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[ Abstract]  Objective To explore the protective effect and associated mechanism of action of estrogen on oxidative
stress injury of mouse MC3T3-E1 osteoblasts (OB). Methods MC3T3-E1 cells cultured in vitro were divided into a blank
control group, H,0, group (300 pmol/L), H,0,+ 0. 1 pmol/L estrogen group, H,0,+ 1 wmol/L estrogen group, H,0,+
10 pmol/L estrogen group, and H,0,+ 1 mmol/L NAC group, which were incubated with the corresponding concentrations

of the drugs. The proliferative activities of cells in each group were determined by CCK-8. The apoptosis rate and

[E& T 1 #H0E TAEREZ SR E (WI2019F016)
Funded by Scientific Research Project of Hubei Provincial Health Commission ( WJ2019F016) .
DBEEEIRRE(1969—) , 5, B FALBEIN, AL, HF5E 07 W 47498 5Y . Email : huangkanping@ 163.com



o SE G B2 A4 2020 4 12 A 55 28 %55 6 ] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6

825

mitochondrial membrane potential (MMP) were determined by flow cytometry. The levels of malondialdehyde (MDA) and
superoxide dismutase (SOD) were determined using kits. The level of reactive oxygen species (ROS) was determined by a
fluorescent probe method . The expression of Smad5, Runx2, Bax, Bcl-2, and cleaved Caspase-3 proteins was determined
by western blotting. Results Compared with those in the blank control group, the proliferative activities of cells were
significantly decreased (P< 0.05), apoptosis rate and positive rate of JC-1 cells were significantly increased (P< 0.05),
levels of MDA and ROS were significantly increased (P< 0.05), SOD activity was significantly decreased (P< 0.05),
expression of Smad5, Runx2, and Bcl-2 proteins was significantly decreased (P< 0.05), and expression of Bax and
cleaved Caspase-3 proteins was significantly increased in the H,0,group (P< 0.05). Compared with those in the H,0,
group, proliferative activities of cells were significantly increased (P< 0.05) , apoptosis rate and positive rate of JC-1 cells
were significantly decreased ( P< 0.05), levels of MDA and ROS were significantly decreased ( P< 0.05), SOD activity
was significantly increased (P< 0.05), expression of Smad5, Runx2, and Bel-2 proteins was significantly increased ( P<
0.05), and expression of Bax and cleaved Caspase-3 proteins was significantly decreased in the H,0,+ 1 pmol/L estrogen
group, H,0,+ 10 pmol/L estrogen group, and H,0,+ 1 mmol/L NAC group (P< 0.05). Conclusions Estrogen may
reduce the level of ROS in MC3T3-E1 cells damaged by oxidative stress and improve the differentiation ability of cells by
activating the expression of the Smad5/Runx2 signal axis.

[ Keywords ]

estrogen; osteoblast; oxidative stress

Conflicts of Interest; The authors declare no conflict of interest.

48 2 J5 B BT B FA SE ( postmenopausal
osteoporosis , PMOP ) J2 Il R i UL i — Fofr 2o P 45 14 A
KRG B # R AT M0, 540 T W] IR B
ot & e AT R B B9 BE T R T IR SRR IR 2
SR BE LA TR W R, KRR ATIA 10%
~20%""7 , BRAEBFICIA N, PMOP 28 il T HERR
Bz g SR U AR R B9 R Y AR R R
PMOP 1) T 2 & 95 ML, 7% P % (reactive oxygen
species, ROS) ¥ i n] LA 5 hl A 41 M ( osteoblast,
OB) MR AR 1, 52 ) - o ) PRI 8, 3
AT, OB & &8 i iy 2 D) Re 40 M, >k
T8 B CERE S E ANA L AT LG BT 2
FAEYISE T, B 5B R M E S o
FERIR , B 26 28 391 43 2o A 0 38 A, HLAR 4T 4R
ARG RE R PR, 24N ROS B2, 7]
BB AT e, S B T MR R
YIRS N IR OER P LAV S R A e A R
20 0 160 %) P-4, %k T B BT RN B e B
YERY . ATAESRBI ST W, 9 3% mT LA 3 55 1k 1
PEENER 38 b A A B 0 3k ) I8 755 i 240 A
J T AR M ) T35 P, A 45 B WSO RN % i 1) P A, (LG
FLAHFE FHRBIL ] i ARG A R, AR 58 4
T MR/ US4 MC3T3-E1 48 Ak B 30
I BRI, JFBE— 20 BT T X MC3T3-E1 46
o3 AERE T3 052 i R ML, & e o MESCER 72 PMOP
BT B SR A —E R BEIRARE

1 #Mel57FEZ%
1.1 #

1.1.1 Zujim
MC3T3-E1 21 o FE R B L A BT
e

1.2 FEEH S5

B-UE P (HIE5 190409) M [ i 8 A R
HA R A o-MEM 8557 5E (%5 190615) (10% i
A 1MYE (5 190407 ) . CCK-8 6 Mt 3 & (4t 5
190712) Mg I _F i 2Bk 2 Bl 4 A FR A 7] 5 Annexin
V-FITC/PI i T4 M1 7] & (4t 190916) F1 ROS
DENCHRET M H b B SRR DR A R 75 JC-
1 %Y B % W H Molecular Probes 2y w]; T — ¥
( malondialdehyde , MDA ) (It 190410) Fl#8& fL¥)
AL ( superoxide dismutase, SOD) (L5 190326)
W4 A R A R A R W b B Smads |
Runx2 Bax ,Bcl-2  cleaved Caspase-3 . B-actin H. 5[5
PURFIHAR 1 % 1L B (horseradish peroxidase , HRP)
PRC PR 1eC BT 3EE CST A H],

MECHAMIAY ( FACScan ) W H 2 [# FranklinLakes
N 22 T RE B AR AR I X (iMark680) ) ' Bio-Rad
o) G (ix71) 1 B B A Olympus A #]
1.2 A&
1.2.1 MC3T3-E1 i i Ak 1 i A A 78 iy gt 57

¥ MC3T3-E1 403557 T B 70 50 10% 340K
TR T 1 o-MEM B335 3, & T 37°C .5% CO,



826 rh [E SE I A 2020 4F 12 A4 28 %55 6 1 Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6

T IRAA RN RERE 57 B R A 2 A IR, R BE
IR XU KI5y R 2s A BR 4 HL,0, 4
(300 pmol/L) \H,0,+ M2 0.1 pmol/L 41 .H,0,
+ MEFLE 1 wmol/L 41 H,0,+ HEFZE 10 wmol/L 41
A H,0,+ NAC 1 mmol/L 4, BRZs FAXHIRAUIMA o-
MEM 5535041, Hofl 45 A 40 Mo 34 A & H,0, (&9
4 300 pmol/L) HYI5FRIEIFE 3 h, 5T AN
05, AP SR TCINEBE IR VL 2 i, BR2S X
HEZH A1 H,0, AINA o-MEM 55350 40 , Hofth 4% 20 40
PRI TIN5 A R R 3 24 ) 1 B R R AR 0, B
24 h R, FHF ARG A I ) A = R AE
1.2.2  CCK-8 550 6 il 4 o iy 34 58

UM BERE 37 24 h 26450 R 1 100 240 L R T
A5 PR A M B R, A 3 x 107 mL A 2
96 fLHR,37°C .5% CO, FiF=AH P IGBERT 3% 24 h )5,
ST S AN 2R , 4300 T 24 .48 .72 h A,
FEREFRUL , LA A 10 pl. CCK-8 15K , AkLi by
35 4 h, R HEEFRSUE 570 nm K B EEE
1.2.3 BRI 4 E MDA F1 SOD /K-

B A S AHD R RE 2000 24 h (040, W 2s
R FR3k  PBS Uk 3 WKJE R 1P 20 247 T AE 1 24
20, B0 (10 000 rpm, 10 min) , B E3#% , BACEL L
PR VEATI MDA ; B R S8 AL A SOD 7KK
1.2.4  ZOUHREFRAN A LAY ROS 7KF-

FHTCIMIE 19 o-MEM 3% 3% 7 B¢ DCFH-DA (4
WIE R 10 pmol/L) B8R B 2 S5 40 I ok 3
5YWEE 24 h AHAE, W L3553, A DCFH-DA
R w0, R 20 min ST, SR G IV 40 i
RSV AR I A AN DCFH-DA | 28 G AR X
Kl ROS 7K,
1.2.5 G A SRS 4t e g 9 1

S 2 SAR N R BE 29I 24 h B9, 250
(1000 rpm, 5 min), 3 B, KN A 5 uwL )
AnnexinV-FITC F1 propidium iodide #1748 | =&
BEEIFE 30 min, 28 70 H B9 405 i g5, R AR
AL ST T A TR
1.2.6 3 4 A SRS I 4 i 2 A% 5 Hi A7

B A SN R B2 BEE 24 h 19 40
2. 5% i 1k, B0 (1000 rpm, 10 min) , Il A
1 mmol/L#Y JC-1 Y0 TAEE W | mL,37CIHH
30 min, JC-1 Z& #RTE 3 WK , B8 20 WA T 4
Mrac o A AT JC-1 PHEER
1.2.7 Western Blot & 40 04346 A8 17 AH 5 25

ik

HUAS A1 S AH N MR FE 208 24 h (4000, 40
SIS TE 5 4 BCA LT 2 i, SDS-
PAGE & LUK, 7% B, = iR 36 2 h, n A — it
(Smad5 .Runx2 , Bel-2, Bax Fll Cleaved Caspase-3, #i
FELLBIE R 1:1000) 4°C 9 5 3372, LA B-actin 1E R
WS, YE BN HRP #5140 A9 — BT (56 Bt 6
1:5000) =M EF 2 h, AL ROECRZ, Xt L
AR
1.3 FiTES

K HI SPSS 22. 0 B A4 X} it A5 85 4 2E 45 40 Hr,
RIESS TR R LA + bR (x £ 5)
T, R R 5 22 0 B Le B A ) 25 S i 5
W] LA 25 5, SR FH SNK-q L 488 19 2 18] 22 S 4k, LA
P< 0.05F /R ERHEAGIHE L,

2 R

2.1 WEHEXT MC3T3-E1 4B 58 (9 521

F 1451 BN, 525 A0 IR e, H,0, 4140
PRLAEAS [ B 8] 55 07 38 5 05 14 B 82T B (P< 0..05) ;
5 H,0, H L, H,0,+ HEFZE 1 pmol/L 41 H,0,+
WEBLZ 10 pmol/L 41 A1 H,0,+ NAC 1 mmol/L ZH 4
JHLAEA [ 0] o5 A 348 5 P W s (P< 0..05)
2.2 BEEEX MC3T3-E1 4B0E 7K R 820

T AN AR I &5 SR s (& 1), 528 [t g
ZHHEE, H,0, HAN T TR B W T s [ (11,74 +
2.18) vs (4.85 + 0.53),P< 0.05]; 5 H,0, AL
B,H,0,+ MEFE 1 wmol/L 41 H,0,+ HEFLZE 10
pmol/L 411 H,0,+ NAC 1 mmol/L 41 4 fifd i & T
R TR (8.86 + 0.95) (6.71 = 0.72) .(6.53
+0.65) vs (11.74 + 2.18) ,P< 0.05],
2.3 EEEXT MC3T3-E1 40 Bl 2 4 44 B& B8 {32 i4
=21

T ARG I 25 SR R () 2) , 5245 X R
LA H,0, AN JC-1 PHAE: 20 it 2R BH g 38
[(9.70+1.53) vs (3.85+0.42) ,P< 0.05] ;5 H,0,
ZHELEE, H,0,+ BEFEE 1 wmol/L 41 H,0,+ M E
10 wmol/L £ F1 H,0,+ NAC 1 mmol/L 4 JC-1 PH¥E
YRR R (7.82+0.93) . (5.61+0.65) .
(5.5420.62) vs (9.70+1.53) ,P< 0.05],
2.4 BEHEIT MC3T3-E1 4056 & £ 5 8 7k F 54
=AU

K24 RER, 5 AN B4 R, H,0, 4



PP [ S2EG B W) 2020 4F 12 A5 28 45 6 3] Acta Lab Anim Sci Sin, December 2020, Vol. 28, No. 6 827

MDA F1 ROS K~F-H1 8 Ft& ( P< 0. 05) ,SOD i 14 B
BRMBE(P<0.05) ;5 H,0, 41 1L#, H,0,+ M
1 pmol/L 4 H,0,+ M ZE 10 wmol/L 411 H,0,+
NAC 1 mmol/L Z1 MDA Fl ROS /K °F B & F [%
(P< 0.05),S0D &M B 5 (P< 0.05)
2.5 Ui EX MC3T3-E1 4 il Smad5, Runx2,
Bcl-2 . Bax #0 cleaved Caspase-3 Fi% RIS

K3 383 45 B, 52 [ A AL H,0,

ZHANM Smad5 . Runx2 Fl Bel-2 2 1 R iAH  T %
(P< 0.05) ,Bax fl cleaved Caspase-3 £ 13¢5 i
TR (P< 0.05) ; 5 H,0, 41 H#, H,0, + M R
1 pmol/LZH \H,0,+ M2 10 pmol/L 41 H1 H,0,+
NAC 1 mmol/L ZH 4 ifi Smad5 , Runx2 1 Bel-2 & 4
PR T (P< 0.05) , Bax #ll cleaved Caspase-3
HEAREE FFE(P<0.05),

R OMEMEXT MC3T3-E1 AR FEI IR (n=6, x £ 5)
Table 1 Effect of estrogen on proliferation of MC3T3-E1 cells (n=6, x £ 5)

2151 Groups

24 h

48 h

72 h

25 X R4 Blank control group
H,0, 41 H,0, group

H,0,+ MEFLZE 0. 1 wmol /L 41
H,0,+ estrogen 0. 1 wmol/L group

H202+ ﬂt&?gj:?&rf 1 }Lmol/L gﬂ
H,0,+ estrogen 1 pmol/L group

H,0,+ WEELZE 10 pmol/L 41
H,0,+ estrogen 10 pmol/L group

H,0,+ NAC 1 mmol/L H
H,0,+ NAC 1 mmol/L group

F

P

0.685 + 0.024
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0.331 £ 0.026 "

0.427 + 0.021**
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0.520 + 0.025**

96. 752
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H 5 AXIRAM L, * P< 0.05;5 H,0, 4, *P< 0.05, (FEF)
Note. Compared with blank control group, *P < 0.05. Compared with H,0, group, *P < 0.05. ( The same in the following tables)
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Figure 1 Effect of estrogen on apoptosis of MC3T3-E1 cells
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xR H,0,4 H,O,+ESE 0.1 pmol/L4
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T e T T e
Hp;[ﬂﬁﬁ%l umol/L4L HZOZJrﬂﬁ?ﬁﬁ]O umol/L4L H,0,+NAC 1 mmol/LZH
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Figure 2 Effect of estrogen on mitochondrial membrane potential of MC3T3-E1 cells
R 2 MEMERRT MC3T3-E1 40 A AL oK R (=6, x + 5)
Table 2 Effects of estrogen on oxidative stress in MC3T3-E1 cells (n=6, x £ s)
205 Groups MDA ( nmol/mg) SOD( U/mg) ROS(%)
25 T HEZH Blank control group 3.45+0.34 27.80 + 2.13 9.75 + 0.78
H,0, 4l H,0, group 6.78 £ 0.68" 20.36 + 2.07* 14.48 + 1.24”
H,0,+ M 0. 1 pmol/L £ . . .
H,0,+ estrogen 0. 1 wmol/L group 6.51 + 0.66 21.07 + 2.20 13.42 £ 1.25
H,0,+ MR ZE 1 pmol/L 41 ea . ox
H,0,+ estrogen 1 pmol/L group 5.32 £ 0.51 23.65 £ 2.24 12.56 £ 1. 21
H,0,+ MEF4ZE 10 wmol/L 4 oh s s
H,0,+ estrogen 10 wmol/LL group 4.76 + 0.43 25.71 = 2.15 10.61 = 1. 06
H,0,+ NAC 1 mmol/L 4 - - ox
H,0,+ NAC 1 mmol/L group 4.51 +0.45 25.89 + 2.21 10.74 £ 1.02
F 87.451 26. 143 52. 695
P < 0.001 < 0.001 < 0.001

%3 MC3T3-El 40l Smad5 ,Runx2 Bcl-2 Bax Fl cleaved Caspase-3 32i5(n=6, x + 5)
Table 3 Expression of Smad5, Runx2, bcl-2, Bax and cleaved caspase-3 in MC3T3-E1 cells (n=6, x *+ s)

2073 Groups Smad5 Runx2 Bel-2 Bax cleaved Caspase-3
25 % BB ZH Blank control group 0.25 +0.02 0.30 £ 0.03 0.27 £ 0.03 0.25 +0.03 0.24 + 0.02
H,0, 41 H,0, group 0.18+0.02*  0.21+0.02*  0.22+0.02°  0.48 +0.04" 0.45 £ 0.03*
H,0,+ M Z 0.1 pmol/L 2 N B . . R
H,0,+ estrogen 0. 1 pmol/L group 0.18 £ 0.02 0.22 + 0.02 0.23 + 0.03 0.47 = 0.04 0.44 £ 0.04
H,0,+ MEFE 1 /L 2 . . .
O 0.20£0.02°*  0.25£0.02°%  0.27£0.03*  0.41£0.04""  0.39+0.03""
,0,+ estrogen 1 wmol/L group
H,0,+ HEEEZ 10 wmol/L £ e v v v o
H,0,+ estrogen 10 pmol/L group 0.22 + 0.03 0.27 + 0.03 0.30 + 0.03 0.34 + 0.03 0.33 £ 0.03
H,0,+ NAC 1 mmol/L 4 " cu vt i i
H,0,+ NAC 1 mmol/L group 0.22 + 0.02 0.27 = 0.02 0.30 = 0.02 0.33 + 0.03 0.33 £ 0.02
F 77.961 63. 285 17. 632 95. 240 89. 437
P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
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Figure 3 Expression of Smad5, Runx2, bcl-2, Bax,
and cleaved caspase-3 in MC3T3-E1 cells
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