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model of primary menstruation, in order to evaluate the protective effects and mechanisms of Zhibai Dihuang
decotion on postmenopausal osteoporosis (PMOP). The animal experimental protocol has been reviewed and
approved by Laboratory Animal Ethics Committee of Jinan University (number: 20210315-03), in compliance with
the Institutional Animal Care Guidelines. C57BL/6 mice were divided into five groups, including Sham group,
OVX group, low (32 g-kg'-day™) and high dose (64 g-kg"'-day") of Zhibai Dihuang decotion groups, positive drug
group (alendronate, 9.9 mg-kg'-q3d). After modeling, mice were given medication intervention for 8 weeks, and
then femoral and tibial tissues were taken to detect indicators such as bone microstructure, bone resorption, and
oxidative stress. The experimental results showed that after Zhibai Dihuang decotion administration, the bone
microstructure damage caused by OVX surgery was alleviated, and the relevant parameters bone mineral density
(BMD), bone volume/total volume (BV/TV), trabecular number (Tb. N) and connectivity density (Conn. D) both
significantly increased. At the same time, the number of TRAP positive osteoclasts decreased significantly, and the
levels of proteins and genes related to osteoclast differentiation decreased, indicating that Zhibai Dihuang
decoction could inhibit the increased activity of osteoclast caused by OVX. Afterwards, network pharmacology
was used to construct the active compound action target network of Zhibai Dihuang decotion, and it was found that
the target genes of its active ingredients were closely related to the oxidative stress pathway. Finally, the detection
results of oxidative stress levels in bone tissues showed that after treatment with Zhibai Dihuang decotion, the
levels of oxidative stress products 4-hydroxynonenal (4-HNE) and malondialdehyde (MDA) in bone tissues of
mice significantly decreased, while the levels of antioxidant stress substance L-glutathione (GSH) increased. These
above results indicated that Zhibai Dihuang decotion can regulate the level of oxidative stress in the body and
inhibit osteoclast activity, which played a therapeutic role in PMOP, as well as provided theoretical basis for the
prevention and treatment of PMOP with traditional Chinese medicine.
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Table 1 The primer sequences for real-time quantitative PCR.
Nfatcl: Nuclear factor of activated T cells cytoplasmic 1; Acp35:

Acid phosphatase 5

Gene Species Sequence (5'-3")
Gapdh Mouse Forward primer TCAAGAAGGTGGTGAAGCAG
Reverse primer GTTGAAGTCGCAGGAGACAA
Nfatcl Mouse Forward primer CAACGCCCTGACCACCGATAG
Reverse primer  GGCTGCCTTCCGTCTCATAGT
C-fos Mouse Forward primer GCGAGCAACTGAGAAGAC
Reverse primer TTGAAACCCGAGAACATC
Acp5  Mouse Forward primer TGTGGCCATCTTTATG
Reverse primer GTCATTTCTTTGGGGCTT
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Figure 1 Effect of Zhibai Dihuang decoction (ZBDH) on the microstructure of the femur in OVX mice. A: The body weight of mice was

monitored for 8 consecutive weeks; B: Micro-CT 3D representative images of bone microstructure in each group; C: Quantitative analysis of

BMD, BV/TV, Tb. N and Conn. D in each group of mice. n = 6, x £ s.

ok

*

P <0.001 vs Sham group; P < 0.01, "P < 0.001 vs OVX group.

OVX: Ovariectomy; ZBDH-L: Low dose of Zhibai Dihuang decotion group, 32 g-kg'-day’; ZBDH-H: High dose of Zhibai Dihuang
decotion group, 64 g-kg'-day"'; ALN: Alendronate, 9.9 g-kg"-q3d; BMD: Bone mineral density; BV/TV: Bone volume/total volume; Tb. N:

Trabecular number; Conn. D: Connectivity density
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Figure 2 Effect of ZBDH on the morphology of femoral bone in
OVX mice. Morphology of distal femur in mice. The hematoxylin-
eosin (HE) staining images of mice femur were taken under

microscope. Magnification: 20-fold

HEATHE 2%, i Cytoscape 34 #4) S0 A0 Hb 35017 v 14
1WA R U 4%, s SA s, BAZ#) 0 IR A
% (OB) = 30%, 25251 (DL) = 0.18 A 2%, JL 0 ik
ZARARR s, R A S H 2, LEE A
20, W& A 164, FEIEEA 1040, IRESH 154,
PSR LA, MEBEER 1S4, B A3T . 2
J&, R TCMSP £ 45 P i3k — 2D 42 3 1% Le A 44 i L [r)
[RI3E A, it 2454 (K 5A). B,;zF FH Geneontology
H P I e B 5B DR AT (S 5 B OGBS

ovX
ZBDH-L ZBDH-H

Sham Saline ALN

TRAP
Maginify ‘+ '\"‘ %

S

Som

A ,
Figure 3 Effect of ZBDH on osteoclast activity of femur in OVX
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TRAP osteoclasts. Magnification: 80-fold
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Figure 4 Effect of ZBDH on the expression levels of protein and mRNA related to bone resorption in the bone tissues of OVX mice.

Determination and statistics of proteins (A) and genes (B) level related to bone resorption in bone tissues of mice. n = 3, x 5. "P < 0.05,
“P<0.01,""P<0.001 vs Sham group; "P < 0.05, P < 0.01, P < 0.001 vs OVX group

Zirh 4-HNE MDA 7K~ B & T 751, 1 GSH 7K - %
I, U B R B A /N BRCRE B 10 S0 BSOS RS . T
TE 25 TAK = 7 & A0 A HL 3597 A ALN YR JT )5, 4-HNE
5 MDA K53 N R, (&= R 26 GSH
KA TS B R, T s R B AT M 3 77 A ALN R 2 2%

BN GSH /Ko PA &5 B3R, JiAAHb 377 A1 ALN B
B Z K OVXiE S8 H U T 1 AL N BOIR AS

it

PMOP 2t L 44 22 J5 & W1 B B¢ AR PR, DA
A MR IR B R R BN T XU T
N B B R R AT, FOR B R A P e IR K
P T B O MEBCGERAE Lot By 1 bt B AR
H, B A AR 1 BB 20 B 1) A2 A AN A3 A0, G B 4 )
T A B P 0 B0, AT 4R BT . (HAEAR
J&i, BN SBAS 1E S AR AR, T SO T ME R KT
FREE T B, BE 20 L PR 2 v, B WSO 8, T
A D, B 4 3 B B kD A B R R, R
BB AR R, SR A R vE Y, — B2
1697 PMOP B ZE NS . WUBEIR 2h 28 2 /2 VR 7 1 TR
B RARE P — 288 FH 24, 2 T2 30 3 400 50 ik - 40 L 9% 20 A ik
LB UL R R FE o B TSR, K A BB R £6 24
oAt BARAS SN a5, 8 0B A i KR, H 2 5]
7% B A PR AR S i e Rk, SRR R A

B EI1E H ¥ PMOP A 8006 97 25 B A 25 3, 1fi
EAFEIBEAERE 1.

FE RIS T, B AL B TR Rl e
W, “VBFRE 7 KB 1% 1 E B R AL, B R R 7
2y B A RIT R VE Y. (EEAE R Z U AN E 2R
1) 7 24 A2 308 Tk 1 iR S0 00 PRV e, B IR R Y BT A
ES|E K I R= 9T TR YN OBV @ I i n i = g ORR R e f A
Aoy B . A B R AU R I LA [R] R 28
24y, BFRA B2 H R S SR R 8 e R B P O PR L R
BRI P o BIAR 26 B 2 A 9t SR, AT AL
A VE 22 I8 R 240 PR 43 A B P A e X e 5
NAHAAHL T 71677 PMOP B85E [ BU0F Y BEAG Be il (H
&, H BT o i 7T B4R AR b B A0 T PMOP 1
BT R, HAE LRI S R — PR R .

A, ASHIE 5558 i OVX T A KL Il K PMOP &
i, IFiz H 4 M4 7 Fka B R AT T T, R A BLACRL
AR TF B OVX /N RGBT 58074 . SEIR s %R
B, 5 OVX 4l A0 b, 45 7 %040 e 3537 )5 /b BRI &
BMD.BV/TV.Tb. N.Conn. D 7K V- ] & 38 Jin, 15 &1
I, B RAS B3 . it — D B0 UE A AT b 2
Py 75 5 R BRIV P, SR FH R R A R R
TRAP ZL 8 B, OVX /I BRCE 20 23 (1 ol B 4 i 4 =
B 2, T4 RIAT M B T T, B i B S
AT R R > vE PRS2 B . A, Western blot 1



3046

&
4
4
=

Acta Pharmaceutica Sinica 2023, 58(10): 3040-3048

SZX10
A ZM5 szyg SA¥10 sav1
ZM12 Nz szx11 Szys
M7 ZMs6
szx2 Szy7
IMIL  gpq  ZM3 SDH2 SDHI A il
N SR SDH Szx12 SZN14
M1 ZM9 szy3 Szx6
M2
szY4 SZY13
SZY5
HB2
@ ™ e
SONSA CXOLS ERBB2 ABR MARKS CEDN4 TRS3 PIKi8 RXRBENKX3-CALMZ CHRMS CDK® NFKRIA SERRIND! p3 qymo0yimo; 7
AR FASN SRl CTRBI HIR2A IGF2 MABKI0 P@OLCE MMP3 SODI (SELE RUNX2 EUN MGSTI CHEKI HB23 HB2O
VEGFA NRIB RBIN ERBRS NPEPRS STAT NCOMI PLA2G4A PONI TOR2A ADRA2A B  CAR gm NrEer2 T gy a HBIO HBI6
CDK1 PIROX GDFI5 CYBB6 TGPl CAN1 NGDA2 CONBI KONH2 A@XI SUDX CYRIA2 GBRX2 IRFI OBCI
HBS HB6 HBI3  HBis
ITM2C FGF ABAT PDBIOA NOXI NRSCI STK25 VOAMI DRP4 BIRCS B@L2 IG ADHIB CTSD CASP3 =
SLG2A4 IGEBPS HAS2 SL@SA2 LTA4H HIR’A EBKI GSIPI MEOR PPARG B@L2L1 BRDI [0 ADRA2B DCAF5 HBo  HBTO HBi4
CONA2 AHSAI PSMD3 UGP2 KDR CXGLI0O MSRA AKRIC3 CDMOLG ESR2 MMPI ADRAIB GERDI ONPIAI BKRIBI i HBI
e GJAIM DGKH PRKGA CAONAIS MIAOA BRSS| RXRA IENG RUNXITI ENOS2 SLPI CRP ENl BBX PRIA

FI# :: Rk6 PRKCBE COL3A1 ADHBA CHRMM IKBKB PTGER3 SEBENOS RPARA ENOX3 WMGFBI BRD5 @AT ADRAIDHMOXI1 DUOX2
5
FOS NRSC2 ABEC2 HSRAS GSEM2 INSR [IWMB ATWF3

N@F1 CONDI MNC PDE3A ER@C3 ADRA2C Q@HRM3

ESRI THBD N@S3 PPARD CHUK LNZ HIBIA B LAGEBLI DL2 SL@A3 NQOI MMP2 OPRMI ANGPTL7
IPGEF1 ADRB2 RELA AGQGHE XH NDWFS8 PGR MARKI14 HER2C Q€L2 MA&P2 CYRIBI RASSFI SOD2  HAOI

ADRB

ATOX1 GREA2 PCYDX1 C@LIA1l MIGAM MPO @XCL2 @E2F2 AKTI CHRM2 ML4 NRII2 PRBX2 CX@LI11

MDP5 ALOXS SLCGA4 NDUWFAI2 SI00A7 ACPP DRD3 DI®O1 AB@G2 MAPK] HSBBI SERPINEl [EIF6 WHK2 RLAT PEGSI

MDP6  MDP4

TXN GSEM1 HSFI ADHIC EGFR GABRAl PBAU MAOB PARK7 CHEK2 POR CDKNIA SAA4 }ﬂ?o BIGs2

13
MDP1  MDP3 PARP1 ILIA SMOK GSKS8B CHRMI1 ICAN(l CYRSA4 CHRNA2 WOP2B JWNB NMIMP9 @GASP9 AGACA SGK2 BITG2

MDP2
Rl RNF7 CASP8 SUIMIEl QSOX1

ZX5 ZX4
ZX6 ZX3
SY12SYSSY9 ZX7ZXZX2
SY11 SY7 Zl
Sz gy SY6
SY10 SY4
SY3 SY1
SYs
B
Positive regulation of gene expression [
Response to xenobiotic stimulu; I |
Response to oxidative stress{ . 2 3
Negative regulation of apoptotic process [ 'k
Positive regulation of transcription, DNA-templated . 4
Regulation of transcription from RNA polymerase II promoter: . 56
Response to hypoxia I 03
Cellular response to cadmium ion I |4
Response to lipopolysaccharideq . 2
Positive regulation of cell proliferation . 36
Extracellular space . M
Membrane raft . 20
Nucleoplasm: 90
Chromatin I 0
Cytosol I ]
RNA polymerase II tra ription factor complex e 14
Macromolecular complex . 30
Integral component of plasma membrane T EN m Bidiopical pr
Mitochondrion [ EH ological process
Extracellular region I 56 = Cellular component
Enzyme binding I = Molegilar function
Protein binding I 2 13
Identical protein binding I 63
Protein homodimerization activity I 30
Steroid hormone receptor activity I
Heme binding: - 5
Superoxide-generating NADPH oxidase activity I
Steroid binding I 3
Transcription coactivator binding: I °
Oxidoreductase activity I |6
25 20 15 10 5 0 50 100 150 200 250
-lg(P value) Gene count

Figure 5 Pharmacologic network analysis of ZBDH. A: The compound-target network diagram of ZBDH; B: GO terms of ZBDH
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Figure 6 Effect of ZBDH on oxidative stress levels in bone tissues of OVX mice. A: Measurement and statistics of 4-hydroxynonenal

(4-HNE) modified protein expression level in bone tissues of mice in each group. B, C: Determination of malondialdehyde (MDA) (B) and

L-glutathione (GSH) (C) expression level in bone tissues of mice in each group. n =3, x £ 5. "P < 0.05,

0.05, P <0.01, P <0.001 vs OVX group

4-HNE # AN =21 47 2 U B 5 Gt 1) = 20 B
or0 SR I OC . WF AR B, AT B 7E 1
B BUEE AN BE F, 7k 4k 20 521 R AR FH %0 bt
BRI KR O LT B8 UL A s Bt AL B 7T (total
antioxidant capacity, TAC) i S A4 B AL B (superoxide
dismutase, SOD) 18t 18 & 3 Tt &1, i MDA & & B &
B AR I8 72 S5 22 e 3t A ) 6 A 38 AL VR T ) R L AR
135 &I, $LEAEE SOD A GPX 935 34 /i, i MDA
S0 N U s SO P R ST 1 A U E 7R R A AR 6
FSC A3 G0 FEFP /N BE AR | ) A PS5 T DA
AN [ R FEE b 400 1) B 40 B 1) e 2, 0 — AP B 7R b
BB BBRAA RT RURT R i A A T e S
B o PR, AHIEFE0T /N BRCR 2 23 Hh 1R A8 A R OK SF E
ATREIN, I AR ZH A B, A FH e 3 3 1) /DS B
1211 4-HNE Fl MDA /K- 5. 2% T B, GSH /K17,
SEoR FIAA L T 7 e 3 1 R 15 A AL BLBOK T 1T PMOP
RIEE—EWRITIER .
25 BRTIR, AT 7T I B 00 Hb 87 e d T A0 R
B A M S BT PMOP AR, 9358 T35 14 1 40— A
1) X 8% 245 B 5 43 A1 5 28 A S OK T 0 5 2R, O BN
iR I NS G BV Bk = R R VAT 0 N Sl (e R R A
T A s, DT 4% U0 o) B A4 L 1 &% T PMOP

P < 0.001 vs Sham group; "P <

YRR o 3R N knAn st 57 b A 5 v B2 24 815 ¥ PMOP §ig
BED) ST RO SCHE S iR T B R BB (HOR T
RN T LR A Ff 3 — PR T

1R DIRR: (TR %2077 7 S A SR 5L 41 5T S 1t
RRGLE R SRR AN VN i i S S T o D S C vl 6
SrHTANIE SCHR S TKRERIE B VS SCES B B S 58

RAE BT -
FIERMBE: fr A R = B P AAEE R 25 v o .
References

[11 Song S, Guo Y, Yang Y, et al. Advances in pathogenesis and
therapeutic strategies for osteoporosis [J]. Pharmacol Ther, 2022,
237:108168.

[2] Chinese Society of Osteoporosis and Bonde Mineral Research.
Epidemiological survey of osteoporosis in China and release of
the results of the "Healthy Skeletons" special action [J]. Chin J
Osteoporosis Bone Miner Res (HF 48 Ji B Fa Al £ 7 9 24
%), 2019, 12: 317-318.

[3] Dunneram Y, Greenwood DC, Cade JE. Diet, menopause and the
risk of ovarian, endometrial and breast cancer [J]. Proc Nutr Soc,
2019, 78: 438-448.

[4] Hao L, Tian Z, Li S, et al. Osteonecrosis of the jaw induced by
bisphosphonates therapy in bone metastases patient: case report

and literature review [J]. Oral Oncol, 2022, 128: 105852.



Ny

3048 - #2224k Acta Pharmaceutica Sinica 2023, 58(10): 3040-3048

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

Xin XL, Suo YP, Hao MF, et al. Analysis of the therapeutic
effect of Zhibai Dihuang decotion on postmenopausal syndrome
after hysterectomy and double appendectomy [J]. Shanxi Med J
(I PEEZG 6 &), 2017, 46: 940-941.

Li W, Ye BS, Huang Z, et al. Nourishing Qi and warming meridians
to relieve postmenopausal osteoporosis based on kidney-Tiangui-
Chongren-bone axis theory [J]. Chin J Osteoporos (9 [¥ ‘& Jii 5
FAZ:E), 2023, 29: 70-73, 118.

Tan B, Xuan J. EE418 burden of illness analysis of fracture
female patients with postmenopausal osteoporosis in China: a
retrospective electronic medical record database analysis [J].
Value Health, 2022, 25: S417.

Gavali S, Gupta MK, Daswani B, et al. Estrogen enhances
human osteoblast survival and function via promotion of
autophagy [J]. Biochim Biophys Acta Mol Cell Res, 2019, 1866:
1498-1507.

Meng X, Lin Z, Cao S, et al. Estrogen-mediated downregulation
of HIF-la signaling in B lymphocytes influences postmeno-
pausal bone loss [J]. Bone Res, 2022, 10: 15.

Uehara IA, Soldi LR, Silva MJB. Current perspectives of
osteoclastogenesis through estrogen modulated immune cell
cytokines [J]. Life Sci, 2020, 256: 117921.

Srivichit B, Thonusin C, Chattipakorn N, et al. Impacts of
bisphosphonates on the bone and its surrounding tissues:
mechanistic insights into medication-related osteonecrosis of the
jaw [J]. Arch Toxicol, 2022, 96: 1227-1255.

Zhang Z, Shao B, Li Y, et al. Analysis of famous TCM doctor
Zan Qiang's experience in the treatment of perimenopausal
osteoporosis [J]. J Clin Nursing Res, 2021. DOI: 10.26689/jcnr.
v5i3.2111.

Shi YY, Zhan HS, Zhao YF, et al. Cytologic study on prevention
and treatment of primary osteoporosis with Chinese drugs for
tonifying the kidney [J]. J Tradit Chin Med (' & 4% &), 2001,
42: 621-623.

Han SY, Kim YK. Berberine suppresses RANKL-induced
osteoclast differentiation by inhibiting c-Fos and NFATcl
expression [J]. Am J Chin Med, 2019, 47: 439-455.

Lee CG, Kim DW, Kim J, et al. Effects of loganin on bone

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

formation and resorption in vitro and in vivo [J]. Int ] Mol Sci,
2022, 23: 14128.

Li J, Li Y, Pan S, et al. Paeonol attenuates ligation-induced
periodontitis in rats by inhibiting osteoclastogenesis via
regulating Nrf2/NF-xB/NFATc1 signaling pathway [J]. Biochimie,
2019, 156: 129-137.

Kimball JS, Johnson JP, Carlson DA. Oxidative stress and
osteoporosis [J]. J Bone Joint Surg Am, 2021, 103: 1451-1461.
Burton GJ, Jauniaux E. Oxidative stress [J]. Best Pract Res Clin
Obstet Gynaecol, 2011, 25: 287-299.

Zhao F, Guo L, Wang X, et al. Correlation of oxidative stress-
related biomarkers with postmenopausal osteoporosis: a systematic
review and meta-analysis [J]. Arch Osteoporos, 2021, 16: 4.
Mrakovcic L, Wildburger R, Jaganjac M, et al. Lipid peroxidation
product 4-hydroxynonenal as factor of oxidative homeostasis
supporting bone regeneration with bioactive glasses [J]. Acta
Biochim Pol, 2010, 57: 173-178.

Zhang JH, Jiao XM, Cao FH, et al. Dihuang Wan's influences on
the damage of cardiac muscle and skeletal muscle of rats [J].
Chin J Rehabil Med (F [E 5 5 52 4% 7)), 2009, 24: 342-344.
Qiu K, Rao HM, Sun Y, et al. Effect of Zhibai-Dihuang pill on
serum antioxidation indices in patients with hyperthyroidism [J].
Med Recapit (B %7 £538), 2012, 18: 3699-3701.

Sekiguchi Y, Mano H, Nakatani S, et al. Mangiferin positively
regulates osteoblast differentiation and suppresses osteoclast
differentiation [J]. Mol Med Rep, 2017, 16: 1328-1332.

Hu JP, Nishishita K, Sakai E, et al. Berberine inhibits RANKL-
induced osteoclast formation and survival through suppressing
the NF-«xB and Akt pathways [J]. Eur J Pharmacol, 2008, 580:
70-79.

Liu C, Ma R, Wang L, et al. Rehmanniae Radix in osteoporosis:
a review of traditional Chinese medicinal uses, phytochemistry,
pharmacokinetics and pharmacology [J].

2017, 198: 351-362.

J Ethnopharmacol,

Meng J, Zhang W, Wang C, et al. Catalpol suppresses osteoclas-
togenesis and attenuates osteoclast-derived bone resorption by
modulating PTEN activity [J]. Biochem Pharmacol, 2020, 171:
113715.



