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Investigation on the role on perindopril for prevention and treatment of glucocorticoid-induced osteoporosis in rab-
bits ZHOU Feng,RONG Chun,WANG Kai, WANG Chun-sheng,and ZHANG Yong-tao™. *Department of Orthopaedics ,the
Affiliated Hospital of Qingdao University , Qingdao 266061, Shandong, China
ABSTRACT Objective: To investigate the role of perindopril for prevention and treatment of glucocorticoid-induced osteo-
porosis (GIOP) in rabbits. Methods: A total of 45 male New Zealand white rabbits (10 months old, weight 3.0 to 3.5 kg) were
randomly divided into 3 groups involving normal control group (muscle injection of saline solution,n=15,group NC) ,model
group (muscle injection of dexamethasone ,n=15,group GIOP) ,and treatment group (muscle injection of dexamethasone com-
bined with oral perindopril,n=15, group GIOP+ACEI). All rabbits put to death after 12 weeks” treatment. The changes of bone
mass and strength were observed and analyzed by bone histomorphology , biomechanics, metabolic bone related serological in-
dexes and mRNA expression. Results; At 12 weeks, the analysis of bone histomorphology and biomechanics results showed that
the bone mass and bone strength of group GIOP were significantly lower than that of group NC(P<0.05) ; after perindopril treat-
ment, the bone mass and bone strength of group GIOP+ACEI were higher obviously than that of group GIOP(P<0.05). Mineral-
izing surface,mineral apposition rate and serum osteocalcin in group GIOP decreased than group NC; however,osteoclast
number, osteoclast surface, eroded surface,and urinary deoxypyridinoline in group GIOP increased than group NC (P<0.05);
these changes were inhibited after perindopril treatment (P<0.05). Quantitative RT-PCR revealed that after dexamethasone
treatment , the ratio of SOST mRNS expression and RANKL/OPG mRNA expression obviously increased than that of group NC
(P<0.05) ;and Runx2 expression decreased significantly (P<0.05);while the changes of mRNA expression were improved by
perindopril treatment. Conclusion: Perindopril can promote bone formation and inhibit bone resorption to deduce glucocorti-
coid-induced osteoporosis. This study provides a new method for prevention and treatment of GIOP.
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Tab.1 Primer sequences of real-time quantitative PCR

HAIH T Wil (50 -3) B -3
SOST GCATCCCCGACCGCTAC CGGGTGAGACGCTTGCAC
Runx2 GGCAGGTGCTTCAGA ACTGG GTGGTGGCAGGTAGGTATGG
TRACP CCTGGGCGACAACTTTTACT TTGGAGACCTTGGAATAGGC
RANKL AGAGCGAAGACACAGAAGCA CCATCAATGCTGCCAACATC
OoPG ACGGCGGCATAGTTCACAAG CTTCGCAGCTTGATGGAGAG
B-actin GTGCGGGACATCAAGGAGA AGGAAGGAGGGCTGGAAGAG

1 SOST=MFH % ; Runx2=A% 045 & T 2; TRACP=HIl A FRRR T B R I ; RANKL=M B 4 /LK -+ ; OPG="H{# 4 &

Note : SOST=Sclerostin; Runx2=runt-related transcription factor 2; TRACP=tartrate resistant acid phosphatase; RANKL=receptor activator of nuclear

factor-kB ligand ; OPG=osteoprotegerin



54 . HEEA 2016 4F 1 A5 29 545 1 # China J Orthop Trauma, Jan.2016, Vol.29, No.1

TEHLIC - R Lk, SR k- ih
TR NEMER B AT 2 (N, WITEE (N/mm) .
1.4.3 BRI IERNE  AbFEsh PO , $2
HECEAG 200 AR & 0 U B RV E DU A 1M B S R
IR SIIALFERTHUR |, 44 B R 5 2L Bk ELISA i
7 G 1 B PR 52 PR MO AR BE IS, A AE
1 A BT A e PRIVEFAR S, SREHCENTH R
TS LR 5 P ) 9
1.4.4 SZWPER PCR 08 FIH Trizol 57 &2
B 25 RNA, I S B B % 55 i cDNA, H SYBR
Green 1 PCR mix i F1 ABI7300 520} 5 & PCR #”
HSGHA T G 34 . IFLAZHZL B-actin mRNA
AR X IR | FIFH 27200 fl 7 L EA T 4% L RE R 6
e
1.5 Stk

FH SPSS 17.0 A4St 434 , G s Y LAY
BPRIEZE (a5 ) B3R, FTA BORER BRI 2R 7 2
ST TG AT, X T 1] B B 7 R LSD-
t Kig, DL P<0.05 NZESAGIFE L,
2 #Z£ER
2.1 BHLESITHEHNT R

Hi ZEKFA T 12 )5, VG Jea s R iR, 5

Bl JEMEEHR
& GIoP 4l £

Fig.1 Van Gieson staining of lumbar vertebral sections (x100)

NC 41 H#, GIOP 2B /N A B 5 420 T 15 e
FITFilf5 , GIOP+ACETL 4 B8 /N4 GIOP 21 HH it
WMZ(E D), FIHEESTT RS RS E &
I, GIOP 41 B AR L4 Hi e B /NG R 5 1 B I AR F
NC 2 (P=0.014 F1 P=0.026) ; >4 25 T 35 W 3 F1] T i
J& ,GIOP+ACEL 41 1) B 1A B 53 0 S B /N B B 3%
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BRI (E 2), FIHEIEETFRF T R G0 b
J& & BE GIOP 4 i AL TR A 1k 2% i A4 B i
/N NC 41 (P<0.001 Fi1 P=0.001) ; 45 F K5 W3 F) T
e , GIOP+ACEL 418 L TR Fa™ 1b 2% 11 FRUK
GIOP ZH B .38/ (P=0.002 F11 P=0.019), .3 3.

TRACP Z& {4 5 75 GIOP 41k B 40 i W g &2 T
NC 41, B4 T 50 F) T 5 , GIOP+ACET 41 1
B GIOP 1B i /b (K] 3) M EIE ST &
2T R G HTIE K GIOP 4Rk - 40 i B i
HAM R, R E & T NC 4l (P=

I 1b. GIOP 214/ NEH NC I BB 1e. GIOP+ACEL 4 /NG

1a. The normal bone trabecular in group NC  1b. The bone trabecular in group GIOP

was sparser than these in group NC  1c. The bone trabecular in group GIOP+ACEI increased compared with group GIOP

®2 RABERHZRMERGREEREBEERNESRILR (vs)

Tab.2 Comparison of bone mass parameters of glucocorticoid-induced osteoporosis models among three groups(x:+s)

5 YR HAEFRE(%) H/N R (/mm) H/NZE] B (pum) H/NREIEERE (um)
NC 41 6 34.04+8.77 6.57+1.99 111.43+44.33 56.53+10.65
GIOP 41 6 21.59+6.22* 5.48+1.92 153.62+65.51 40.54+9.36*
GIOP+ACEI 41 6 32.1127.93 5.83+1.33 122.91+44.93 56.22+13.26"
F1{H§ - 4.531 0.595 1.034 3.995

P{H - 0.029 0.564 0.379 0.041

5 NC41H#, * P<0.05; 5 GIOP 41H4,* P<0.05
Note : Compared with group NC, *P<0.05; compared with group GIOP,* P<0.05
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B2 [EHEE A BER A - TUPR S OBR R (3 (x400)  2a. NC 20 (AR (9L 2 ] [ B AU ZHER I IE R A IS 2b. GIOP 24
TSGR EOIOCZ MR NC AR, FERBHIUNAERERINNE  2¢. GIOP+ACEL 4145 (5O MR (L5 2 8] 1 [ B 2 GIOP 413
JE , R A LU A I R R

Fig.2 Double labels of Calcein-tetracycline stain of lumbar vertebral sections (x400) 2a. The distance between brown fluorescence and green fluores-
cence in group NC represents the normal growth speed of bone  2b. The distance between brown fluorescence and green fluorescence in group GIOP nar-

rowed compared with group NC, which represents the decreased growth speed of bone in group GIOP  2c. The distance between brown fluorescence and

green fluorescence in group GIOP+ACEI widened compared with group GIOP, which represents the increased growth speed of bone in group GIOP+ACEI

B3 JEHEE 2! TRACP ’“@(x200) 3a.NC Qﬂﬁﬁﬁﬂi i ﬁgﬂ’lﬁi A Hu%) 3b. GIOP ZH Al 4 (77 % ) K 4 NC I I8 22
3c. GIOP+ACEL 21 B AlA (175 3k ) A HCER GIOP 41 i /b
Fig.3 TRACP staining in lumbar vertebral sections(x200) 3a. The quantity of osteoclast (arrow) in group NC was normal ~ 3b. The osteoclast (arrow)

increased in group GIOP compared with group NC = 3c. The osteoclast (arrow) decreased in group GIOP+ACEI compared with group GIOP

x3 FABERAREERENEERTAARSITEFZINTERILLER (1)

Tab.3 Comparison of bone histomorphology parameters of glucocortlcmd-lnduced osteoporosis models among three groups
(x#s)

25 gk TAERTR(%)  OETRR (pm/d) ARG (/mm)  BRARIER TR (%) AR (%)
NC 2 6 27.67+4.23 1.88+0.34 2.57+0.91 7.78+2.05 10.28+2.45
GIOP 4 [§ 18.33£2.66* 0.88+0.31* 5.63x1.91* 16.70£2.56* 18.93£2.47*
GIOP+ACEI 4 [§ 24.17+4.45% 1.58+0.33% 3.63£1.09% 10.20+1.66* 12.73+£2.84%
FAE - 8.952 14.407 7.713 28.326 17.745
P - 0.003 0.000 0.005 0.000 0.000

.5 NC 41 H#, “P<0.05; 5 GIOP 40 Hb4% , #P<0.05
Note ; Compared with group NC, *P<0.05; compared with group GIOP, *P<0.05

0.002, P<0.001 Fl P<0.001); AT WA THG, WA THUG  CIOP+ACET 28 I HE &5 ki 28 Fi R
GIOP+ACEl 4B W CE S AFEIR L GIOP I RFE % GIOP AW W4 in (P=0.006 1 P=0.016) , .3 4,

% (P=0.023, P<0.001 i1 P=0.001), W, 5% 3. 2.3 B A RTE bR BT He s
2.2 YR M ZEKFA T 12 J& )5 ,GIOP 405 NC 4HAH 1L

W) )2 5 R R GIOP ZH AR R AT ORI 5k BRI B 455 28 7K1 B T e bR 3t S e k7K
JEXIHI R AR T NC 41 (P=0.003 #1 P=0.001), 45 745 “FHIRMEE (¥ P<0.001), 445 THMEH T
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F4 BEBERHEEEREREEETREERRNE
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Tab.4 Comparison of bone strength parameters of
glucocorticoid-induced osteoporosis models among three

groups(x+s)
25 R ERWTE(N) NI (N/mm)
NC 24 6 1094.33+163.48 1273.50+208.08
GIOP 2] 6 676.66+£204.48* 783.674242.15*
GIOP+ACEI 4 6 1056.17+246.25%  1123.33£195.13
F1H - 7.43 8.09
P{E - 0.006 0.004

5 NC 41H#, *P<0.05; 5 GIOP 41 %z, *P<0.05
Note ; Compared with group NC, *P<0.05 ; compared with group GIOP,* P<
0.05

J&i ,GIOP+ACEI 415 GIOP #H b5 s %z BN 15 15455
KT B S 448 v o PR A ARU N B RSP BR B R R (P=
0.001 A1 P<0.001), .3 5,
2.4 HAREAHE mRNA KT HR

H ZEKAN T 12 J )5 ,GIOP 415 NC 440 1
% B SOST . TRACP RANKL fi mRNA 23k L}
RANKL/OPG 1) mRNA 7K [ H AR Y BH e 38457, 1
Runx2 [ mRNA 58] 5 N (348 P<0.05) ; 445
T 15 W F) S , GIOP+ACEL 45 GIOP #H 4%
A & 8L SOST 1Y mRNA 11933k LI & RANKL/OPG [
mRNA 7K1 HAE A & F B (38 P<0.001), 1
Runx2 ) mRNA ik B35 (P=0.004), L3 6,
3 iTig
3.1 EMEERITTGE GIOP B/E - FIE o B R I

B BN AR TR PR PG 22 K A e B AR KR
O BRSSO R TS RS
FH B P 2% K A A (LA FE B DXM, 3 mg/kg, % J&
2R, #ELE 12 ) AE R GIOP BIBLESERFSY GIOP Hi

x5 ZHABEERHERHERENEEREFRENELIEER
Lb & (%+s)
Tab.5 Comparison of biochemical parameters of

glucocorticoid-induced osteoporosis models among three

groups(x+s)
13 — JIIRCREETE PRI S8 bk
(ng/ml) (nmol/mmol - Cr)

NC 4] 6 17.58+5.07 22.07+4.00
GIOP 41 6 7.61£2.15% 38.68+8.05"
GIOP+ACEI 4 6 15.55+3.38% 25.52+6.29*
F{H - 11.96 11.51

P& - 0.001 0.001

5 NC 4LHEL, *P<0.05; 5 GIOP 41H#L,*P<0.05
Note ; Compared with group NC, *P<0.05 ; compared with group GIOP,*P<
0.05

FITRIT LD IR ZE T s ZE K PA T 12
JilJ& ,GIOP 2415 NC 4 beise i % BE W i R, 1 L
BT 2F Y )y 2f a5 B ln) B i g 31— 2
ABHL N M FER A TR B R M E R E B T
B, FITLL, ASBIF 58 0 FHB PG 2% K e T 4 GIOP
B R , o T BE ACET XF GIOP (H3AY7 1R
A0 5% 36 B W% AR S T 8RR ol
1 mg/kg-d, PR AIF5T & BH 3457 o 10 B e 01 ]
DI SRR N ACE (RGN 2445 B0 A1)
T % L, GIOP&ACEL 4B % 1 | B B R
JEE GIOP 4B B3Ry, X e B BRI n] LAIAR
T B ACRE W R ST R 5 | S ) i A R B Y R B
3.2 R A AT BEE GIOP B Ry 3 i 4 FH A
XoF B IS ) 2 1 A

H TSI 5E 00 ACET 5B 25 bl H 2
PRANSZEF A ACET AT DASE 2 B 20 A 20 1 Bl P
PR A T s Jir 2 1 DT A2 2 B B Ak P 6 2

®6 HAMEBMFMEERERREREHENTEXERMETEXERRIESH (xzs)

Tab.6 Comparison of gene expressions in lumbar vertebrae of glucocorticoid-induced osteoporosis models among three

groups(x+s)

2H 5 ESILYiEe SOST Runx2 TRACP RANKL OPG RANKL/OPG
NC 41 6 0.96+0.25 1.11£0.21 1.21+0.42 1.13+0.25 1.18+0.29 0.97+0.19
GIOP 4 6 2.37£0.41* 0.43+0.27* 2.20£0.65* 1.68+0.42* 0.92+0.16 1.95£0.35*
GIOP+ACEI 4 6 1.23+0.34* 0.93+0.26" 1.76+0.22 1.33+0.41 1.09+0.19 1.18+0.52*
Fi& - 28.88 11.68 6.69 3.39 2.09 11.01

PiE - 0.000 0.001 0.008 0.061 0.158 0.001
1 . SOST=RH % ; Runx2=AZ% 045 5 B T 2; TRACP=Hi 1l A TR T W5 IR 1 ; RANK L= B 4l i /3 fk B 7 ; OPG=RH#41 & ; 5 NC 4 L3¢, *P<0.05;

5 GIOP 41 H#5,*P<0.05

Note ; SOST=Sclerostin ; Runx2=Runt-related transcription factor 2 ; TRACP=tartrate resistant acid phosphatase ; RANKL=receptor activator of nuclear fac-

tor-k B ligand ; OPG=osteoprotegerin ; compared with group NC, *P<0.05; compared with group GIOP, * P<0.05
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