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[(# ZE] HH: WHESSLHEE (SF) XERRA (LA) 7550/ B U B4 i TM3 #4603
(9 35 VR ] K HX KELCH R ECH A 6 1 1 (Keapl) /4P %K F E2AH G 12 (Nrf2) (5558
B 05, BT SF B0 th LA E S 0 TM3 20 i %046 57 3/ AH G VB AL . 7 8 . R e ek g
(MTT) ¥R (0, 10, 20, 50 #1180 pmol-L™") LAFMRFEWE (0. 12.5. 25.0. 50.0 7l
80.0 mg-L~") SF 435I+ Wi 24 h i i TM3 47776 %5 ¥ TM3 4N FEAL o A as (X IR 40 . LA 4.
LA+HLH & SFA . LA+HflE SFAM LA+ &EAESFA., BRa X Bash, H i 4 H ¥R A
50 pmol-L ™' LA %5 TM3 41 g 24 h # 57 TM3 40 g Ak iy i 8, Jop LA SF4L . LA+
7l i SF 4 A LA+ =l & SF 40 TM3 4l il /.43 51 45 7 12. 5. 25. 01 50. 0 mg+L™'SF. A MTT k4
M TM3 A s WST-1EEMBARE L ZR (TBA) A0 TM3 41 o Ak ¥ B LR (SOD)
TG PERTN 8 (MDA) /K°F-; Western blotting &l Nrf2 . Keap 1 17 2 e 2 & 1) K & 2 R 2 14 /K i
fitf 9 (Caspase-9) H M EKILKFE. &R MTTERM, 50 pmol- L 'LA4LELE, 10, 20, 50 fil
80 pmol-L ™" LA 41 TM3 40 g 77 7% R W B % ik (P<<0.01); 5 0mg- L 'SFAlE, 12.5. 25.0,
50. 0 F180.0 mg-L ™" SF 41 TM3 4 i /7 1% R B W FRAIL (P<<0. 058 P<<0.01); S5 LAZIE, LA+
FIiE SF2H . LA+ hl & SF 4 M LA+ 5557 i SF 41 TM3 40 o /2 1% R W B 7hs (P<<0.01); WST-1
PR TBAER , 5 LAHILE, LA+HMKHESFH . LA+ 8 SFAHM LA+ & # & SF4H TM3
A SODWE M At (P<<0.01), MDA K FHIRFEME (P<<0.01); Western blotting 451, 5
LA R, LAHMHE SF4 ., LA+l & SF 4L M LA+ &5 i SF 240 TM3 41 il v Nrf2 2 11 %35 K
IR TR (P<<0.01), Keapl fil Caspase-9 £ 1R iA K B B FEAL (P<<0.01). 45#: SFXILAER
TM3 240 j S AL B 3B AT — s VR, IF nTRR AR TM3 41 b Keapl 2 F1 835K F, T TM3 40
Nri2 8 H ik K,
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ABSTRACT Objective: To observe the improvement effect of total flavonoids of Sophora flavescens (SF)
on the oxidative stress in the Leydig’ s cells TM3 of the mice induced by lead acetate (LA) and their
influences on the Keapl/Nuclear factor E2-related factor 2 (Nrf2) signaling pathway, and to discuss the
potential mechanism of the improvement effect of SF on oxidative stress in the LA-induced TM3 cells.
Methods: The survival rates of the TM3 cells after treated with various concentrations of LA (0, 10, 20,
50, and 80 pmol-L.™") and SF (0, 12.5, 25.0, 50.0, and 80. 0 mg-L.~") for 24 h were detected by MTT
assay. The TM3 cells were randomly divided into blank control group, LA group, LA + low dose of SF
group, LA+ middle dose of SF group, and LLA-+high dose of SF group. Except for blank control group,
the TM3 cells in the other groups were induced with 50 ymol+L ™" LA for 24 h to establish the oxidative
stress model. The TM3 cells in LA+low dose of SF group, LA+ middle dose of SF group, and LA+
high dose of SF group were then treated with 12.5, 25.0, and 50.0 mg-L™' SF, respectively. The
survival rate of the TM3 cells was detected by MTT assay; the activities of superoxide dismutase (SOD)
and levels of malondialdehyde (MDA) in the TM3 cells in various groups were detected by WST-1 assay
and thiobarbituric acid (TBA) method; the expression levels of Nrf2, Keapl, and Caspase-9 proteins in
the TM3 cells in various groups were detected by detected by Western blotting method. Results: The
MTT assay resuts showed that compared with 0 umol-L ™" LA group , the survival rates of the TM3 cells
in 10, 20, 50, and 80 wumol-L™" LA groups were decreased (P<C0.01) ; compared with 0 mg-L~' SF
group, the survival rates of the TM3 cells in 12.5, 25.0, 50.0, and 80.0 mg-L~' SF groups were
significantly decreased (P<C0.05 or P<C0.01) ; compared with LA group, the survival rates of the TM3
cells in LA+low dose of SF group, LA-+middle dose of SF group, and LA—+high dose of SF group were
significantly increased (P<C0.01). The WST-1 assay and TBA method results showed that compared with
LA group, the SOD activities and MDA levels in the TM3 cells in LA+low dose of SF group, LA+
middle dose of SF group, and LA-+high dose of SF group were significantly decreased (P<C0.01). The
Western blotting results showed that compared with LA group, the expression levels of Nrf2 protein in the
TM3 cells in LA-+1low dose of SF group, LA+ middle dose of SF group, and LA-+high dose of SF group
were increased (P<C0.01) ,and the expression levels of Keapl and Caspase-9 proteins were decreased (P<C
0.01). Conclusion: SF has certain improvement effect on the oxidative stress in the LA-induced TM3 cells
and can reduce the expression level of Keapl protein and increase the expression level of Nrf2 protein in the
TMS3 cells.

KEYWORDS Sophoral flavones; Lead acetate; Leydig’ s cell; Oxidative stress; Kelch-like ECH-

associated protein 1; Nuclear factor erythroid 2-related factor 2

52 W # Wi (sophoral flavones, SF) 2 .}
Y2 TR TR — R EEEG RN, il E

(kelch-like ECH-associated protein 1, Keapl) /#:
A+ E2 15 H+F (nuclear factor erythroid 2-related

AN R RS B R SF EAH
B PUR . DU L PSRN R 2 R AR A
Pk SF Af 3 ik 8 1 5 RS T & O OGN B R RE
AR A KO, DT X AR R B A A AR /N B A A
e, AR LS AT BE 5 b AR A G,
{2 SF J& 7 38 i % i KELCH AR ECH M X% 1 1

factor 2, Nrf2) 15538 i 1M 7= A= Ho E Ak N e FH
K WAFFEHE . BERRH (lead acetate, LA) J& T
et e e W H S | B, LA BEAE /D 40 i iy
P A AL 0 15 M S bR R B &, DA g | AR 4
NN T T @ WL Uk R SR =R AR 9 SN
FEAL G B YIAI 5L P, Keapl/Nrf2 {5 5 B &



322 TR 224 (BE 2 i)

504 B2 2024 4F 3 A

M2 5 I8 19 BT AR s R Y 2 A T
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1.1 @R . £Z2XAMNPME TM340HE [ T E
MM EIEE; SF (4ifE>80%) (W% H R LAY
BHEABR AR, LA (1A A% 39 & 8RR A B2
A)l), @ DMEM B . I B A (dimethyl
sulfoxide, DMSO) . fig 4 Il # (fetal bovine
serum, FBS) . M Hr Mk &E A # (3£ E Gibeo 24
")), BEWEEE  (methylthiazolydiphenyl-tetrazolium,
MTT) KA F & (B REYHARAGRAA),
B E ALY AL (superoxide dismutase, SOD) Fl
N M (malondialdehyde, MDA) & il i 7] &
(P st AR TP ), Keapl Hifk . Nri2 4t
& F1 Caspase-9 Hi ik Je 28 AR BUL ) & . BCAHE
B i & . SX B ARG w5
X & . BT 245 ) 3% 8 11 Marker DL & ECL fk
SERNGERINAF & (b REER A RARD,
HLUKW . PRI . B bl . PR . —PUA R A
TYIMBWR (LEEAREVERAERAR); =
AALB B R4 (RS, 311) AR (RS .
SUNERGY-HTX) [ G /RB4 (hE) A
AR, BE P (BY. CKX4, HAR
Olympus /2~ al ), B, EECH KRS (F5S .
BE6085, %[ Bio-Rad A H]), BRI (B .
Alliance Q9, #[E UVItec 7)),

1.2 TM3 % B35 B TM3 40 M jicE T 10%
FBS+1% WHi + DMEM @i &5 32 5 p, & T
37°C. 5% CO, M FIE & 1)1 I % P Ky 3546 b i A7
R TR AR

1.3 MTT k4R LA #= SF % % # 36 TMS3 43 i
BEE ERAKRESRL . 2XEERKBM®
TM34iM, 4340, 10, 20, 50H180 umol-L'LAZ
PLJ O, 12.5, 25.0, 50.0#180.0 mg+L 'SF 4 .
Fie FRE AL 8 < 10° A 4t H 1% %% B8 s 200 Jf VR A8 W o T
96 FLANML KGR MR I, FEIERBE R 80%, K40
B4 T A TR W B LA R SF, 4k ii38 24 h JmA

20% MTT 4kt 3% 4 h, £ LW, A
150 pL. DMSO #&3% 10 min, JE§F5 A 7E 490 nm &b
K moe i (A) H. MiEAEE= [ (LHA
ABH—FHAAME) / (BAAHE-—=A4A
Aff) 1 X100%.

1.4 TM3@me & BB H & & 548 B
ARKRE R BXECERBIN TM3 40, 48
2SPNTREZH . LAZH . LAHKH & SF4H . LA+
FIHE SFALA LA+ SF 4L, Bras Fxt B2 4h,
Hofth 4% 20 4 % 1 50 pmol- L' LA i% 5 TM3 40 il
24 hdt 7 TM3 248 M S Ak iy R A, Horpr LA {15
SF 4. LA+ & SF 40 A LA+ & %  SF 41
B4 T 12.5, 25.0 F150.0 mg-L™'SF, #&F
BifRf PR gR 24 h 1

1.5 MTT 4@ &4 TM3 @B EEE  HH
MTT LRI “1.47 o TM3 40 07735 2, AR #
ERESE “1.37,

1.6 WST-1 # #= 5 &K & b % 8 (thiobarbituric
acid, TBA) 4 o] & 28 49 J F SOD #& & MDA &
P K4 TM3 40 M & 25 W b B 5, A A
200 pl 40 M 24 f# W E vk B f# 30 min, FIR
12 000 r=min 'B.0> 10 min, %8 BCA & [ 4 & i
S R e (8 R U BH A3 SR e TM3 41 it i 47 3 2 K
T, e R 1 B 5 2SR A I TME3 411 it v SOD
T M MDA Ko MR 4 3k & i B A5 v A B
SOD i P fl MDA 7K. SOD il R = [ (X} &
HAE-—FHAAME) — (MEHAAHE AU
AE) 1/ (MEBAAE-—FHAAME) X100%;
SOD K PE (U-mg™") =SOD Il %/ 50% X JZ Jf
KRR BB (0,24 1L./0.02 L) X BEA IR A
B % . MDA JKF (pmol-g ') = [ (M= 4
AE—=HHAAME) / (FEMAAE-ZFAHA
AME) ] XBRHE SR /REAS B LR

1.7 Western blotting 3 # | & 48 28 & ¥ Keapl.
Nrf2 #= Caspase-9 & & £ & R -F R EHE IR
A& U BERIERAMMEN, LB BCAEH
I s 4] U T P SR 40 M B R kUK
-, FEA)JE 100 CKIE MK 10 min, & T —80 C#d
IR VK FE R AE . o I SDS-PAGE % i il %
WA R A A, BRESE, HUk (M4 -
90V, AEk: 110 V), ¥ (110 V. 60 min) .
WYk (oW MK S5min, WEYE3W) . B (B
e 1 h) o jm A —3 (Keapl., Nrf2 Fl



RUBC, 4. 2 i B X I R 3 /0 Bl S8 AL ) it 240 M 4o B2 98 199 150 38 A 11 B % Keap 1/Nrf2e-+ -+ 323

Caspase-9: 4°C, 24h). MMA =%t (HRP: 1h).
WYE (. B Smin, WHE3IK) . BE (3%
B ECL b2 & ot 7 6 i 38 791 & 220K e ) 2 (5 )
BT AR A T B, R Image T B Ab 315k
PEXT R (A A AT . BB A REKE=H1
A K BEE/ NS IR A0 KA

1.8 %% 5 KA SPSS 22. 048 i1 i k47
it 2E i . 454 TM3 4735 %, 41 b SOD
1575 A1 MDA JKF K Keapl, Nrf2 fil Caspase-9 2 [
RIEKPYFEEEM M, DatsEm, Z410
FEA R BCR P B IR R 7 22 40 B, L1199 1 L 3R
KA LSD- K 8 . LA P<<0.05 N 22 % A 4 it 2

2 & R

2.1 LA#HFH TM3@mA#ESE 50 pumol-L™
LA4 (100.00%+0.01%) k%, 10. 20, 50
80 pmol-L™" LA 41 TM3 4 g 77 1% % (73.90% +
0.03%. 66.91%+0.02% . 57.78%+0.03% #i
39.13%+0.02% ) B & AL (P<<0.01), Hrp
50 pmol-L™" LA H 41 Mg /735 R T e & (57.78+%
0.03) %, MR EEJEAFTE 28T R 3 2 B0 i) 41 i
B, A] R Ak 24 Wk A ) 7 R A X 245 9
HI T 32 BE 3, WA 5255 3% 50 pmol- L7 LAAE N
2.2 SFiERWH TM3zmmAEER S50mg L 'SF
40 (100.00% +0.01%) ¥, 12.5, 25.0, 50. 0F
80.0 mg+L~' SF #H TM3 4 Jiil 77 1% % (99.13% +
0.01% . 98.90%+0.01% . 97.58% +0.02% #
72.73%£0.05%) BIRFEL (P<<0. 058K P<<0.01),
23 2@ TM3mieb®EE S pX KA
(100.00% £0.01%) L%, LA 4 4 M 77 % %
(56.50%+0.01%) WIRFEL (P<<0.01); SLAH
Fedr, LA+MEH & SF4 . LA+ dsl & SF 4/
LA+ 5 7 i SF 4140 Ml #7315 %8 (60.90% 0. 02% .
66.98% +0.02% M 77.50% +0.02%) W B F+ &
(P<<0.01).

2.4 K TM3%#mia+ SODE KA MDAKE 5
XA R, LA 4 TM3 40 4 SOD i 4 B
WREAR (P<<0.01), MDA KM B & (P<
0.01); SLAHHE, LAHEFESF4 . LA+
o) i SF AL LA+ & Il i SF 41 TM3 41 g h
SOD WE MM BT (P<<0.01), MDA K F B & [%
it (P<<0.01), W1,

£1 KA TM34ES SODIEHEM MDA KF
Tab.1 Activities of SOD and levels of MDA in TM3 cells in

various groups (n=3,x+s)

Activity of SOD Level of MDA

Group

A/(Usmg ] [my/(pmol-g™ )]
Control 40.0340.19 0.10£0.04
LA 35.414£0.71" 0.3540.01"
LA + low dose of SF 36.5540.13" 0.3240.01°
LA + middle dose of SF 37.4840.09" 0.2740.02"
LA + high dose of SF 38.684-0.09" 0.14+0.01

"P<C0.01 ws control group; “P<C0.01 vs LA group.

2.5 X4 TM3 %P Keapl Nrf2f» Caspase-9 &
BRZARFE HEAMNEALK, LAY TM3 40
N2 2 R A KCE B B E (P<<0.01), Keapl
F Caspase-9 5 H F ik K FEH B H & (P<<0.01);
HLAA R, LAHMEH&ESFA . LA+ h &
SF 41 il LA+ 5 i SF 4140 g 7 Nrf2 2 1 F 1k K
SR FE (P<<0.01), Keapl #1 Caspase-9 &
FRKFE BFEAR (P<<0.01). W12,

1 2 3 4 5 Mr
Keapl e ;- ' e e 67 000
Nrf2 _—— "-- 69 000
Caspased et W N - ()
GAPDH

- e W W e )

Lane 1: Control group; Lane 2: LA group; Lane 3: LA +
low dose of SF group; Lane 4: LA + middle dose of SF
group; Lane 5: LA + high dose of SF group.

E1 &4 TM341MdH Keapl Nrf2 fil Caspase-9%E H
FBHIKE

Fig. 1 Electrophoregram of expressions of Keapl,
Nrf2, and Caspase-9 proteins in TM3 cells in various

groups
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Tab.2 Expression levels of Keapl, Nrf2, and, Caspase-9 proteins in TM3 cells in various groups

(n=3,r+s)

Group Keapl protein Nrf2 protein Caspase-9 protein
Control 0.27-0.01 2.5740.09 0.3040.01

LA 0.57+0.02" 1.584+0.11" 0.60-0.01"
LA-+low dose of SF 0.45+0.02°" 1.60+0.22 0.49+0.02°
LA-+middle dose of SF 0.18+0.014% 1.87+0.12° 0.38+0.02°"
LA+ high dose of SF 0.13£0.014" 2.4240.23° 0.300.02°"

'P<<0.01 ws control group; “P<20.05, ““P<0.01 vs LA group.

b S R SR Y ST RAR, BA
PR | AR FNAE KR FE TR, & 22 A ) e A
MRS . SFAE M HIE R Z —,
FEALHE AR AR RS .
g8 Y W SF AT Btk o A A 2 AR A R BN
T A B AR AR i & (luteinizing hormone, LH) .
2 U G N L]
(dihydrotestosterone, DHT) 7K~F, Uk 4% K B i 51
JU FIORS 8 i o i, % R A0 A G AR HL A BE W s
EH . BFgT ™ S5 R W . SF X LA B SUE P /N
SR A — B PR E I, AT RS 5 2O
KEH MKMW E K ae i & &, (B AL
il ¥ AN B . AR LA 355 TM3 4 J 44 2
TM3 4 ffg 5 fk 0 2 A, 45 R R ). 12,5~
50.0 mg-L~" SF A] LA 2k 3% i1 LA 512 A9 TM3 41 ifg
FETE R AL, HFE SF AW EETHE , TM3 41
HEFEAE R n 5

SOD J& ML P9 K 9K £7 7 19 6 420 ) He 250 B I
¥, BAbUAEARPUE RN, BB R AE WK AE
B AR R O AR R R, B Y
By . SOD H PR &k K Fh i, R8G5 e 30 04 T2 1Y
TM3 41 W kb o TP 1Ll SOD G 1k, fig
i 5 fg i Ak P MDA FER N E L, FHEA A
B2 & i, 55 TM3 40 M & A A0 WO i,
a0 R B . AR B R 4 B R 12,5~
50.0 mg-L~" SF BE W% fff LA i S 19 TMS3 40 g b
SOD W& PE Tt . MDA KA, 98795 TM3 4f i
EAE AL T AR 5 R Y S H R AR A AR AL

Keapl/Nrf2 {5 5 18 pf 76 A= RS T, Keapl 7]
Rz AR AR Nrf2, 025 05 PR A 4R 53 BR i F

(testosterone, T)

W B IR, Keapl W 25 6%, 5 B0 Nrf2 1 bR &2
B, 51 Nrf2 By B & BRI , I 5% 47 31 40 g
b, R B AR D A 0GB RY kak TY
Caspase-9 J& 7 75 T 40 M 5T rf B A K L4540 (19 25 1
iy, 54 ER . ST L o
7% P KW . Caspase-9 52 3 Keapl/Nrf2 {5 5 i
B, Y Keapl/Nri2 {5 Sl s £k ZH, &
512 Caspase-9 8 [ R B KTy, 5 54 78 40 i
BT AFRE R TR 12.5~50.0 mg-L™"
SF fE M1 LA 59 TM3 41 i b Nrf2 2 (1 % ik K
-0 S TF R, Keapl Fll Caspase-9 25 1 3¢ 35 /K 7 1
WREAL, oo i LA S S 09 TMS 20 i 7 A4 19 R AL
N

Li LTk, SF A LABCGE i LA VE 51 TM3 41
JEL T 5 1 ) 240 M A7 3 R A AR, RS f8T TM3 21 i
t SOD i P 7185, MDA K FEAK, %t TM3 41 f
Hh Y AR N R A BCEAE T, R SE X LA
S TM3 20 M S0k 0 3 0 el 35 /E H AT g 5 5% i
Keapl/Nrf2 & 518 p§ A7 5C .
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