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Effects of epigallocatechin-3-gallate coupled with mechanical stimulation

on the proliferation and differentiation of osteoblast

ZHU Yingwen® , HUANG Hailing®”, LI Yanan®, HU Tingting®”, HAN Biao™, GUO Yong™
(a. College of Intelligent Medicine & Biotechnology, b. Key Laboratory of Biochemistry & Molecular Biology of
Guangxi Institutions of Higher Learning, Guilin Medical University, Guilin 541199, China)

Abstract Objective To investigate the effect of epigallocatechin gallate ( EGCG) coupled with mechanical
stimulation (MS) on the proliferation and differentiation in osteoblasts. Methods The osteoblasts were divided into
control group, EGCG group, MS group, and EGCG+MS group. The proliferation of osteoblasts was detected by MTT
assay. The mineralisation of osteoblasts were detected by alizarin red staining method. The mechanical load was
applied to the cells by a four-point bending mechanical loading device, and the Alkaline Phosphatase ( ALP) Test
Kit was used to detect the ALP activity. The protein expressions of runt-related transcription factor-2 ( Runx-2) and

collagen type T (Col-I) in osteoblasts were detected by western blot. Results EGCG at a concentration of 30 wmol/L
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had the most pronounced proliferative effect on osteoblasts, with a statistically significant difference ( P<0.05). The
number of mineralised nodules in the EGCG group was greater than that in the control group. Compared with the
single EGCG or MS groups, the ALP activity, in the EGCG+MS group was significantly increased and the protein
expressions of Runx-2 and Col-I in the EGCG+MS group were significantly increased ( P<0.05). Conclusion EGCG-

coupled mechanical stimulation enhances the ALP activity, up-regulates the expressions of Runx-2 and Col-I proteins

in osteoblasts, and promotes osteoblasts’ proliferation and differentiation.
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30 pmol/LEGCG HY5E4> DMEM J5 35 5Ll 535 X IR0
FIMS 41 H 584 DMEM 8 3R 350555, 382 h ),
B BB EGCG ik B 55 3540 12, ] MS 410
EGCG+MS #HJiti i 2 500 we . 0.5 Hz 1 W11k 7k 1
Ay FFEERTIA] 1 b EEEEINE 3 d,

1.2.6  ALP IGVERGIN 04T hn 8 52 56 i 115 4 355
F£ 72 h J5 2R AR SR R AR SR T 2 mL
BT, L1000 r/min B0 10 ming B FIE R, R
FHBBPE B IR B0 ST ALP T5 PEAS N | 8 s A3 AG:
WK R 520 nm,

1.2.7  HaREEN A Runx-2 Fl Col-T 2 [ /%34
YA 72 TN B S IR 45 R A AR SR 9% 2 h JF &k
BEFR A0 240 i 2 i 2 R B 1, T BCA HHE
R G T BN E R, BEEAREN 30 ng 5
AR MRIR ST, 100 C SRS, EAT BAE CRUK BE
R BT, S PRIES RS B R R AR R (1 — 4t
(1:3000)H,4 CWEHE I ; FH TBST 5 Ve 5 A
JEE 3 YK, BFIK 10 min, SRJE A —40(1 = 3 000) I E
2 h; FH TBST 5 V%% 8 A B 3 K, 1K 10 min, f&
Ja TR R B MER 43T Runx-2 ., Col-1 &

S P8
1.3 HFitFERE

JWi ] Graph Pad Prism8 3R {1 % 52 5 45 5 i 1748
RO, T SRR R (w£s) R, P<0.05
FRERAGITF L

2 #R
2.1 EGCG X p, B 4R A1 58 5 M

30 wmol/L H1 50 pmol/L i) EGCG ¥ il {i i i
B ARG 5,30 wmol/L 1) EGCG it 1B 2 L 34 78
MIRCR LT 22 A g7 L (P<0.05) , ANEl 1 s,

. S AL, T P<0.05, " T P<0.01,
1 EGCG ¥R B 4HRaE AR 80 (n=75)

2.2 EGCG MR &4MmF L r M

A 30 wmol/L /) EGCG RS 77 i 4 i 14 d
J5 B AR A4 58 | EGCG 4 I 41 (0 1Y 1B 4
TR W 22 X BRI, 3 SR i Bl o o
WA E 2 Fis

L AXTER4 ; B.EGCG 4,
B2 EGCC 3By =0

.83 .



28 e A

E % 37 %

2.3 WEYM ALP EiE

TR S5 v R B A ML B SR 72 h R, EGCG 4
MS 1A ALP 351 T3 HRZH , EGCG+MS 41 ALP {if
PR T EGCG A& MS 4, Z R A5 1TH#E X (P<
0.05) , 4n& 3 FR .,

L 5T IBA L, * P<0.05;5 EGCG MS 41 H#k, ¥ P<0.05,
B3 AZEmEEE EGCC XA B ALP ARSI

2.4 Runx-2 F Col-1 ®ix

EGCG 41 V) Je MS 20 18 40 M 3 Ak br ik &
Runx-2Col-1 f3RE T+, EGCG+MS ZH Al 41 il 53
AR EE T Runx-2, Col-1 I E AR T EGCG 4L
MS 4 (P<0.05) , W&l 4 fis

. 84 -

TF A S ENTE A Runx-2 , Col-1 & 113634 ; B. Runx-2 & [
FIhITHT; C.Col-1 AR IB AT, FXF AL LA, ™ P<
0.01; 5 EGCG . MS 41 b4 ,* P<0.05,
B4 HFEMEHESE EGCC XA B HA Runx-2,
Col-1 EAMIFRIZNT

3 Tt

HIUBBAR T 2 81 B 45 R R T e ) B A A B
2, i Z MU 2 BB R TS Y AL
AT DAIR T i, W5 38R R4 Ny | 4
J3 AR BT 7 SERUBRE g 5 8 R A i AT A AR
e P 52 ], A6 175 B U] 7 S5 T 200 ) i B 0
O30 DA B AR S S B 240 B V) 348 Ak 28 T e R
PARIAR o 35 Y )RR £ i R A L 1 e
5004k, 712 00 BRT 3 L 5 5 R A0 i SR T
Runx-2 f9_F 98, 2 3E 0 A0l oA R g >

EGCG 25 Z W b E Y R, EGCG
A L S T 40 4 A A S e T BE L IR (1 3k,
HlE > FE, EGCG 7] LA S A 56 B N
BMP-2 Runx-2 ALP ik, B8 ALP % 14 A1 B 44
Maryw fefg s>,

ARWFFERAT 4 53 T2 ke B XA M 57
F18) RS 4 L o A= B ) 25 A , R 5K EGCG BB )
O B 4 ML S e, SR A MITT 6 46 DU B 240
HSEBE AL, SEER R 30 pmol/L [ EGCG RE R 3%
PR R 20 B

ALP J2 B0 4 M 23 £k 19 35 B2 AR AR 1, L0 AR
POAE— R b e 7B AR B0, 27 RO 1
HANAE ALP (44300 B SR AR Y R Al



%2

M LF EGCG A/ F R MT R Bt fe3g 78 5 54 69 % vl

% 37 %

JEL 53 WA ) Col-T 25, 1 AE ] 1 81 24t L 184 58 A 43 Ak 2
T AR G5 524 VL SR W ) 2 e T
AHREMEADY . Runx-2 J&—FhE 55 508 40 i 41k
f G B 2R 1T, Runx-2 (9 6k = W] 3 B0 B 06 K
AP Runx-2 3833 Wnt \DIx5 2545 518 fE AR ik 5 4
V) 70 S5 400 £ A o 0 B, 5 B8 3 i it M i
P E TR EE 111 ALP 3% PRSI 45 5 R EGCG
ZHAT MS I ALP 5P = T4 IRZH  EGCG+MS 411y
ALP {EPEEF EGCG ALK MS 41, Col-1 F1 Runx-2
TR UL SRS A I A A AR B T LA S B 4
IMETE L, ABESEH, EGCG 4 K MS 4 Col-1 Al
Runx-2 5 1 B9 581, EGCG +MS £H#Y Col-1 Fil
Runx-2 2 [ B &35 5 T EGCG 41 & MS 41, £ W
EGCG #7273 A 7 B2 2 1 4 385 58 534k 1Y) g
Hs

4 g

EGCG 15 1A AR IR A5 11 ] 394 5 15240 L )
SEFEANG AL RE ST, R AL ALP 35 5 B, Runx-2,
Col-1 FEHMFIB T, £ W] ECCC HRA 75 Hal
1425 1) 55 T~ A FH 5 3O B, o i 4 i 1)
SRS o 3% R BBAARE LA B 48 AR S 1Y
Biiin S it 1T A SR

Sk

[1] SAKR H F, AMMAR B, ALKHARUSI A, et al. Resverat-
rolmodulates bone mineral density and bone mineral content
in A rat model of male hypogonadism [ J]. Chin J Integr
Med,2023,29(2) : 146-154.

(2] T, TRl XU B i A R A S B0 BB AL K AR B
PR S 250G 7 S [ ] rp R 4180 CREEST, 2020,
24(30) :4866-4874.

[3] LIX H, HAN L, NOOKAEW I, et al. Stimulation of Piezol
by mechanical signals promotes bone anabolism[J]. Elife,
2019,8: e49631.

[4] WANG Q S, ZHANG X C, LI RX, et al. A comparative
study of mechanical strain, icariin and combination stimula-
tions on improving osteoinductive potential via NF-kappaB

activation in osteoblast-like cells[ J]. Biomed Eng Online,

2015, 14.46.

[5] LIU P, TU J, WANG W Z, et al. Effects of mechanical
stress stimulation on function and expression mechanism of
osteoblasts[ J]. Front Bioeng Biotechnol ,2022,10:830722.

[6] KHAN N, MUKHTAR H. Teapolyphenols in promotion of
human health[ J]. Nutrients,2018,11(1) :39.

[7] ALAM M, ALIS, ASHRAF G M, et al. Epigallocatechin 3-
gallate: from green tea to cancer therapeutics [ J]. Food
Chem,2022,379.132135.

[8] ALARE, fie RIEEF LR IEE FRRERHUR ISR
FEHEREL ] ob I I HORS Bl 36 A%, 2022, 34 (1) 102~
108.

[9] MCALPINE M D, GITTINGS W, MACNEIL A J, et al.
Black andgreen tea as well as specialty teas increase osteo-
blast mineralization with varying effectiveness[ J]. J Med
Food,2021,24(8) :866-872.

[10] QIN D, ZHANG H J, ZHANG H F, et al. Anti-osteoporosis
effects of osteoking via reducing reactive oxygen species[J]. J
Ethnopharmacol ,2019,244 .112045.

[11] SART S, SONG L Q, LI Y. Controlling redox status for
stem cell survival, expansion, and differentiation] J]. Oxid
Med Cell Longev,2015,2015.:105135.

[12] MEZZH, TREBETT, SRk, 5 RIEE T IILEREE TR
P 7+ 40 B B S R A VR R R O S SRR [0 ] 1
PR 1 s B2 2R 2 7, 2019,46(4) .431-436.

[13] HUANG HT, CHENG T L, LIN S Y, et al. Osteoprotec-
tiveroles of green tea catechins[ J]. Antioxidants, 2020,
9(11):1136.

[14] CHEN C H, KANG L, LIN R W, et al.(-)-Epigallocate-
chin-3-gallate improves bone microarchitecture in ovariec-
tomized rats[ J]. Menopause,2013,20(6) :687-694.

[15] REID I R,BILLINGTON E O. Drug therapy for osteoporo-
sis in older adults[ J]. Lancet,2022,399( 10329) : 1080-1092.

[16] ZHANG S F, HUANG X X, ZHAO X Y, et al. Effect of
exercise on bone mineral density among patients with osteo-
porosis and osteopenia: a systematic review and network
meta-analysis[ J]. J Clin Nurs,2022,31(15/16) : 2100~
2111.

[17] SUN W B, ZHANG X N, WANG Z. The role and regula-
tion mechanism of Chinese traditional fitness exercises on
the bone and cartilage tissue in patients with osteoporosis:
a narrative review[ J]. Front Physiol ,2023,14.1071005.

[18] SUNY Y, WAN B, WANG R X, et al. Mechanical stimu-

lation on mesenchymal stem cells and surrounding microen-

.85 .



%24 e A

E % 37 %

[19]

[20]

[26]

vironments in bone regeneration: regulations and applica-

tions[ J]. Front Cell Dev Biol,2022,10.808303.

WAe, Sk B, T, S B BB AR AL I P PE R 45 S AR
FEWTFE It SR [ 1], o [ I B B2 2, 2020, 13 (7) : 657 -
661.

FR5, T VR, A A E] g S e 4 i R 1 8 R A
HHME A FE A (1], P E B B R AR 4k AR, 2015,
34(7) . 675-680.
5. I N AE X S A L ) 5 ) B AR AL AR
WEEL D] ALs: PR N R A R 2R B, 2011
B NS TR i N R R G S L A N
i RNA (900 28 058 [ D] AL 5t JL 5t b #0227 Be
2015.

R BRORT R BRUB A A P R B SE e [ D ] R
ARALAL R 2014,
MA Q L, MIRI Z, HAUGEN H J, et al. Significance of
mechanical loading in bone fracture healing, bone regener-
ation, and vascularization [ J]. J Tissue Eng, 2023, 14;
20417314231172573.
SOMEMURA S, KUMAI T, YATABE K, et al. Physiolog-
icmechanical stress directly induces bone formation by acti-
vating glucose transporter 1 ( glut 1) in osteoblasts, indu-
cing signaling via NAD+-dependent deacetylase( sirtuin 1)
and runt-related transcription factor 2 ( Runx2) [ J]. Int J

Mol Sci,2021,22(16) ;9070.
ALAM M, ALL S, ASHRAF G M, et al. Epigallocatechin

- 86 -

3-gallate; from green tea to cancer therapeutics[J]. Food
Chem,2022,379.132135.

[27] NISHIOKU T, KUBO T, KAMADA T, et al.(-)-Epigallo-

catechin-3-gallate inhibits RANKL-induced osteoclastogen-

esis via downregulation of NFATc1 and suppression of HO-

1-HMGB1-RAGE pathway [ J]. Biomed Res, 2020, 41(6):

269-2717.

[28] LIN S Y, KANG L, WANG C Z, et al. (-)-epigallocate-
chin-3-gallate ( EGCG ) enhances osteogenic differentiation
of human bone marrow mesenchymal stem cells[ J]. Mole-
cules,2018,23(12) ;3221.

[29] EFD ATWKER, B , 55 HUBE N ) %65 BB
PG FE AR E B PR A S [ ] 22
J) ,2022,48(8) :70-75.

[30] 8 E, JvE. 1 BB I575 S 36 0] 78 50T 200 B i 20

P B AR AL ()] b 40T R B, 2018,

22(21) :3417-3423.

BT, FIEAN, SR, A5 R A R AE XN BB 40

J Runx2 3k BYFZ0E [ ] H RO AL 28 3, 2011,

17(3) : 185-189.

[32] KOMORI T. Regulation ofproliferation, differentiation and

A1 5
M2 2 i 1 2

[31]

functions of osteoblasts by Runx2[ J]. Int J Mol Sci, 2019,
20(7) :1694.

[ 75 H #9:2024-02-02 ]

[ REHE RG], Mk R AL



