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[Abstract] Objective: To investigate the osteoprotective effects of Bugugao on rats with postmenopausal
osteoporosis (PMOP) and its regulatory role in the osteoprotegerin (OPG)-receptor activator of nuclear factor-kB
(RANK)-RANK ligand (RANKL) signaling pathway. Methods: A total of 36 rats were randomly assigned to a
sham—operated group (n=9) and an ovariectomized group (n=27). PMOP models were established by bilateral
ovariectomy. After successful modeling, 24 PMOP rats were randomly divided into a model group, an estradiol
valerate group, a low —dose Bugugao group, and a high —dose Bugugao group, followed by 8 weeks of
intragastric administration of corresponding treatments. Bone mineral density (BMD) of the proximal femur was
measured using a bone densitometer; femoral microstructure was analyzed by Micro —CT three —dimensional
reconstruction; histopathological morphology of the femur was observed via hematoxylin—eosin (HE) staining;
serum levels of bone alkaline phosphatase (BALP), osteocalcin (BGP), and OPG were detected by enzyme-linked
immunosorbent assay (ELISA), while serum phosphorus and calcium levels were measured using assay Kkits;
protein expression levels of OPG, RANK, and RANKL in femoral tissue were determined by Western blotting;
expression levels of tumor necrosis factor—a (TNF-a) mRNA, interferon—y (IFN—y) mRNA, arginase—1 (Arg-1)
mRNA, transforming growth factor—f1 (TGF-B1) mRNA, matrix metalloproteinase-9 (MMP-9) mRNA, OPG
mRNA, RANK mRNA, and RANKL mRNA in femoral tissue were detected by reverse transcription quantitative
polymerase chain reaction (RT-qPCR). Results: The sham -operated group exhibited continuous and intact
femoral structure with numerous, thick, and densely arranged trabeculae; the model group showed significantly
reduced BMD in the proximal femur; the low-dose Bugugao group, high—dose Bugugao group, and estradiol
valerate group all displayed varying degrees of improvement in trabecular number and bone histomorphology in
the proximal femur. Compared with the sham-operated group, the model group showed lower BMD and serum
levels of calcium, BALP, BGP, and OPG (P<0.01), but higher serum phosphorus levels (P<0.01). Compared with
the model group, the low—dose Bugugao group, high—dose Bugugao group, and estradiol valerate group showed
higher BMD and serum levels of calcium, BALP, BGP, and OPG (P<0.05 or P<0.01), and lower serum
phosphorus levels (P<0.01). The model group showed lower relative protein expression of OPG in femoral tissue
than sham-operated group (P<0.01), while higher expression levels of RANK and RANKL proteins than sham-—
operated group (P<0.01). Compared with the model group, the expression of OPG protein was increased in the
low—dose Bugugao group, high—dose Bugugao group, and estradiol valerate group (P<0.05 or P<0.01), while the
expression of RANK and RANKL proteins was decreased in the low—dose Bugugao group, high—dose Bugugao
group, and estradiol valerate group (P<0.01). The expression levels of TNF-a mRNA, IFN-—y mRNA, MMP-9
mRNA, RANK mRNA, and RANKL mRNA in the model group were higher than that of the sham-operated
group (P<0.01), whereas the expression levels of Arg-1 mRNA, TGF-1 mRNA, and OPG mRNA were lower
than that of the sham-operated group (P<0.01). In the high—dose Bugugao group and estradiol valerate group,
the expression of TNF-o mRNA, IFN-y mRNA, MMP-9 mRNA, RANK mRNA, and RANKL mRNA was
lower (P<0.01), while the expression of Arg—1 mRNA, TGF-B1 mRNA, and OPG mRNA was higher (P<0.01)
compared with the model group. Conclusion: Bugugao may maintain bone metabolic balance and improve BMD
and pathological damage to bone microstructure in PMOP rats by regulating the OPG-RANK-RANKL signaling
pathway, inhibiting immune —inflammatory responses, and modulating the synthesis and degradation of bone
matrix collagen.
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kB, RANK) 4% T kB2 (AT 2 A FLAK (receptor activator
of nuclear factor—kB ligand, RANKL ) {553 %1 F 4 R4
AR E OGRS AR S OPIY H 2L 5,
A, ML 328 S S0 A T3 20 8 RE A5 3 e b 8 DR 3Rkt
B ER TS A AR SE A, DA T T R B R o A A i R s T
S BRANKLG P13 7 , OPG 1% PEREAR , Fe &5 30H % B [
K01, B2 A PMOPIY S AR AL R 2 748 28 5 iR AN I
LY o R RS AN TR, BEAS 70, VAT Y LA R R 3 A
ST AL, OT FEFRERE , (oA e A, M- LA AN B IR
f AR 2 Dyssk, ) sk e i B B - %8 O BB 224, Ife
PRITROTT 5, AH A 1 okt = FE Al S 50800 S 1 IR AR I 5
2T OPG-RANK-RANKL{F 5 i [ S AH 5C 5 928 48 i 240 Jfd (5]
F LWV EE X PMOPR B B IR PER , B A I R
7 FHAR LS IR

1 #REFE

1.1 %%y SPFEMETESD K36 R, 64 H ik, i it
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forming growth factor—B1,TGF-B1)mRNA JE /5T 4 )& 8 i -9
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B3 JSAARRE=#HERREMEMHETER (Micro-CT)
23 BUKREFERMFS R BRI KRG
B R M KO B TR F AR (P<0.01) , I BE7K T8
FRFARA(P<0.01); MBI R4 AMEE = F B R L
P e — 2 A R B L TR 7P 357 g AR AT ( P<0.05 88,
P<0.01), L& MK I FAAIZH (P<0.01) 5 A B AR50 4 41
KB B R I8 85 7K T B4R T IR M — A 2H ( P<0.05 3 P<
0.01), IV B /K P8 T IR M — B4 (P<0.01) 5 #ME 8 =5 571
T K BRI ESACTIG T SRR ME — BE2H (P<0.05) s #MEF =i 37
T R RE 8 B ST BT 5 I R ME B eH L, 22 7 0
iR L (P>0.05). (IL#2)
x2 BAXRBTERMBES BKERR

(xxs)

A5 no SORE BB don?) MEEKE mmolll)  EREKE (amollL)
R4 6 100mlked) 039820031 262420074 0,566+ 0.031
A 6 100 m/kerd) 020620051 11380091 1744 £0018°
WEEIARA 6 126gked) 025100651 147£0057 149320017
WEOBERES 6 504 gkgd) 030620057 18700035 11920045
BRBEEA 6 01 mg(ked) 0296£0.038  2267£0059 0912+ 0,024

F 33209 92.930 520843

P 0.000 0,000 0.000

E: 5B F KA E,P<0.01; 5 A A 40 1 4%, P<0.05,
P<0.01; 5 X.Br M — BE 20 bk 4%, 4P<0.05,°P<0.01
24 ZAMKRAFBALP.BGP.OPGAK-Frbi  ARAIL] KR
M5 BALP . BGP . OPG/KF-BHIL T F AR (P<0.01) ; #bE-H
VAL M ) a2 RS R o — P K BRI BALP
BGP .OPG/K 3575 TR 4 ( P<0.055K P<0.01) ; #MH-8 (8 5
A VBB R = 2 K UL YE BALP .BGP . OPGKF- KT
IR ME T 2H ( P<0.058% P<0.01) . (IL.3%3)

%3 LKHAKRIMTE BALP.BGP.OPG /K ELLE  (x+s)
413 n HBFFE BALPAUL)  BGPApgml)  OPG/(ngml)
BFAL 6 100ml(kgd) 186302726 33591472 238011
) 6 100mU(kgd) 91892476 201772682  1260.05
WEBEAEA 6 126g(ked) 110632325 20880£753  158+0.06"
WEBEHREA 6 04gked) 1305922480 273.18+621° 1864004
RBMZEE 6 0lmglkgd) 155742732 30477£869 209003
F 94.965 124310 91.567

P 0.000 0000 0.000

E:BRF KA, P<0.01; 5B A 48 b 22,0 P<0.05,
*P<0.01; 5 R BR M —BE 201038, 1P<0.05,°P<0.01 .

25 ZMK R EALOPG.RANK.RANKL%E & A8 %t & ik &
redx BRI K U H A OPGEE AN Fk B LTI FA
ZH(P<0.01), RANK .RANKLEE FIAHXT F ik = TIRTFARA(P<
0.01) ; #ME BRI 2 B s ) o 2 B TN M — ] K
BB 20 2L OPG AR H AR X 2% 35 1t i T A 20 ( P<0.05 31 P<
0.01),RANK RANKLEE FAARXS A R TAL AL (P<0.01) ; %b
HEMFEA NS E R AR R RS HZ0PCHE H AR
FIR AL T I RME — B4 ( P<0.01) , RANK .RANKLZE [ AH X}
Feik it m TR ME B4 (P<0.01) . (JLKI4 . 3R4)

T —— | 43 kDa

OPG —

BANK e — s | 80 kDa

BANKL | e - W SR R s | 35 kDa
Boucin| M W S S S 20

K A &8 &
\\f{ B ! & ) ;\%\&\

d o s

R D3

4 BAKXRBRBAL OPG.RANK.RANKL BEARIE
Western blotting [&]
#4 HBAKRRBMALR OPG.RANK.RANKL EH
B RIEE LR

(xss)

413 n HZFAE OPG/B-acn  RANK/P -actin RANKL/B -actin
TR 6 100mU(kgd) 060320032  0.067£0015  0.063£0015
A4 6 100mL(kgd)  0.003£0.025 0560+0010°  0.493£0.021"
WEBRAEE 6 126g(ked) 0150200204 0411£0017 0367 £0.015
WEBEHEA 6 504g(ked) 035320021 03060031 029040026
BB 6 Olmg(ked)  0430£0023 018020020 0.153£0.025
F 204466 283.119 194.590
P 0.000 0.000 0.000

E: BT R ,2P<0.01; 5 AR 28 1L 4% ,°P<0.05,
‘P<0.01; 5 X B = B2 20 bb A, 1P<0.01 -
26 HK R FALTINF-a mRNA.JFN—y mRNA.Arg-1
mRNA . TGF-B1 mRNA.MMP-9 mRNA.OPG mRNA.RANK
mRNA.RANKL mRNAAAX £ XS rbds  BRIZR BB 214
TNF-a mRNA.IFN—y mRNA .MMP-9 mRNA .RANK mRNA .
RANKL mRNAMHXZER S TRTFARL(P001),Arg-1 mRNA
TGF-31 mRNA.OPG mRNAMIIZRARIETIRFARA(P0.01);
AN AL R SR B KRB 22U TNF-a mRNA
IFN—y mRNA .MMP-9 mRNA.RANK mRNA.RANKL mRNA
AR s B K T AR 2 (P<0.01), Arg—1 mRNA .TGF-B1
mRNA .OPG mRNAAHXT A 358 FARERIA (P<0.01) s #h
B R K U B 4 2V TNF-oc mRNAJIFN —y mRNA
MMP-9 mRNAMXZIE AR TARRIZ (P<0.01), Arg—1 mRNA .
TGF-B1 mRNAFHX} AR T (P<0.015% P<0.01) ; #b
B AR KRB HZUINF-a mRNA JFN—y mRNA .
MMP-9 mRNA.RANK mRNA.RANKL mRNAFHX}Zeik g &
TICARME —BE41(P<0.01), Arg-1 mRNA . TGF-B1 mRNA .OPG
mRNAFH X 235 AT R ME — B4 (P<0.01) s #MEE i 7
wEH KB HLTNF-a mRNA JFN—y mRNA .OPG mRNA
FHXT 235 1 8 T IR M B 4H ( P<0.058K P<0.01) , TGF-B1
mRNAAEXTF A AR T IR — 20 ( P<0.01) . (IL3R5)

11
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x5 BEAKXRBHEL TNF-a mRNAIFN—y mRNA.Arg-1 mRNA.TGF-B1 mRNA MMP-9 mRNA.OPG mRNA,

RANK mRNA.RANKL mRNA fEXtFRIESELE  (xs)

ikl n AZ4HE TNF-o mRNA  IFN-y mRNA  Arg-1 mRNA TGF-B1 mRNA MMP-9 mRNA  OPG mRNA RANK mRNA RANKL mRNA
[BFARH 6 100ml(kgrd)  1.02£025 1.00£0.11 100£0.12 100001 100£006 100005 100007  1.00£0.11
i 6 100mlAkg'd) 70122056  459£047  007£001° 0122002  614x101* 0212002 668137  559% 144
WEERAEA 6 126g(kgd) 5332096 350£032  032:003  024£001°  426£083 0312002 591071°  421£047"
WEBEARA 6 S04gked)  366+067°  264£024" 0482002 053£004  285+095  0.69+007¢ 261£045 284£052
NEM—ESE 6 Olmgkgd) 1725014 189£013 0572007  064£005  268+052  052:008 168:042 154019

F 53.871 70.057 67.261 383.776 22151 40.038 35392 20.484

P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

i 5RF RAE, P<0.01; 5AER 48 14,2 P<0.05,°P<0.01 ; 5 X BR e — BE 20 1L 4%, 1P<0.05,°P<0.01 -
3 3 it R, RS E B A RANK/RANKL/OPGE 518 I A9/

Y 25 J5 ST VAT JB S 2 rh BRI P R AR IACH
AR B I -5 B IEORS B T RE SR R DA S0, B HORG  RG
A BESRE B TR R R BE A A R R R .
FobbvE, R, RS, B 5 %, S 80 sEfkd:
AR RIFRN R B B AAE ; FLUR, RIS 30, B A
e KR, SRR TSR TR A
BRI RZAE RGRZA AT
PR A TR R AR R A, EPURE, S AbAE Z 5 o I
oA, S T A DU DU T AR R A I B LT AR K
AL, — B SRR AL, A A Z V8, SR E L
AR 3R 1M & AR, ] AL PMOP & 9 5 1 1 6 R 9%
Y1 LA Bk 5 AR AR B, 9 S R 55 o s i B 3R, T
AN R E DLV BT PMOPRIG RIATY i #hBH 8 v A
M B LLBE O RS R A A 2 A RS RS R s 1L 2
WS AR GET K@ AR, PTTR R s ik
ZUife, USERNG K24 BTSSR RR A AN B, %
[IF% M0, A B35 i B BT 5 kRT3 M A , Bk e AR
w2 O AT R DA B 0% 40 2B, A A T 25 B H L 4
B IEORG , SR A ABNE, HBUR M RABE . &0 e K JE RIFENG , A
PMOP“ I 5 J , G ANZE B8, BERGB 227 Z bl 7 Ol
PRI FH 2248, W PRYT AL A 5 AR R 85 R 4B AR
S 2H KRB B T S B/ N AR, B/ N B N B
I, H LR A G5 Sw 9 B AR BN [F AR B o , R Wb
BB AT RS PMOPHRBL AR

PMOPYE N —Fp 5 4R 0 G AR AT MR- B 9 , M R =
R BRI  ME R B S BB A M A A L Y B
AP, B0 R B A s A, - R S i, AT 5
BB T | A BUSANAE , 3800 e P B4 XU 13, RANKY
RANKL/OPGAE 53 I 2 B A0 MY i AN 43 fb i B 48 o B
B 40 B R B RANKL -5 A0 400 0 4K 40 i 2% 1 A RANK 45
A, DT fish 52 6 B 400 M X T G, 483 i TR MO, OPG 2 — i 2
TR R T, 2 B A AR 3 . OPG ] S RANKL
SEELS A, DT RANK-S RANKLIYZE &, 4 B 40 i
TE R, b it BE B Wi, AR SR B, A B R T U B
K BB AL OPGHE H X OPG mRNA R K ¥ 5, 1
RANK .RANKLZE 1 &2 RANK mRNA .RANKL mRNA &5

12

FH - BGPFIBALP R 5 20 B AN 5330 o 19 385 % T4 i
B L E S R HE MBI s S0 S
B AL ALY, LT S RITCA LB AT VA B R A AE
TR B B BRI 1085 7K T3 AV P AR (B 4 L T b o
et B e R RO, DA ARG 0 S5 bR 5 1 /K T it v T
TR RSZ AR D RE T, O o5 T B 200 A e 2 5 , 2 T 34 o
B A ST S5 R F B 4B AT BE AL PMOP R Bt i v
TeHUBKE, FHE IS X BALP BGP/KY , RN B X FPMOP
R A BRI PP AR G IR B4 K S ELA B R Y
YER

ML 3 R N 55 BB G R B Y], 258 %
M) BT o 5 B TR MACAH D A7 5388 B8 8 1 2 JRB 19, TN -
B TR EL A0 AR R B IR 2 A0 A 7R 5 R R R AR
— Tl ST 200 B TR R4 2 0 Lo P AR P E S R R I, 5 S
B BE T L AT BIbk A0 BB 3, DT T B TNF — /K -
Fhes, iS5 2R B U8 AN AET 3 AR , SN B AL
iE 975 BT R0l PR ARSI B 7R, IFN—y 11 38 33 RANK/RANKL
5B S MR 40 B, (EAR P SE 38 R B, IFN—y i
TN FE 5354k, T FBRANKLAITNF - K724, i
LA IERE B AT AR, I B TR YR, Avg— 1 HLAT HTR F s
PE 1R FHR 58 K B, Avg—1 1 308 22 5 W) 153 05 4 A A 1 4
T B A R A Y AR TR AR 45 S 3 I, AN BB AT T IR PMOP R
AL P TNF-a mRNA JFN—y mRNAZIE, FiHArg-1 mRNA
FGK, BETANE B FTETT PMOPK B 4 21 b S s R AE BT
T 2 HE B AR FH o TGF—B 1A ELA i ot A B i oAk
S8R ) AN TS P D 3 RE R YT A A I R 1) A
BRI, % T Y4B 2L 8L 25 H0 AT BE %8 DG 2P, MM P-9
TEB F A T 5 g 2R 3K A R A 20 L A1 R v A e i A
LAY, S 5B A S B TR A Y A R R, A
Bl EJHPMOPK R EHLHFTGF-B1 mRNAZIA, FFAMMP-9
mRNAF L, FWAVE B T g L B R R R E A A
T B A AR SR s R AE DR BRBAME

25 bR, AME R AT T PMOP R BRI B A 4P 4 e
B K-, B PMOPI BRUE 2 B2 % B Sl M B4 4% , LA
i1l BE 5545 OPG-RANK—-RANKL{E 51 % , 10 1 558 4 i
TN, PR B B T A S R A, DA T R B O
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