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Abstract: Objective To investigate the effect of aspirin ( ASP) combined with strontium ranelate (SR) on osteoblasts and bone
mineral density and bone mass in ovariectomized rats, and to explore the possible mechanism. Methods Firstly, the effect of
ASP, SR and SR + ASP on ALP staining and Alizarin red staining of MC3T3-El1 cells were observed. Then the model of
postmenopausal osteoporosis was established using bilateral ovariectomy. The ovariectomized rats were randomly divided into OVX
group, ASP group, SR group, and SR+ ASP group. The rats in ASP group, SR group and SR+ ASP group received aspirin,
strontium ranelate, or the combination, respectively, for 12 weeks. After the treatment, micro-CT, HE staining, and Western
blotting were used to observe the therapeutic effect and possible mechanism. Results Osteoblast experiment showed that ASP,
SR, and SR+ASP promoted ALP production and mineralization of osteoblasts. SR+ ASP had the most significant effect on ALP
production and mineralization of osteoblasts. After 12 weeks of treatment, compared with those in ASP group and SR group, the
number of bone trabeculae and bone mineral density in SR+ASP group significantly improved. The levels of BMD, TV/BV, Tb.N,
Tb.Th, and Tb.Sp in SR+ASP group were significantly better than those in SR group and ASP group. Compared with that in ASP
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group and SR group, Notch signal pathway was activated and the levels of Notch-1, CBF-1, and Jagged-1 were significantly up-

regulated in SR+ASP group. Conclusion ASP combined with SR can improve the function of osteoblasts and protect bone mass in

ovariectomized rats. This effect may be mediated by Notch signal pathway.
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Average optical density of ALP and Alizarin red staining in each group



AR

*3#
* 8
1.0 #& 80 *#
*
08 *i
e ®
g £
o
a g«
- S
b »
- 53 8
o oy g 2 2 54
& & F S
@ &
Groups Groups
50 *Ha 400 iy 400
*H
300 * = 300
E 100 5 £ *g
£ * 2 £ ; *ha
= £ 200 = 200
= = &
g s 8 =
100 100
7 o [
4 2 2 >3 2 R 2 vl 4
& F & F & F & & 5 S
& & =
Broups Groups Groups

B2 4B RRAME TR Micro-CT R 455
Fig.2 Results of micro-CT in the femoral metaphysis of rats in the four groups
TE: OVX 4 (a) (ASP ZH(b) SR 4 () K SR+ASP 4 (d) ;55 OVX ML, " P<0.05;5 ASP #HM L, *P<
0.05;5 SR #HA4f 1t , “P<0. 05,

i

3 A AR RBE Tk HE 91 46 25 5%
Fig.3 Results of HE slices in the femoral metaphysis of rats in the four groups

FELOVX 4L (A) ASP 41 (B) SR 41 (C) B SR+ASP 41 (D) (x20),

47



48 M RER VR oy

2021 4E 1 A% 27 4% 1 8] Chin J Osteoporos, January 2021, Vol 27, No.1l

2.4 Notch {55 il i i A%

M OVX 4 L #, ASP 4H SR 4 J¢ SR+ASP 4 1Y
K B Notch (& 5 il % #f # #% ; Notch 1, CBF 1 #1
Jagged 1 323k Bl A IF] h 2 RA G B L (P<

Notch 1

CBF 1
Jagged 1 #

B-actin

*#a
. 300+
g
o *H#
s 200 *
=
L]
<
2 100-
-
B
8
[i
ul R il Q
& g FF
&
Groups

0.05), F1 ASP 41 A SR 41 H. %, SR+ASP 41 Notch
1.CBF 1 fl Jagged 1 XIEK TV BEFH, ER LK
A #E L (P<0.05), WE 4,

o G0
S g
(s *it
w300
&
": *
2 200
>
2
= 1004
2
o
2 -
R 2 2
& FF i
&
Groups
% 300- *#e
>
s “#
2 2004 *
8
2
©
- 1004
ks
=
]
5 ol
2 =4 ol 2
& T
&
Groups

4 fFH WB &M Notch 1, CBF 1 1 Jagged 1 I B-actin FJAH X Fik
Fig.4 Relative expression of Notch 1, CBF 1, and Jagged 1 to $-actin using Western blotting

W5 OVX ML, ¥ P<0.05;5 ASP 414 1L, *P<0.05; 5 SR 4148 1t , ¢ P<0. 05,

3 i

DLRTA HE B, — o K Bk DI BR U0 &L, g%
S B 5T A AE (1) 3 2 R R 4 M B
VB AR G SRR B S e WO S B T . AE
N4 2 I 8 W B RAE OO B A4 B AR AR b 5
HYIBR (OVX) K R 108 48 1k =2 1814 F 2 48 Bl
ZAb I, OVX KRR #IA N R4 25 H7 B BB
FAE A R e T L DR I 7 9 3 i 2 B
KRR S B 52 AR 45 {6 SRR ASP I B 7 15 B
BMERFE S Z KRB RRK . OVX KB SR #1
ASP BE A 367 12 Ji . Micro-CT F1 HE 4e o b)) A 4%
R B, SR 41 ASP 4 B B % K OVX 4 H &
B, & /NG R) T B 25 20 ;T SR+ASP 41
25 B DA K /N IOWR A5 4 % SR 41 F1 ASP 4l 345
W E

ARHFFE & P SR+ASP £H HUA5 45 4 (7 4% 1T g AN
TR ZG W) B AR AL A 56, LAAT R B 5E 22 B ASP
WA AEF T Fas/FasL {5 530 5, 461 T ik 2448 i Xf

I
373

‘B B 170 7 O 400 B O 9 T4 L A2 R B A T
BHMA L, N T RERFER £ ERRED" . 5
Gh A E A HE-2(COX-2) T fE i i A8 5L T 4 @ 4
FIE-1(MMP-1) A1 40 g A 2 (IL) -6 (21) B £ ik
AR SEE WM, ASP & COX-2 )78 Bl 3], vl
REFRAIL COX-2, MATAT 00 f61 i Jo 55 A B 2 TR i )
JB- L SR NBOR Z R A B R Y
— & W A T A R A B, BT AR TR G, SCRE D
0 20 b R R ) T BT i 2 A A
BHHE'T o T SR A1 ASP ¥y H A R ik A
055 % 1 R, SR+ ASP 21 BRUAE 255 47 14 7 3k F) e
[LER i IS =SS

FEMEZL B, Notch ZKJRA 4 324K Notchl-4
S A 321K 45 5 BL AR Jaggedl/2 F1 & BE 1/3/4
BFFEEL A 5 Notch 22 1k 45 4 B, Notch {5 5 4% #
W, By B — R P & H KA Notch G
fE S AR . SERT BB SE % W, Notch {55 i %
EH R B B F, Noteh {5 538035 7T LLUAE 3 BE
B AR > A A AL, i T Notch 135 5 1 B 18



2021 £ 1 H%5 27 %% 1 ] Chin ] Osteoporos, January 2021, Vol 27, No.1 49

BIERTHEZEH, AR - P HRRTHAKR
FUH ZH 4P Notch {55 1 JE AR, 45 R R L, 4% Con
40, ASP #H SR £H L) &2 SR+ASP #H Notch 1 .CBF 1 FI
Jageed 1 RIAMHF i, SR+ASP 40 Notch 1.CBF
1 fil Jagged 1 ik PR N B E, XFH SR K4
ASP JAYT 7] RE i 2 I Notch {553 P& R SE ¥ ; B
T+ Notch 155 38 F& %t 5B 4H B 73 4k 2o 3 58 1Y 1 22 4
FH L R AT AR B SR+ASP 20 39 (0 B B B %
PN S POR = S I W b € (S i

S SR U, AR WE ST A 0 A A R AR K A B )
POAK T 190 25 B S 15 2 B G B A AE , 45 SR R I K A (i
FH 3 L P ASCR B A TS A7 2% W] e 4 Notch
B5EEN T H AR B L R AR
AR, Rt 0 B — B IR R X AR YT T B 0L
i AR A Y ) & RS2 SOk, B 6 B &
FER B 2 — 5T

[ 2 % x & 1]
[ 1] FRedr, WA BE PCAECS 35 A 7T % AT 40 B 08 58 &
A [T]. o B T BB AR 4 R, 2018,24(2): 170-
173,195,

[2] JaR, SuKk, Jwe D,

el al. Moderale inlake ol asparlame and

sucralose wilh meals, bul nol [ruclose, does nol exacerbale

energy and glucose melabolism in estrogen-delicient rats[ J]. J
Clin Biochemistry and Nutrition, 2019,65(3) . 223-231.
[3] ZerT, Wu Z, Xu W,

et al. Local administration of aspirin

improves osseointegration of hydroxyapatite-coated titanium

implants in ovariectomized rais through activation of the Notch

signaling pathway [ J]. J Biomaterials Applications, 2020, 34
(7): 1009-1018.

[ 4] Vestergaard P, Hermann P, Jensen JEB, et al.

paracetamol , non-steroidal anti-inflammatory drugs,
acetylsalicylic acid, and opioids on bone mineral density and risk
results of the danish osteoporosis prevention study
(DOPS) [ 7. 2012, 23 (4),

1255-1265.

of fracture:

Osteoporosis  International ,

[5] Hel, Wu I, Yu L, et al. Co-administration of aspirin and

Effects of

[6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

allogeneic adipose-derived stromal cells allenuales bone loss in
ovarieclomized rals through the anti-infllammalory and chemolaclic
abililies of aspirin [ J]. Stem Cell Research & Therapy, 2015,
6: 200.

W R, REss, M=, . FERE RS SRR
BUE PRI A AR [T). d B 4 AR, 2018,

24(2): 165-169.

e R, REss, M=, % i BMP-2 BRBFRISE &
AL 0B 2 B T B TR RO [T ] R R s A A

2018,24(7) . 888-892.

EAE. B F UL TR LB KR AR
B ERERY, 2012,
Agh M, Jef C, Meda J,

GRS BT R[D ]

et al. Different doses of strontium
ranelate and mechanical vibration modulate distinct responses in
the articular cartilage of ovariectomized rats[ J]. Osteoarthritis
and cartilage, 2017,25(7): 1179-1188.

De H, Ma MM, Mi C, et al. Sirtl improves healthy ageing and
protects from metabolic syndrome-associated cancer[ ]J]. Nature
Communications, 2010(1) : 3.
Tu Y, Yu M, Ye B, et al. Pharmacologic stem cell based
intervention as a new approach to osteoporosis treatment in
rodents[ J]. PLoS One, 2008,3(7) : 2615,

Tde C, Fa T, Jah C, et al. Association between bone mineral
density and the use of nonsteroidal anti-inflammatory drugs and
aspirin; impact of cyclooxygenase selectivity[ J]. J Bone Mineral
Research, 2003,18(10) ; 1795-1802.

Pu M, Cu R, Edra S, et al. The effects of strontium ranelate on
the risk of vertebral fracture in women with postmenopausal
osteoporosis[ ] |. The New England J Med, 2004, 350 (5):
459-468.

Ru K, Mxcd I. The canonical Notch signaling pathway ; unfolding
the activation mechanism[J]. Cell, 2009,137(2) : 216-233.
Zu X, Jia Z, Xu P, et al. The notch vy-secretase inhibitor
ameliorates kidney fibrosis via inhibition of TGF-B/Smad2/3
signaling pathway activation[ J]. The International J Biochemistry
& Cell Biology, 2014,55. 65-71.

Ye I, Yu K, Su G. Intermittent activation of notch signaling
promotes hone formation[ J]. American J Translational Research ,

2017,9(6) : 2933-2944.
(WehE B 3 . 2020-02-07 & 8] B 8 . 2020-05-03)



