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Effects of rosuvastatin on AMPK/Sirtl/NF-kB pathway and bone microstructure
in rats with osteoporosis
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Abstract: Objective To investigate the effects of rosuvastatin on AMP-activated protein kinase (AMPK)/silent information regulator
1 (Sirtl)/nuclear factor-kB (NF-xB) pathway and bone microstructure in osteoporosis rats. Methods Female SD rats were randomly
divided into sham operation group, model group, estradiol (0.05 mg/kg) group and rosuvastatin (1.0, 2.0, and 4.0 mg/kg) groups, with
12 rats in each group. Osteoporosis (OP) model was established by bilateral ovariectomy. At 9th week after operation, the estradiol
group and rosuvastatin groups were ip administered with corresponding drugs, once daily for 12 weeks. The sham operation group and
model group were ip administered with equal volume of normal saline. After 12 weeks of administration, the samples were collected
and related indexes were detected. The levels of serum core-binding factor al (CBF-al), cross linked C-telopeptide of type | collagen
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(CTXI), procollagen I N-terminal propeptide (PINP), osteocalcin (OC), estradiol (E2), interleukin-6 (IL-6), tumor necrosis factor (TNF-
a), and interleukin-1f (IL-1B) were detected by ELISA method. The right femur of rats was scanned by Micro-CT, the changes of bone
microstructure of distal femur were observed, and trabecular bone mineral density (BMD), bone volume fraction (BV/TV), trabecular
number (Th. N), trabecular septum (Th.Sp), and trabecular thickness (Tb.Th) were analyzed. Hematoxylin eosin (HE) staining was
used to observe the morphological changes of bone tissue. The protein expression of Sirtl, AMPK, p-AMPK, NF-kB p65, and NF-xB
p65 (acetyl K310) was detected by Western blotting method. Results Compared with those in the sham operation group, the serum
E2, CBF-al, CTX- I , PINP, OC, and BMD were significantly lower in the model group, the levels of inflammatory factors IL-6, TNF-
a, and IL-1B were significantly higher, bone trabecular microstructure parameters BV/TV, Tb.N, and Th.Th were significantly lower,
Th.Sp was significantly higher (P < 0.05), while the trabeculae were broken and arranged loosely, the protein expression of p-
AMPK/AMPK and Sirtl in bone tissue was significantly lower, and the protein expression of NF-kB p65 (acetyl K310)/NF-kB p65
was significantly higher (P < 0.05). Compared with those in the model group, the serum Ez, CBF-al, CTX- I , PINP, OC, and BMD
were significantly higher in the rosuvastatin 2.0 and 4.0 mg/kg groups , the levels of inflammatory factors IL-6, TNF-a, and IL-1p were
significantly lower, bone trabecular microstructure parameters BV/TV, Th.N, and Th.Th were significantly higher, while Th.Sp was
significantly lower (P < 0.05), and new bone trabeculae could be seen with relatively complete shape. The protein expression of p-
AMPK/AMPK and Sirtl in bone tissue was significantly higher, but the protein expression of NF-xB p65 (acetyl K310)/NF-«xB p65
was significantly lower (P < 0.05). Conclusion Rosuvastatin can improve the bone microstructure and protect osteoporosis in rats,
which may be related to the activation of AMPK and Sirtl protein expression and the decrease of NF-kB p65 acetylation level.
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S5\EFAREAML, HHRAIME E AP ER
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B W e (P<<0.05);

i

W 2,

TEEHAHLG,  ERET A
71 1.0, 2.0 mg/kg #4Lifi% CBF-al. CTX-1 .
OC 7K1 341 [k (P<<0.05).

PINP.

K (P<<0.05); H5HE
71 1.0, 2.0 mg/kg iM% E2v IL-6. TNF-a. IL-1B

CREAAHLE, ERET ot

KPFERHARE B (P<0.05). W#E 3.

F1 WEHRASTHE RBEMERE AR RENEME ( x+s, n=12)
Table 1 Effect of rosuvastatin on the body weight of osteoporosis model rats ( X s, n =12 )

p ol _ DRl
2H ) 7l &/(mg kg ™) -
Wik S Y4 4525 8 A %7512
TR — 282.68+10.93 305.35+11.82 322.64+12.82  336.37+10.96 345.50+10.87
o] — 280.984+10.35 356.46+12.38* 371.73+14.60*  385.26+8.66% 401.23414.05*
3 — 276.57+11.84 354.63+10.11%* 362.10+18.24*  363.10+12.51" 366.78+16.27"
AT AR A YT 1.0 277.00+11.35 355.114+9.88*  369.28+13.57*  375.31+14.70% 381.68+9.29"
2.0 282.51+10.06 352.84+7.47% 367.38+16.26%  370.45+13.44" 376.56+10.77"
4.0 278.894+12.89 354.0647.54* 364.33+17.29*  366.90+11.34" 369.59+11.20
S5BPEARMELLLE: *P<0.05; SHAMAE: "P<005; S —Eratti:: “P<0.05

#P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs estradiol group

2 IRERASTH B REAEREAR ME S RSHREMARE ( xxs, n=12)

Table 2 Effects of Rosuvastatin on serum bone metabolism markers in osteoporosis model rats( x s, n =12 )

5 FI 5/ (mg kgt CBF-al/(ug'L™) CTX- I /(pg'L™) PINP/(ug-L %) OC/(ug'L ™)
(EERZN — 52.17+8.11 15.54+3.03 41.17+7.33 20.50+3.81
eit) — 28.99+5.28" 9.47+1.25% 28.23+5.02* 12.3442.37*
W — — 40.39+6.29" 12.734+2.02" 37.17+6.11" 17.58+3.20
I A AT 1.0 32.78+5.31" 10.47+1.75% 31.21+5.47 13.474+2.18%

2.0 37.57+6.34" 11.49+1.33" 33.20+6.16 14.85+2.76™
4.0 45.25+7.25" 13.324+2.11" 38.18+7.45" 18.11+2.39"
SBFERALR: P<0.05; SHEBMLE: "P<0.05; SH EEMALE: “P<0.05

#P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs estradiol group

xR 3 BHERMTHEREMEEEARIE Eo IL-60 TNF-av IL-1p KFEHEM ( X +s, n=12)

Table 3 Effect of rosuvastatin on serum Ez, I1L-6, TNF-a, and IL-1p levels in osteoporosis model rats ( X +s,n =12 )

21 5 FHE/(mg kg™) E2/(pg-L ™) IL-6/(ug'L™h TNF-a/(ng-L ™) IL-1B/(ug L)
TR — 80.04+14.65 635.49+52.67 82.414+9.36 105.32+14.13
it — 45.17+10.48* 939.03+68.57* 134.32+10.85* 174.65+15.34*
ME— B — 69.94+11.59 628.53+57.49" 98.4618.83" 118.27+13.56"
Hi &P ARAMT 1.0 51.82+10.55™ 865.11+68.72"*  124.84+12.71"* 159.25+16.93"*

2.0 60.27+11.72" 738.26+61.22"%  117.46+11.03™ 14157 +12.417
4.0 72.38+14.45" 658.82+52.73°  102.554+9.37" 122.43+15.57"
H5BEFARMALE: *P<0.05 HSHAMKE: "P<0.05; S —EEALLE: “P<0.05

#P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs estradiol group
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0.05); SHIAIAA L, BE R ANEG A AR TT %571

40 KR BMD. BV/TV. Th.N. Tb.Th ¥ &I+,
Th.Sp HHERHK (P<<0.05); H5ME —EEAHAMLL, i
FA%AYT 1.0, 2.0 mg/kg 41K E. BMD. BV/TV.
Tb.N. Th.Th. Tb.Sp /KFERWIEFEE (P<
0.05). WKl 1. % 4.

Bk AT 1.0 mg kgt FEPARABTT 2.0 mg kgt FiEFARABTT 4.0 mg kgt

BFEAR eit] ME—F¥ 1.0 mg kg!

1 FHEXBREREMEN (Micro-CT 13##)
Fig. 1 Microstructure of rat femurs in each group (Micro-CT scan)

T4 KT EREMNEREARSEE. B RHEMSHOTE ( xxs, n=6)
Table 4 Effects of rosuvastatin on bone mineral density and trabecular bone microstructure parameters of osteoporosis model
rats ( X #s,n=6)

51 FlE/(mg kg ) BMD/(g-cm?) BV/TV/% Th.N/A Tb.Sp/mm Tb.Th/mm
BFAR 0.21140.021 0.84+0.12 8.49+0.12 0.102+0.016 0.312+0.031
it 0.161+0.018*  0.47+0.08* 4.24+0.07* 0.252+0.019* 0.14540.024*
Wi — 0.193+0.026"  0.74+0.09" 7.53+0.09" 0.146 +0.013" 0.257+0.036"
T EF AT 1.0 0.173+1.560"  0.54+0.08" 5.57+0.09" 0.194+0.017" 0.185+0.033™

2.0 0.185+0.017"*  0.67+0.11" 6.11+0.12" 0.176+0.018™ 0.207+0.035™
4.0 0.1974+0.019°  0.78+0.12" 7.82+0.11" 0.138+0.017" 0.273+0.042"

H5BPARMALLLE: *P<0.05 SHAMKE: *P<0.05; S —EEdltti:: “P<0.05
#P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs estradiol group

3.5 InEFRATI B RRAEA R B HRATSH

HE et gfi RE7R, BRTPARLKREHHA S
WA /NRILETE, SifiE, #5185 5T

BFA sl WE— % 1.0mg kg
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HoEmb, BANRABRARK, SHEMAME, =
REZH R g &7 A% MY T 2.0« 4.0 mg/kg 20 AT WLHTAEH /N
7, BEAEL, AN, WK 2.

AT Lok

i

i dF T 1.0mg kg™ FREFLAMIT 2.0mg kgt HEF AT 4.0 mg k§*1

B2 IREFARMITX B REMERBE KR BHARSHEMm (HE, X40)
Fig. 2 Effect of rosuvastatin on the bone tissue morphology of osteoporosis model rats (HE, >40)

3.6 ImEFRMITX B RBMERREHLR Sirtl,
AMPK. p-AMPK. NF-kB p65. NF-kB p65 (acetyl
K310) EHRIEHIFMN

S5ERFPARAEMEL, B HHA Sirtl,

p-AMPK/AMPK 5 F 1A 7K1 W] 2 B AIC, NF-xB
p65 (acetyl K310) /NF-xB p65 & R ik &I+ &
(P<<0.05); SEEAYZHAAEL, e — F 20 R0 &7 (Rt
71 2.0. 4.0 mg/kg 41K Sirtl. p-AMPK/AMPK
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HHREKFHHEF S, NF«B p65 (acetyl
K310) /NF-xB p65 & HFRIAWHERFK (P<
0.05); H5ME—mHML, ImEr il 1.0, 2.0

mg/kg 21K iR Sirtl. p-AMPK/AMPK. NF-kB p65
(acetyl K310) /NF-xB p65 & [H3IA 2 354k B3
(P<0.05). W% 5. Kl 3.

£S5 BHEFRMTINEREMEREARTHLE Sirtl, p-AMPK/AMPK, NF-kB p65 (acetyl K310) /NF-kB p65 &AL

B ( x+s, n=6)

Table 5 Effect of rosuvastatin on the protein expression of Sirtl, p-AMPK/MPK, NF-kBp65 (acetyl K310)/ NF-kBp65 in bone

tissue of osteoporosis model rats ( X +s,n =6 )

2H 5 7 E/(mg kg ™) Sirt1/p-actin p-AMPK/AMPK NF-xB p65(acetyl K310)/NF-kB p65
(CERZN — 0.94+0.07 0.7140.08 0.62+0.11
R — 0.77+0.08* 0.4640.06* 0.8540.12*
W — — 1.0340.11" 0.6440.09" 0.554-0.08"
T P ARARTT 1.0 0.8240.08" 0.50+0.06™ 0.77+0.12"
2.0 0.8840.09"" 0.5640.07"* 0.68+0.09™
4.0 1.0040.12" 0.6540.10" 0.59+0.07"

H5EFPARALE: P<0.05; SHEMANKE: "P<0.05 Hiff ~EE4IE: “P<0.05
#P < 0.05 vs sham operation group; “P < 0.05 vs model group; “P < 0.05 vs estradiol group

e
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ANPK s cm—  cn— c—  —  c—

NF-kB p65
(acetyl K310)
NF-KBp65 — — . —— — —

I . e e e . s
BFEA A MTE 1.0 2.0 4.0
B ARAIT/( mg kgt

E 3 InfFetlTERRMEREXREHR Sirtl,
AMPK, p-AMPK, NF-kB p65. NF-kB p65 (acetyl
K310) EHFRIZHIFN

Fig. 3 Effect of rosuvastatin on the protein expression of
Sirtl, AMPK, p-AMPK, NF-kB p65, NF-kB p65
(acetyl K310) in bone tissue of osteoporosis model

rats
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