductive endocrine hormone levels in experimental groups of rats (,5 rats/group)
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Fig. 4 Systematic evaluation of epididymal sperm quality parameters in experimental groups of rats (,5 rats/group)
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Fig.5 Microscopic analysis of testicular tissue morphology in experimental groups of rats (x100 and x400 magnification)

P HPG Sl D a8, DN el 36 25 50 30 35 71, Pk 2 2
LIRS = HE R I E &, B e
PR Z T DRI R, AR = AR
1o R R A 175 S M KRR A I A O I A AR =
B 2E 7 M I Mg B = B2 58 4 22 0, AT AT
it BRI 305 o 38 2% =2 Ty, E R YT A B ) g B R
F Ay T R PR AR S A B A
“ S BB AT B O R R S D 55 R TRE /N BRI
K 7% 71, 42 = A a2 SR T 4 B RLTE R U
TR B R /NG R0 A K AN e AR A1 A A g
S LT 5 TvR B e 1 vl L DA B B U E
HPG i D) i , 34 ks 1 80 FNE 97, 008 22 004 6
IhRE , T+ 5B W A 2 B K K FSH O LH &
E2 K A 8067 IR RS % 2 0 KB 550K 7

SEo 25 b AT A A B 5 IR LA R e O R
Vg A BUREESE Th HPG Rl AR s &k
K 45 18 S W B2 B0 B UM% 48 BLS 5 BUACHL
S5 A T K o AN AR BIF 5 T A R AT
A YE T T e AL B R SRR AR T SRR R
FL AT 2 ALAE SIAR 8 H 2R 08 EA BRGRIOE i, H A 4
bR BER AL LT 3 25 e o IR AR R WAL BRI
Y7 RO AR ph A S A ) P R S R T
JE H AR S OO B8 AR ) 2 AR I A o R IRE ARRR
2K STAR B PR O 0 n] E 55 R B S S 2
PN 73 0 28 G0 B R A A G (EL R A0 RE AN A2 L7
A A B o IR ST A R — 2P R T X
3 e BEAE HLET AT PSSRV T, M LB IR YT T
PR P EOE ER A T S0 S



B 52 - 11 -
W 1.59 StAR
.
% ¥ R
;‘”E 1.0
=z
B | \
I 0.5
P450scc - Wt QD  C— Bl |_-=-| [
0
CYPI7TA (R . amae o - % ‘&’ WX&’ &\‘&
1.59 P450scc
178-HSD (i e o  ——
5 104
#®
7’?
3p-HSD | - &
T 0.5+
mOS
P-tubulin | — GE— —— a— . [
Aagﬁﬂ@w@
1.59 CYP17A 1.59 17p-HSD 1.5 3p-HSD
g 1.0+ # E 1.0 @ 1.0
z z z
= = =
a 0.5 * I 0.5 a0 0.5
) I%I @ % ’%‘ )
[ [ : @
0 3 il B
i3 o %@i‘%’ @"X@y@&f&& 73 & \%@‘& ol “‘X& i3 6& x%@‘& %""X@@«f@“x&
T - StAR Sy 24 [ 3 = 8 35 2 PR 19, PAS0sce S 40 il (2 2 PASO M4 S/ it , CYPL7A Jg 17a-32 AL /17, 20- 4/ it , 17

-HSD g 17B-F2 2 [ B it S 6 , 33-HSD 2y 3p-F S [ B i &0 i . 525 HAL b3, " P<<0.05; 5B AV L%, "P<<0.05; S g4l L
B ,“P<<0.05,
Elo6 SLBARREATEMARELBEEANREKESH (2 +5,3 AFR/4A)

Fig. 6 Expression levels of testosterone synthesis-related proteins in rat testes across experimental groups (,3 rats/group)
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Fig.7 Expression levels of testosterone synthesis-related gene mRNAs in rat testes across experimental groups (,5 rats/

group)
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