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(CAT). Runt#HCHE5% ¥ 2 (RUNX2) FIXCKHER 101 (FOXO1) HEHRIAIKF. R S
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ABSTRACT Obijective: To discuss the protective effect of velvet antler peptide (VAP) in the osteoporosis
(OP) model rats, and to clarify the possible mechanism. Methods: Sixty 12-week-old SD rats were
randomly divided into control group, model group, positive drug group (treated with 1 mg-kg™'-d™" of
alendronate sodium by gavage), low dose of VAP group (treated with 100 mg-kg™ '-d~' VAP), medium
dose of VAP group (treated with 200 mg-kg™'-d™' VAP), and high dose of VAP group ( treated with
300 mg-kg '-d™! VAP), and there were ten rats in each group. Except for control group , the rats in the
other groups were injected with dexamethasone (2 mg+kg™ ') to replicate the OP rat model, while the rats in
control group were injected with the equivalent volume of saline twice a week for 11 consecutive weeks.
Dual-energy X-ray absorptiometry was used to detect the bone mineral density (BMD) of femur tissue of
the rats in various groups; enzyme-linked immunosorbent assay (ELISA) method was used to detect the
levels of serum calcium (Ca®*' ), phosphate (P), osteoprotegerin (OPG) , alkaline phosphatase (ALP),
and osteocalcin (OCN) in serum of the rats in various groups; biochemical method was used to detect the
malondialdehyde (MDA) level and superoxide dismutase (SOD) activity in serum of the rats in various
groups; HE staining was used to observe the pathomorphology of bone tissue of the rats in various groups;
Western blotting method was used to detect the expression levels of silent information regulator 1
(SIRT1), catalase (CAT), Runt-related transcription factor 2 (RUNX2), and forkhead box protein O1
(FOXO1) proteins in bone tissue of the rats in various groups. Results: Compared with control group, the
BMD of femoral tissue of the rats in model group was decreased (P<Z0.05); compared with model group,
the BMD of femur tissue of the rats in positive drug group, medium dose of VAP group, and high dose of
VAP group were increased (P<C0. 05 or P<<0.01). Compared with control group, the levels of Ca*", P,
OPG, and SOD activities in serum of the rats in model group were decreased (P<C0.05), and the levels of
ALP, OCN, and MDA were increased (P<Z0.05); compared with model group, the level of OPG in
serum of the rats in low dose of VAP group was significantly increased (P<C0.05) , the levels of Ca*", P,
OPG, and activities of SOD in serum of the rats in positive drug group, medium dose of VAP group, and
high dose of VAP group were significantly increased (P<Z0.05 or P<C0.01), and the levels of ALP,
OCN, and MDA in serum of the rats in positive drug group and different doses of VAP groups were
decreased (P<C0.05 or P<C0.01). The HE staining results showed that compared with control group, the
rats in model group had fewer bone cells and disordered arrangements in the bone tissue, thinner bone
trabeculae with large fractures, and an expanded marrow cavity; compared with model group, the rats in
positive drug group, medium dose of VAP group, and high dose of VAP group had thicker bone trabeculae
arranged more tightly. The Western blotting results showed that compared with control group, the
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expression levels of SIRT1, CAT, RUNX2, and FOXO1 proteins in bone tissue of the rats in model
group were decreased (P<C0.05); compared with model group, the expression levels of SIRT1, CAT,
RUNX2, and FOXO1 proteins in bone tissue of the rats in positive drug group, medium dose of VAP
group, (P<<0.05 or P<<0.01).

Conclusion: VAP has the protective effect against OP in the rats, and its mechanism may be related to

and high dose of VAP group were significantly increased

mediating the antioxidant stress action through the SIRT1/FOXO1 signaling pathway.
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IV Bk P % R [ (alkaline phosphatase, ALP) i
PERE XA & . 1LBE (phosphorus, P) A ik 5
& . M5 (calcium, Ca®") L & . SOD i
PERG D) & . MDA & ) & . OB B R
A ¥ 1 (silent information regulator 1, SIRT1) #t
£, RUNX % J& ¥ 5 W T 2 (Runt-related
transcription factor 2, RUNX2) Hiik | X kHEE
O1 (forkhead box protein O1, FOXO1) ¥kl
AL A (catalase, CAT) Hitk (b EEEF
HARAA), KREBMRIPE (osteoprotegerin,
OPG) MK B4 % (osteocalcin, OCN) [k 4
2 W B i % (enzyme-linked immunosorbent assay,
ELISA) &l # & (%% 5. MM-0115R2 A
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VAP, XIARBESS THEAEBRAEME K, H
PEZG A KB VE E 45 7 BT & JBE R 89 2 mg-kg '-d ',
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1.3 MEXHEFEFEMANEAXARETRE
J& (bone mineral density, BMD) AbSE R FUE, W
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BB B A RAN 25 U A5 45 A A T 4% A KRR B
BMD (mg-cm *).
1.4 ELISA#%:#R &4 X R hoF P Ca’ P.OPG.
ALP# OCNAKF B ELISA K7 & ui B 45 v i
J5 35 4y SR DN 4% 4 K BRI v H Ca® L PL OPG,
ALPHIOCNIKF, BAf40 A mmol-1™" . mmol-1.7",
pg-L7' U-L 'Ming-L ',
1.5 Afex#malda X & hiF P SOD E M f
MDA AR-F 4 B30 &5 08 B 5 o (4 77 325 43 500 A
A K BUm T T SOD WM (U-mL™") # MDA /K
F (pmol-L71),
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1.7 Western blotting 3k # @] & 48 X & B 4L 22 P
SIRT1. CAT.RUNX2 #= FOXO1 % § % & K
B — 80 °C M AR Tk B4 855 v VR AF 19 4% 21 K BB
HHA, WIRAEEMOR, B, TARE PR
SYHOIT R, B TEWBOR FH BCA BRI AE 88 vk
A 1) P K VR RN A R, O RS . AR L A R 5 00 i
JEWI A B0, BYE, In—diRR R, EREE
Pr, ECLE A, LA B-actin NS, XK &L ALE
RGIAT M OR-AE, R Image J BHE /3 #F R 56
YMT A A KM, R B M R B K
HMEH XL K F=HMEH KW KEMH/
B-actin & [ 5517 K BE{H o
1.8 %t o#H R SPSS 22. 04 i+ (4 it 47
St ot SHARRBE BMD, 454K B
1 Ca®" . P. OPG. ALP. OCN., MDA /K F fi
SOD i, 454K BUE 240 20 rp A G 38 % 8 1 &R ik
KRG IES MM, UaotsFn, ZARFEAR
BB R P B 207 22 00 B, AL B AR AR 35 5 7
FE#R FH LSD-2 K2 86 . LA P<<0. 05 R 22 3 A G it 2

2 & B

2.1 BEKXRKKEFBMD SRR R, HRMAH

KK H BMD B B FEL (P<<0.05); SHEAA L
B, PEPEZSA . b E VAP A MR VAP 4K
FUKE B BMD B W A& (P<<0.05 8 P<<0.01) .
W1,

#1 BHAKKEEBMD
Tab.1 BMD of femur tissue of rats in various groups

(n=10,x+s,mg-cm?)

Group BMD of femur tissue
Control 247.14+10.15
Model 197.36+16.07"
Positive drug 222.58+3.94""
VAP

Low dose 198.45+9.28

216.47+7.274
218.99+5.49

Medium dose

High dose

'P<C0.05 ws control group; “P<<0.05, ““P<C0.01 wvs model
group.

2.2 BEX&hiFF Ca?' . P.OPG.ALP f2 OCN
AKE O HXEA R, BRI KR Ca . P Al
OPG /K- &AL (P<<0.05), ALPF1OCN /K
Bl W T (P<€0.05); HEIAIA iR, K=
VAP K BUMLE H OPG KB B FH i/ (P<<0.05),
FHPEZG 4 . Ryl VAP 4 #E # VAP 4K U
HrCa® . P AILOPG KW 8 & (P<<0.05 5
P<C0.01), PHMEZ54F 450 & VAP 41K B i
ALP il OCN 7K F B & F& ik (P<<0.05 =k P<<
0.01). W#E2.

2.3 BHEKZhFEPSODERMAMDAKE 5
Xt B2 b A, AR R BRI VS o SOD i 4 B @ [
ik (P<<0.05), MDA KFM & F+& (P<<0.05);
SRR R, BHEZG AL R R VAP 4R
B VAP 41 K B 7 SOD 1% vE B 8 7k (P<
0.05), PFHM: 25 20 F1 45 7| 7 VAP 4 K B3
MDA 7K F B & B L (P<<0.05 5% P<<0.01),
L2 3.

24 BUAXAFARKEHEIEARL DB TW
FE: N HRA K RUE % TR B34 5T, B Al i HE 51
5, H/NRRRLH:, Sty Y SX A g,
BT 20 R BCE % 55, E Al iR B s b, HESIR
AL, H/NRA, RRIWTZOIRA, B A
JEs SRR H AR, PHYEZGA . R R VAP 4R
e i VAP AR B % B W] AR R, i BRI
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#2 FAKRIMTEF Ca*" .P.OPG.ALP# OCN KF
Tab.2 Levels of Ca*", P, OPG, ALP, and OCN in serum of rats in various groups (n=10,27%5)
) Ca*" P OPG ALP OCN
Group -1 —1 -1 -1 !
[¢y/ (mmol-1L71)] [/ (mmol-1.71)] [on/(ng-L7] [A/(U-1.7H] [oy/ (ng-L.7H)]
Control 3.786+0.146 2.51640.067 1.190£0.020 59.89046.120 9.64041.820
Model 2.09840.265" 1.042+0.179" 0.79040.160" 106.970+8.430" 19.390+0.930"

Positive drug
VAP
Low dose
Medium dose

High dose

3.466+0.193%4

2.54540.135
2.672+0.182"

3.22040.383%4

2.300+£0.12744

1.563+0.275
1.85140.208"

1.9954+0.076°%

1.13040.040%> 68.76043.690"4 14.03042.390>

0.990-+0.040% 81.990+5.780" 11.64041.990%4

1.010+0.040" 76.13047.570" 11.640+1.930""

1.060+0.040°> 72.970+10.820°4 11.070+2.890%4

"P<C0.05 s control group; “P<<0.05, ““P<C0.01 vs model group.

#3 KHKRIMLEH SOD M MDA KF
Tab. 3 Activities of SOD and levels of MDA in serum of

rats in various groups

(n=10,x4+s)

Group SOD[A,/(U-mL™)]  MDA[¢,/(umol-L™")]
Control 204.71+12.53 6.6540.57
Model 106.9747.93" 6.8840.13"
Positive drug 185.71+14.29” 5.324+0.18""
VAP
Low dose 119.96+33.99 5.82-40.44"
Medium dose 148.85+5.10° 5.7240.31°4
High dose 171.614-6.33" 5.4140.32°4

"P<C0.05 ws control group; “P<0.05, ““P<C0.01 wvs model

group.

HED A5 B % . OLIET 1,

2.5 BHAXKFHALR P SIRTI.RUNX2.CAT #=
FOXO1Z%Z & & & K-F  HXF A K, ALK
BUBEH 421k SIRT1., RUNX2, CAT f1 FOXO1
HHRBKFIREM (P<0.05); SHEALAL
A, PHMEZGA . R E VAP A RMEF R VAP 4 K
BB H 40 SIRT1, RUNX2, CAT flFOXO1 &
F 25K BT (P<<0.058F% P<<0.01), {&5]
VAP 4 KRG 44 % SIRT1, RUNX2, CAT
MFOXOlIHEHARIKIKFERERITFE XL (P>
0.05), WE2MFEAL,

3o #
B 2 4 BR 1 06 f A TR DI, OP % 5 % A

A': Control group; B: Model group; C: Positive drug group; D: Low dose of VAP group; E: Medium dose of VAP group; F: High dose of

VAP group.

Bl FARRBFHALRELERIA(HE, X200)
Fig. 1 Pathomorphology of bone tissue of rats in various groups (HE, X 200)
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REWE,
1 2 3 4 5 6 Mr
SIRT1 T S S 120 000
RUNX2 e O — — - 58 000
CAT - S e A o 60 000

AR . 73000

FOXO1 ?

Bactin ———— A — 3 000

Lane 1: Control group; Lane 2: Model group; Lane 3: Positive
drug group; Lane 4: High dose of VAP group; Lane 5: Medium
dose of VAP group;Lane 6:Low dose of VAP group.

B 2 44l kBB 4 4 SIRT1, RUNX2, CAT HI
FOXO1EHRAHKE

Fig. 2
RUNX2, CAT, and FOXO1 proteins in bone tissue of

rats in various groups

Electrophoregram of expressions of SIRTI,

Wik, BEEUE SRR, AT
HARRW S HAE R A S 9L, OP B /N 4Bk

PRt S By Y B AT IR LR YY OP % H 25
Yy F AL G R R AR AR ER AT, (HJR A N k2%
AR IR RS, RESEREZ
ANERR . WEARTERAE KA S,
VB SR A% 0 25 04 14 EFEAE TP BRI IR b 32 I LA L
B T RIVE D Y VAP R R B2
B4, %22 Fh R S 50 OP ¥4 B & B 4 B A
FH o B 25 A 1 1) 8 KR 8 3K OF B IR, OP & 3%
W, DN A N R R 4 2 B L T N AR
N, R R BE R B E SR OP ' SR BE R
M EESE TS OP BB X il IR #F 58 A 2%
OPHAEERE L, Hurmw ML TKR =
A HFERARS AR JE AN TE . A5 R FH LA A 5 b 5
KA T 12 R 1 SD KBl 25 OPFE AL, 5 % I]
41 R, BN K B E BMD BEAR, I T R
OPG. Ca" FPKFFEAL, ALP M OCN KT+,
HHL P B /NRERG, S5HHES L, FBRS K,
HOEL T NGRS B, UE S OP 5 A #E S R
Uiy VAP TG, RS EEMNESRE, A
VAP HIFI A K, R VAP HAIEIT OPIFER .

F4 HHKBFHL P SIRTI.RUNXZ,CAT f1 FOXO1 & A F kK P
Tab. 4 Expression levels of SIRT1, CAT, RUNX2 ,and FOXO1 proteins in bone tissue of rats in various groups

(n=10,x4+s)

Group SIRT1 protein RUNXZ2 protein CAT protein FOXO1 protein
Control 0.668-40.083 0.6864-0.010 0.537-40.048 0.7894-0.036
Model 0.21640.028" 0.2854-0.002" 0.2444-0.015" 0.3524-0.034"
Positive drug 0.5684-0.075°" 0.4984+0.019%* 0.52140.0174% 0.6654-0.025""
VAP

Low dose 0.28740.047 0.2804-0.004 0.2934-0.014 0.28340.025

Medium dose 0.534+0.060" 0.38440.010"" 0.48340.008"" 0.598+0.029""

High dose 0.5614-0.036°% 0.38540.010°% 0.4884-0.0264 0.6434-0.022°%

"P<C0.05 ws control group ; “P<C0.05, ““P<C0.01 vs model group.

SR L 3 R T MDA e BIL A S Ak 383 003 1
HA — 0 ai i B, 2 PLIR A R &
P FEIEE MRS, H I MDA fiT SOD #|
FE AL B R i FEE . SOD 2 — Fh e AL A 4 1k Fn
Pt A AL T 72 45 e ke OGS AR I e R AL 4 R
RE 6 A7 24 Hb T B AR 2 1 ROS, - 1 1 sk 6 HC X
LU IE . RSB BN 5X A,
R 21 K BRI o MDA JKSE T, SOD I 4 F#
ik, FRUIWE R B 2550 OP KRR N £k 54t
AT, AT AR EORE . SRR, b

Al 7 VAP 4K BUME T SOD W& HETFey, #4557
VAP 4 K R G MDA KCEREAK, #28 VAP A]
DAt R U TE B ORS00 2 17 B
1B W, N R T, R A AR L R B i
)45 o

SIRT 1 /& —Fi /e 1 20 214 33 3y vk #5 d 2A
& 2Rl Y, G B 2 W VR R T T
W B9 ¥E BR , a0 P53 A1 #% R F kB (nuclear factor
kappa-B, NF-kB) "', #f5% *" o : SIRT1/EN
Yk HEZE 1 O (forkhead box protein O, FOXO)
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Gt SR DR o A — R 7, 3 e AR A I R
FEIRE, vl LUA SR #F SIRT1 5 FOXO 2 [8] #
HAEA . SIRTL AT LA A B 40 i i 3% 4 28 1 e 39
e Fem AR, AL E 2 L FOXO /3
AL R . AFgE P KB SIRT1 S OP Y &
AU RAHSCHE, T ELARYT I 0P B OP KRR
B SIRTL K FiH, w] L#E s SIRT1/
FOXOL 1553 B A1 5 P S840 N B0V FH 2 1T & 42 X6F
OP £ P /E H . RUNX2 o] J3 s il i i 72, 2%
SR CE AN M AR SN R AR R E
SIRT1 Al i A~ F SIRT1/FOXO3a {5 5 42,
I RUNX2 BE R By 23k . FOXO Ry o4 )7 51 4
?mmm%ﬂﬁ@%iﬁ,ﬁﬁ$m1F
SIRT1 ] LA gh 57 #2 7 FOXO3a ik K ¥, 454
TG P 2 4% SIRT1/FOXO3a, ZiG & & %
RENEAE AN AL TP AE T LR OV oo 5, el
fm RUNX2 5 H ) % 35, Wk RUNX2 7] DL gk
SIRT 1 J #2 5l (m] 422 006 , 02 1 6 ) 5 J5T 1 20 Jfd 40
16 g 1 4 L BT ER FOXO1 By 26 3k a] D F& ik
RUNX2 () &35 K7 ', #F5¢ ™ ok . SIRTI i
iEEZ%H&%ﬂﬂﬁﬂ%M%%FOXOl\FOXOSH
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