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AT 24K #H19<8E A 6 (tumor necrosis factor receptor-associated factor 6, TRAF6) HIZE4E. K F-«xB fl#I[XF o (inhibitor of
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Orcinol gentiobioside from Curculigo orchioides inhibits oxidative stress and bone
resorption in osteoclasts by regulation of NF-kB and Nrf2 pathways
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Abstract: Objective To investigate the effect and mechanism of orcinol gentiobioside (OGB) from Curculigo orchioides on
osteoclasts (OCs) induced by oxidative stress. Methods OCs model were established from RAW264.7 cells induced by soluble
receptor activator of nuclear factor-«B ligand (SRANKL) and H20z. The viability of OCs was assayed by CCK-8 method. The number
of OCs was determined by tartrate-resistant acid phosphatase (TRAP) staining. TRAP activity of OCs was detected by using p-PNPP-
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Na method. F-actin and nuclear translocation of p65 and nuclear factor erythroid 2-related factor 2 (Nrf2) were stained with
immunofluorescence method. The biochemical parameters of OCs were detected by ELISA. The expressions of key proteins involved
in bone resorption and nuclear factor-kB (NF-kB)/Nrf2 pathway were analyzed by Western blotting. Results OGB significantly
inhibited the formation and differentiation of OCs (P < 0.01), and significantly suppressed TRAP activity, formation of F-actin and
bone resorption of OCs (P < 0.05, 0.01), down-regulated the expressions of c-Fos, cathepsin K (CTSK) and matrix metallopeptidase 9
(MMP9) (P < 0.05, 0.01), reduced the levels of reactive oxygen species (ROS) and nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase 4 (NOX4) activity (P < 0.05, 0.01), improved the activities of heme oxygenase-1 (HO-1), quinone oxidoreductase
1 (NQOI1) and gamma-glutamyl cysteine synthetase (y-GCS) (P < 0.05, 0.01). In addition, OGB also enhanced the expression and
nucleus translocation of Nrf2 in OCs, inhibited the recruitment of tumor necrosis factor receptor-associated factor 6 (TRAF6), the
degradation of inhibitor of NF-kB-a (IxBa) and prevented the phosphorylation and nuclear translocation of p65 in OCs (P < 0.05).
Conclusion OGB inhibits formation, differentiation and bone resorption of OCs induced by oxidative stress through regulation of
NF-kB and Nrf2 pathways.
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N AP s B RIS WS R A
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OGB (it 5 P23M10S84022, Jiii 43 40 =98% )+
NAC (b5 L1709X7236, i 40=98%) Nrf2
FOHIF ML38S (fit5 L17JD9L77422, Jligsr$i=
98% ) . NF-«xB I fii] 7#] BAY 11-7082 (4t 5
K10J10D92650, JFi& 7> #=98%) W Lifpirt 4
VIRHEA R A HAD R B T«B 244
HAE FECHE (soluble receptor activator of nuclear
factor-xB ligand, SRANKL, flt'5 0715612J1217)
H & E PeproTech Aw]; MG 1MLiE (fetal bovine
serum, FBS) M8 HEI[E Gibco AFl; CCK-8 HEFHkE
MR & (iS5 MA0218) T H KIEEEYEEZ
BIRAF: PUNAREEERIZN (tartrate resistant
acid phosphatase, TRAP) Jettid5f| Gl H HigE =
RAMHERGRAF; 4% 2 BHE (A5
XS185001) ) H sCiX FE 4 /R VB A IR A A
ROS Mzl & (5 202005200 450052 7 &
(Hit5 202011210+ y- 4% & B K D & R & R
(gamma-glutamyl cysteine synthetase, y-GCS) il &
W& (5 20200529). /N T BRJE C Ak
(cross-linked carboxy-terminal telopeptide of type I
collagen, CTX-DD ELISA #7& (k5 20201130).
/INBR T2 e 5 2 2k iy i AK (procollagen type intact
N terminal propeptide, PINP) ELISA {7l & (fit's
20201130 ) 7/ &R R A AL i R 1 ( quinone
oxidoreductase 1, NQO1) ELISA A7 & (5
20200601)+ /MR MLZL 2 N4 EE-1 (heme oxygenase-
1, HO-1) ELISA i{#& (k'S 20200601). /ML
Ji M 45 B 11 ( nicotinamide adenine dinucleotide
phosphate, NADPH) {1t/ 1 (NADPH oxidase 1,
NOX1) ELISA {7 & (dit'5 20200601). /N
NADPH % {t/#§ 4 (NADPH oxidase 4, NOX4)ELISA
WA (iS5 20200601 1 [ FE ¢ B A L REAF
AT HZ B HEE K (cathepsin K, CTSK) HifAk (#t
5 ab19027) RS SEI 1 SR SCE H 6 (tumor
necrosis factor receptor-associated factor 6, TRAF6)
ik (A5 ab33915) W HFE Abcam AH; TEL
T-4H A% A ¥ 1 (nuclear factor of activated T-cells,
NFATc1) #ifh . Nrf2 {4, Kelch £ ECH K H
1 (kelch-like ECH-associated protein 1, Keap1) HifA
B p65 (p-p65) Btk p65s Fifk. thFHifk IgG
“HiUWEEE CST 2 H G540 8032, 127214

8047, 3033, 8242. 7074); %K F-xB #HIHF o
(inhibitor of NF-kB-a, IkBa) Fifk. &S5 4@ & A
fi 9 (matrix metalloprotein 9, MMP9) $ifk. c-Fos
Pk (543508 BM3932. BA2202. BA0207-2)
1B RS LAY TARAR AT W3-
EN (glyceraldehyde-3-phosphate dehydrogenase,
GAPDH) Pifk (Jit'5 AT0010) 1 H _Ei4E 544
PHEHBR A
1.3 {Y&5

DMil Y Bl ({5 [E Leica A 7] ); Axio Imager
2 AU IE B BB . LSMSS0 FU o H R B e (R
IREEFI AR AT ; 1510 BUEEARX (£[E Thermo
Fisher Scientific 2 &) ).
2 ik
2.1 H,0;i%5 OCs 12BN E L

¥ RAW264.7 AHfifE 7 25 ng/mL sRANKL ]
o-MEM SRR HES 36 h 5, FAS 20
pmol/L H20; ) o-MEM 58 &35 7 R4k 4155 3 36 h,
B ] 53] H,0, #7551 OCs.
2.2 CCK-8 JEHNZmAasE S

¥ RAW264.7 AT 96 fLARH, WikEd
&, H 20 umol/LNAC LA AFFIE (0. 1. 54 10
umol/L) ] OGB 4b¥E 36 h, 7EZAZ53Emt FFE A
20 umol/LH,02, FHMIiE B Hy0, 4, 4kEA0EE 36 h,
CCK-8 VA M AP IE 771 -
2.3 TRAP 3 FEMNE

% H sRANKL fl H,O, %S OCs #ERIA .
NAC A3 FIBHE 2520 B & OGB (1. 5+ 10 pmol/L)
UG, LRI 360 J5, TEL 2GR RN 20
pmol/L H,0, 402 36 h, Witk HiF, & MRERAH AN
AT [T U8 SE TRAP 51, I % 87 & i i
Fik4T TRAP Jett, B R IR,
2.4 F-actin TP RBRNLEE

¥ RAW264.7 40 fFmh T3 40 i s 77 M,
TP TE 24 h, PRI H02 HF45 25403 12 h,
FH PBS 58t 2 IR, 4% 2 5 W % = I E 30 min 5,
K H B EAT DAPI X7 OCs 4lifigt% f F-actin 3
BT B G B THOERE RS T 0
LS iEliC
2.5 ELISA #&0 OCs BWRUWIER

BRwWRE R RET R ET 96 fLiRk, Ak
RAW264.7 ZHfadpp T4, £53% 8 h G442
AbFE 36 h, BN Ho0 FE45 254078 36 h, %18 ELISA
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PL sSRANKL %55 RAW264.7 45 E]f¥) OCs
JUNT R, Ay H AR S A PBS iEYE, BELIIA
¥ 10 pmol/L DCFH-DA MG MiFR; F72E, 37 CHi
H 30min, PBSE¥E/E, T 485 nm BRI AN 528
nm KK RO E .
2.7 NADPH S B RIS EGEMNE

# sSRANKL i 5 1) RAW264.7 4 il 73 1L 1) OCs
ISP YA 36 h, BRI HaO02 I3 25403 24 h,
PBS JE VG IRIRZ4# 30 min, T4 ‘C. 12000 r/min
B0 15 min, HUE T IF 4 R & W A5 A
NOX2. NOX4. HO-1. NQO1 F1 y-GCS 1% .
2.8 Western blotting 1M &E H3RIiA

WEXTIRAL ., A, A2l K ML38S (5
umol/L) Bk BAY 11-7082 (1.5 umol/L) Ab¥E (4]
R, SHEAR S, WEIFRGARRAED, @l
BCA RIE SRR, I e BN SR
EEMEM, A RS, 100 CHIF 10 min {#
EEBME, BAFERZ 10% T R N- 2 N
Bk b F ik, %525 PVDF I, BT 5% IMiE &
HEREIRE A 2 h, 250N c-Fos CTSK. MMP9.
B

NFATcl. TRAF6. IxkBa. p-p65. p65. Nrf2, Keapl
K GAPDH Jifk, T 4 CHEII®H G TBST Hlk;
IO\ PR E 1h, TBST ¥elE, F ECL fL2k
HEHEAT 5, %A Image T BAESMHT 5645 I 1 .
2.9 p65 K Nrf2 RERARE

¥ RAW264.7 A i f T B 4l fu s = L,
GG YIAEEE 48 h, FINI H0, H4AZ540HE 4 1,
PBS iG¥E 2 IR, 4%% R W= R E 30 min, 4k4E
F PBS JE¥E 2 ¥, I S%FIMEAEAT 37 C
HMA 1 h, 2RI p65 Fl Nrf2 FiikFiREw, 4 C
I ER, PBSHEBE 2 K, MMAZOL —Hi sl
% F 30 min, PBS &L 2 IKJE A DAPI % iR
YLt 10 min, A PBS 1&¥E 2 K5 BN 200 uL PBS,
THOCIL IR AL BAE P,
2.10 SIHES

B LA E /D 3 KBTS X + s o, BT &
AT SPSS 25.0 B R BN & 2 i
b ZHmEZERFMEEE. A ERRSMEH
GraphPad Prism 8.0.2 3174,
3 &R
3.1 OGB X} RAW264.7 {Af5E 11 K% H,0; iFSHY
OCs AN L BIS2MR

WK 1-A Fiw, S5XFRA R, 20 pmol/LNAC

C

1.2 150 150
. s
R ;_\H = ok
5 0.8 o 100 *oww ks § 100 el .
= % =
S04 é 50 a, 50
a =
[
0 T T T T T O T T T T 0
MBI NAC 15 10 BAINAC 15 10 BAINAC 15 10
OGB/(umol-L™) OGB/(pumol-L™) OGB/(pmol-L™)
NAC OGB 1 pmol'L™"  OGB 5 pmol-L™"  OGB 10 pmol-L™!
D =

xX20

AR »RTERIY T R 1S -
»z! Yo s« okim # 4‘\-’ | e £ TN e i
e N Bn 2 80T = e B\ &o
-a?’ B ARG 537 '&7 3¢ & X 40
}5 R R & bk "“ O P s W, . l":

o . o 0 A : |
_wﬁ"’ YO LR B Y . de

NAC-N-ZF-L- 2 E R OGB-# By el i SHMALILE: "P<0.05

“P<0.01, FEIFE.

NAC-N-acetyl-L-cysteine; OGB-orcinol gentiobioside; "P < 0.05 **P < 0.01 vs model group, same as below figures.

1 OGB %} SRANKL F1 H:0: 5 SH) RAW264.7 4f357ES] (A)« TRAPJEME (B). TRAP PRIMEZAAE% (C. D) HISNG
(Xxts,n=6)
Fig.1 Effect of OGB on RAW264.7 cells activity (A), TRAP activity (B), number of TRAP positive cells (C, D) induced by
SRANKL and H20:2 (X + s, n=6)
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PLK 1. 5. 10 umol/L OGB 4b¥E 36 h J&, fE2544k
FE A F B 0N 20 umol/L H,O, FALFE 36 h,
RAW264.7 RIS 7130 B 484k . TRAP iS5
PEHL AT OCs 1, @l 1-B. C. D fliz, NAC
/> TRAP PHEAME S (P<0.01), OGB 7]
FEA S MEH 2 2 FHK OCs 1) TRAP %1% (P<
0.05. 0.01), #&/> TRAP FHME4NEH (P<<0.01),
1 OGB 1] i3] OCs BRI 731E .
3.2 OGB %t H,0, %S/ OCs B F-actin I a2 A0
B IR B 20

F-actin #/& OCs KIF BRI REr E B,
W 2-A Fizr, H20: 538 OCs (1) F-actin #4)5 H.
SR, ANFEIMREER) OGB 4bHE 5, OCs 1) F-actin ¥&
AL R, HEHK, LY OGB Al OCs 1)
F-actin FJ % .

OCs ReWs 7 Wb F i P Afe i, Befdi ke, %
97
A LAY NAC
5B FR Ik
DAPI
Merge
B 15 800
i ol *
o S ~ 600+
= 1.0 T
S 50
g S 400
& =
5 05 5
200
0 0

OGB 1 pmol-L™!

*
*
I T
*
*
PINP/(ng-mL™")
o o - -
W [=}
1 1
I o E

J Ca* LA R SRR B f# = #tn CTX-1 A1 PINP, [Ali,
Ki 7% OCs HRiF % Ca?t & CTX-I Al PINP [17KF
A TR RUGEE . W 2-B BT7R, NAC &
F AR IR Ca?t. CTX-I M1 PINP F/KF (P<
0.05. 0.01); OGB A& 77| & AH It Hb I 25 B I s 7
Frb Ca¥ & E (P<0.05. 0.01), F#EE;7R3EH
CTX-I A1 PINP [J7K°F (P<<0.05. 0.01), &ExHE
Z ] OCs B W WGE I IVEH -
3.3 OGB 3t H,0; 1558 OCs BIRWHEXERR
IEHIRZ M

LA NFATcel A1 c-Fos /5 OCs BB Al
b, fRHEE RIS B 1 MMP9 Fl CTSK 13RI,
fif OCs KIEFWMAEA . Wl 3 frw, SHAZ L
#, OGB BEfS T3 T Ha0, 75 51 OCs [ c-Fos
CTSK A MMP9 ik (P<<0.05. 0.01), {HXf
NFATc1 (318 T0 22 52 .

OGB 5 pmol'L™"  OGB 10 pmol-L™!

X400

1 1 1 ) I
BB NAC 1 5 10
OGB/(umol-L™")

1 |
A NAC

1 ] 1 1 1
R NAC 1 5 10

1 5 10
OGB/(umol-L™)

OGB/(umol-L™1)

2 OGB %f H20: 15589 OCs B F-actin IFERR (A) RBEWRBGEY B) I (X+s,n=4)

F

ig. 2 Effect of OGB on construction of F-actin ring (A) and bone resorption activity (B) of OCs induced by H20:

(X+s,n=4)
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2 1.0- % 1.0 «
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é 0.5 é 0.5
E b )
C-Fo5 g S - 5 00X 105
0 0 T T
CTSK e Ma.mxloS et 1 10 NAC AL 1 5 10 NAC
OGB/(umol L OGB/(umol L ™)
MMP9 | G o—— -7 3() X ]10° 2.0- 2.0+
e
NFATC] | s s > s | | 40X 10° 5 154 . S 13-
e 5 < *% <
GAPDH M3,60X10 I 104 g 1.04
g =
B 1 5 10 NAC S s £ o054
OGB/(umol-L™") = z
O T T T T 0 T T T T

A 1 5 10 NAC

AL 15 10 NAC 15 10
OGB/(umol-'L)

OGB/(umol- L)

El3 OGB Xt H:0: i3] OCs BRBHEXERRENTM (X+s,n=3)
Fig. 3 Effect of OGB on expressions of bone resorption related proteins in OCs induced by H202 (X £ s, n = 3)

34 OGB ¥t H,0; iESH OCs B ROS KFERK
NADPH S ESFIIn S WG RIS

H,0, % S/l OCs [ ROS /K7, {2k OCs [
T AR E RIS . ROS P24 NADPH
FALEEIETE, HO-1. NQOI1. y-GCS 25415 Ak g 7]
XL ROS W20 = AL AL R an ] 4-A BT,
H,0, AbFH T 21 OCs N ROS fI7KF- (P<<0.05),
NAC F1 OGB ] i 2 F#{I% H,0, 551 OCs P4 ROS
I/KF (P<0.05. 0.01). W 4-B. C fisn, H.0;
(155 3 OCs 1) NOX4 yEPEE 1N (P<0.01),

NAC s 5fIE K OGB 1 LR Z 4] OCs 1 NOX4
WM (P<<0.05. 0.01), {H H,0, K NAC F1 OGB X
OCs [f] NOX2 V&ML B R 152 . Wikl 4-Dy E.
F fli7n, HoO 225 [£1K OCs 4 HO-1 FII NQO1 7%
P (P<<0.05. 0.01), NAC il OGB 4# )5, HO-1.
NQOI1 &R ZER I (P<<0.05. 0.01); H,O, &b
T Z BN OCs /) y-GCS #H 1 (P<<0.01), AR
A4, NAC Al OGB 4HEX OCs K y-GCS 5 P44
HEERN, £ OGB Al ZE H,0, 51#2 /] OCs
AN

A B
= 150 # 80 1500 o
it L ~ e "
= N s 60 o
® 100 %1) %0 1 000 %
3 S 5
~ 50 é 20 é 500
& z z
=
0 T T T T T T 0 0 T
SR BRNAC 1 5 10 X]‘H” 1‘”?: NAC ] WHE HOUNAC 1 5 10
OGB/(umol-L™) OGB/(umol L ]) OGB/(umol-L )
D 2.0 E 400 F 60
—_ — ok DR
T i o
o L5 0 2
gg 3 400 go 40
3 3 = 2
0 S w0 ﬁ 2
z G
0 =0
741 *EﬂJ NAC 1 XJHE ff%iﬂ NAC 1 XJEE 1‘%”11 NAC 1 10
OGB/(pmol L 1) OGB/(pmol L 1) OGB/(pmol GB/(pmol L")
ERIRAEE: fP<0.05 #P<0.01; SHEAHE. "P<0.05 "P<0.01, FEF.
#P<0.05 *P<0.01 vs control group; *P < 0.05 *P <0.01 vs model group, same as below figures.
4 OGB 3 H20:355 OCs i) ROS 7K¥F (A). NADPH S1{LEE/EM (B C) RINEKEFEH (D. E. F) M0

(X+£s,

n=4)

Fig. 4 Effect of OGB on ROS levels (A), activities of NADPH oxidase (B, C) and antioxidative enzyme (D, E, F) of OCs
induced by H202 (X £ s,n=4)
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3.5 OGB ¥ H,0: 1558 OCs £ Nrf2 BEERIEE 3.6 OGB %} H20, 155 OCs & NF-«B BRI
1EF =1ER

Nrf2 72 % S8 A S S s IR 1 &l 5 HE—B W5 7 OGB X} H,0, 1% 5 ) OCs 1 NF-
Fii7n, OGB BEW3E I H0: 15 5/ OCs 1) Nrf2 & «B #EEFAEEIEM . Wkl 6 fin, OGB R 2%
ik (P<0.05) KHAZHAL, HEXFH Keapl HIEE  #lli TRAF6 54 (P<0.05), [FK IkBo [)F%fA#
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Fig. 5 Regulatory effect of OGB on Nrf2 pathway (A) and nucleus translocation of Nrf2 (B) in OCs induced by H20:
(Xts,n=3)
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