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[Abstract] Objective; To investigate the therapeutic effect of Guizhi Shaoyao Zhimutang (GSZT) on
the osteoporosis (OP) in SD female rats induced by ovariectomy (OVX) combined with glucocorticoid injection
and its related mechanisms. Method: The rats were divided into a sham operation group and an experimental
group for OVX. One week later, the experimental rats were divided into an OP model group, a calciferol
(positive control, 0.1 mg-kg"') group, and low (0.8 g-kg"), medium (1.6 g-kg"), and high-dose (3.2 g-kg")
GSZT groups. Except for those in the sham operation group, the rats received an intramuscular injection of
dexamethasone (1 mg-kg') twice per week for six weeks. After the rats were treated correspondingly for eight
weeks, the rats were sacrificed for thighbone sample collection. The computer microtomography (Micro CT)
was used to analyze the parameters of bone mineral density (BMD), bone volume (BV), tissue volume (TV),
structure model index (SMI), connectivity density (Conn.D), trabecular number (Tb.N), trabecular thickness
(Tb.Th), trabecular pattern factor (Tb.Pf), and trabecular separation (Tb.Sp). In addition, hematoxylin-eosin
(HE) and Masson staining was used for the histopathological examination of the thighbone. Tartrate-resistant
acid phosphatase (TRAP) staining was used to analyze osteoclasts in bone tissues. The enzyme-linked
immunosorbent assay (ELISA) was used to determine matrix metalloproteinase-9 (MMP-9) , cathepsin K
(CTSK), and TRAPS5b in bone tissues, and Western blot was carried out to determine receptor activator of NF-
kappaB ligand (RANKL) , osteoprotegerin (OPG) , alkaline phosphatase (ALP) in bone tissues. Result:
Compared with normal group, the number of bone trabeculae in cancellous part of OP model rats decreased
significantly, the spacing widened, the thickness became thinner, and the continuity was poor. Compared with
model group, GZST medium and high-dose groups could improve the changes of femoral bone trabecular
cancellous bone. Masson staining showed that compared with the normal group, the growth plate thickness of the
distal femur epiphysis was thinner and the area of new bone was smaller in the OP model group, while the
reduction of new bone was inhibited in the high dose group of calcitol and GZST. TRAP staining results showed
that the number of osteoclasts in OP group was significantly increased compared with the normal group, and the
number of osteoclasts in medium-high dose GZST group was reduced. Micro CT results showed that compared
with normal group, BMD, BV, Tb.N, Tb.Th and Conn.D of OP rats were decreased, SMI and Tb.Sp were
significantly increased (P<0.01). Compared with model group, medium and high dose of GZST could improve
the degree of osteoporosis in OP rats, BV, Tb.N were significantly increased, SMI, Tb.Sp were significantly
decreased (P<0.01). ELISA results revealed that compared with the sham operation group, the OP model group
showed decreased ALP content (P<0.01) and increased MMP-9, TRAP5b, and CTSK (P<0.01). Compared
with the OP model group, the high-dose GSZT group showed increased ALP content (P<0.01) and decreased
MMP-9, TRAP5b, and CTSK (P<0.01). Western blot results demonstrated that compared with the OP model
group, the calciferol group and the high-dose GSZT group showed inhibited expression of the RANKL protein
(P<0.05) , and increased OPG expression (P<0.05). Conclusion: The findings suggest that GZST has a
potential therapeutic effect on OP caused by OVX combined with glucocorticoids in rats, and the underlying
mechanism is associated with the regulation of RANKL/OPG in bone tissues. This study is expected to lay a
preliminary foundation for its clinical application and modern preparation development.

[Keywords] Guizhi Shaoyao Zhimutang (GZST) ; osteoporosis; computer microtomography (Micro

CT) ; nuclear transcription factor-xB receptor activating factor ligand (RANKL); osteoprotectin (OPG)
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E1 BRGNS INEEAARRETHA[FRETNHHZIN
(HE,x100)

Fig. 1 Effect of GSZT on distal femur histopathology in OP
model rats visualized( HE, x100)

F
B2 EENSHNSINEAARRETHARFRETHHZIN
(Masson, x40)
Fig. 2 Effect of GSZT on distal femurs histopathology in OP

model rats visualized( Masson, x40)

SR AMSE R S HE RS R A MMM, S
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TR AR T A [ R R A Bk 3 OP K R T B A AR

B, Jt HJ& SMI, Tb.N, Tb.Sp i # & # (P<0.01) .
WLE 3, &1,

E F
B3 ERESANSHINEARRREZEGFTLHZIM (Micro
CT,x24)
Fig. 3 Effect of GSZT on Micro CT imaging of distal femurs of
OP rats (Micro CT,x24)
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W23,
3.5 X OP B K B B &) % h RANKL, OPG, ALP
BHRBOEN  H5F AR LK, SR ALP,
OPG 7 M % & I % MK (P<0.01) ,RANKL % H %
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F1 ERYBHNEZHEAKXRESE Micro CTHEEIEBNEM (r+s,n=3)
Table 1 Effect of GSZT on Micro CT scanning data of femur of rats in each group (x+s,n=3)
20 5 il /g kg BMD/mg-cm’ BV/TV Conn.D/1*mm™ SMI
BFA 706.80+11.74 0.35+0.06 68.76+13.79 0.70+0.22
R 624.21+5.50% 0.06+0.02% 9.37+3.74” 2.58+0.09”
B =B 1x10* 680.32+10.84" 0.28+0.04% 56.86+3.86" 1.44+0.32%
HEALAT 2551 H: 0.8 643.13+4.35 0.09+0.01 13.51+0.76 2.39+0.08
1.6 644.21+5.08 0.20+0.01% 35.49+18.65 1.85+0.05%
3.2 658.82+7.14% 0.24+0.03 48.51+2.28 1.34+0.09"
21153 il /g kg Tb.N/1+mm" Tb.Th/mm Tb.Sp/mm
BFAR 3.887+0.259 0.094+0.007 0.162+0.006
F 0.973+0.293% 0.059+0.002 1.040+0.366%
Ak = 1x10* 3.600+0.370% 0.077+0.004" 0.207+0.022%
HEAL AT 25 510 0.8 1.367+0.040 0.062+0.001 0.672+0.022
1.6 2.997+0.040% 0.066=0.001 0.266+0.001%
3.2 3.203+0.161% 0.074+0.004> 0.238+0.023%

TG IE R 4 Y P<0.05,2 P<0.01; S5 ZH Hod ¥ P<0.05,% P<0.01(3 2~4 [A]) .

B4 BERNHNEGINEARRRBERBEEARBETNHH
fig (TRAP, *100)

Fig. 4 Effect of GSZT on changes in osteoclasts of distal femurs
of OP rats (TRAP,x100)
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AT iAW, B R IR TR R B BT AT IR B A
B AL E AR RUFACIL 5 0 BEE 2G5 B, T3 A AR AR
{H 1755 386 BA i ICH: K, ST B B IR A 45 1 5 B
A KR Z Bt LU S Gk K, HOH B AT,
PLBD R s DA b = 25k Sy 2 o DT 0 i
2, 5 HATHG  RE 2 S ET Al Ik s 5 22 AR 0, 1T
ME R, 207 &1 R EEIE & Z ), i XIE
WA B A9 Ok AR AR TE S AR TE IR R iR
T KT R (RA) BA 37 AL, 8 42 5 1k
IEJF T, B RA K 5101 RN 20 1 S0 HOR L8 i
BBy R AR AL T S LU A B R
oA U5 A B, DR B RA B R FER -
AR A A 9E % B GSZT X F RA T 81
B W R 2 s VR, BT DA A ] CTA B AL K R
T BRE O A I, LML S 40 ] - 4 L (OCs)
() &I 4 RANKL Fl OPG Ry 25 3k #f 6o
OCs & i i, OP £ # Y JiL [l , RANKL #1 OPG J& OP
7 96 B LAY HE A, AR GSZT &2 75 BEJH T OP iR I7
A UL 2R 5 100 I DR B 9 i 3 3l S B ik 4l o
DL YR 3 5 OP A5 A0 A 5 470 42 B M i e 8 i 4
BEATWEIE o A R 50 2 DN A A9 £ 2 W 58 AR
B DR AP R L SR A B A5 1 B 7 el 7 OP A 7Y, B
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x2 BERYHINFFNZAKRRESEH ALP, MMP-9, TRAP5b 1 CSTK B (X+s,n=6)
Table 2 Effect of GSZT on ALP, MMP-9, TRAP5b and CSTK in bone homogenate of rats (x+s,n=6)
21 5] il /g kg ALP/pg-L" TRAP5b/pg L MMP-9/mg-L"' CTSK/pg-L"
BFA 93.31+2.21 22.28+4.60 0.34+0.10 21.17+0.99
LAY 46.49+0.71% 83.26+8.82% 5.54+0.32% 61.19+1.40%
B =B 1x10* 83.42+2.52Y 35.41+3.47Y 0.83+0.04" 25.10+0.58"
FEARAT 25 501 0.8 48.18+1.65 71.54+5.99 5.24+0.40 60.60+1.20
1.6 60.32+4.11% 66.86+2.92Y 4.61£0.34Y 52.86+1.15Y
3.2 73.53+2.31Y 34.85+3.56" 1.90+0.10" 30.00+0.64"

F3 ERAHHNEHINEEHEKXRMDE R OPG M TRAPSH K FH)
= (X£s,n=6)
Table 3 Effect of GSZT on OPG and TRAPSbD levels in serum of

rats (¥+s,n=6)

a1 i '5:1:1 TRAPS}) OPGrl
/g kg /ng L /ng-L
i FA 33.75+3.21 490.30+16.31
(e8| 98.84+3.977  276.40+13.147
b = 1x10* 43.05+4.07  414.70£19.31Y
AT 25 J B 0.8 91.76+4.35 364.40+12.86"
1.6 73.93+6.10" 392.80+12.64"
3.2 49.08+5.09  398.40+12.63%

RANKL !-~-~40kDa
OPG---- - D
ALP .ﬂ.“’ 57 kDa

e

A B C D E F
BE5 ®HAKXRBSHEH RANKL,OPG,ALPEHRIAR)
Fig. 5 Electrophoretic of RANKL, OPG and ALP protein

expression in OP rats via

A B W R A B B AR R . OCs 2
W B A B OG8N R Z — o OCs i M-CSF,

RANKL H # 4 b 7= 42", RANKL/RANK/OPG &
75 AR Mo A ) T Bk 42 . OPG /& RANKL 11y
O A2 R, i 5 RANK 35 4+ M 45 &, M i B I
RANKL 5 RANK Z [8] i) A0 B AE F, 490 i 5 B 40 Jfd
B A R OPG S 17 R 455 15 W i iy o B
TRBOR T R T, B 9T % B RA B35 103 RANKL T
1 OPG/RANKL FAE F#AR7 o 78 B Woic it 7 v
1 1 ) T i 2 S 5 K A0, CTSK fl MMP-9, TRAP
IR 2 AR EY) . CTSKOK A AL 2 I 3
JO VR G ORI it O R AN P SRR R R L IR
T T oo 1) — o bR SRR AR 1 Y . MIMIP-9 T
LI OC 7= A, & MMPs i 52 15 A X6 43 ot e
KR, SRRV R i i il 38 2o 3 Ak B 5 0 1Y o
0k 1 240 6 R IR, R B B3R . TRAP & B
20 R S R R AR B AL 1 & JE R U L 7R TR
PESAE T AT LA AL B BR R S K g, S S5
200 6 ) < R AR
AP, BUGE S RGN SR R,
GSZT HA7 3% OP K BB I s M 9 1 L iR 97 )
OP K BUH 1 ¥ 03 % i Wb & 3 v, OF FLRR AR T i i
Ui 0 S A K A R 2 AT R N e B B ek D | R
AR T /NG Y M B TR BN A R A R
20 Jif B LGk B0 ORI VR R . AR T AT LR AR
2141 MMP-9, TRAPSb fil CTSK #J7K -, #& & ALP
ik, U RANKL/OPG, X % W AE R AT 25 518 17

R4 EENAANFHRESAXRE SR P RANKL,OPG,ALPEARIEMHM (X+s5,1=3)
Table 4 Effect of GSZT on RANKL,OPG and ALP protein expression in serum of rats (x+s,n=3)

215 Fl /g kg RANKL/B-actin OPG/B-actin ALP/B-actin
B F A 0.165+0.005 0.874+0.096 2.075+0.152
8 0.815+0.049% 0.371+0.026> 0.679+0.035%
Bk = 1x10* 0.246+0.007% 0.624+0.053% 1.691+0.110%
HEALAT 25 F B 0.8 0.812+0.125 0.341+0.016 0.664+0.035
1.6 0.660+0.110 0.365+0.017 0.717+0.051
3.2 0.390+0.067" 0.580+0.034% 1.10420.119¥

.17.
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