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Abstract: To study the osteoprotective effect of 1,2,3,4,6-pentyl-O-galloyl-beta-D-glucose (PGG) its anti-
osteoblast apoptosis related mechanism was investigated. A model of zebrafish osteoporosis induced by predniso-
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lone (Pred, 25 pmol-L™) was established in vivo, and calcein staining was used to detect the effect of PGG on the
bone area of zebrafish. Bone marrow mesenchymal stem cells were cultured in vitro, and the number of calcified
nodules was observed by alizarin red staining, and the relevant indexes of osteoblast differentiation runt-related
transcription factor 2 (Runx 2), osteocalcin (OCN) mRNA level were detected by qRT-PCR. The osteoblast cell line
MC3T3-EL1 cells was cultured in vitro, and 400 umol-L™* hydrogen peroxide (H,O,) was used to intervene the injury
to detect the effect of PGG on osteoblasts under oxidative stress. The effect of PGG on osteoblast activity was
detected by MTT assay. The effect of PGG on apoptosis was observed by Hoechst 33342 staining. Western blot
was used to detect the expression of Bcl-2, Bax, nuclear factor erythroid-2-related factor 2 (Nrf2) and heme
oxygenase-1 (HO-1). DCFH-DA fluorescence staining for detection of reactive oxygen species (ROS) levels. JC-1
staining was used to detect mitochondrial membrane potential levels. The results showed that PGG could signifi-
cantly increase the vertebral area of the zebrafish model when compared with the model group. On the 14 th day of
osteoblast differentiation, the number of calcified nodules in the PGG group was significantly increased when
compared with the control group and the mRNA levels of Runx 2 and OCN were also significantly increased. In
addition, under oxidative stress, PGG could increase osteoblast viability, significantly reduce the number of apop-
totic cells, and increase the ratio of Bcl-2/Bax. Fluorescence staining results show that PGG decreased intracellular
ROS fluorescence density and increased mitochondrial membrane potential. Western blot data showed that PGG
could promote the expression of Nrf2 in the nuclear and enhance the expression of downstream protein HO-1. In
conclusion, PGG could improve osteoporosis in zebrafish, and this effect may be related to the regulation of Nrf2/
HO-1 signaling pathway to improve mitochondrial dysfunction, anti-oxidative stress in osteoblast apoptosis and
promote bone formation. This study provides new ideas and clues for the discovery of anti-osteoporosis drugs.
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PGG & DRI E R, I itk — D PR HAE S A B A 58
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J7 L% B 0.1% DMSO 1) Pred (25 umol-LY). M5 dpf
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Table 1  The sequence of the marker of osteoblast. Runx 2: Runt-
related transcription factor 2; OCN: Osteocalcin; GAPDH: Glycer-
aldehyde-3-phosphate dehydrogenase

Gene Primer sequence (5'-3")
Runx 2 Forward: -CATCCTTCCCTCCGAGACCCTAA-
Reverse: -CCCAACATGGCTGCTCCCTTC-
OCN Forward: -CTCACTCTGCTGGCCCTGAC-
Reverse: -CACCTTACTGCCCTCCTGCTTG-
Forward: -TGAACGGGAAG CTCACTGG-
Reverse: -TCCACCACCCTGTTGCTGTA-

GAPDH

MTT #MZRAESE S MC3T3-EL UL & 97T
200 pL, 1x10*/NFLEEFR T 96 FLAN AR EE TRt . 41 A 53
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H,0,, 400 umol-L™Y), PGG 41 (1x10, 1x10°. 1x10°8,
1x107 mol-LY), AL & E 3N fL. FfuEE24 h ),
B (AL, AT H,0, 45073, 4 h 5 BR 2 Bk, SE4.
H,0, 41N A\ % 0.1% DMSO ] a-MEM 5 37 3 200 pL,
PGG 4LIn N\ & X vk 1 PGG 85 75 200 ul. W5 &
24 WG FEBRIC P R TR, BN MTT ¥ (5 mg-mL™)
10 pL AR L% (1) a-MEM 55 3£ %5 100 L, 4 h 5 35 2%
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490 nm A AL RO EE (A) 1E
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Ve 2~3 IR BRI AT E 56 i T g o
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10° mol-LY), A B EINEIL. 42i24h 57 L
7= 3&, H PBS #¥E 2 ¥k, it X DCFH-DA (10 pmol-L™),
F 37 °C#¥ & 20 min, PBS i 2~3 Ik, B T 25 6 Al
BT M.

JC-1IRSL BN RARRAL 21 4% 3x 1044
LR T 24 LA MBS TR, 2r 44 H A H,0,
20 VE2 ZH (1x10® mol-LY) F1 PGG 4 (1x10° mol-L?),
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I EREINEIL. SZi24h)5, #%IEBCARA &
W B 5 B S AT E, I B RE SR,
100 °CAEME 10 min. K F -+ e FE B IR By — 5% T4 )k 1k
Jlz &R (SDS-PAGE) FEIK 7 25, ¥ 2 PVDF i |, 5%
Jii A 4= 45 P 1 h, 7599 i T Bel-2 $it 44 (101 000) Al
Bax HiL#& (1:1 000).HO-1 LAk (1:1 000). Nrf2 ft {4
(1:1 000).4-tublin (1:1 000) it 7% (4 °C), X H TBST
VR 3 UK, B P, B, BLB-tublinfE AN S .

GIFESH LR R RMX s ER, 1 H
Graphpad Prism 7.0 {1 v L [K 25 U7 72 93 B J7 1 L
4 1E) 2 5, 12 FH Dunnett £ 56 77 15 E 47 4L 1) LL 8%, P<
0.05 B Git 5= Lo

#HR
1 PGCHEMID&ERMMN
RO TR, 52 04U, Pred 20 5%
It M T EORD, HEE AP 5 Pred 4LAH LE, E2
(1x10°® mol-L*) I PGG (1x10°.1x10® mol-L*) 7] PLiE
E WP M RS AR, R R TR (B 1). %
i R, PGG ] LA B 5 f1 OP LAY, {12 i3 & %
J%, HAERIPVER
2 PGGRmEHAED L
PE R A Yt g5 PR, 75 BMSCs 73 L 28 14 KB,
52 {4lM L, PGG (1x10°.1x10°® mol-LY) H 8 K&
S5, JF BT DL 2 5 R 4 4 38 BF Runx 2,
OCN ) mRNA 7KF (P<0.05 & P<0.01). LKl 2.
3 PGGRRESEMNMHIMET MC3T3-E1HMIES
MC3T3-E1 7£ H,0, BTl v, 4 ff & 77 B 2 FEAK
(P<0.01), 24/ A\ 1x10°.1x10%.1x107 mol-L* PGG If},
Al W & T = MC3T3-EL 1) 41 M 7% /1 (P<0.01 5% P<
0.001). WL 3. iZ&h FEIR, PGG Al 2 i S Ak MR

Figure 1 The effects of 1,2,3,4,6-pentyl-O-galloyl-beta-D-glucose (PGG) on zebrafish osteoporosis model (calcein staining x80). Pred:
Prednisolone; E2: 17p-estradiol. n = 6, x +s. #*P<0.001 vs control group; “P<0.05, ““P<0.01 vs Pred group

Figure 2 The effects of PGG on osteoblast differentiation in bone mesenchymal stem cells. A: Alizarin red staining detected the number of
calcified nodules; B: RT-gPCR detected the mRNA level of osteoblast marker Runx 2 and OCN. n = 3, x +s. "P<0.05, **P<0.01 vs control group
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Figure 3 The effects of PGG on osteoblast viability in H,0,-
induced MC3T3-E1 cells. n = 3, X +s. #P<0.01 vs control group;
"P<0.01, ™"P<0.001 vs H,0, group
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MM R . HH, 5 A, H,0,4H
AR AE PP T8 (1 Bel-2 B AR IA AL, T EA
Bax % 1A 7t 1, Bel-2/Bax H % & 3 f# % (P<0.05); 5
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Eo WE6. 45 REW, PGG J i3 E AL N R T
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M N2 £k TH & 5 H,0, A EE, PGG AT R 3 1% Y
Nrf2 ik, BEAG M5 9 Nrf2 ik . R, H,0, AT FE %
Nrf2 R 8 4 HO-1 R 1A, PGG il f+  HO-1 R 1A, L
K7, S5R39, PGG F] il i Nrf2/HO-1 i % A 4% %)
AL B BREE N MC3T3-EL IR E

Figure 4 The effects of PGG on osteoblast apoptosis in H,0,-induced MC3T3-E1 cells. A: Representative pictures of Hoechst staining,

the white arrow indicated apoptotic cells (Hoechst staining x400); B: Western blot detected the expression of Bcl-2 and Bax. n = 3, X % s.

#P<0.05, #*P<0.001 vs control group; “P<0.01, ""P<0.001 vs H,0, group

Figure 5 The effects of PGG on ROS levels in H,O, induced MC3T3-E1 cells (DCFH-DA staining x200). n = 6, X + s. #*P<0.001 vs

control group; ""P<0.001 vs H,0, group
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Figure 6 The effects of PGG JC-1 staining of PGG on mitochondrial membrane potential in H,O,-induced MC3T3-EL1 cells (JC-1 staining

x200)

Figure 7 Effects of PGG on the expression of Nrf2 and HO-1. n = 3, X +s. *P<0.05, #P<0.01 vs control group; "P<0.05, “P<0.01 vs H,0,

group
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o Nrf2 2 4i i d ik 5 fa s i BB 7. 74
L&A, Nrf2 20 A T 40 e 5 N, ROS 7K ~F i =1 B
Nrf2 5 1o 22 40 J A%, B0 1 Ui P S8 A0 2 R HO-1 1 3R
k. HO-1 AL M AT 3/ fR BRI 4 3%, AR5 it — 20
Fae fiAE > 0 S A it 1 B iR ) IR 4T 3R, 3 B 4 B P 1)
ROS. AHfF 7Tt — & R I, PGG 7 AL N ISR 53 T %
FCE 20 B PR PR 4 F T BE S R 1 Nirf2 A A% 3558 HO-1
RIEA K,

g LRTIR, AR A S2I6 R B, PGG A i it 15 K,
BA B Ry EH, ZAEH T 68 5 #0E Nrf2/HO-1 j %,
O 2R R R D RE N TP RCE 4 BRI T 8. AWEAE N
I PR B FH PGG ¥R 9T OP $& (it T4k #, “h OP¥RIT i Kk
PLERAL TR
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