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BTHYTIE, SIMERRREAIRE, RAMPO AR /N B FIER, BRI AR IR PR, AR
(hematoxylin-eosin, HE) ZLf i s2 HALRGFERE, Western blotting £l 2 #4941 GDNF. Notchl. Notchl 4HJfd 4544
3 (intracellular domain of Notchl, NICD) 1 HES1 % HRIA/KF, B8 e 4R 24k 55 mlAe il £ FL4H 24X Notchl F1 HES1
Fik. KA TM4 i D-2FINNE SRR K& HES] I RIEMHR], WERA., SAGAEEERK. P, &=
(0.2+ 0.4 0.8 pmol/L) 4, R CCK-8 46 I 40 fuiF P, qRT-PCR ¥l GDNF mRNA #ik7KF, Western blotting #:1] GDNF .
Notchl. NICD F1 HES1 HARIEKT. R IRRsLhss BRER, SxRAtes, SRAEA/NRERAR. HREE. BT
ERETHEREE TR (P<0.01), 2AHIUEER M, GDNF A RIE/K T B (P<0.01), Notchl. NICD 1 HESI
BEOREKFRETS (P<0.05. 0.01); SHEMALNE, REETAAMA/PRERTE. HIREE. BHaEaEriE
BERE (P<0.05. 0.01), BHAALFGHE NS, GDNF EHFIZE FF (P<0.05. 0.01), Notchl. NICD 1 HES1 & H
%%LEH (P<<0.05. 0.01). ##4bsEiegi R IR, SXIRAE, BAHMMEENE T (P<0.01), GDNF mRNA Fl
HEIERZE T (P<0.05. 0.01), Notchl. NICD fl HES1 &R EEH LA (P<<0.05. 0.01); SHEBALE, HEER
Al AR m A IE T (P<<0.05. 0.01), ik GDNF mRNA fIZE H3RE (P<<0.05. 0.01), ] Notchl. NICD fl HES1 &
H#&ikx (P<0.05. 0.01. 0.001); T HES1 i FIA A5 HTIE 3 £ 0T GDNF RIAMRHIEA (P<0.01). 518 JZFEHRE
5 R 33 2 /N B 5B LSRRI L GDNF R0, HWLHIPT A 540 Notchl/HES1 i@ %A K.
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Abstract: Objective To study the effect and mechanism of icariin on expression of glial cell line derived neurotrophic factor (GDNF)
in testicular Sertoli cells of aging mice. Methods Mice were divided into control group, model group, and icariin low-, medium-, and
high-dose (2.5, 5.0, 10.0 mg/kg) groups. After drug intervention, the gonadal weight and index were measured. The sperm viability of
mice was detected by eosin staining, the number of sperm was measured by hemocytometer counting, and the degree of testicular tissue
damage was evaluated by hematoxylin-eosin (HE) staining. The expression levels of GDNF, Notchl, intracellular domain of Notch1
(NICD) and HES| protein in testicular tissue were detected by Western blotting. Immunofluorescence and immunohistochemistry were
used to detect the expressions of Notchl and HES1 in testicular tissue, respectively. D-galactose-induced aging model and HES1
overexpression model were established using TM4 cells. Control group, model group, and icaritin low-, medium- and high-dose (0.2,
0.4, 0.8 pmol/L) groups were set up. The cell viability was detected using CCK-8 method. GDNF mRNA expression level was detected
by qRT-PCR. GDNF, Notchl, NICD and HES1 protein expression levels were detected by Western blotting. Results The results of
in vivo experiments showed that compared with control group, the gonadal weight, gonadal index, sperm motility and sperm count of
mice in model group were significantly decreased (P < 0.01), testicular tissue morphology was damaged, GDNF protein expression
level was significantly reduced (P < 0.01), Notch1, NICD, and HES1 protein expression levels were significantly increased (P < 0.05,
0.01). Compared with model group, mice in icariin treated group showed significant improvements in gonadal weight, gonadal index,
sperm motility and sperm count (P < 0.05, 0.01), as well as significant improvement in testicular tissue damage. GDNF protein
expression was up-regulated (P < 0.05, 0.01), while Notch1, NICD and HES1 protein expressions were down-regulated (P <0.05, 0.01).
The in vitro experimental results showed that compared with control group, the cell viability of model group was decreased significantly
(P <0.01), the expressions of GDNF mRNA and protein were significantly decreased (P < 0.05, 0.01), the expressions of Notch1, NICD,
and HES1 proteins were significantly increased (P < 0.05, 0.01); Compared with model group, icaritin significantly increased cell viability
(P < 0.05, 0.01), promoted GDNF mRNA and protein expressions (P < 0.05, 0.01), and inhibited Notch1, NICD and HESI protein
expressions (P < 0.05, 0.01, 0.001); Overexpression of HES1 could counteract the promoting effect of icaritin on GDNF expression (P <
0.01). Conclusion Icariin could effectively promote the expression of GDNF in testicular Sertoli cells of aging mice, and its mechanism
may be related to the inhibition of Notch1/HES1 pathway.
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A2 B L& I 238 e = IR BRI, Sk
P T EREE T AU IR, BEE SR
I EH 2 AL SR B 53 WA B R S A R P i 28
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BN, TSR IR FR T E B ZIoR 5050 3
YRy, SIVFRTIES SCXK (56) 2022-0012, 5K
& B A AT HIE S SCXK (26D 2022-0061, Til3%
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BREAC R, HHEEMUUK. shPses =gk
SIS FE S B ek (BibHES 2022020Z4) .
1.2 “Afm

N FR A R M4 20 W 1 3E
ATCC, T 37 ‘C. 5% CO, fHIEREF= 0 h i S 77
1.3 AR5

FEEETT (IS 160920, R $=98%), W
A VYN AL A A AR BIR AT BEER
(#£'5 20082003, 5T & 73 E0=99%) ) H PU 1| s
TR ARERAT; DA (S G5388,
[ H=99%) AN (dimethyl sulfoxide,
DMSO, b5 D8418) W HEE Sigma AF]; 145!
WEX Y HEEF 9 (sex determining region Y box
protein 9, SOX9) Fifk (L5 MABC277) TWH %
Millipore 24 7] ; Y458 40l % 40 IR (proliferating cell
nuclear antigen, PCNA) Fifk (35 SOB2253) iy
BT TR R VR AR A7 Notehl fifg (it
5 3608). HES1 $iifk (b5 11988) M H3EE CST
/A#]; GDNF $ifk (fib'5 WL02826a). NICD #ifk
(#t5 WL03097a) 14 HILFH TRV RHE AR A
Al B-actin P& (L5 AC026) T H I FH AR 7w
EVRHER AT & (LS 7647-14-5) THH
Rt R XA AR LA QM (s
10016318) I KBEERE — 44 (L5 10020318)+
BERR S GItS 10017608). IR =4 GitS
10019408) . R H F: 4 4 £ (CMC-Na, #it'5
30036365) W H E 25 Bl A AR AR PO
Rz T (S MB2514-1) W E KEESEYT
REWRAT; fa4d1yE (fetal bovine serum, FBS,
IS A0050-3010) 114 F 7% [ Grogen Biotech A Fl;
DAPI (#lt*5 S0001). ZFIfliE A& A (bovine serum
albumin, BSA, t'5 154707). WEHifR 40 Git
5 KR0023) W H R AA R AR L=
B PT (It 115-035-003). Alexa Fluor 488 tric
ISP S — 30 (Fb'S 711-545-152). Alexa Fluor 594
PRICHIBP PR P (LS 711-585-152) IWHEE
Jackson Immunoresearch /A ) ; RIPA 2@ A7 &
(#t5 P1255).BCA & A& il A& S P1511),
ECL Z5M (S P1020) T4 [ b5t A 3 3 R
RERAF; LAY et IS 805C037) WH
LR BEERHB R AT ; DAB BEIRF& (itS
2309180031F) W [ 48 MM Fr AV H AR I KA RA
Al 4%ZEHE (L5 CR2209049). Lk K

FHF (5 CR2207103) T E mIN Fe4E /R AWk}
HAHWAT: DMEM/FI2 ¥353: (b5 8121045)
6 H 2 E Gibco AF; 0.25% B E AR (S
22060701) T EBUMN FH IEEVERZAHARGRAF;
Total RNA #EHURF RNAiso (L5 2270A) WEH
A Takara 2 7); RNA W56 (k5 K1691)
) 5 2€ [E Thermo Fisher Scientific A5]; CCK-8 iR
& (L5 A311-01). SYBR Green %64k
& (5 Q221-01) W A M R IEMERE VIR KA
H R/ ; Lipofectamine™ 2000 i 5 {4 id ik % e
WAl (5 11668019) 1 H £ [EH Invitrogen A F;
HES1 i Rk Fokl ('S Y20028) T4 H 75 M 5 53
R A PR A 7
14 {435

TP1020 %44 {3t ZKHL. STARTER3100 % pH
7 (3£[EH OHAUS A#]); HistoCore CHROMAX ST
B4 HZ) HE Yefl. EGI150H BB (fEE
Lecia A#]); YD-335 B Ml (AT a7 1
HAHBRATD: CS-VI AU Jft bl (R0
B A IR AT DG-9240A ALt B X T 1 46
(B S SLAI A TR A ] D ; CKX41 A6 2= {5 &
EAEE (HA Olympus A #]); SY-BJ10L Y 4K
Bl CREBIRRHEA R A F]D; RX50 B0 B
b FE TR FAERA IR AT B#s . Centrifuge
5424 R AUl AR & 0 HL (S5 [E Eppendorf 22 7));
Infinite F50 B A KEFRX (it Tecan AH]);
PowerPac 200 %4 Western blotting F,ik1X (3% Bio-
Rad Laboratories /A @ ); TS-200 BUEHEEIR (]
T HAR DR A ] ); ChemiScope 1427 K HGBEIR 1%
Ha R CRIgEEER A AR AR HVA-
85 M s K 4n (HA Hirayama A #]); CO, K: 9%
6+ NanoDrop &4 e IEETHX#E (32 E Thermo
Fisher Scientific A ); BCM-1300A %18 T/E &
CHR I 2 BRAX 2R R B A PR A F]D o
2 FHE
2.1 BRAVHIE
2.1.1 0.01 mol/L PBS ¥ACH] MRIKFRECE LA
MR 40 g FALFIRR 1 g T IKBEIRE 8k K
17.9 g IR S8R 1.2 g, IAIAZE] 1 L 4K
o, BRI S AR 150, HBE pH A
2 7.40, FIAT
2.1.2  0.5% CMC-Na &iRECH] FREL 0.5 g CMC-
Na, JOAZE] 100 mL A KT, iR E, B
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T 60 CHF BN, ZFEAR K EEMRIT,
2.1.3 EEEFVSREE PREUEEE TR 100
mg, MAZE 10 mL 0.5% CMC-Na ¥, iRiEiR
M), A 15 min B, 58 V5, 435 10 mg/mL
FEEE T, BOLE T 4 CUKFH. 10 mg/mL %
FEVEMWLL 0.5% CMC-Na BB EHLFRE, 25
5% 1.00. 0.50. 0.25 mg/mL V& F 8 HIF WK .
2.1.4 1.6 mol/L D->F-FLHEEICH] FRHL 1.44 g D-
EABE AR, WT SmL & 10% FBS 584 k953
i, 37 COKBERT R 30 min BIA S5, TRIERSE
VR, 22022 um TALIEREIE 5, B OEE,
B1ET—20 CUKFET.
2.1.5 EEEREWICH] FRE 27.07 mg EFHE
EMoK, BT 4 mL DMSO W, 53 10
mmol/L ¥ F8# RIAW, HOEEE T-20 CIKFHE
. F%H 10 mmol/L V3 Z VI - DMSO=1: 1
IEL, FRE 5 mmol/L V& 78 RIWW, %R
5 mmol/L ¥EFFERIFW - 7 10% FBS 58 &85 7%
Fe=11:99 KL, B 50 pmol/L ¥ FHE R
W, BLECILA
22 FISERSGY

15 HUE /N BB B A B 20 D 20F0 3 = 3
ik, By EAEA, F410 2, S 10 H 1 ARk
INEAE AR IRAE . 1 I/ NRA S T AR 13 2, 15
HE/INEAS T A 50 2030, R4E (2 )
2020 FFRR—H, FEEEMHERN 6~10g/d, HH¥E
FREFRESBAG DT 0.5%, SRR
FREOHATE SO, NRAAR TR ECH 0.002 6,
HMUNRIE R EN 0.78~1.3 g/d, EFEEHH
HREN 3.9~6.5mg/kg, ¥ 5 mg/kg & NASLI
e, (K. SRR BN AIER 0.5, 2 f%,
Bl 2.5, 10.0 mg/kg. VEFFEEHLHAH/DR ig 0.25,
0.50. 1.00 mg/mL f¥EF3E HIHFW (10 mL/kg), *f
FRZH BT 21 ig S ARF 1) 0.5% CMC-Na, 1 X/d,
ALY 3N H . BRI EETA AN
18 Hit GGHMT AW 56 %), xHR4L/NR 4 HRd
(FHAT A 23 ) B, /NREEEZOK 120 5, K
SEJRR, ip 20% SR HERUREFAR S, TRIE 7 25
S2 LA SEAH 2
2.3 NRIBEFIERNBETFHREHNE

PRI B 22 TN 1 mL ZEFEER/K I EP &
BIRE, 37 CIERAETHEE 5 min, 7870 BN
T, 13k TR, B 10 uL K T Bl SRR

Y JetiiR A, WL 10 uL YRER, W T A
by BENEREZAE . R T A
PR yett, FURE T AT B AT G e ) 3, 115
FEFIE% . HL 20 uL A5 T2 5 480 uL A= B #h /KR
5], F3RE TR, AN 10 uL FRRVRAT N ILERT
b, BT FATTHEUR 4 NS IRAA IR

RS % 5 = R T U SRS T8

W THUR =4 DRI HCE I X 104X 2572
2.4 FAKRZE-RZ (hematoxylin-eosin, HE) & X
ENRERALESTWL

/N ALHLURN 4% % RSB E 24h 5,
N4 H SRR BK, S5 G TH LI, 13
B EERN 4 um BATESY ), KU1 BTk
WG, 60 CHAFHIEF 4h, b5 E T4 HZ) HE
Peta L gett, R RE A, T e R T
W52 52 HAH GRS RS AR I RAE R
2.5 Western blotting #& | 52 #L,2H 42 Notchl
NICD. HES1 #1 GDNF EH&iA

HY 50 mg S HMZHZL, M 1 mL RIPA Z4AEW,
FAdAh A3, AT UK A 10 8hRiE 1Kk,
2 1h )5, 4 C. 12000 r/min B0 15min, WHL
FIEW, RS REEA . BCA RAEMNE A
W, #HE A5 Loading Buffer #4118 4 & 1 fIH4 78
SHRE, 18100 CEEitr & 10 min f & HFE
SIS AR B I RE S A e SRR S R A
Jle i ik, % PVDF ), T 5% 5 2E 9hdst i
WA =REA 1 h, IIA—$H (B-actin. Notchl .
NICD. HESI f1 GDNF), 4 C#KBEFER: &
H, TBST ¥/ 3 Ik, BK Smin, MAZPL, Eif
8 1 h, TBST ¥ 3 X, HIK 5 min, I ECL
BRI RGN,
K H Image J WA AT 2% K A
2.6 HERIKMENLEL Notchl ERHIFRIER
L

INREALAIETI N BT 60 CHUERIE, £
HR . BEE QIR ZE KIS o, =T BRI+,
EEBE 10 min, HAREHEZR. 0 5% BSA
W ERE 1 h, W Notchl Fitfk (11200,
4 CHiFE 16~20h, WHENHEBE, FikE FEiR
30 min, PBS 2¥t 5 I, £ 6 min. M
P, FIREOLIE 1h, PBS B 5 ¥k, X 6 min,
VR SERUE TN SOX9 Hifk (1:400), 4 CHFE
16~20 ho ¢ H, =i FEIE 30 min, PBS ¥k,
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TINZE P =IREEHFE 1h J5, 0 DAPL, %
IREEYEHH 10 min, PBSIR¥E 3 ¥, H:X 10 min,
LRI KFE o 2GRS NS Notchl &
RIS JOE R AR, FERERIZR.
2.7 SREENANZEALEL HEST. PCNA EEHH
FKIEREN

NREZEIAEY R A BEAREHE,
hn 3%id EALE K 10 min, PBS 23k 5 K, &K
6 min, M 5% BSA T = E A 1 h, W0
HESI $ii4A& (1 : 200). PCNA $if& (1 120000, 4 C
E 16~20 ho & H, WHEETERTNEIR 30
min, PBS &P S5 K, K 6min, N _d, =i
BE 1 h, WH G PBS IR¥E 5 K, AR 6 min,
TN DAB B, B0 30s, HARRYLL 30s,
I IRWESS 25, FORERGEK . BE R
H2EEL, B 5 mine 5E P ERAEE A, B
To Je2F B N % HES1. PCNA A MIRIA X
FER AR R AR B
2.8 CCK-8 & 4HpasE M

D- VA S UM 2 AR B s, HonT
W SR USRS T IER, (2R
HH IR MY e S R ROST KR AR i AR Tl 17,
1%E#% 100 mmol/L D--FLFEAL 3 TM4 41l 60 h, #4
BAMP B S AMAAFRRE (0.01. 0.05.
0.10. 0.20. 0.40. 0.80. 1.60. 3.20. 6.40 umol/L)
(VR F 2 RTACFEEMD 12h, FFEEEFREE, IO D-
RIS [FIR B E B R AL FE A 60 h, %M
CCK-8 T 7] U I 531247 4 v 1A )
29 HHRESLAFNALEE
2.9.1 EFEEZFXN D-YAES T TM4 4
F TM4 4 LL 2X10% A~/mL #2Rh 2 /NEEFR 10,
W IR . VBT . B A R SR AR
EFIE (0.2, 0.4, 0.8pumol/L) 4. B IE 4L At
R AL, HARSHAML TEFERZTRY 12 h,
FEIAREFREE XA AT 10% FBS 1) 56 28577
FeRrgR, MAIAUMNS D-2FEILE (ZIREN 100
mmol/L) FI5EEREFRIERETE, BEERMK. P, &
P By A P 29K BE N 0.2 0.4+ 0.8 umol/L (7% F
FEFM 100 mmol/L D-F-AMEIL[FREFR, S
7% 60 h.
2.9.2 EEFE RN HES1 W HIAM T™M4 40HIME
FH TM4 4L 2X10% AN/mL #RhT/NREFR 10,
WINE IR . WENIR. D-FM (100 mmol/L)

“. pcDNA #H. D-¥-FLF¥ (100 mmol/L) +iEF7E
% (0.8 umol/L) +pcDNA 4. D-FF. ¥ (100
mmol/L) +I¥EFE K (0.8 umol/L) +HESI id %Kik
A D-2FFHE (100 mmol/L) +¥EEFE R (0.8
umol/L ) #H, fF4Hl ML fil & & 40% i, K H
Lipofectamine™ 2000 1 Jy4% G4l 5f], 2 fid ik i
KA A U B T G . #5946 h f5 s 7
B, BTERSEERTURY 120, FFEIARFRAE. X
HEZH AT pcDNA M5 10% FBS [ 58 &R 72t 5
%, D-FFUBEAINAN G D-2EILBE (ZIRFEAN 100
mmol/L) 58 &3 7R RR %, HAhH IS8
K (ZIRFE N 0.8 umol/L) Al D-2FF M (ZIRFEEN
100 mmol/L) [ 5E AR5 7R AR 7%, S2H#5853% 60 ho
2.10 qRT-PCR #0408 GDNF mRNA FRi&

5 “2.97 WUNAT AN FL I, USCEE A,
TRIzol JAFEENANMLA RNA, Al ED
FETHRSI RNA WRFERIAIE . Fa i) St il 1ot
T, 3% cDNA. %18 SYBR Green i}t#H 1
Bifi qRT-PCR Je Sifk %, i S 2t E & PCR
AN GDNF mRNA £ik/KF o Lh -actin NN Z
FEH, SRA 27220+ 5 GDNF ) mRNA AR R IE
. 5/¥7E NCBI Mu5FI A BLAST T RFATE T
G JG ZHE A A TR R A A A 5l
VIR B 1.

&1 514957
Table 1 Primer sequences
S SIS (5°-37)
GDNF F: CGAACTCGTGCCCCTAACC
R: AGACCCCCAGCTGGACATTA
p-actin F: CCTCACTGTCCACCTTCC

R: GGGTGTAAAACGCAGCTC

2.11 Western blotting 448 Notch1. NICD.
HES1 #1 GDNF EH &%

%297 WU NHAT /A EL )5, 37 R RE R,
P54 PBS JB U4 2 T, WTARASIR, i
100 pL RIPA 2, 4 CHREIRZSE 30 min, FE)5
PR B 4RI £ 2 1.5 mL EP &, vk bE4ks:
2fi# 30 min, HAEEE 5 4380 iTE 1 Ik, 4 C. 12000
r/min 2.0 15 min, WH EIEWR, B4I0EEH. 1%
“2.5” 151 R 7735 Notchl. NICD+ HES1 1 GDNF
HERIA.

212 GEitESHh
K F GraphPad Prism 9.5.0 # 43T 4811404,
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B LA X £ RoR, S22 1) 2 57 10 S5 2 MR
DR 35 7 22 A AT R e

3 #R

31 EFEENREZ/NRENBLREBNENF
300 FEFEEENEE/NRMENIREE, HERIEE
W EREANEFRENEE w1 R, S50

HELE, HSRHNREATE. AR BTE
FRANE THEWE T (P<0.01); SR E,
AAEMEEETRY B RS NRE AR, 2
FARH. MERE. BTEEMHEE (P<0.05.
0.01), HFIEFEFEET RN B E /DR EALTE
. M2 E. B rEEMEE (P<0.05. 0.01),

2.5

5.0

10.0 A R

2.5

5.0

10.0

100

80

0.15 5
A i
2 0.10 i = i
g g3
W= =
é 0.0 ﬁ )
.05
b 3
@1
J 0.
WG MRS 25 0 50 100 XPHE A
EEEF/(mgkg™)
2.0 20
Moo 15 151
%( 1.0 10 ##
i i
QH e
= 0.5 54
0 04
MR OB 25 50 100 AR Y

L/ (mgkg™)

x4 *P<0.05 #P<<0.01; SHIBILHEE: *P<0.05
*P<0.01

#P<0.05 *P<0.01 vs control group; “P < 0.05

2.5 5.0 10.0
EER T (mgke )

60 ##

40

KT %

20

O.
YRR B 2.5 50 100
L H T (mg-kg™)

*P<0.01 **P<0.001, K 2~7[d.
**P < 0.001 vs model group, same as Figs. 2—7.

B EFEEMNRZNRMRRE. MBREYR. BTERNETHRENSME (Xts,n=6)

Fig.1 Effect of icariin on gonad weights, gonad index, sperm viability and sperm counts in aging mice (X £ s, n=6)

312 EFEENEZNREALHANESFHHE
W W 2 fis, SxPIRAL g, AN R R
L ARG /N B4R, IR AR R 40 R )= B
A, HepiREe, BAANFRRERE, CRaEE
A I 2t o = B B> (P<<0.01); H5REAY4 E
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Fig. 2 Effect of icariin on morphology of testicular tissue in aging mice (X £ s, n =6)

c
801 25+
== EES
#t
E 601 ) 208
N i
% = 154
407 =
1 § 10+
e i
W 201 R
041 0
MR REAL 25 50 100
EEEW/ (mgkg™)
2
A
1.57
g
GDNF|-— — S— —|2.4><104 § 1.0
B-actin [ w— ———4.2X 10* &
WP HEAY 25 5.0 10.0 50,5-
L E (mgkg ™) ©
B

sk
" ko c\\e
Eé
#t =
H
=
<t
z
@]
[
X ORI 2.5 50 100

FEEEY 25 mgkg!
< oS ",

VY 50m

X 8

gkg!

MR 25 50 100

PR/ (mgkg™)

IEEHH 10.0 mgkg

—1
>

s T e
L)
. .

A-Western blotting 46l % JLZHZ! GDNF & 1357k By C-%/Z LAl % AL PONA R AL (X400).

A-GDNF protein expression in testicular tissue detected by Western blotting; B, C-PCNA protein expression in testicular tissue detected by

immunohistochemistry (x 400).

&3

EFEENRZ/DREAALR GDNF REFHERAMILTEMNFNE (X+s,n=3)
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Fig. 4 Effect of icariin on Notch1/HES1 pathway related protein expressions in testicular tissue of aging mice (X +s,n=3)
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