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[(HE] BE80:487m b 255 7 5808 4820 i 8 390 8 AR 8 v R 4/E2F #% 5% 7 (CDKA/E2F ) {7 45 38 I A 42 K RS2 L4l
2 % 52 JU I 340 L (Leydig) 40 A 8 2 18 43 F L o 77 3% AN 52 0 3% i 2 7 % SPF % SD Ml R B, 4% 1A o & Bt L35 432 25
(25T IR F0.9% S48 55980 RS ks A 41 (BE4H 20 H) . 100 wmol- L' H,0, 5 TM3 41 i 3£ % 8 37 Leydig 41 i 35 % 44
Y38 3 8 9% ED A 7 (Western blot) Kl p16 . p2 1 K - 56 e B R AT 50 o Ao S AL 77 N- 2 k2P B &R (NAC, 1 mmol-L")
A Ay 3 8 15 1 42 (ROS ) AY BH A X BB . R 5 34 4 AOAER (2.5% ) 71 (5% ) (188 (10% ) ¢ S35 I 375 1 990 400 0 3 e 6 BB s 3 A2 3
SEVE(ELISA ) I 52 40 i b 175 W% S 1 /K *F , Western blot 4 Il CDK4 \E2F1 E2F2 E (1335, shscm i 19 AR AR EEZ KRN
RV, 2 F W KBRAE R B ARAL, B X B R 5.21 mg kg~ d" TR 2 A B 7 5, 3ok A K P i s 4 43 500 2L 0.72 . 1.44
2.88 g-kg'-d' I EAEE o WE KR — MR O, Western blot & Jlj £2 #4021 h CDK4 \E2F1 \E2F2 iR H & i . SR e,
5IEH 4 % A1 4] CDK4 (E2F 1 6 3k W i 7+ 5 (P<0.05) , B2F2 W& KA ; 5 B0 21 L %5, N- £ 19k 2 e 2 R 41 B 5 ks 16 5710
2H CDK4 B i 7418 (P<0.05) , 5ok f v 530 45 20 g T &7, 585 1m0 7 e 2 CDK4 B 1 IR (P<0.05) , N-Z It~ I 24 112 2 E2F 1 9]
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FI A4 CDKA4 B T i, 5iokE Fr s 0 e 28 W] W R B (P<<0.05) , 5iokE J i 7l 4 28 E2F 1 W) B s 2D (P<0.05) , 5okG 1 45 71l 1 20 E2F2 3
W B T (P<0.05) . shi s vh 40 441 i A 41 CDK4 B 18 B AIK (P<0.05) ,E2F1 \E2F2 I Th i ; S5 A AU 21 He e, TR 1 52 i 41
Bt R IR 41 CDK4 W] R [ (P<0.05) , 50RG Fr i L 57 & 41 CDK4 B R i, 50RS Fr v ) k20 22 53 e 1 18 L (P<
0.05) , E2F1 W] i3 /> (P<0.05) , E2F2 W& FH 155 5 5 N-Z Bk e 2R 20 L AC %, 5ok v ob 8 7 Bt 21 CDK 4 R A 3 ] i F i (P<
0.05) , 58 4% R w57 4 40 E2F 1 2K (4 W @ 1 (P<0.05) , 30ks F 40 BE2F2 ¥ N R . 8518 58 il i 1% CDK4 3k -l E2F 1,
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[ Abstract]

prescription Qiangjing tablets regulate the aging of the testicular tissue and Leydig cells in rats through the cyclin-dependent kinase 4

Objective: To reveal the molecular mechanism by which the traditional Chinese medicine compound

(CDK4) -early 2 factor (E2F) signaling pathway. Methods: For the cell experiment, 2-month-old SPF-grade SD male rats were
selected and randomly assigned into a blank control group (administrated with an equal volume of 0.9% sodium chloride injection)
and a Qiangjing tablets group (20 rats in each group) according to body weight. The Leydig cell model of aging was established by
treatment of TM3 cells with 100 wmol-L" H,0,, and the modeling performance was evaluated based on the levels of p16 and p21
determined by Western blot. The antioxidant NAC (1 mmol-L") was used as the positive control for eliminating reactive oxygen
species (ROS). Cells were intervened with Qiangjing tablets-containing serum at low (2.5%) , medium (5%), and high (10%)
concentrations. The testosterone level in the cell supernatant was determined by enzyme-linked immunosorbent assay (ELISA) ,
and the protein levels of CDK4, E2F1, and E2F2 were analyzed by Western blot. In the animal experiment, 19-month-old naturally
aging rats were used as the model group, and 2-month-old rats as the young control group. The positive control group was
subcutaneously injected with 5.21 mg-kg'-d"' testosterone propionate. Qiangjing tablets were administered by gavage at low,
medium, and high doses of 0.72, 1.44, 2.88 g-kg"'-d", respectively. The general conditions of rats were observed, and the protein
levels of CDK4, E2F1, and E2F2 in the testicular tissue were determined by Western blot. Results: In the cell experiment,
compared with the blank control group, the model group showed upregulated expression of CDK4 and E2F1 (P<0.05) and slightly
downregulated expression of E2F2. Compared with that in the model group, the expression of CDK4 was upregulated in the NAC
group and the low-dose Qiangjing tablets group (P<0.05), slightly upregulated in the medium-dose Qiangjing tablets group, and
downregulated in the high-dose Qiangjing tablets group (P<0.05). The NAC group showed downregulated expression of E2F1 (P<
0.05) and E2F2, and the low-, medium-, and high-dose Qiangjing tablets groups showed downregulated expression of both E2F1
and E2F2 (P<0.05). Compared with that in the NAC group, the expression of CDK4 was upregulated in the low-dose Qiangjing
tablets group and downregulated in the medium-dose and high dose (P<0.05) groups. The expression of E2F1 was down-regulated
in all the three dose groups, with statistically significance in the high dose group (P<0.05), and that of E2F2 were downregulated
in all the three dose groups (P<0.05). In the animal experiment, compared with the young control group, the model group
exhibited downregulated expression of CDK4 (P<0.05) and slightly upregulated expression of E2F1 and E2F2. Compared with that
in the model group, the expression of CDK4 decreased in the testosterone propionate group and the low-dose Qiangjing tablets
group (P<0.05) but increased in the medium-dose (P<0.05) and high-dose groups. In addition, the expression of E2F1 decreased
(P<0.05), and that of E2F2 was slightly elevated. Compared with that in the NAC group, CDK4 expression was elevated in the
Qiangjing tablets groups, with statistical significance in the medium- and high-dose groups (P<0.05). Similarly, the E2F1
expression was also upregulated in the Qiangjing tablets groups, with statistical significance in the medium-dose group (P<0.05).
The expression of E2F2 was downregulated in all the Qiangjing tablets groups. Conclusion: Qiangjing tablets delay the aging
process of Leydig cells and testicular tissue by up-regulating the expression of CDK4 and lowering the levels of E2F1 and E2F2.

[Keywords] Qiangjing tablets; natural aging; Leydig cells; cyclin-dependent kinase 4 (CDK4)/early 2 factor (E2F)
signaling pathway
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1 &8 MULTISKAN GO # 4= I K fif§ #% 1% ( 35 E Thermo

1.1 ¥ 54008 SPF 2% SD Mk K B, W& T A%
HB IR RS 5 B W) AT BR A AL B A A% IE S SCXK
(J11)2020-030) , f1 45 19 A # 30 2 .2 A & 46 1 ;
TM3 40 g (/1N BRCS2 AL 1) 5 40 B, 0 1 = 05 2R 9 B 4
AR FE L HS CL0319) o BE AT K BRGE B 4 97
3~7 d, 5 3% TR BE 20~25 °C AH X 40%~70% .
12 W BRI FRERSG, A HIRERK,
1.2 (&3 DRI AR B 24 K2 B s e 3
Yy 1& BT (2020SDL-002) o
1.3 25 5EH R mAS CHH MR R
22 EEF GEEE A AR RERL 1115010 1
3:3:3MC LA A, 100 R/, B AE25 03 g/, AR
i 4.5 g-d (P4 B B 1 25 220070621,
it 5 20191008) . P B2 52 R 1 56 W (T 58 R
7 BR A A, B 2Y 5 <2016>110251054, 1 mL:
25 mg/3 ) 50.9% Ak 4R T S VU RS 2500 B Oy
AR A A, B oy o ¥ HS1021156, it 5
G219110306) ; Jik I 71 1% 4 Lk 22 44 ( 35 [# Sigma 28
A, it 5 P3761) 5 N- 4 Bt 2 M & R (NAC, 3 [
Sigma-Aldrich A &, #¢5 A9165) ; 5 A B (DU 1] 75 Bl
Bl A BRA A LS 181226) 5 pH 7.2 i R £h 28 wh ik
(PBS, I i 9 35 4= Wy BH Ry A BR A Al L it =
B310KJ) 5 jilt 3 4 32 UL V€ M 5 (RIPA ) 24 fiff W (8 )
2 F L T 9% 950 (PMISF, 100 mmol- L") & [ i i 2
fifg 7 ) 700U A 4 (50 ) BN A R IE T IR
(BCA) B 11 B2 I 5 0 (3G 9 7 ) ( Bl = K
A HE R A BRA R S 43 512 POO13B L STS06.,
P1050.P0010) ; 8- 3 &K 11 (B-actin) HL A& [ AC-15] .
BRAR i AL W) B (HRP) bR ic LU = 41 5 50 %8 Bk 25 A
(Ig)G H&L .ARPC5/p16 ARC Hii {&[EP1551Y ] .p21
YU [ EPR3993 ] \E2F1 A \E2F2 A [ EPR8622] .
CDK4 $i f& [EPR17525] (% & Abcam A #l , it 5 7
1 oh ab49900. ab205718. ab51243. abl09199.
ab137415, ab138515, ab199728) ; Clarity™ Western
ECL Substrate ( 3% [&] Bio-Rad 2 7 , 4t %5 1705060) ;
IhOR F Qe (RO 4R AN, S
ZH193907) ; 20 Ye i (BR g L R AEW A Al L 5
C200403).
1.4 U3 G50 B IR IS & (R Ui A= ) LB i
M PR FE] ) s SCIENTZ- 1T D 5 75 Ik 20 Bt F3 e HL
CT U Z AR B A PR A | ) ; HI850R %%
B O LR DAL B D LA SR A R A A ) K30 Y
T E A AN R A S A B A A
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il 3 A BR 2N 7)) s NY C-80 155 72 it € 43 IR (28 M i
KBSy B A FR 2N 7] ) ; Champ Chemi 610 %4 [ 3
b2 K GBI AR 2 G0 (b st FE AL BB A R
A ) ; UPR- I -15T AU 4fi K i & & 48 \UPHW-1V -90T
TR 4l 7K i 3 R g8 (DU AR S e 2h R A FR A AL ) o

2 FHik

2.1 4

2,11 FEM S H40 H 2 A% SD e K R
PR R AL 4 R 2 40 (R4 20 ) .25 (4L Lo
WA . =\ d T 5K 0.9% & 1k 8 il )
(10mL-kg" )#EH B RFAT 72 ¢ kg'EH (T
I PR A5 280 70 ek 10 A5 8 5) 1 . REH 29k, 4L 3 d.
KWL 251 he, I8 3 sh ik 28 BB , 4 °C %4 F
3000 remin” & .0 10 min( B .02FE42 5 em) , 20 5 I
B AR 4, IR A L 56 °C K T m ##
30 min K i #MA L 0.22 pom flFL I8 BTG B 2 08, o 2
J5i —80 °CURAF .

2.1.2 M EEFE /N ELSR LI N 40 A (TM3) & 95
Jo L M T 89%DMEM/F12 5 55 4k 1% BUHT (i
TR R R ) M 10% IR A4 G (FBS) Y 25 em® B 5%
R, BT 37 °C L 5%CO, M FN W FE % 55 77 48 P 8
Fr o UM BE A K 24 h S T 0 R 6 5T 75 3 (I BR O
£7 %) DMSO 5% B ) , >4 20 M @il & 2 3k 80% HIE 25 IE
H (5 Jo 2 W) B AT AR AR

2.1.3 4 Ky SLE I 64l IEE AL
FEERH NACZ (1 mmol- L") 50K A {8 7 2
(2.5%) P4 (5%) , 41 (10%)

2,14 AR R EEE MMM 6 fLik
J& , 100 wmol- L™ H,O, 4 P40 i , i F %% 48 h,
i o 2 R B 1 (Western blot) & Il 32 % #1 i
B p21 Mple ik, IS E MMl e

2.1.5 it 3¢ G 72 W BREI A2 7 CELISA ) il 15 77 i
W TR &S 2IM% 1000 r-min' . 10 min
(4 °C M) 47 BT , 57 )5 -80 *CHR A4 o 1%
0LV 2 R R L S AR ST 3 ming TS 4R R S
B AT 4 A, Bl AR OB K AG I (2 3 K 450 nm, S L
WK 540/570 nm) , 3l 3 DU S 502 45 i 2k (4-PL) #e 55
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2.1.6 Western blotKiill CDK4 E2F1 . E2F2 & H %
ik RIPA 24 i (5 25 il 4 1 50) ) 284 A A A 42 B
SV . BCA YA 2 25 vk B, B & 2.0 g- L'
95 °CHn#A 5 min B PEIR 1, 43 %% f5 -80 °CHR A7 % H -
10 wL/fL B4, 100 V 1 K HL UK 70~90 min, 100 V {H
JE % 7% 2 PVDF . 5% i A5 W5 Ky == I 4% IR £ 141
2h;4 CHEIRWET — Pk % (12~16 h) , Fi B L A1)
CDK4(1:1000) .E2F1(1:2 000) .E2F2(1:500) ; &
MR H P01 h, # B L] : CDK4(1:10 000) .
E2F1(1:5000) .E2F2(1:15000). J%H10.75 mL %
AR A 9 ECL TR, W5 4b 2 1% 30 s I , b2 &
AR AL R S &, Lane 1D #4443 By 45745 JK BEAR .
LA B-actin iy N Z K IE , H b5 8 H A X R Gk & =H
B 1K BE {E/B-actin JK B {H .

22 YLK

221 44 2HREFEMA,6 L. FA30H 194
WK B IER T L S, e . Riky
My AR EREAY N IR S 4L, i AE A
(N IN= P s

222 P HF AR B AR T A R B AR PR
EOKVEHE o K AR o AR A 4G T 0.72
1.44 288 g-kg"™ B H 1R, ELTH4E . NiR
SR 20 T N R 2 R U S (5.21 mg-kg ') R
VRS B R 39k, S T4 5 .

223 WM JEOE TE OB 2% B %
(50 mg-kg") 7% TR B, 20 i i (8 3 3h Bk &
Wi ) Kb BE S, 43 8 52 AL, 4 AR AF LT (=80 °C) M
HYREAR G0 A7 T -80 °CUKAS , 38 70 8 € T 4%
ZRMPEE) .

224 FHFARE-FO(HE) Y0 M54 4 2 L 208
BAAL K REA T 4% £ I WS [ 42 24 h, 2 JBLK
LG VI 4 pm B 22V R I RIS 60 °C L 4
4h, ZHEG 6, PRI E il T RAER¥D
TR SRR I o3 B 4 A %

22,5 S OUH U A % 5 Western blot i Il
CDK4 .E2F1.E2F2 [ & & S JUL2H 214 RIPA 3%
UL (5 1% 2 R AR ) vk 500K, 4 °cCRs Ly
(12 000xg, 15 min) FKHL [ & , BCA 15 5 & 11k
(B FRAL A ) » AR AR — B0, T Tt FE AR R
- TN 0 T g 58 s i Yk (SDS-PAGE) 43 B )i , fH &
HiL %% 2 PVDF I, 5 T 5% Wi AR 05 0 =5 i 2 IR & 1]
1 he —HEE 4 °CH IR o &, W B Lk ] . CDK4
(1:250) \E2F1(1:500) \,E2F2(1:1 000), TBST %%t

CDK4(1:5000) \E2F1(1:20 000) \E2F2(1:15 000).
e J5 ECLAR - ROtk B35 .

2.3 Biils¢ ik RH SPSS 26.0 it 2# ik F k47
PR R BER DL X + s 3RO AR U BCR AT &R
Ty 2250 B, BI(E  W5 22 H beRCR e/ B T 2
2 (LSD), LA P<0.05 W & R AT 5 it 28 XL,

3 &R

3.1 = ZE R SE  Western blot 25 R W /R,
100 wmol: L' H,0,41 i) TM3 Leydig 40 ig 7, % & 4
KA p21 Flpl6 U RIBWI & T 0 wmol-L"' H,0,
H (P<0.05) . UESZIZ S5 LY # & 7 TM3 Leydig
g OIS A I O A i1 A o 1< [ S
F1KE L,

#1 H,0,F5 Leydig AR EEE p21.pl6 EHRIE (X+s5,n=3)
Table 1  Expression of p21 and pl6 proteins in H,O,-induced

aging model of Leydig cells (x+s,n=3)

2190 # 4 /pmol - L™ p21/B-actin p16/B-actin
H,0, 0 0.90+0.10 0.90+0.10
100 1.26+0.16" 1.42+0.11"

45 0 pmol- L™ H,0, th# ' P<0.05

plé ”- 16 kDa

p21 s sws  21kDa

pracin S 2

A B
TE:A.0 wmol-L" H,0,41;B.100 pmol-L" H,0,41
E1 H,0,% % Leydig iz 2 A p21.p16 ZEH R IA MK
Fig. 1  Electrophoresis of p21 and pl6 protein expression in

Leydig cell senescence model induced by H,0,

3.2 BROKEF A A 2 I T X 3 & Leydig 4 L T /Y 5%
M) 5 E R M BRI TS T A R R R T K
B, SRR R, N-2 T2 e S R 4H T s R
HW R EFH(P<0.05) ;580K 5% Rl &2 20 T I 2
FEAR (P<0.05) , i f & T /K °F B i 7t & (P<0.05) .
W2,

3.3 uRAE B 24 I3 X = % Leydig 4il it CDK4,
E2F1 E2F2 R H WS 5 1E 4 24 3, A 10 21 4
it CDK4 % 4 W] i 34 i (P<0.05) ; E2F 1 #5 H & &
B T+ (P<0.05) , E2F2 WS [ A . SR 4 L g,
NAC 41 K vk B K7 & 41 CDK4 Rk ¥ B -7t
(P<0.05) ;NAC 4] E2F1 £ ik B & F &, (P<0.05) ;
sk A L L R 4 4 i R E2F 1 E2F2 £R 1R
K5 HA BT R (P<0.05) , LA i 790 v B T B e B
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5 NACH WL #, # fr s i &2 20 CDK4 B & | 7t
(P<0.05) ; 3 A% f & ) & 20 E2F1 B W K B (P<
0.05) ; 5 K% H 4% 57 5 4 E2F2 ¥ B B F&IK (P<0.05) .
L2 32,

CDK4 | A——— 7 LD
|

EOF2 M WS w47 kDa

E2F1 A
- ]
pricin. S —— . ..
A B C D E F

AR 4L B AL CNAC A D 3RORS 11K 7] f 41 5
E.S50KS Frep i 2 FL 0K g 0 o 21
2 ZBAMM T CDK4.E2F1.E2F2 & B R ik # ik
Fig. 2 Electrophoresis of protein expressions of CDK4, E2F1 and
E2F2 in each group of cells

3.4 SERKFA X AAREZRRENLHIE S FHE
Wi 5 AR 2 LA, AR 2 DN B SR AL 2 BRSO A A

AN RS N ZE S HE B A R D) B G O A
248 RESEAE VR IR, A0 B HE S ZK L, 1225 R IR
JUE SRR 2 LA TR T A ARG A0 B G, HE
G FA 7 JEA BN 45 s 1 U3 M, JC B 8 25 40
sk, WLE 3.

3.5 oK A X A AR KRS L 41 41 CDK4,
E2F1 E2F2 R (I RIAM M 55 F 4l e, Ay
41 52 AL 4 41 2 B CDK4 11 B AR 8 %, 1 E2F1/
E2F2 8 R T . SRBORA Lh i, IR 24 5
RS R IR 41 CDK4 K F-BH 8 B IR (P<0.05) ,
e AL TR v 4 B B T (P<0.05) 5
[SRicE TN Wk NG AN = B R N R T
E2F1(P<0.05) ,H E2F2 Bk 2 R L H i ¥ & X,
5N S AL L E R b L R i 4 CDK4 B B
LT (P<0.05) , H A5 5 241 B 8 5 50K A A% L v R
41 E2F 1 Wg 3 m, shnl s 4l il e B, 22 5% A St
R L (P<0.05); E2F2 5 2 % H 22 5% 0
gitFE X, WER3 K4,

®2 BREASHMEMNEE Leydig M T.CDK4.E2F1.E2F2 F B R L HH I (rts,n=3)
Table 2 Effect of drug-containing serum in Qiangjing tablets on expression of T, CDK4, E2F1, and E2F2 proteins in senescent Leydig

cells (x£s,n=3)

20 51 Fil /g kg T/png L' CDK4/B-actin E2F1/B-actin E2F2/B-actin
EH A 5.43+0.54 1.22+0.19 1.18+0.16 1.16+0.14
AR 4.93+0.48 1.71+0.13" 1.54+0.22" 1.01£0.13
NAC# 0.163 5.97+0.49% 2.10+0.20"% 0.83+0.13"% 0.88+0.11"
A A I 4L 1.8 4.70+0.75">% 2.18+0.31"? 0.60+0.07"% 0.52+0.04'>
SR R v 7 2 3.6 4.79+0.69% 1.9120.21" 0.60+0.06"> 0.51£0.05"%
SR A v ) e 4 7.2 5.20+0.38>% 1.29+0.15% 0.46+0.05" 0.55+0.08' >

s SR 4L 8 U P<0.05 5 5 3 SRR 4 H#% P P<0.05; 5 NAC 41 H %% 2 P<0.05

AR B HAA T SR C.INFR B AIAL; D. oo A 50 5 2 B ool 1 i ek 201 5 P SiORS 1 e 0 k241

B3 BEAMARARZARZAALARSENZM (HE)

Fig.3 Effect of Qiangjing tablets on morphological changes of testicular tissues in naturally aging rats (HE)

4 itig
s A Ol o S %0 R AL A D R L B BE R
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®3 BERAMAKEZAREAAL CDK4.E2F1.E2FR2EBAREMFIN (x+s,n=3)
Table 3 Effect of Qiangjing tablets on protein expression of CDK4, E2F1 and E2F2 in the testicular tissues of naturally aging rats (x+s,n=3)

21 5 il /g kg CDK4/B-actin E2F1/B-actin E2F2/B-actin
EH 4l 0.91+0.10 0.89:+0.12 0.89+0.1
by Bk 0.78+0.08 0.94+0.07 0.91+0.13
TR TR 2 i 21 5.21x107 0.53+0.05'"% 0.50+0.06"% 1.08+0.16
SR R I 4L 0.72 0.54+0.05"% 0.52+0.05"% 1.03+0.15
SRS R 7 A 2 1.44 1.25+0.14"2% 0.74+0.08" 1.04+0.14
SRR R e ) R 4L 2.88 0.93+0.13 0.51+0.04"% 0.98+0.14

TS IE R4 P<0.05; 5 5 BB 4] A 2 P<0.05; 5 78 TR 52 B 40 L %8 ¥ P<0.05

A B C D E F
AR B H AR R BB AL C3R0RT ) B 41 DL IR
Jr PR 2 B SRR R IR ik 21 F TR SR A
B4 |HAEZHMAL S CDKI.E2F1.E2F2E A REEK
Fig. 4 Electrophoretic analysis of protein expression of CDK4,

E2F1 and E2F2 in each group of testicular tissues
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