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Effects of zoledronic acid regulating MEK/ERK pathway on bone metabolism in
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Abstract; Objective To explore the effects and mechanism of
zoledronic acid on bone metabolism in osteoporosis rats under hypoxic

Methods

environment was established by bilateral ovary extraction combined with

environment. The rat model of osteoporosis in hypoxia
low — pressure oxygen chamber feeding, and was randomly divided into
model group,control group and experimental —1., =M, — H groups, with
10 rats per group; another 10 normal rats were selected as the normal
group. Experimental — L, — M, — H groups were given 2.5,5.0 and
10.0 mg - kg™

zoledronic acid by subcutaneous injection,once a week.
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Control group was given 0. 105 mg - kg~ ' estradiol valerate by intragastric administration, once a day. Normal and
model groups were injected with equivalent 0. 9% NaCl by subcutaneous injection. Six groups were treated for 4 weeks.
The serum levels of tartrate — resistant acid phosphatase ( TRAP) , alkaline phosphatase ( ALP) and bone gla protein
(BGP) were detected by enzyme — related immunosorbent assay. The bone mineral density (BMD) was measured by
dual — energy X — ray. The expression levels of mitogen extracellular signal — regulated kinase ( MEK)/extracellular
regulated protein kinases( ERK) in femur were detected by Western blot. Results The TRAP levels of experimental - M,
experimental — H, control, model and normal groups were (78.06 +1.16), (69.39 +1.44),(70.19 £1.24),
(94.39+1.04) and (64.95 + 1.19) U - L™'; the ALP levels were (61.72 + 3.10), (45.40 + 0.82),
(43.53 £1.52), (88.69 +2.29) and (42.01 +1.56) U - L™'; the BGP levels were (14.82 + 0.28),
(12.29 £0.28), (12.92 £ 0.29), (19.96 + 0.46) and (11.79 + 0.59) ng - mL™'; the BMD levels were
(0.28 £0.02),(0.35+0.04),(0.38 +0.03),(0.16 +0.02) and (0.41 £0.06) g - cm "~ ;the relative expression
levels of p — MEK protein were 0. 64 +0.06,0.84 +0.05,0.78 +0.01,0.15 +0.06 and 0. 88 + 0. 04 ; the relative
expression levels of p — ERK protein were 0. 70 +0.03,0.95 +0.02,0.84 +0.07,0.29 £0.03 and 0.97 £ 0. 06,

respectively. Compared with the model group ,the above indexes in the experimental — M, — H groups and control group

+

were statistically significant (all P <0.05). Conclusion Zoledronic acid can improve bone mineral density and bone
metabolism in hypoxic osteoporosis rats,the mechanism may be related to the regulation of MEK/ERK pathway.

Key words: zoledronic acid; osteoporosis; mitogen extracellular signal — regulated kinase/extracellular regulated

protein kinases pathway; bone metabolism
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Table 1 Comparison of the levels of tartarte — resistant acid phosphatase (TRAP) , alkaline phosphatase ( ALP) ,bone gla protein (BGP) , total
N —terminal propeptide of type 1 precollagen(t — PINP) and type — I collagen carboxy — terminal peptide (CTX1) among 6 groups(x +s)

Dose TRAP ALP BGP t - PINP CTX1

Group n

(mg-kg™") (U-L™h (U-L™Y (ng - mL~") (ng - mL™") (ng-L7h)
Normal - 10 64.95+1.19 42.01 £1.56 11.79 0. 59 41.59 £0.96 39.85+1.75
Model - 10 94.39 +1.04" 88.69 £2.29* 19.96 +0. 46 * 69.45 £2.62* 54.29£2.07*
Experimental — L 2.50 10 84.64 +1.77* 72.87 2. 06% 17. 60 =0. 46" 61.68 £2.92% 48.98 +1.20*
Experimental — M 5.00 10 78.06 1. 164 61.72 £3.10% 14. 82 0. 28%~ 54.09 £2.95%4 45.90 +0. 86"~
Experimental — H 10. 00 10 69.39 £1.44%44 45,40 0. 82%~4  12.29 £0.28%24 4577 £2.65*A4  40.92 +0.77%~4
Control 1.05x10°" 10 70.19 £1.24* 43.53 +1.52* 12.92 +0. 29* 42.96 +2. 19* 42.12 0. 56*

Compared with normal group, * P < 0.05; Compared with model group,”P <0.05; Compared with experimental — L. group,” P < 0.05; Compared with
experimental — M group, 4 P <0. 05.

K2 6 HRRMBAEBAY A HEAR B % B (BMD) A LA (2 +5)

Table 2 Comparison of bone biomechanical indexes and bone mineral density (BMD) among 6 groups(x +s)

G Modulus elasticity Elastic load Maximum load Maximum stress BMD

o (MPa) (M) (M) (MPa) (g+em™)
Normal 9 135.22 +109. 06 110.59 +1. 65 172.63 +1. 41 40. 83 +0. 52 0.41 £0. 06
Model 5270.83 +218.29* 81.95+1.29* 103.45 +1.56* 21.43 £0.83* 0.16 +0.02*
Experimental - L 6 459.76 +267. 34* 87.64 +1.20* 120.03 1. 59* 26.56 +1. 00" 0.20 +0.05*
Experimental — M 7 844. 60 +138. 63*4 95.19 +1. 64*2 145.95 1. 48%4 33.66 1. 24*4 0.28 £0. 02%4
Experimental — H 8952.28 +111.44*~4  104.37 £1.66"24 166.08 = 1. 64*24 38.70 £1. 15%~4 0.35£0.04%24
Control 8 116.01 145, 57* 98.95 +1.51* 155.52 +1. 58" 35.40 +1. 36" 0.38 0. 03*

Dose and n refer to tablet 1; Compared with normal group, * P <0.05; Compared with model group,* P <0.05; Compared with experimental — L group,

24P <0.05; Compared with experimental —M group, 4 P <0. 05.
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ERK i@ Ei#HXEQRIEHFM 0.97 +0. 06, BAIZHAY p - MEK p — ERKZE [ AHX 7K

BN I S N AN RIN=101 = 45 S D I O o & 2/ S 2 T o (A e e el o S R S W e
RIH | IE W A B9 MEK & A X R GB K00 2 (3P <0.05) 5415 Hfr v 71 o 552 6 25 6T BEZH (1)
0.88 £0.04.0.85 +0.06,0.92 +0.01,0.90 +0.06,  p-MEK p-ERK & [IAHX 321k K -2 4 im0 2 i 2%
0.91 £0. 04 F10.90 £0. 04 ,ERK & [ AHXF RIEKF- Thi fEgit EERA G 2E L (HP <0.05)
435 $30.89 £0.07,0.87 +0.10,0.85 +0.07, k. miA i SCI0 2 0 RIS bR T HO AR, S8 2

Figure 1  Results of hlstopathologlcal examination of femur among 6 groups( hematoxylin — eosin staining, x200)

A :Normal group;B:Model group;C,D,E;Experimental —L, — M, —H groups, respectively ; F'; Control group.
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The expression levels of Mitogen extracellular signal —
regulated kinase ( MEK ) /extracellular regulated protein kinases
(ERK) pathway — related proteins in femur among 6 groups were
detected by Western blot

A —F refer to figure 1;p — MEK: Phospho — Mitogen extracellular signal —

regulated kinase ;p — ERK:Phospho — extracellular regulated protein kinases.
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