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 E: B ET SIRT3 A-SEAMIETIE S 50T 2 2 5B s FaiE (OP) [T FfE A0 FHLHl. 755% 40
RKBR T GBS im ST (A s OP KRR, HIEBON RN BRI, K2 MmIKH). & (25, 100 mglkg) 7il&
M, PIeEREY (1 mgkg) 4, f4H 10 X, HEC10 RIEWEFERR R BA . EHRRIhES 2 ASH KRS ST
Tile KM Micro-CT T REVE % (BMD) FIEMEEH; 253K - R4 (HE) Zt SRR & A IR EEE;: ELISA
AR SR B AR FR AR A0 G R AR TUNEL B (il ok U B AN JA T80 CAD; Western blotting YA K
BB HLSA %= 2 BHLEE 3 (SIRT3). B kAT 2 (Bel-2). BilkEAE-2 #H2EH (Bax) £ik. R SEMYALL
B, #Z W 25, 100 mo/kg 40K BB A ZUR BT W R, R BMD. BT (BVITV). B/ EEE (Th.ND. &
ANREE (Th.Th). B#EEHE (Conn.D) HRET &, BH/NESEE (Th.Sp) BEML; MiEWMEHKRE (ALP). TH
AR R R RT R (P INP) ACFRBEL S LEE (SOD). A H ki ikl (GSH-Px) Gt &3 T wr, 1 BRI
BAHRImK (CTX-1) KF. Wl (MDA) FEIJEZEFK, KREHEHL Al. Bax EHREREEEEK, SIRT3
Bol-2 EARLEEETR, ZRBEGIHHHE X (P<0.05). 22 100 mg/kg 4K R iR e br 1 820 T35 2 1 25 mg/kg
H, ZRAEGITFEX (P<005). £t FZWHolfeiid i SIRT3/Bcl-2 {5 5@ B 8 1B AR AR KT I A0 R
0 R AT, TR OP 774 KT RO LRI FT

KHIR: KW EPUGAAAE: ZXZEU0EE 3 AT SALSIEL BN

hESES: RIES5 YRR : A NERES: 1674 - 5515(2022)07 - 1445 - 07

DOI: 10.7501/j.issn.1674-5515.2022.07.004

Study on intervention of tea polyphenols on osteoporosis based on SIRT3
mediated osteoblast apoptosis pathway

SHENG Dong, YIN Zhen-yu
Department of Orthopedics, Zhangjiagang Hospital of Traditional Chinese Medicine, Affiliated to Nanjing University of Traditional
Chinese Medicine, Suzhou 215600, China

Abstract: Objective The intervention effect of tea polyphenols on osteoporosis (OP) and related molecular mechanism were
analyzed based on SIRT3 mediated osteoblast apoptosis pathway. Methods Forty rats were injected with hydrocortisone
intramuscularly into the buttocks of the hind limbs to establish the OP rat model. The rats were randomly divided into model group, tea
polyphenol low and high (25, 100 mg/kg) dose group, and alendronate sodium 1 mg/kg group, with 10 rats in each group. Another 10
normal rats were set as control group. The rats in each group were given drug intervention in the second week after successful
modeling. Bone mineral density (BMD) and bone microstructure were analyzed by Micro-CT, HE staining was used to observe the
pathological morphology of rat femur, serum bone metabolism and oxidative stress were detected by ELISA, TUNEL staining was used
to detect the apoptosis index (Al) of rat femur, the expressions of d Sirtuin 3 (SIRT3), B-cell lymphoma-2 (Bcl-2), and
B-cell-lymphoma-2 related protein (Bax) in rat femur were detected by Western blotting. Results Compared with model group, the
pathological damage of bone tissue in tea polyphenol 25 and 100 mg/kg group was significantly reduced, and the BMD, BV/TV, Th.N,
Tb.Th, and Conn.D increased significantly, and Tbh.Sp decreased significantly. The levels of ALP, P I NP, SOD, and GSH-Px increased
significantly, while the levels of CTX- 1 and MDA decreased significantly. The expression of Al and Bax protein in rat femur
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decreased significantly, while the expression of SIRT3 and Bcl-2 protein increased significantly, the difference was statistically

significant (P < 0.05). Above indexes of rats in tea polyphenol 100 mg/kg group were significantly better than those in tea polyphenol

50 mg/kg group, and the difference was statistically significant (P < 0.05). Conclusion Tea polyphenols may regulate the level of

bone metabolism, alleviate oxidative stress, and inhibit osteoblast apoptosis by regulating SIRT3/Bcl-2 signaling pathway, thus have a

good protective effect on OP.
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520191027 ). BCA #&H Al w Wl & (ks
01803E). #AKs - 4 (HE) #tikil&a (its
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Pt (#t'5 ab221660) ¥4 H 3 E Abcam A .
1.3 ELWHE

131 OP KA KERWMFE 1 AJERENLE
B 40 K, 23 Sk 7 iEPILLU A A Ja TR RS B i i i
AT )5 BB im 20 mg/kg (5 mg/mL) SAL AT KA,
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AR, A e v R R, A KRR IR S
H, FRBOIZI Y OP HALERI K.
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M5 A B QeSS (ALP. P INP. CTX-1) /K¥F
AEA N #deFr (MDA, GSH-Px. SOD) &,
1.3.7 TUNEL et KRB Bz vy £ e U R Moty
K, EWRERIN 20 pg/mL E AR K EREE,

RN E VLA BTG thbRic, 7E8RREE N g
TUNEL FHE40M, T RHMAIEER A, HE
AT TR AL (AD.
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14 HirFERHE
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2 SR
2.1 ZFEZEX OP AR BMD BB M4SN
ExtiE A, A KR BMD. BV/TV.
Th.N. Tb.Th. Conn.D ¥J& 24K, Th.Sp &= Tt
5 (P<<0.05); SHEAYZ LLAE, A2 Wy 25. 100 mg/kg
. Bl BERR AN AL K B, BMD. BV/TV. Th.N. Tb.Th.
Conn.D # & 5, Tb.Sp &AL (P<<0.05);
5752 Wy 25 mglkg 4HELE:, A5 2W 100 mg/kg ZH AN
B[ B ER ALK B BMD. BV/TV. Th.N. Th.Th.
Conn.D ¥R # T, Tb.Sp BEEML (P<0.05),
nE 1. E 1.
22 FEZE% OP KR BHLARBEFRSHEN
SHRA M B NS TR, gis), B
HeF135), Bl R BREAE /NS BRI
Wrzd, B NRALBREER R, H4uMHES L, B RE
B R B, A2 Wy 25, 100 mg/kg ARG [ R
N NI S R G AN R R B N, 4l
MIHEFV RS, BN, LA 2.
2.3 FZEAX OP KRIMFE B R HEIRK TN
Eixh iR b g, AL IMIE ALP. P T NP /K
B, CTX- 1 K FTHE (P<<0.05); SAAIZH HLEs,
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ALP. P I NP /KR E T, CTX- [ /K ZFIK
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x1 ZSEx OP XK BMD RBHMEAMNEN ( x+s, n=10)
Table 1 Effects of tea polyphenols on BMD and bone microstructure of OP rats ( x +s, n =10 )

ZH 7 &/(mg kg™t) BMD/(g€m=3) BV/TV/% Th.N/mm Th.Th/um Th.Sp/um Conn.D/mm3
papiict — 0.57£0.06 1.33+0.15 10.61+1.10 58.46+6.22 1.62+0.15 127.46+11.92
it — 0.25+0.02" 1.02+0.09" 5.38+0.51" 30.78+3.19" 3.26+0.30" 73.56+8.35"
®ZMH 25 0.32+0.03* 1.13+0.11* 6.93+0.70* 41.52+4.13% 2.78+0.28* 85.11+8.92%

100 0.45+0.04%4 124+0.13%*4 874+0.89%4 4930+5.47% 1.80+0.16" 98.62+10.14%
e T 1 0.46+0.05%4 1.27+0.13*4 891+0.85%4 50.11+5.36" 1.77+0.15"4 99.30+10.35%

Sx g "P<0.05; SEAMLLE: *P<0.05: 5L 25 mg kgt 4ltbE:: AP<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs tea polyphenols 25 mg kg™' dose group

X i

2
Fig. 2 Effect of tea polyphenols on bone histopathological morphology of OP rats ( HE staining, <40)

BRY X Z W 25 mg kg™ A £ 100 mg

1 Micro-CT ST KRB ML
Fig. 1 Microstructure of rat femur analyzed by micro-CT

kgt

FZ MW 100 mg kg!

B¢ RS 1 mg kg

FEmI OP KR BHAREFZRSHHEMW (HE LB, X40)

(P<<0.05); 57%£ MW 25 mg/kg ZLELEE, 2% 2 100

mg/kg ZLAIRT - BEER AN ZH I E ALP. P T NP /K&

FTtE, CTX-1 BERML (P<0.05), W3k 2.

2.4 ZZEART OP KRILE | W R HIsFRAI R
Lixt iR A, MEAZH KRGS MDA & & 5

T, SOD. GSH-Px i 1434 2 2 F# (K (P<<0.05);

SR g, FZ Wy 25, 100 mg/kg ZLRNB ¢
FR AN 2K BRI MDA & & 5 2 [k, SOD.
GSH-Px /K FHEETE (P<0.05); H5XZLE 25
mo/kg ZLELER, 2521 100 mg/kg 4R B¢ R ER £
H KRR IMLIE MDA & 838 F#K, SOD. GSH-Px
KPP EETE (P<0.05), WE 3.

R 2 FEExt OP KRB R BHEFRKEHMEMN ( x+s, n=10)
Table 2 Effect of tea polyphenols on serum bone metabolism index level of OP rats ( X s, n =10 )

25 i/ (mg kg ™) ALP/(U L) CTX-1/(ngmL™?) P I NP/(ng mL™)
X — 75.32+8.17 16.83+1.75 15.07+1.61
it — 33.68+2.75" 26.53+2.59" 10.85+1.15"
4l 25 40.65+4.60* 20.65+2.17* 12.04+1.28"
100 65.28 +6.30% 18.70+1.64% 13.52+1.44%
B I 1R Y 1 66.431+6.05% 18.5141.60% 13.96+1.47%

EHBA L "P<0.05; SR HE:

“P<0.05; HELE 25 mg kgL 4lEE: AP<0.05

P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs tea polyphenols 25 mg kg~' dose group
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£3 FEEx OP KRMBESLFEIEFRAMEMN ( x £s, n=10)
Table 3 Effects of tea polyphenols on serum oxidative stress indexes of OP rats ( x s, n =10 )

2H 5 Fil &/ (mg kg ™) MDA/(nmol mL™) SOD/(U mL™) GSH-Px/(U mL™)
papist — 9.05+1.20 136.18+12.25 121.78+10.52
it — 13.58+1.84" 62.49+6.57" 78.11+8.03"
LW 25 11.75+1.50* 93.11+8.55* 90.52+8.93"
100 9.88+1.31% 116.35+10.81% 101.30+9.47%
Rl IR TR Y 1 9.63+1.18% 117.83+10.56% 102.11+9.76%

Sx g "P<0.05; SEIAIMLLE: *P<0.05: 5L 25 mg kg 41tk AP<<0.05
P < 0.05 vs control group; *P < 0.05 vs model group; 4P < 0.05 vs tea polyphenols 25 mg kg™' dose group

2.5 ZZEANT OP KR AR & A 4R 4H R A TR R0

X B K R H AR AR D B AR AL
PHTBHPESHM; AR KRR H AR s g T
FRVEAHMI B R 3E 2; 282 W) 25, 100 mg/kg 4L AR
A IR R BN £ R BRI L R A 0 U T BH M 4
BB ZH 35 AN [ AR B2 1)kl HL 2% 221 100 mg/kg
2 R ] £ TR A 2L R R 2H 4 PP R R (e R T B
AN O, UL 3A.

xR g, AR R AL Al B3
T (P<0.05); AUz b, ZXZ W 25. 100
mg/kg IR BERR N2 R B H 4 Al 283
B (P<<0.05), HZAZ M) 100 mg/kg ZH AR £ B
FRENZH K B 44 Al B FHILTRLWm 25
mg/kg 41 (P<<0.05), W.[X 3B.
2.6 ZREE¥ OP KEARELHLLAF SIRT3, Bax,
Bcl-2 EAFRIEHIF N

xR b, B K R 484 SIRT3
A Bel-2 FEAFRXEEFHFK, Bax HARKEL
EFtE (P<<0.05); 5HIRIALE, ZXZ W 25, 100
mg/kg ALRIRI - B FR BN ZH K BRI 440 SIRT3 Al
Bel-2 FE ARIA R R ETH &, Bax EARIAEBE[F
ik (P<0.05); H5Z5%£MWy 25 mglkg 4 HLE:, Z2 W
100 mg/kg ZH 1R O 1B R AN 2H DK BRI 4H 4R
SIRT3 il Bel-2 ZRAREEIEE T, Bax HH
FKirEEEFK (P<0.05), WK 4.
3 g

REMBADR. AL buE. PUREE.
WIS L EAEYNETE, IR ARG 2 A R i (18],
R B E SR Z MR & rT DATBE RV AR
BRI S R, AR O MR
i~ AREIRAT R AT F S . TR B,
KEZMWMaes AR A B, % ROS Ak, 1t
FAEVERON R, N — Tl 2 R b s A7)
Wiz N . AR, R 2T B T T

R ITE R R I, %2 By 77 Kelch PR
PR EA UHT E2 MRHET 258 AR
JotF (Keapl/Nrf2/ARE) i HJ5% E AL B BF 5 1)
HEMBLIRARDS, Al Ze 2 Bk il 4ERE B NARAS,
A E R E LS, ARG A 285 OP 1+
WHER, SiRER, RZWmEeEitm OP K EH
B, JiE OP 38U K BB ol 225 1) LR A 2 230
HIEASAA, HARRIEH 2 W MR 8RS T 55
&, 1 SR 2 W T TSR S R I 25
BVRCRA Y . ARG FAE SR Z X OP A H
BT IEIT AR .

5 B N
A S, - WOVRY L
> L A T N
P 7 £
&y, G A0S, ) ¥ A
X B REW 25 mg kg
7 d B S 3 {‘
LR 100 mg kg! FiC: R 8 1 mg kg
B 40
*
3 I &
S
= HA  H#HA
= 20 e
10

R MR 25 100 BN 1 mg kgt
K ZWi(mg kg™

XA A "P<0.05; SHIMAILLE: *P<0.05; 5%XZH
25 mg kg L At AP<<0.05
P < 0.05 vs control group; #*P < 0.05 vs model group; 4P < 0.05 vs
tea polyphenols 25 mg kg dose group
3 EZEX OP KRR EHLAMAA T HIFM(TUNEL
S, X200)
Fig. 3 Effect of tea polyphenols on apoptosis of femur in OP
rats (TUNEL staining, <200)
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SIRT3 MR s Sl SN S 31 10°
Bei-2 WD SN SN SN e 30 10°

Bax s SN N o s 0 1< 107

GAPDH 4D S S S e /210

e MR 25 100 B TR A
X ZWi(mg kg™) 1mg/kg

Spai #5 %M 100 mg kgt
R [ BN 1 mg kgt
2,07 m% 2 25 mg kgt

=
ol

R A RERE
o

SIRT3 Bcl-2 Bax

Exr AR "P<0.05; SEEALLE. “P<0.05; 5%LH
25 mg kgt 4 th: AP<<0.05

"P < 0.05 vs control group; P < 0.05 vs model group; 4P < 0.05 vs
tea polyphenols 25 mg kg dose group

4 FEEI OP KFRAREHLAH SIRT3, Bax. Bel-2 &
SESu: A
Fig. 4 Effect of tea polyphenols on SIRT3, Bax and bcl-2
protein expression in femur of OP rats

RSB BRIK 2 NMEAEFRE, 1
WAEDLT, CE AT 0 E A A R 4
T B WA TR BB B G, ORI AH X 2h 45
1, AR BRSO T B IR, B AR 2747,
T3 OP KAM, fFEFMMET, FIKMREY
PINP. ALP FIEWiihrdEd) CTX- 1 40+
Z 5RO A R IEEE . e lel, A
KA FARIEL, OP KA S5, MMk CTX- T KPR
Fhi, 110 P T NP KSF I BA 55 A, BT X BEAIK CTX- 1
KL FEm P T NP KT Tiva 97 WA 24 = OP
BITRCR, BARE B E IR AR . Feng 45
RO TR IE, (RSB AIT ALP RiE, HAR
BEETERG 2% OP WIMER . ABEFUAI OP K,
MEEACH PR R, OP KR MiE+ ALP.P I NP
AHRRIE, CTX- 1 K FmRIE, @R ZMmAfTC
BERRAA T 1, KRIMIEH ALP. P T NP /K-FH &
Fhim, CTX- [ KPR FEK. R Z Wl seisd
WA BB TE bR K P IG5 OP.

AACRIBR BAE OP Mk At EEAEA,
ROS KEA K5, 32 BI04 o i B 20 P v 1 5 20
BRSO T B A 22 e, b T 2 5 MEB R R e B
Wi R S 10 £ R, BEAERT e R R, K

W8T R B R R R R A e S I U R A B A, T
I AR A IO Y 2 XoF i 40 PR ) 23 A AN AL T RE
AR . R, BE R TEER S S OP JRYT R
FRAE T PR S A PR P () B A R R o AR 5256 A
BE K U R 2 AT IR 5 5 OP REREAY, 5
MAIL OP KR LI o ig i it AL =4 MDA & &
ThEr, PiEALEE SOD. GSH-Px iETESIFEAL, HiFsE
TEMRLES SR R TR e OP kA KR .
AT, REZB T AU, OP KR IM{E MDA & &
A2 B (1%, SOD. GSH-Px i 14 B & 7t &5 - AR 4% Tolba
SRS, AR NE R TR TS OP i B 4H 2R )4
TR Bh T3 s OP MIVAIT R . AT 45 FAE
S, 2R 2 Wy UG T T AR W R T R P
H OP HEAAL MK, T OP HA R 4FHI e
HEH .

A HRTERRIE R UM 15 F OP K45 ROS # R
LR RAAR R AR A OS, 1 ROS AR B FIZE R4
4 ) I A O Ak PR ACERE I S B At gh
28 B 15 S T, ik OP HEEFE &
k24251, SIRT3 1 VT 2 AR BRI 2R R A R
PRI AT, CARIE S nE A EGE Bel-2 1%
(I TP R AR D 4B TR0, thAh, AHOCH I
FEFRT28), TE B A AR R R RN 2 J5 - OP
KRR SIRT3 FRIAFFfK . 277 SIRT3 fE 44
A543 5| RS i A O b R A AR . AT
REERER, OP KERMEHLAGMRE TN, K
B 42 % SIRT3 F1 Bel-2 2R EIA N, Bax
HERIE B, XEMTHE, OP KERMBEHL
AU TR D, KRBEE S 4 SIRT3 F Bel-2 £
HFRIAH N, Bax HERIAMEIL. RFZZMH 6
I A SIRT3 15 1 B 40 M ) 1208 B R 3506 T
OP HIfEM .

g FRTIR, 2R 2 myiE it AR KT
PR A A LR DL R St B Al PR T e OP, L
VEFIALHI AT BE S5 1E SIRT3/Bcl-2 15 Sl EE A
Ko ARWFRZEZ WIS HF OP iR IT iR HE
3 I FHTHE A

FBEFR HAGEAFAREEF SN R

SE K
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