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Exploration of the effect of isopsoralen on bone metabolism in osteoporotic rats

SHANG Yanchun* , ZHANG Haiying, CHAI Weiwei

Luoyang Orthopedic Traumatological Hospital of Henan Province/Henan Provincial Orthopedic Hospital,Zhengzhou 450000, China
# Corresponding author; SHANG Yanchun, Email: springriver8@ 163.com

Abstract; Objective To explore the effect and mechanism of isopsoralen on bone metabolism in osteoporosis rats. Methods
After modeling, the bone mineral density and bone metabolism were measured before and after treatment. Bone tissue structures
were observed. Runx 2, MMPI3 mRNA and protein expressions were detected. Results Isopsoralen enhanced bone mineral
density of rats with osteoporosis, improved bone metabolism and bone tissue structures, enhanced the expressions of Runx 2 mRNA
and protein in bone tissues, and inhibited the expressions of MMP13 mRNA and protein, and ind its effect was concentration-
dependent. Conclusion Isopsoralen can enhance bone mineral density, improve bone metabolism and bone tissue structures in rats

with osteoporosis, which can up-regulate the expression of Runx 2 in bone tissues and inhibit the expressions of MMP13.
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1.1

LL1 SE83iY:50 2 SD R, Bk #fi 1,7 &
W%, 180 ~220 ¢, 15 (205.42+10.12) g, SPF 2% , 1y
Mg A R A Sk R s Wb, &A% IE S SCXK
(1 )20180001,

L1.2 sEmzidy. maba B R T8, 18 A Higail
HYIBHEA R A A AE =98 % .

L 1.3 R 5ACES e o e A M LAY TR A
FRZS w5 4% H 2 A B M ¥ ( methyl thymol blue,
MTB ) & o I X500 & ofi 9l 4 TR vk ) 2 k300 & I v
H¥53 (bone gla protein, BGP) IR i Atk e s Bk N
K ¥ B ( N-terminal telopeptides of type I collagen,
NTX ). & B¢ % 22 W B i & ( enzyme-linked
immunosorbent assay, ELISA) iX #| & ¥ W A £ H
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OXTEX 4 #] 5 78 A ¥E - £1 ( hematoxylin-eosin, HE )
e 03500 & LA A% B2 ( deoxynucleotide, DNA) 42
Bl & — ¥k g ( bicinchoninic acid, BCA) &
FE R R &3 A 3£ B Bio-Rad 24 w5 AT R
Runx 2, MMP13 H 3 [ BT 0K | 10 51 M Runx 2,
MMP13 £ o R 51 A 5 18 B 3£ B Invitrogen 2% 7 ;
Runx 2 MMP13 L2 ( B-actin) 2 i I &y 2 A4
BHE AR IFA . DPX BAUEE X G4k B % [ X
g Lunar 23w ; UH4150 BY 42 40 /0] UL 20 % 56 B 31
18 K% (hED)BHAARA IR A 57600 B4 H 3
A BT H H A ATACH 23 7] 5 BXS3 B2 .
B B B 7 Olympus 23 719700 1 3K 2 6 6k K2 17
( polymerase chain reaction, PCR) §" 3 {Y Iy H £ H
ABI A #] .

1.2 J5k

L.2.1 g@# @5 T8 50 2 SD RECR A BE
MUBFRIT NN S H IEH A RAE A= 1A 7
IR EZH A B s R ik A A g
R A, A 10 o BRIEE X R4S, Bk A
o R 0 R A ST R O P E R R Y B 4 1R R
| %3 BT YE R B, IR & 39 2 JF L B A W E N
T RRERM AR, 1 mL/100 g #EH , B X 1
WL RESE2 AT o S LIRI TE R TR ALK B K
H 1% RWEAgERM+ZEMAK, 4L 2 mL, X 1
Wo BERNGE, FAERRMEEH A FIER
HREH A B IR R SR EH A 4T 25,50,
100 mg/kg SpAMEIRER (T 2 mL A BEEh K ) 3
B IR A AR A 2 455 2 mL A B K
B, 8X LW BRERdFE3NA,

1.2.2 E& BRI o5 T8 97 § S SR A XURE
Y £ 5 P ASCAG T0 OR BR e R O g L, R
B BCF 3 1E .

1.2.3 B AU - 23 5 T30 97 5 IO BUR i Bk I
3 mL A I A AL S A, i 85 B B R A
MTB 3% SHER VLIS ; BGP H1 NTX ¥R A ELISA %
i

1.2.4 BRI 06 7T 5 RS2 46 R BT Sk Ak
BeLBURE TR ML 1 mm’, B AT VDA LB
I KA, BT IHRARE R, LIERIRIER 0 Ak, IR
KIEE, F 25 s Ja LLA KK MUE 1 min, fF20 g
o, B EEREE QK B R R B

1.2.5 H44 Runx 2, MMP 13 mRNA ¥ : R
B T Hi o 21 2R B4R B A OME A% R ( ribonucleic
acid, RNA) , g HoOk FE 5468 . Runx 2 B35 9

X
B
i

5’ -ACTGATCGTTGCTAGCTAGGCT-3" , F 5 2| 4 -
5’ -CTGACTGCTAGCTAGTTTGATC-3" ; MMP13 I i
21 47,5 -CTCGATCGATAAACTAGCTGGA-3" |, T if
2l #: 5 -CCGGATCGATGGTTCAGTAGTT-3 > ; B-
actin F#ES| 4.5 -TTAAACTAGCTAGTTTAGCTAA-
3, FiES| %5 -CTCTCGATCAGTCTAGTCATGG-
3", PCR 2w :94 °C (5 min)—94 °C (40 s)—51 C
(40 s)—72 C (1 min) ,35 PEFH,72 C (10 min) ,
S3 T B R ER TR AN R TR R B
1.2.6 ‘H44 Runx 2 MMP 13 & 1250 : B
JE THimA A BCA R EE, I, Bika&EIF
TR, YERR S LAB IR 4R W5 & P 10 min, I A —471,4
C I s BB E A BAR A ALY B AR 10 8 — 50, I
Yo JeRR, B E N BEOL, 40T O 0 & B R A R ER
kE,
1.3 Biif#orin

SR H SPSS 26. 0 AP #HAT G AT F W IF R
BHAR AR RN E T 200 (F k) , B4
[E] L33k T SNK-q #i 4, P<0.05 22 7 A Gt 7+

2 FR

2.1 kb IR 2RO TR AN AE R BB A R
SR AR T B 1R] IR % BRAH AL X A b
HIRRMEEA A ERRPREL A FIER
RREEA A 1.3.2.2.1 HET:, 20T B i
AEFWEE, A 2 AR T REERY ., I
Ja R FAURE X 2B 4% B2 {00 & %5 5, IE 8 % B2l
HEEHTY B (P<0.05) , RINARHEHT
R (P<0.05) . JAY7 )G 5 %X A b #, A
B TR (P<0.05) ; SHIA 2 HA LB, 5= 4b
HIRR =AWREANEEETE(P<0.05) , B2
WM, IR 1,
2.2 FabE IR R O BB AN AE R SR A Y R
g3 ARl MTB 35 B R % (ELISA Il 2697 )5
FHR R ERE . 5 IE % X B H R, R %8
H 5T w321k (P>0.05) S AME AR 3R = MR
2B I 45 3 TR (P<0.05) , B2 BE MM 5 45 4H I
BRYEIAIE (P>0.05) ; 5 1F % X BUOZH HO e, Hoar 2
BGP ¥ R k& (P<0.05) ,NTX ¥ F F (P<0.05); 5
BERLZS AL HO L, b B AR R =R E41A9 BGP 1y
Fr & (P<0.05) ,NTX ¥J & (P<0.05) , H B 4R
Mo W2,
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£ ST AR R E BT LE K LD 8 BE M (7+s, mg/om”)

Table 1 Effect on bone mineral density in rats with osteoporosis (x+s,mg/cm”)

fﬂ%ﬂ ﬂ]ﬂéﬁ[ H}i‘g’ H’X"‘E’ﬁjﬁ 2 cm L4~6HE*&~
/n BIH BT e HBIFH BT e BITH BTG
EH % R4 9 232.68+12.36  234.56:14.71 237.35£14.98  237.41:15.12 243.97£15.48 243.51£16.83
B H 4 7 233.79+13.15  200.41:12.43 %% 236.99x15.12  201.06+11.69 %%  244.1216.71 206. 7414, 29 = &¢
FAEIREMEEL 8 231,88+13.57  209.45:11.29 " *&&  23583£15.39  207.96+10.62** *¢& 245, 63+16.83 213. 84212, 57 #&&
SAEIE R vk B4 8 232.09£13.60  218.52+10.61 ™ #™&  236.7115.67  215.48+11.49 ***& 245 [1£15.92 220.45£10. 96 ** #&
SAME IR R R 9 233.24£13.58  227.81=11.86° ™%  236.92+14.74  226.74x12.83* %  244.69216.88 231.86%11. 52 % **

S LE A EBALILEE, T P<0.05, " P<0. 01; SRS T4 LB, *P<0. 05, P<0. 01; 53R4T #f Lk, *P<0. 05, %4P<0. 01,

R2 FrbEIREMNE RFAER BB BRI (22s)

Table 2 The effects on bone metabolism in rats with osteoporosis (x+s)

A5 B /n %5/ ( mg/dL) I B/ (mg/dL) BGP/(pg/L) NTX/( pmol/mL)
Nyt 9 10. 51£0. 33 8.36+1.22 4.4610. 41 27.10£3.52
Al A4 7 10. 49+0. 35 8.32£1.20 3.25£0.35 ™" 45.88+4.62*
SRR E U 8 11,200, 42 = # 8.43+1.21 3,55+0.32°* 39.51+4,03**
FANFIER PR EA 8 11.76£0. 51 ™ # 8.3321.18 3.81£0. 30 * # 35.45+3.96 " #
FANG IR R B A 9 12.200. 55 # 8.46+1.20 4.19£0.33*# 31.85+3.54 "

T HERHEA AR, " P<0.05, 7 P<0. 01 SRR (Al gk, "P<0. 05, 7P<0. 01,

2.3 b R ER X BRBLANRE K R S5 1 I R R
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M. WK1,
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Fig.1 HE staining of bone structure in osteoporotic rats ( x50)

2.4 RAMEAERE XN BB K BB H S Runx 2,
MMP 13 mRNA 23k B9 5

K qRT-PCR J5 ¥ 46 M B o B A A R Bl A 4
21 Runx 2 . MMP 13 mRNA £ih, 5IEH X B4
B, HAPA Runx 2 mRNA 235K 45 R (P<
0.05) , SR HHLE, RAEER = TKEAH
B Runx 2 mRNA FTik/KEHF 5 (P<0.05), HE
W EE AR #i; MMP13 mRNA A8 4L 3 IEAH f . L
%3,
2.5 SabEIRRXN B RERKRE
MMP 13 3 5 % 3K 3% i

K Fl Western blotting J7 ¥ 6 W A Jot B 42 KX BLA

ZH 4 Runx 2,

£33 RAEEERNEHEEMR KR A AL Runx 2,MMP 13
mRNA 3R (x+s)
Table 3  Effects on the expressions of Runx 2 and MMP 13

mRNA in bone tissues of osteoporotic rats (x+s)

2H W 1%/ n Runx 2 mRNA MMP 13 mRNA
TEH IR 9 0.892+0. 012 0.713+0.016
A [l 7 0.562+0.010 ™ 1.163+0.015
R A IR R K
; ’ 8 0.652+0.015 " *  1.042+0.013 ***
e B
RIEFEEF
; 8 0.704+0.011 "%  0.932+0.014 ***
wEA
RIEEES .
; 9 0.791+0.013 %  0.825+0.012 %
wEA

T 5T AT RALE, " P<0.05,™ P<0.01; 5HAI 2 4 L
#%,%P<0.05,*P<0.01,
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HE4 Runx 2 MMP 13 KL, HIEFMBAL
BOEAMY Runx 2 A RXKEY FRHE(P<
0.05); HMAE HA LK, T BERE=1TKREA
7 Runx 2 £ R BKFEEHFE (P<0.05) , HEH
FEMKHT; MMP 13 S H R BHRIEM R, L& 4 A
"2,

x4 FRAFERENGREA KRG HH Runx 2, MMP13
EASPPNEA TR EET)

Table 4  Effects on the expressions of Runx 2 and MMP13

proteins in bone tissues of osteoporotic rats (Xxs)

45 % /n Runx 2/B-aclin MMP 13/B-aclin
EE R4 9 1.562+0. 183 0.241+0,033
BRIz (4 7 0. 169£0. 036 ** 1.769+0.192 ™
SAFIER MR EA 8 0.263£0.042™ %  1.20520. 097 ****
FIFEETRENR 8 0.794£0.038 ™ *  0,763=0. 048 = **
FAFEREREAR 9 1.28720. 152 *  0.44320,039 = *

W SERBAKE, " P<0.05, % P<0.01; SHM S HALLE, P
0.05,*P<0.01,

Runx “ —— u ”
MMPI3 e “ B = o
B-actin ” ” “ m ~

A

B C D E
E2 FRAHEEEXNERERARETHS Runx2,
MMP13 35 H R IE 8
AR X RE B RS {4 C: BB IR R MRRE
HiD: RAFREFREH LA FIRERKREAL.
Fig. 2  Effects on the expressions of Runx2 and

MMP13 proteins in bone tissues of osteoporotic rats
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2,5 w0 A0 A A R BT R B R L % UT A
T, MMP13 280 1) SR A 1 R B, R
IR Tasa A, AR ) # 1T B IR R AR
EEHEENRGEEFAESE Y AEE
BLUTY A 4R B 4 4 Runx 2/MMP13 {555 3 j%
Ry L] 5 1 3R AT AR 40 A B S L 5 L
BB A AL, s A AU RN TS A B TR
AE (5 ARG ST BF 58 BB B . A ST 4 00 S 4B B 3R
A X 41 41 Runx 2/MMP13 {5 5 38 B 7= 4 3 ¥ 45
FH X A B YR PR R 5 A B DR AP AR T fiE
Y3 2o R AR S

ABEGE P SRR IR R =R AL B S IR
P, T UL SRR R 2R AT R AR O A RE R BB R
EAREIN , B BRI AREE . IS, RAMVE SRR =4
WPEH B R 42 Runx 2 mRNA KB HRIXYE T
RERL 2s (20, MMP13 mRNA 52 5 R XK TR A
25 2 HEDN S b B s R AT AR B AL KRB A
#1 Runx 2/MMP13 {258 %, £ i Runx 2 3K & &
MRk, 1) MMP13 5L B 8 =ik, I S2 3
36 A . Jian Wang 25" BIF55 & 90 5 #h & i 2 X
T BB ANRE R SRR A7 A AR, R B 25 ) 7T U
AR BRI 5 Ge L4 35 M A g T
300 o R B A ) A ) e i O A,
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5 Runx 2 mRNA EEHFEIA .M MMP13 mRNA
FEARBE.

{ & % x & ]

[ 1] Kanis JA, Cooper C, Rizzoli R, et al. European guidance for the
diagnosis and management of osteoporosis in postmenopausal
women [ J]. Osteoporosis International, 2019, 30(1) ;3-44.

[ 2] Zhu W, Shen H, Zhang JG, et al. Cytosolic proteome profiling of
monocytes for male osteoporosis [ J]. Osteoporosis International ,
2017, 28(3) :1035-1046.

[ 3] Han S, Jang IT. Analysis of adjacent fractures after two-level

percutaneous vertebroplasty: is the intervening vertebral body



224 FIEE RGN ZeE 2021 52 A% 27 %4 2 8]  Chin ] Osteoporos, February 2021, Vol 27, No.2
prone lo re-lraclure? [J]. Asian Spine Journal, 2018, 12(3): and Molecular Medicine, 2018, 22(12) :6112-6121.
524-532. [11] ShanY, Wang L, Li G, el al. Methylalion of bone SOST impairs
[ 4] Zhu W, Yang ML, Yang GY, el al. Changes in serum runl- SP7, RUNX2, and ERa«a lransaclivalion in patients with
relaled Lranscriplion [aclor 2 levels aller a 6-monlth reatmenl with postmenopausal osleoporosis [ J]. Biochemistry and Cell Biology,
recombinanl human parathyroid hormone in patienls with 2019, 97(4) :369-374.
osteoporosis [ J]. Journal of Endocrinological Investigalion, [12] Zheng X, Zhang Y, Guo S, el al. Dynamic expression ol malrix
2012, 35(6) :602-606. melalloproteinases 2, 9 and 13 in ovarieclomy-induced
[ 5] Jreams, xifd, /00, %, 56 R Boe 4 5 iR v 0043 et oslecporosis rals [ J]. Experimental and Therapeulic Medicine,
FASE R R A BB AR s [T, A E S 7 2 ik, 2018, 16(3) :1807-1813.
2000, 6(5) :40-42. [13] Huang Y, Zhang X, Du K, et al. Inhibition of B-catenin
[ 6] Lekamwasam S, Chandran M, Subasinghe S. Revised FRAX®- signaling in chondrocytes induces delayed fracture healing in mice
based intervention thresholds for the management of osteoporosis [J]. Journal of Orthopaedic Surgery and Research, 2012, 30
among postmenopausal women in Sri Lanka [ J]. Archives of (2):304-310.
Osteoporosis, 2019, 14(1) :33. [14] EHEF, SEM, , S BRI E A B Y klotho ZEF
[7] skdl, skfs. AREEIT7 X805 08 B L0 & Tk xf L KRR Runx2 & MMP-13 Rk R ui[J]. 2
AR T]. BRFI R, 2018, 39(11) :168-171. B2 5ilE R, 2012, 32(5) :487-492.
[ 8] xU#F, mEe3g, e, & I FIBTEFRIBEZH KR E [15] Jian Wang, Gang Wang, Li Gong, et al. Is opsoralen regulates
R AIEIF[T]. LR s Rl2E, 2018, 35(1) :44-47. PPARy/WNT to inhibit oxidative stress in osteoporosis [ J].
[ 9] Cheng M, Liang XH, Wang QW, et al. Ursolic acid prevents Molecular Medicine Reports, 2018, 17 (1):1125-1131.
retinoic acid-induced bone loss in rats [ J]. Chinese Journal of [16] GeT., CuiY, Cheng K, et al. Ts opsoralen enhanced osteogenesis
Tntegrative Medicine, 2019, 25(3) ;210-215. by targeting AhR/ERa [ J]. Molecules, 2018, 23(10) :2600.
[10] Yin Q, WangJ, Fu Q, et al. CircRUNX2 through has-miR-203 (A8 08 : 2020-03-31 ;& 5] [0 8] : 2020-05-26)
regulates RUNX2 to prevent osteoporosis [ J]. Journal of Cellular
(J:j:%% 219 ﬁ) coupling [J]. The EMBO Journal, 2006,25(24) ; 5840-5851.
[2] EEH, 485, e, 4. M2 )5 48 mE 588 E [ 8 ] M Ishii,) Kikuta. Sphingosine - 1-phosphate signaling controlling
SEFEAR B E MM [ T]. h R R R AR 22 &, 2020,26(3) . osteoclasts and bone homeostasis [ J]. Biochimica et Biophysica
378-381. Acta, 2013,1831(1); 223-227.
[ 3] EJkiE, XL, T, 5 IL 42 58 Mo i 2 [ 9] K BeomJun,K JungMin, L SunYoung,el al. Plasma sphingosine
B AR S AL L R [ T]. RS RS 1-phosphate levels and the risk of verlebral [raclure in
Zuik | 2020,26(3) ; 412-415. postmenopausal women[ J]. The Journal of Clinical Endocrinology
[ 4] ACEZS, VEMEE, XUBZE, 4. SCRUM S B AR and Metaholism, 2012,97(10) ; 3307-3814.
BB R B B PR R [T ). R R B BB Je sk, 2020,26(4) . [10] LS Hun,Lee SunYoung,Lee YoungSun, el al. Higher circulaling
500-594. sphingosine 1-phosphale levels are associaled with lower bone
[ 5] Proia RL, Hla T. Emerging biology of sphingosine-1-phosphate ; mineral densily and higher bone resorplion marker in humans
Its role in pathogenesis and therapy [ J]. Journal of Clinical [J]. The Journal of Clinical Endocrinology and Melabolism,
Investigation, 2015,125(4) : 1379-1387. 2012,97(8) : E1421-1428.
[ 6] Ishii M, Kikuta J. Phingosine-1-phosphate signaling controlling [11] M Ishii,J Kikula, Y Shimazu, et al. Chemorepulsion by blood
osteoclasts and bone homeostasi [ J]. Biochimica et Biophysica SIP regulales osleoclasl precursor mobilizalion and bone
Acta, 2013,1831(1) :256-275. remodeling in vivo [ J]. The Journal of Experimental Medicine,
[7] JRyu,HJ Kim, EJ Chang, et al. Sphingosine I-phosphate as a 2010,207(13) : 2793-2798.

regulator of osteoclast differentiation and osteoclast-osteoblast

(Yo 5 A 31 . 2020-02-16 ;4% |0 B 3] : 2020-06-13)



