2698 Fi ZEZE B K, 2024 ,46(24) http ://aammt. tmmu. edu. cn

DOI:10. 16016/j. 2097-0927. 202406014

T8O N R K R 22 AL R AR 2 L RO S0 B M B B R R R R E R 52

A &Lk B, oW, E O FLm oL aEALE &K # e om 400038 T
BB AR E RS (5 = FE K ) R G5 RS B2 5401520 F pe, T P4 )1 X 952 0 191 B 42 il
gy

(HZE]  H®y B8 O BN o0 B S I 4Nl i 52 Ak 19 52 ) DL R Wl e i R 32 1A
(glucocorticoid receptor, GR) 7E FiRBIHF PIMER . Jiik 32 2 4~6 JalibhfEt: SD R B (AT A 120~
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RU486 fz FUEST, Ml HN 1 mg/ (kg/d) DL 1 4 HIAELAL T 42 d, & BEE5 05 R S AT R 2l g F
FER B BECROL o TTHEEHLE B T 20 7 ( computer-aided sperm analysis, CASA ) 28 G5 4% 2H K Bl
KT, i B A 58 1 W [F 38 38 7 ( enzyme-linked immuno sorbent assay, ELISA ) & I Ifil i Kz [ il
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= (P $4<0.001) , MiEHE R K+ 1L-6 Fl TNF-o 3 B2 FF @ H0 5 K 1L-10 W EZFEAR (P $4<0.05) , 520
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[ Abstract | Objective To investigate the effect of chronic psychological stress on testicular cell
senescence in rats and the role of glucocorticoid receptor ( GR) in the process. Methods Thirty-two male SD
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rats (4~6 weeks old, weighing 120~ 140 ¢) were randomly assigned into dimethyl sulfoxide (DMSO) group,
mifepristone (RU486) group, chronic unpredictable mild stress (CUMS) group, and CUMS+RU486 group.
DMSO of 0.5 ml/(kg - d) was injected subcutaneously into the rats of DMSO group. After the rats of the
CUMS group were exposed to CUMS, mifepristone of 1 mg/ (kg + d) was given to the rats of the RU486 group
and CUMS+RU486 group. All the above 4 groups were inflicted for 42 consecutive days. After modeling, the
psychological stress status of rats was evaluated with animal behavioral experiments. Computer-aided sperm
analysis (CASA) system was used to detect sperm density. ELISA was employed to measure the serum levels

of corticosterone ( CORT)
H,0,, NAD"/NADH and ATP in the testicular tissues were tested with corresponding reagent kits. Western

, sex hormones and inflammation factors. The contents of malondialdehyde ( MDA ) ,

blotting was utilized to detect protein levels of B-gal, pl6, and GR in testicular tissue, and transmission
electron microscopy was used to observe mitochondrial structure of spermatogenic cells. Results Compared
with the DMSO group, the sperm density, serum levels of testosterone (T), luteinizing hormone (LH) and
follicle stimulating hormone (FSH) were decreased while those of CORT and estradiol (E,) were increased in
the CUMS group (all P<0.001).
increased while anti-inflammatory factor IL-10 concentration was decreased in the CUMS group than the DMSO
group (all P<0.05). And, ATP content and NAD*/NADH ratio were decreased while MDA and H,0, levels
were elevated in testicular tissues in the CUMS group (all P<0.05). Moreover, the protein levels of testicular
pl6 and GR were significantly enhanced in the CUMS group (all P<0. 01),
RU486

treatment effectively improved sperm density and increased CORT level and down-regulated the testicular

Serum pro-inflammatory factors 1L-6 and TNF-a concentrations were

cell aging markers B-gal,

accompanied by swelling and vacuolization of mitochondrial structures in spermatogenic cells.

B-gal, pl6 and GR protein level (all P<0.05). Conclusion Chronic psychological stress induces testicular
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damage in rats,
GR-mediated cell senescence.
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D )38 2 (follicle stimulating hormone , FSH ) | # {44
Ji{{ Z (luteinizing hormone , LH) | Jiff — ¥ (estradiol , E, ) |
IL-6, IL-10, TNF-o A1 Ifil 3§ F J5i Wi ( corticosterone
CORT) [l H¢ S 0 632856 ( enzyme linked immunosorbent
assay, ELISA ) i 1 & W5 [ 2% [ MILLIPORE 2 7 ;
MAGEA4 PLZF SOX9 Hit{&lg [ v [ 1 B 2R 23 v ; GR |
pl6.B-gal ,Tom20 Tim23 B-actin #1 GAPDH /RN ARE]
2£E CST A ] ; ATP . H,0, . H [ ( malondialdehyde,
MDA) FI NAD"/NADH £l iz 77 & 0 5 o [E 25 = K
YN

1.2 %k

L2.1 Zhypisss  RscsshPd irtm s 1 s,
AR ks Ho o 4 4 (n=8) : DMSO 4,
RU486 20 . CUMS 2 . #1 CUMS+RU486 25, DMSO 2
K FH DMSO Bz RS, 54 0. 5 mL/( kg/d) ;RU486
ZHRH] RUA486 fz T i, 7l & 1 mg/( kg/d) ;CUMS
YR CUMS PRl AAL 2 ; CUMS+RU486 41 7E CUMS
TS [N >Re FH RUA86 B¢ i, il i 1 mg/ ( kg/d),
DLE 4 SHI S Ab B 42 d, 235 0 & RS0k dE 4T
CUMS i #5, HAR Ty 5 ok - CUMS 41K flh I ] 3%
K 24 h R AEVRL 24 h BRZEMURE45° 12 h oL IR
P24 h ARK 24 h AR SRIAJFIK S min | RSN
4 h MR Btk (95 dB)8 h KFE(H ¥ 30 min L 9 Fif
AR RNER -, >R P BE AL AR 7 e s B R JBC 1 o ofl
R S P 42 d, 3RS TR SR P i i vk S
4% (forced swimming test, FST) | B 3% 5C 45 ( open-field
test, OFT) F1 4 7K 78 #E 52 46 ( sucrose preference test,
SPT) 43 5 P-4k 4 41 K BRCo SR IR 0 o AR AF 90 28 il
TR R S B W) AR A AT B A 2 B o it
(AMUWEC2020063)

1.2.2 W iBobt ROR BORS T3 R SR 20%
L R3HRRIE S, BOR BUSE AL B2 A mAe A . B2
HR A} B 59 T BEE 52, folf BEE 52085 W RE A 58 0 Uk BT 5
400 pL 37 CHy F12 3EFRFFHHEST ;I 10 pL &
MBI TR L IR T i b, 2795 & kR Sk
Tk AL Bk 723 ( computer-aided sperm
analysis, CASA ) REE M K BURS T2

1.2.3  MUEHEER SAEH F-F1 CORT ¥ B A5
BERER R RS MAEAE T 4 CUkKFEFr IR E 4 °C |
13 000xg #4.0> 30 min, FEYTIE R FJZ M H5HEAS ; 2k H
ELISA 28 & A K Bl 7 PR R T.FSH LH (E, (&
it 7 1L-6 . 1L-10 \ TNF-o #11 CORT AYHRJE , %1870 &

HEPHEIRZE /N T 15% , AR EAEL RS 345 .
1.2.4 S HE et BB RMMHEREARTEZ R
FH S [ i A e 2 U R 5 I 5 ARG e et 24
10 min, P % 10 min, # R Z B L IRIE 0 30 s, PEiK
10 min; LT YRGS 2 min, PE¥E 10 min, BT )5, fiff
FH BB AR IR
1.2.5 Western blot 521 B 20 mg EHLAEMA
100~200 pL Z4R0, HEFEEHLS) MK 4 °C (12 000%g
B0 5 min, BRI 2 2 VMR EE s BSn SDS-PAGE 2
I EAEZE R (5%) , 100 Cm#A 10 min 25 148 M
120V Hi3k 70~ 90 min; R F > TIA 6 I, S 8058 H
25 V,30 min;5%f#) BSA £f14] 2 h;—#{ GR(1:1 000) |
P16(1:1 000) .B-gal(1:1 000) ,Tom20(1:500) Tim23
(1:500) PLZF(1:1 000) .MAGEA4(1:1 000) .SOX9
(1:1 000) .B-actin(1:2 000) Fl GAPDH(1:2 000)4 C
WEE A ; =30 (1:10 000) ZFH 1~2 h; TBST ¥
HIREE, SR Image J 844 AT IR 08T
1.2.6  KEZAL414! MDA H,0, NAD'/NADH #
ATP EEE  FIRESY UM AL 2, BT
AWK 1.5 mL EP &, A 0.5 mL (% 24 fif i,
4 °C 13 000xg B> 10 min, Yt E 3% ; MDA  H,0, .
NAD"/NADH F1 ATP ¥ & ik I 25 B8 2 B 4% B 1A
AT ; MDA F1 H, 0, ¥ BERTNR b2 4 6k, o
JEWE(E R 560 nm; NAD™/NADH Fll ATP ¥ 2 45 I >R
FZEHEEAR XL, T 450 nm 40 5% FE(E [ D (450) ] ;
MDA .H,0, NAD*/NADH F1 ATP ) & 3% Fi 52 .41
ZUEAWEH—LEIE,
1.2.7 EStisE BUNREILALUE TR EE
W4 C e ARG F PBS PEi 3 IR, 1 %4k R % 2 h
Je FURBAEK PR 3 TR0 e 11 2 g 1) S2 AL SR YR 5331
1E 50% F1 70% £ B H B 7K 30 min, 1717 )5 7E 80% |
90% F1 100% PN F 75 ¥ H AR UK 43 ) B 7K 30,30 F
10 min, DA FAPBRAE A 2 U0 R K 1 52 A 2R 5% T
IR b A5 VTR, SR A I I R 88 IR B e £
S iz R TA T Gl DV N S s ) DES Y RN
T ML
1.3 %t e

2L 1R R R I A A R FH T PR 26 o A iy 2540
#fr ( Two-way Repeated Measures ANOVA) , H.4xF8 bR %
FHEALA 2R J5 22 73 B ( One-way ANONA) . %4k 53 A Al
VYERIR A GraphPad Prism(8.0) , 55 1) x+s B F, &
B IKYE «=0.05,
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SEHAFFH MR &Y MAGEA4 18 H R IEIKF, 45
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SOX9 (2R 17K F- 3 B R (P ¥ <0. 001, 5 2D) ,
PR O BN AT U8/ 52 AL ZH 2O 5 A0 N SR 2
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AEIEREMME CORT 7K T By i
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%0%% g&» %% o>
o
c}w
A B
50+
a
404 i
30 a gao—
g
20- < 204
=
10 104
0- 0-
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0- 0- 0-
D S S DN N N DI I S8
O b(oob/ S gb” O 0 P > b ? &\ b(%() “\% &%6
N o NS A
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A ELISA #-m X & 27 1L-6 . 1L-10 F= TNF-« #93% & ;B: Western blot # X & F 4818 GR .pl6 #= B-gal #9 % &g K kKT
3 EBUHOENEWNARMBMNEALTEREWHIZEN (n=8, xs)

2.4 HESEBHFRKAFRMOEBARERFT WER(P<0.05,K 4), FARZERIER, GR 2540518
AR A P 3E WIS T 1) S AL M 2R A S5 7 F D RE 5 o
SRR ZE A D) RE A0 4050 2 20 f o 2 1 FE i [
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FUNE DU M 2R A M BUAS [R) R B g B, Bt 25 BRAH SR ENL IR AT D EAEEE L. &
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LEFASTE (8] 4A) . Western blot 455 7k, 5 DMSO 1 i 2 /K OF 25 &L A 22 0 40 i % 1k, GR $5 $it 7
HHE, CUMS 41 52 JL 20 Bl 4R R0 AR B 25 19 Tom20 A1 RU486 i@t T GR £ [ 3R B /K V45§ b 1 5 &k
Tim23 () 33K Y0 i F AR (P<0. 05, & 4B) , ATP & i, AHOCHF SR A5 RN 47 18 k00 380 38075 = 1 55 1k R
il NAD'/NADH [ fH & S W2k iR E AL B R 1k T ZEIH S SR B A 25 ) T W o, SR B R E
RERYEE 2R bR, 45 S B or, 5 DMSO 4] tb#¢, CUMS 4] TIPS AR
SEALZY ATP /K- (P<0. 05, 5] 4C) Fil NAD"/NADH Ko NBERA T 2= UE 4 2 B 12 40 PRV 02 5B
FL (A 2 3% T % (P<0. 001, 4] 4D) . 5 DMSO 41 Hb#%, PN TR T 2 R S R KT R B AR Y fE B T . RAE
CUMS 2 KRS ALL 41 MDA (P<0.05, [ 4E) f1 H,0, 1977 4F G W58 8wl BRA 0 S 40 i B TR A0 =2 AL 4R
(P<0.01, [ 4F) (/KR E T s 3 n @ MO BN 3 AESCRP RS S 4, 32 7R 1O 330 OV RS + & 2B
AR EE AL R R E AL 10 . i — 2 & AEMBIVE R . SRR, BIEE E A1 kB
P, 5 CUMS 4 He#e, CUMS+ RU486 4 ALk ik ARADIRTY SRR TR A Mt e i s e
PRI E AL R AL DI REER /0K B 15, SRR A A Bitn S8 S W90 G kG W o 1 A S2 R /K P 52 B 3 R OG
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BEAEBFFE Sy, 18 0 3N SRS T W W B i
FKPaE I GR A3 52 R 1] 5T 240 B3 3 R0 S 5
I e M P o B A BB AL BN AR O ER T o BFSE
B, W B AR Gl S O NF-kB Al p65 755 52 AL ]
FRANMR T o A, B B BRI R A T d it GR T
SEHUIA] T4 A StAR 1 3BHSD 25 [ 25 7K -0 ] 52
B, T GR 55T RUAS6 T 4k FL AT i 251k 52 1o i 20
KR SRR ACE Y SR S, AR K
B CUMS 21 B S0 ) B2 2% T e, H. RU486 +
PR AR S 0152 2R K. GRBRTE S8 AUIR] 5 200 it e 22
IRLAGI 0 SCA 200 R S50 A K A COF 2 4 i RS
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IR 2 HE ) B T 800 i A B

2 A R A R RN 2 I A5 R G 1Y)
JR R Z — , 52U A A Y 32 2R 1N 2T 5 BURE )
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F5 4 My 5 10 BH 3 L & Ak A 5 43 W 3% A ( senescence
associated secretory phenotype, SASP ) Pt 2% | £ 7 1 5
E B-gal HH T W E MG MIP BB % A
F 7% A BA E & 0808 /%, CUMS 21 K UK J5 41 it 1
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WO T R SEALAN L E AL RS D Al B 2R (A 45 £ A1 SASP
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25 ETR  ARWEFE A A CUMS KRR, R
PO BB 05 R BRUME 1 A A 1, R B b 1%
JEEFNALE S2HR AP R B 2 50 O% AT RE S GR 4
AL A G, 5 SR — D SR R O H
Q7 as N = a0 1 o R <o w3 o v I w54
FHFFIAR G IR O 32 i3 AR5 i AR 9P 5
PEA B R R

S 30k

[1] EMOKPAEM A, BROWN S I. Effects of lifestyle factors on

fertility: practical recommendations for modification [ J .

Reprod Fertil, 2021, 2(1): R13-R26. DOI. 10. 1530/
RAF-20-0046.

[2] LIT, BATY J, JJANG Y T, et al. The potential impacts of
circadian rhythm disturbances on male fertility [ J]. Front
Endocrinol, 2022, 13. 1001316. DOI. 10. 3389/fendo.
2022. 1001316.

[3] FEICER, Mike, Ak, 55 1059 ZHFm i gk Bk s

SRR O S R I AR SR 0 M [T ] Bl 25 25 B R
R, 2024, 46(10) . 1164-1171. DOI; 10. 16016/j. 2097-
0927. 202305069.
WANG W Y, LIU S, SHI Z D, et al. Correlation between
physical exercise and semen quality in 1 059 men of
childbearing age in Jinan City[J]. J Army Med Univ, 2024,
46 (10). 1164 - 1171. DOI. 10. 16016/j. 2097-0927.
202305069.

[4] PANY, WANG S R, KANG J Q, ef al. Association between
generalized anxiety symptoms and semen quality in infertile
men: a multicentre study in North China[J]. Andrologia,
2022, 54(8) : €14449. DOI. 10. 1111/and. 14449.

[5] XUJN, SHAO T, LOU J F, et al. Aging, cell senescence,
the pathogenesis and targeted therapies of intervertebral disc
degeneration [ J ]. Front Pharmacol, 2023, 14. 1172920.
DOI.; 10. 3389/fphar. 2023. 1172920.

[6] NICOLAIDESN C, KYRATZI E, LAMPROKOSTOPOULOU
A, et al. Stress, the stress system and the role of
glucocorticoids[ J ]. Neuroimmunomodulation, 2015, 22(1/
2): 6-19. DOI; 10. 1159/000362736.

[7] CHEN Y, WANG Q, WANG F F, et al. Stress induces
glucocorticoid-mediated apoptosis of rat Leydig cells in wvivo
[J]. Stress, 2012, 15(1). 74 -84. DOI. 10. 3109/
10253890. 2011. 585188.

(8] WAEAN, m#y, e, &5 diE AUk x5 4 AR s

RUR BIARA Tl K/ N B s A it s [ ). o el S
Fi2EZRaE, 2024, 30(5); 46-56. DOIL. 10. 13422/j.
cenki. syfjx. 20231613.
SHI J Y, XIANG Y, ZHOU Z Y, et al. Modified Xiaoyaosan
alleviates depression-like behaviors by regulating activation of
hippocampal microglia cells in rat model of juvenile
depression[ J]. Chin J Exp Tradit Med Formulae, 2024, 30
(5): 46-56. DOI. 10. 13422/j. cnki. syfjx. 20231613.

[9] ZOU P, WANG X G, YANG W, et al. Mechanisms of
stress-induced  spermatogenesis impairment in male rats
following unpredictable chronic mild stress (uCMS) [J]. Int
J Mol Sei, 2019, 20 ( 18). 4470. DOI. 10. 3390/
1ijms20184470.

[10] JAFARI H, MIRZAIINAJMABADI K, ROUDSARI R L, et

al. The factors affecting male infertility: a systematic review



2706

i 25 % R R 524, 2024, 46 (24)

http : //aammt. tmmu. edu. cn

[11]

[12]

[14]

[15]

[16]

[J]. Int J Reprod Biomed, 2021, 19(8); 681-688. DOI;
10. 18502/ijrm. v19i8. 9615.

Z0U P, WANG X G, SUN L, et al. Semen quality in
Chinese college students: associations with depression and
physical activity in a cross-sectional study[J]. Psychosom
Med, 2018, 80 (6): 564 —572. DOI. 10. 1097/PSY.
0000000000000595.

Z0U P, SUN L, CHEN Q, et al. Social support modifies an
association between work stress and semen quality: results
from 384 Chinese male workers [ J]. J Psychosom Res,
2019, 117: 65-70. DOI. 10. 1016/j. jpsychores. 2018. 10.
013.

ZORN B, AUGER J, VELIKONJA V, et al. Psychological
factors in male partners of infertile couples: relationship with
semen quality and early miscarriage [ J]. Int J Androl,
2008, 31 (6): 557-564. DOI. 10. 1111/j. 1365-2605.
2007. 00806. x.

YADAV A, YADAV K, RAJPOOT A, et al. Sub-chronic
restraint stress exposure in adult rats: an insight into
possible inhibitory mechanism on testicular function in
relation to germ cell dynamics[J]. Andrologia, 2022, 54
(11): el4575. DOI: 10. 1111/and. 14575.

GUO Y, SUNJ Y, LIT, et al
restraint stress-induced oxidative stress and apoptosis in
testicular cells via NF-kB/iNOS and Nrf2/HO-1 signaling
pathway[ J]. Sci Rep, 2017, 7(1): 9599. DOI. 10. 1038/
s41598-017-09943-2.

LIN H, YUAN K M, ZHOU H Y, et al.

Melatonin ameliorates

Time-course
changes of steroidogenic gene expression and steroidogenesis

of rat Leydig cells after acute immobilization stress[ J]. Int J

[17]

(18]

[19]

(20]

[21]

(22]

Mol Sci, 2014, 15(11) . 21028-21044. DOI. 10. 3390/
jms151121028.

WANG Q, GAO H B. Involvement of nuclear factor-kappa B
on corticosterone-induced rat Leydig cell apoptosis [ J].
Asian J Androl, 2006, 8(6): 693-702. DOI. 10. 1111/j.
1745-7262. 2006. 00212. x.

XIAO Y C, HUANG Y D, HARDY D O, et al.
Glucocorticoid suppresses steroidogenesis in rat progenitor
Leydig cells[ J]. J Androl, 2010, 31(4): 365-371. DOI;
10. 2164/ jandrol. 109. 009019.

ORR T E, MANN D R. Role of glucocorticoids in the stress-
induced suppression of testicular steroidogenesis in adult
male rats [ J]. Horm Behav, 1992, 26 (3): 350 - 363.
DOI: 10. 1016/0018-506x( 92 ) 90005-g.

HAZRA R, UPTON D, JIMENEZ M, et al. In vivo actions
of the Sertoli cell [J].
Endocrinology, 2014, 155 (3). 1120-1130. DOI. 10.
1210/en. 2013-1940.

BEENE, BIRE, MR, % THHRBREIGT B
ERBR S H[T]. SE R, 2023, 14(3): 319~
326. DOI: 10.3969/j. issn. 1674-7445.2023. 03. 001.
MO J H, LI X Y, CHEN Z H, et al. Current status and

glucocorticoid  receptor

reflections on stem cell transplantation in the treatment of
testicular aging[ J ]. Organ Transplant, 2023, 14(3): 319-
326. DOI: 10.3969/j. issn. 1674-7445. 2023. 03. 001.
LUCAS V, CAVADAS C, AVELEIRA C A. Cellular
from mechanisms to current biomarkers and
senotherapies[ J ]. Pharmacol Rev, 2023, 75(4). 675-
713. DOI; 10. 1124/ pharmrev. 122. 000622.
(Y7 :2024-06-07; £ [2] : 2024-07- 15)
(%4 KZLK)

senescence ;





