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f£30 H, 52585434 Control ZH 1 CRD 4H, F:4H 15
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A2 ( QuantStudioTM3 ) 1) H 3€ ] Thermo Fisher Scien-
tific 28 ) 5 DG E AU (Ti2-u) FIEOGIHE R B
R (C2) W H H AR F] s Z TR IR R 58 (FU-
SION Fx6) W H ¥: [ Vilber 23 7], J& FE Y @ik 7 &
W A AL R ERH AT R F]; Z ek bt hal Al
% i B BT NeuN 1 H 32 [E Cell signaling technology
8] I2EBUR 1gG H&L FNLEdi e 1eG H&L W H
s AR AE Y HR A R w) s RT-qPCR J\NHRAE
ARGk B E I B iR AR
PR T 4% 2258 F 1 s ) A skl A= 9 T
FRA BRZA w3 RNA 2 BUR ) & | i il m) &
SYBR Green Master Mix 125 W F 5§ 5 e MEHE A 7
£ 5ike it GAPDH I [ 25 [ Proteintech /A & ; BCA
AR R 5 AR G W b I ke B R A BR A
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1.3 AEK#iZ 1 AR/ EIRBEE e sk
B SRJE A 4 R 1 IRPAMAR &, 38T 61 d,
1.4 1TAHLE

1.4.1 JE+F&RFTEHE  /NRGE T FRE
b8 0 /N EL S min NHEATFREE R B9 TR
BOXAE PR i8R B ], R/ BRUE TR IR
B AR B A [R] K A R i B R R] SR [
Aoy,

1.4.2 wHEE R/ 3 HRESET TR
2SS NI AE R XD BRI, T2 S
L5 min WTEW 48 1) S S BE S #E A 0 X
AR R DX A5 R RS ]

1.5 RERHE 17 Rh#l08 G LR A4
/B, R PBS X/ ERGEAT 38 40 1 i T 3 B8
ANEURZH R, SR 5 4% 22 5% W I [ s 00 T A 3 O
Ko WK SE UG R UK YT R i IR 5 um
JEERRG B i e G B 2 AR e I i AR
T AKYGE ddH,0 1 min 70% £ 1 min 95% 71
5 min . 100% Z. 1% 10 min. .7 20 min . 100% Z.E%
10 min 95% Z, % 1 min . 50% Z.FE 1 min  F 3L 8%
W 10 min(56 C/KIEMAA) LW 1 min 100% &
B 5 min, —F 2K 20 min, o B R B N WL,
1.6 SREWH K2 FB K S /0N BRURG 2 21
Y110 pum JERIIG R, SR 5 #E AT e 98 ik, S
FEETFEU T 0. 5% Triton X-100 2 L 17 41} 20
min, WFELE WG H PBS #21% 3 ¥K ;5% BSA-PBS #
W R A 30 min, 55 P 45 05 PR S IS, ANV
W& 4 C it WEE Ibal HLAK A NeuN Hiik (3
1: 250% %) , 45 R PBS 52Uk 3 W S IRROLN T

THI(1:1000F )2 h, 455 PBS ¥k 3 Wk
DAPI(1 : 5 0005 ) Jet% , % I #EOEHE R 15 min,
5 PBS Wk 3 W 3R A R HBEOE I R A Wi
N RESUE 2

1.7 Western blot 3236 A4 BEHLPkIE 3 H /N
FEHCT FER A 285 A BCA 28 Rl i 5] 65 DU
EEAWRE , % 12% (1) SDS-PAGE HEJie, &L
A 30 pg FHEHEFEM SR 80 V HEHLTK 30 min, 120
V {E JE HL 9K 60 min; Kf PVDF J& 78 B B rp 3% 4k 1
min, ffi/5 200 mA fHF L 2 h fF 8 15 3] PVDF
JIE F B PVDF BT 5% B BEAS 08 i &1 1 b,
VERR G 43 K B8 5 22 Fe B S bt Thal (1 2 1 000) (£
TR BT NeuN (1 ¢ 1 000) F1Z vl % it GAPDH
(1:50000)4 CTRERBEFLRKH, —HHEF
SERUE A TBST We¥k 3 IR, SR J5 R AR N i 7E % i
TWFE 1 h; 78 ECL fb2% &t W 5% J5 M Vilber FU-
SION Fx6 W% 7 4t % 4 EME, {1 Tmage J 545
B 4% 2H 28 1 4507 I R BEAEL

1.8 LAPRAEEE RT-qPCR R & 13
PRI RNA (20 0O THPEAS RNA 9
LUREEFIACRE . RNA FEASY 0D,y /OD, fE 1.8 ~2.0
ZIE],0D,40/ 0D, =2. 0, AR £ 16 A 45305 5%
A A% cDNA, K32 NCBI A A HH 56 32 [H () L R 51
{8 Primer Premier 5. 0 T 5 9, 338 % #}
FEER A W AR (R ) A BRA /& ., ffF RT-
qPCR J7 LK 36 () =3k, RS RE M E R 3 1K,
GAPDH 1E N NS 3L A IE, StAR L5 4. 5'-
ACCTCGGTGCTTTAAGGTGA-3", RiiF51#):5'-AGC-
CACAGTGTTTGCTGAAG-3'; HSD3B1 {51 4).5'-TC-
ATTCCCAGGCAGACCATCC-3', Fii#5]4).5'-CCCT-
GCAACATCAACTGAGCTG-3'; DAZL b5 #.5'-
CATCAGCAACCACAAGTCAAGG-3', FiiF gl ¥.5'-
GAGACAAATCCATAGCCCTTCG-3' ; GGNBP2 i3]
¥).5'-CTCATTGGTGAACTTGACTGC-3', Rl 5| 9.
5'-TCACTGCTTTCTCGTCTGCGGTG-3"; GAPDH I it
514 .5 -CTCATGACCACAGTCCATGC-3", Fi#5 |4 .
5'-CACATTGGGGGTAGGAACAC-3', qPCR [ Jj {4
% 20 wl:SYBR Green Master Mix 10 wl,cDNA 1 ul,
FLUFWESI4 0.4 pl,ddH,0 8.2 pl, J2 i &4
95 C A 3 min;95 CAEPE 10 5,60 Cil 7k 30 s,
39 MG BRI S, SR 2 R S
ASFERAXT KA &

1.9 ZitZEAE AR EEE 5 BRI
SPSS 21. 0, B F 2 B 4 2F 4 Tmage T, 15 B4
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GraphPad Prism 8. 0, F| 37 ¢ 45565041 9 2 ] &
AR EEZER R R L, v +5 Fn, P <0.05
I AK 2 A B2

2 R

2.1 CRD MEHE/NREREMEM WA H /D
INERAET 5 AT 2 ) 36 4 R 8 550 (S Con-
trol ZH/)NFURH L, CRD 2R /)N FRU{AR S5 s 346 4 T A &8, 7
5537 K .53 K61 KAt CRD 41/ FRUAG A T i 3
& T Control ZH/NE(P <0.05), WHE 1,

30

[ -O- Control group *
1F CRD group

Changes in body weight(g)

1 5 91317212529 3337414549 535761
Time(d)
1 FENMNRERKHEEZ
Fig. 1 Growth curves of mice in two groups

* P <0.05 vs Control group.

B2 A TR BsF ] 32E A F R BRI AT ) R
A1 HEAER R KT Control ZH/NFR [ ¢ =3. 138 (i AT
REESTE]) (¢ =1.936 (FEATFERED) ¢ =3. 151 (A
TPREERR] 20 ) , P <0.05], WK 2A -2C., W73
MHAEE R WoR /NI SRR 22 R LG it 7
B CRD 4/ B A ORI T Con-
trol ZH/NR (¢ =3.423,P <0.01), CRD £H /) BL7E
A X A5 B Asf ] J 2 I T Control 41 (¢ =2.363,P <
0.05) , VL& 2D -2F,

2.3 CRD BV HE/NRHMETHSHEN M
X AN i 45 A 31753 X 8T e hisior R
B A ( dorsomedial hypothalamic nucleus, DMH) |
J& P9 #% ( ventromedial hypothalamic nucleus, VMH)
5 AR (arcuate nucleus, ARC), WWIEl 3A, CRD
/NI IE Z 4ot FERI MM E A
FROUTEAR | 40 A% S5 40 A 4m i g (0 R 45, ULIE] 3B,
XFF e il i 28 Je 240 MO EA T 403, 45 2R 7R CRD
ZH/INEL DMH VMH F1 ARC % X 59 BH 1 200 it 550 i 45
i FET Control ZH/NE (P <0.05) , WLIF 3C,

2.4 CRD MEVENRHEFERFIE  Ibal &
PEDLLER IR Thal FHMEAHMIYYS) 5345 T CRD 41
/MR Ffili DMH , VMH F1 ARC Jisi X, 11 £ Control
ZH/NEL  Tbal FHPE 40 & 73 4 T VMH #l ARC
figi X, UL &[4 A, CRD 41 /) BT 2 i DMH AT VMH
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$E g = 20 55

S st Eootk k]

3 - A

g ° = 8
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Fig. 2 Results of the elevated cross maze and open field test
A Frequency of entered into the open arms of the elevated plus maze; B: Time spent in the open arms of the elevated plus maze; C: Percentage of
time spent in the open arms of the elevated plus maze; D: Distance traveled in the open field test; E: Frequency of entered into the center area of the

open field test; F: Duration of stayed in the center area of the open field test; * P <0.05," " P <0.01 s Control group.
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Fig. 3 The results of Nissl staining x400

A: Hypothalamic subregions; B: Representative Nissl staining images of various hypothalamic regions; C: Statistical counts of Nissl-positive cells in

various hypothalamic regions; * P <0.05, " * P <0. 01 vs Control group.

i IX. Thal f9%¢ % 5% B & 2% & T Control 41 (P <
0.05), UL 4B, NeuN H 9645 78 NeuN FH
PRI 3514345 F DMH i X, 1fii 76 VMH il ARC
i DX 52 A SRR, WL 4C, [EIB, CRD 41/ Bl DMH
F1 VMH i [X. NeuN 92 658 Bl 2 2 I T Control
H/NFL(P<0.01), JLIE 4D,

2.5 CRD &P FE/MRT KK Ibal 1 NeuN &
ARIZEHEME CRD 4H5E MG, i#id Western blot
FARXT Thal 1 NeuN # FI7E T Fofili 9 2k #4746
M, 258K, CRD 41 FEfii Thal IR AN 2%
T Control #H (7 =6.022,P <0.01) , W.[&l 5A 5B;
CRD 4 /it NeuN 25 158 A W% 2. Z I T Control
ZH(1=6.506,P <0.01), WK 5A 5C,

2.6 CRDMEAELZBERHAZSWAEM RT-
qPCR 255 R, 5 52T /s 2 6K StAR 76
/MRS LT B 2RIk 22 /O 1 2 I HSD3BI 7E
CRD ZH/NER S AL ) 235 i 3 IR T Control 2H /N ER
(1=4.524,P<0.05), WLl 6A 6B, SE2ILERM
WL GGNBP2 F1 DAZL 7£ CRD £H /)N B 22 Ju
()22 R 80 BT Control ZH/NEL[ ¢ = 1. 770 ( GGN-
BP2),t=3.646(DAZL) ,P <0.05], L&l 6C 6D,

1t

CRD J& 2 BR M 1 gt HEME &, CRD ¥4 1 & 4E
I PIR G S i AR I 2 Vo S5 P 1Y) A 2R
TET DAEREAR T CRD T S 25009 A Bk A AT £ 10
S B FEZAFSE T CRD 37 4 /) BUMA 5 1
WERN, BE5ET Y W24 b REER S ECE AR
BIRREEIHFERI N 7% |, it = 1 FE F3E T B i 41
M EARE AR 2T ™ R B AR, T3S s &9 19

AV

3 TE

PR, K9] CRD &34 I AE FE XU, CRD 36 J& A 2K
7 4 B B T ELA N, Qian et ol BFFT R W
CRD F9 TN B AT A5 1 A XU BE I 7 TN =
25% ~40% , EhPIRFoE" F M Sk RE IR ZF (sleep
deprivation , SD) 23 ff /] 57 A AR £ JEAEA TR, 1%
WS sh¥ AT A 45 e W% CRD B4 /0N B AR £& FE {0
], 48R 4R/ NBEUFE CRD 200 T A 6877 A AR B2 &
AT N,

YT RIS R GG A0 2 )Z IR )
B s s sh g4 i F
i 2 4 6 S S T A B R AR CRD 52 R b
WP 22T TE Bl . IZFSE s CRD ZNRUR B fiki b
ZIUR AR, M2 e gl 46 /N T 2 ASHE
TR, 4 A% 48 46 0 € 0 TR 55, W] CRD 3l
Fefipp et Mg TiIEsYee S st h
SERFVEYNME , M 20 ST RS H08 T 25U R
MR IEREAT A

ZIN 8 T AT s R A 22 2R 4 P R ) A RE A
JiL, Herb M1 B/ T 40 AR AR ) Thal R YRR
2 G B VI O, F g S 0, 4k /N e R 4
JL TS Ak T DA 85T B b 2 e, DR it —
BRI R AMUIRS S CRD 96 %R, 45 R WR,
CRD ¥4 7 /N T Bk DMH F1 VMH it X Ibal &
F 35, BBl CRD ¥4 T F Fo A i 28 R 4 19 X
[, Wang et al'"" 55 £ B CRD ¥ S 80K Rl 5 IX
Tbal FHYEAHMIECRRIGIN, 255 1% W58 T il Thal %
PEDOEYL LS R HEM CRD AT AEHE AN Z N X Thal
(IR TS R A 9AE . NeuN EMEICH 2257
S5 AR IC , NeuN 25 Y R385 P2 & Fpf
26 R IO NeuN s hy M 3 2 2 28 iR b iy
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Fig. 4 The localization and expression of Ibal and NeuN proteins in the hypothalamus x 200
A: Localization and expression of Ibal protein in the hypothalamus; B Statistical analysis of Ibal protein fluorescence intensity; C: Localization and
expression of NeuN protein in the hypothalamus; D Statistical analysis of NeuN protein fluorescence intensity;a; Control group; b: CRD group; * P <

0.05, " * P <0.01 s Control group.

A B C
a b
ku - 2.51r 15 1.5¢
NeuN 55 2 ok 2
46 2 2.0 T 2
= (=9
a 2 1.0k
% 5
o 1.5F °
17 14 = ok
Ibal '*E Lok T = I
® é’ 0.5F
GAPDH 36 = 0.5F 2
O
= Z
0 a b 0 a b

El5 CRD F&4AT LM Ibal #1 NeuN FRix(ESR
Fig. 5 1Ibal and NeuN expression in hypothalamus after CRD

A Western blot bands of proteins; B, C: Relative level of protein expression;a; Control group; b: CRD group; ™ * P <0. 01 vs Control group.
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Fig. 6 Results of gene expression related to testosterone secretion and spermatogenesis

A StAR gene expression; B: HSD3B1 gene expression; C: GGNBP2 gene expression; D: DAZL gene expression;a: Control group; b: CRD

group; * P <0. 05 vs Control group.
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Effects of circadian rhythm disturbances on the hypothalamus and

testis in male adolescent mice
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Abstract Objective To explore the mechanisms of circadian rhythm disorder (CRD) on behavior and testicular
spermatogenic capacity in adolescent mice. Methods Thirty SPF grade C57 mice were selected and randomly di-
vided into the control and CRD groups with 15 mice in each group. The control group kept 12 h dark / 12 h bright
circulating light, and the CRD group kept 24 h light. The trial lasted for 61 days. The growth curves of mice in
each group were counted; the elevated plus maze test and open field test were performed to detect mice behavior;
neuronal morphology was visualized by Nissl staining. The distribution of ionized calcium-binding adapter molecule
1 (Ibal) and neuron-specific nuclear protein (NeuN) in the hypothalamus were detected by immunofluorescence
and Western blot. Expression of testosterone synthesis-related genes steroidogenic acute regulatory protein ( StAR)
and hydroxy-delta-5-steroid dehydrogenase, 3 beta- and steroid delta-isomerase 1 ( HSD3B1) and spermatogenesis-
related genes gametogenetin binding protein 2 ( GGNBP2) and deleted in azoospermia-like ( DAZL) were deter-
mined by RT-qPCR. Results The weight of the CRD group was significantly higher than that of control group at 61
days; in the elevated plus maze test, the time, frequency, and percentage of time in the open arm of the CRD
group were significantly less than those of the control group; in the open field test, there was no significant differ-
ence in movement distance between the two groups; however, the residence time of the central area in the CRD
group was significantly less than that in the control group; the frequency of entering the central area in the CRD
group was significantly less than that in the control group. Nissl staining results showed that the positive cells in the
CRD group were significantly lower than the control group. Immunofluorescence and Western blot results showed
that Ibal protein expression was up-regulated and NeuN protein expression was down-regulated in the hypothalamus
of the CRD group. In the RT-qPCR experiment, the expression of HSD3B1 in the CRD group was significantly low-
er than that of the control group; the expression of GGNBP2 and DAZL in the CRD group was significantly lower
than that in the control group. Conclusion The CRD treatment can not only lead to depressive behavior in adoles-
cent mice but also reduce the development of reproductive system in male adolescent mice.
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