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Effects of Yishen Bugu Decoction on Bone Formation and Nitric Oxide-Cyclic Guanosine
Monophosphate Signaling Pathway in Osteoporotic Rats*

WANG Qinjian, ZHANG Ruixin ( Dept. of Osteopathy, Henan Provincial Hospital of Traditional
Chinese Medicine/the Second Affiliated Hospital of Henan University of Traditional Chinese Medicine,
Zhengzhou 450000, China)

ABSTRACT OBJECTIVE; To probe into the effects of Yishen Bugu decoction on bone formation and nitric oxide-
cyclic guanosine monophosphate ( NO-cGMP ) signaling pathway in osteoporotic rats. METHODS: The SD rat model
of postmenopausal osteoporosis ( PMOP) was established by removing both ovaries. According to the random number
table method, the rats were divided into the sham operation group (sham group), PMOP rat model group (PMOP group),
Yishen Bugu decoction L group, M group and H group (treated with Yishen Bugu decoction 2, 4 and 8 mL/kg by
gavage, respectively) , and positive control group (treated with estradiol valerate by gavage). The preoperative and
postoperative body mass of rats in each group were compared, and the general state of rats in each group was observed.
The content of total alkaline phosphatase ( TALP) and serum anti-tartrate acid phosphatase (TRAP) in serum were
detected by enzyme-linked immunosorbent assay. Rat bone mineral density was detected by dual-energy X-ray.
Hematoxylin and Eeosin staining was used to detect the histomorphological changes of rat femur, and spectrophotometer
and radioimmunoassay were used to detect the content of NO and ¢GMP in rat femoral tissue. The protein expressions
of Wnt3a and B-catenin in femur tissue were detected by Western blotting. RESULTS: Compared with the sham
group, the body mass of the PMOP group decreased significantly ( P<0.05) ; compared with the PMOP group, the
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body mass of the Yishen Bugu decoction L., M, and H groups increased significantly (P<0.05), with statistically
significant differences. The serum TALP content and femoral BMD of the PMOP group were lower than those of the
sham group, and the TRAP content was higher than that of the sham group ( P<0. 05) ;the TALP content and femoral
BMD in the Yishen Bugu decoction L., M, and H groups were higher than those in the PMOP group, the TRAP
content was lower than the PMOP group ( P<0.05), with concentration-dependent manner, the differences were
statistically significant. There was no significant difference in serum TALP, TRAP content and femoral BMD between
Yishen Bugu decoction H group and positive control group ( P>0.05). Compared with the sham group, the trabecular
bone space of rats in the PMOP group became larger and irregular, the thickness was uneven, and the trabecular bone
phenotype was thinner. Compared with the PMOP group, the trabecular bone gap of the rats in the Yishen Bugu
decoction L., M, and H groups and positive control group decreased to varying degrees, and the thickness of the
trabecular bone was uniform and gradually regular. Compared with the sham group, the contents of NO and ¢cGMP in
the femoral tissue of the PMOP group increased significantly ( P<0. 05) ;the contents of NO and ¢cGMP in the femoral
tissue of Yishen Bugu decoction L., M and H group were lower than those of PMOP group (P<0.05), the differences
were statistically significant. Compared with the sham group, the expressions of Wnt3a and B-catenin proteins in the
femoral tissue of the PMOP group were decreased significantly ( P<0.05) ; the expressions of Wnt3a and B-catenin
proteins in the femoral tissue of the Yishen Bugu decoction 1., M and H group were higher than those of the PMOP
eroup ( P<0. 05) , with dose-dependent manner, the differences were statistically significant. CONCLUSIONS: Yishen
Bugu decoction can promote bone formation in PMOP rats, possibly by inhibiting the NO-cGMP signaling pathway to
inhibit bone resorption.

KEYWORDS Yishen Bugu decoction; Osteoporosis; Bone formation; Nitric oxide-cyclic guanosine monophosphate
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T AR B I A ML Hh cGMP Fr i B4R 4D B R PRI ) &l
BT,

P EBE 2SN 50 2023 4E5H 23 55 1

1.11 FZHEBREE XGRS HLK B Wntda, B-catenin )
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112 ZitEH*

SEE R Graphpad priam 8. 0 3K {17804 4T,
THEBERILL x5 3278, W 2 RE A (0] LU 3R T 200 ST RE A ¢ A
5, Z2 UREAR 8] SR T B0 PR 3R 5 2290 H (ANOVA 73 #r ) | 201 1)
P LR LSD- K 56, P<0. 05 FoR 25 A G4 X,

2 H#R
2.1 HAXR—MRELER

ARAT, KUK BRARER2ZF TG L (P>0.05), I
F1E1(A), RJF,PMOP 41K EATSN4K sham 418 iR 4%
TR ARBHRE T, B ARERAR, 3843 K B 72 SR 4K
ML EANE Y LM K H 4K B 15 5088 21 o i &
£ B AMEZ H AR P FRZH KBRS SR 0 R IR
fEFEBUAHRL, PMOP 4R AT RAK T sham 2H (P<0.05) ;
i EAME L4 M AURH 4R BRUAE B 25 T PMOP 41, B
R B AR H AR B X IR R BRUA E & T iR B AN
L2 M 41 (P<0.05) , 227 A Gt 5 3, WA 1(B)

x1 BHXRFIEAEELLE (rs,g)
Tab 1 Comparison of body mass of rats in each group
before experiment (x+s,g)
4 k&

sham 41 (n=10) 212.3445.62
PMOP #1(n=10) 215.61+5.42
HEET LA (n=10) 218.3745.57
HEAEH M4 (n=10) 216.47£5. 51
5 BV H4L(n=10) 219. 14+5.38
PR R (n=10) 214. 46+5.53
F 2,084

p 0.081'5

2.2 FHAKXRRMEFES TALP. TRAP §ELLE

PMOP 41 KRR35 TALP & B KT sham 41, TRAP &
AT sham 41; 35 B 43 L4 M 41 K% H 41K R 75
TALP 2B & T PMOP 40, TRAP & 2t ] BAK T PMOP 4 ;
HEANE T H A KRN TALP S EE TR B 5%
L4 M4, TRAP SR FEFHEH LA MA, LRES
YA G2 X (P<0.05) , L3 2,
2.3 KAKXR BMD FREAATSETHLELE

5 sham ZUAHH, PMOP 2 KRR BMD FEAIK, 22 574 45
P12 L(P<0.05) ;5 PMOP ZHAH L, 26 B4ME % L 240 M 4
K H 4 BMD BUR[EFREE T, B2 A, 2 28 a %11
27 X (P<0.05) ; 35 B AN 1 H 41K BB BMD 5 BH
TR, 2R BEFIER L (P>0.05) , WE 3 F2(A), 5§
sham Z1AH L, PMOP 20 K B /N2 [B] B AR FORHRI L 40 AN 3
A1 E/NREFR A E W, 5 PMOP AL, 25 B ANE A L4
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A vs. body mass of rats before experiment; B: vs. Body mass of rats at different times after experiment; vs. sham group,
*P<0.05; vs. PMOP group, "P<0.05; vs. Yishen Bugu decoction L group,“P<0.05; vs. Yishen Bugu decoction M group,*P<0. 05
E1 HHXREELER

Fig 1 Comparison of body mass in rats among different groups

£2 KRAARME TALP, TRAP & ELbE (x+s,pg/mL)
Tab 2 Comparison of TALP and TRAP content in rats
among different groups (x=+s,pg/mL)
e TALP TRAP
sham 41(n=10) 150.32+10. 47 1002.4556.32

PMOP #(n=10) 76, 485, 42* 2 148. 31100, 47°
A LA (n=10) 91,3516, 38 1 816. 27283, 51
BT M 4L(n=10) 107. 66+7. 152 1 526.25+76. 34
i BT HAL(n=10) 132, 4248, 327 1217, 48+62. 16™

BIFERTBRE (n=10) 135. 1848, 46 1226. 1563. 4274
F 127.3 326.1
P <0.000 1 <0.000 1
145 sham 1L, °P<0. 05; 5 PMOP 41 1, "P<0.05; 5 35 B M3 L 4L 1L, °P<
0.05; 535 BFAME ML, *P<0. 05
Note:s. sham group, *P<0.05; vs. PMOP group, "P<0.05; us. Yishen Bugu decoction L

group, “P<0.05; 1s. Yishen Bugu decoction M group, P<0. 05
#*3 KRB BMD Lb# (x+s,g/cm’)
Tab 3 Comparison of femur BMD (x#s,g/cm’)
i BMD

sham #1(n=10) 0.28+0.03
PMOP #(n=10) 0.210.01°
HEHES L4 (n=10) 0.23£0.01%
L EAMET M 4L(n=10) 0.26£0. 01
WM T H 4 (n=10) 0.280. 02
BIPERTBRA (n=10) 0.280. 02>
F 16.32

p <0.000 1

15 sham UM, *P<0. 05; 15 PMOP 4LAI 1L, "P<0.05; 545 BB L 41K 1L, °P<
0.05; 53 B AME I MM, *P<0. 05

Note:s. sham group, *P<0.05; us. PMOP group, "P<0.05; vs. Yishen Bugu decoction L
group, “P<0.05; 1s. Yishen Bugu decoction M group, *P<0. 05
M ZH H 4R PR % R 2H R B /N ] BRI AN W] AR AR /N L
/NG 20 5) HaA ERn, WLE 2(B) .
2.4 ZFHAKXBREBREHLAS NO.cGMP §ELLE

55 sham 2048 [t PMOP 21 /I 20 41 NO,cGMP & & 7t

L ERAE GRS X (P<0.05) ;46 B AME A L4 M 41 K%
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H 21 KRB 42 NO cGMP &5+ W WAL T PMOP 4, H [
EUW TSR0 3, 25 5390 eit 2 3 L (P<O. 05) Ay
M7 1255 BEE X R A K R Y EP NO . cGMP & Y
ERTGIEEL(P>0.05) WLk 4,
F4 BHARRBEALRT NO.cGMP FELLE (x+s)
Tab 4 Comparison of NO and ¢cGMP contents in femoral
tissue of rats among different groups (x=s)

45 NO/( pmol/g) ¢GMP/ (nmol/g)
sham 1 (n=10) 2.31:0. 18 0.210.02
PMOP 41 (n=10) 4.56£0.35" 0.62+0.05°
HEMETT LA (n=10) 3.27:0.31% 0. 540, 04
5 BAME T M 4(n=10) 2. 86£0. 25 0.42+0. 03"
LE M H 4 (n=10) 2,530, 2104 0. 3520, 022
PN AL (n=10) 2,550, 20°d 0,310, 022
F 103.4 293.2

P <0.000 1 <0.000 1

2 sham AU, °P<0.05; 55 PMOP 4147 L, "P<0.05; 5 35 A7 L 4LA L, °P<
0.05; 5548 BrAb I M 4LAIE, “P<0. 05

Note:vs. sham group, *P<0.05; vs. PMOP group, "P<0.05; vs. Yishen Bugu decoction L
group, “P<0.05; 1s. Yishen Bugu decoction M group, *P<0. 05

2.5 HAKXRREHLA D Wnt3a, p-catenin EBRIELLE

5 sham 4 #H HS, PMOP 41 K B B & 41 41 H Wni3a,
B-catenin 2 1A BIRAL, Z R WA ST #E X (P<0.05) ;
wEAE T LA MAL HAKRETAL T Wni3a,
B-catenin £ [ # A B 5T PMOP 41, H 27 &kffit:, 257
YR G L (P<0.05) ;25 B A E 1% H 415 PR FRZH K
SRS 4121 h Wnt3a ,B-catenin 25 H R K Z 7 LHITFE X
(P>0.05) 0585 &1 3,
3 g

PMOP S22 1% WL , =2 il T AL P ) M 3K T %
RSHE R REELHTHR  WEBRRAIT DL 60 % L)
LR BB AMIE A — 2B (HX] 60 2 Iz 60 % LI L i 2t
TR B B AAE R IT AVE N i, EBE MR B IRIT
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»P<0.05; vs. Yishen Bugu decoction L group,®P<0.05; vs. Yishen Bugu decoction M group, ¢ P<0. 05
E 2 FEKE BMD MBRBHAAMSEULLE
Fig 2 Comparison of BMD and morphological changes of femur in rats among different groups

x5 [BAKXRBRREAHLZ S Wntla, p-catenin T B Rk
Lb %% (x+s)
Tab 5 Comparison of Wnt3a and {3-catenin protein expression

in femoral tissue of rats among different groups (x=+s)

Eibil Wnt3a B-catenin
sham 41(n=10) 1.00£0. 10 1.00+0. 09
PMOP 41(n=10) 0. 230, 02° 03420, 03*

i EAME L4 (n=10) 0.45+0, 04 0.51£0. 05
fit B AMTV M 41(n=10) 0.67+0. 05" 0. 72£0. 06
i EAME H4L(n=10) 0.89:0. 06°> 0.90+0. 072
PR R4 (n=10) 0.910. 7% 0.9120. 08¢
F 236.9 152.2

P <0.000 1 <0.000 1

145 sham 4L, *P<0. 05; 5 PMOP 411 1, "P<0.05; 5 35 B AMEA L 4L 1L, °P<
0.05; 535 B AME T M ALK, °P<0. 05

Note;vs. sham group, *P<0.05; vs. PMOP group, "P<0.05; vs. Yishen Bugu decoction L
group, “P<0. 05; vs. Yishen Bugu decoction M group,dP<0. 05
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Wnt3a B-catenin
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Fig 3 Comparison of Wnt3a and -catenin protein expression in femoral tissue of rats among different groups
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