hEERERZE 2015 4F 11 HE 21 £E 11 Chin J Osteoporos, November 2015, Vol 21, No. 11

Published online www. wanfangdate. com. cn_ doi:10. 3969/j. issn. 1006-7108. 2015. 11. 004 1313
> -
- e -

e 0 AL 2R B A I B AR KRR B A A
A

éﬂwﬁ‘-z e Hr F4 kBR' KR
. EAEMKEEFEREEETR, M 510515

2. THEARERER,BE 330000

3. MARERERBIRA SR, BT 524000

RESEE. R681  TRERIRE: A XEHS: 1006-7108(2015) 11131305
WE: K WNIAE ) Advanced Oxidation Protein Products, AOPPs) £ —Fi B S 55 /v I, 555 4 F0 JRG 1) &
B RIB. ABFIEGT AOPPs 3 24 K BB % B A MAEWKER, Hik 70 R 18 AR SD KRB K A.B.C.D.E
S4B TFULFALTE A 41,PBS ¥, 50 mg/kg-d(#hikiE4) ;B 41, KR K F A% B(RSA)50 mg/kg-d(FRBKIEST); C
41 ,AOPPs £ /4i ff) RSA ¥ ¥ ( AOPPs-RSA ) 50mg/kg+ d( k&) ;D 41, AOPPs-RSA 50mg/kg. d (& Bk 44) + apocynin B
(NADPH % {1517 ) 100mg/kg-d (24X A EA ) ;E 41, apocynin 100mg/kg-d MM (ZHKKEA) o 4T 8 AR 16 F 5B
SNIKIL DU IR B R 4(L,) MEdRARA . Ko 3% AOPPs WREF ;W B A MR & & L, MEREHE; B0 CTAMENEF
R L, MBS MR 4547 , 45 B /N RIKBUA B (BV/TV %) . F B /NREE (Th. Th,mm) FHF/NREHE (Tb. N, 1/
mm) /NGRSy BE(Th. Sp,mm) | &/NR LW R Y52 B (Degree of Anisotropy, DA) Ft 4% ¥4 81 &4 45 % ( Structure Model Index,
SMI), &3 Hixt PBS 41 RSA 41,2 i [E] & F AOPPs-RSA 4184 Kk Rl % AOPPs & & 8 @ 397t ; L, # B #L B AK,
BaEETARR; RS &L, #i& BV/TV . Tb. Th W/ Th. Sp ¥ K, Th. N DA SMI LB A1k, AOPPs-RSA & LA I
3R Y186 apocynin ML, %51 AOPPs fE5IRZEKRERRY B MAWBTHSE, REFEL. APFRAKRREF
Ph B R BLAARE B9 KR R BALH R AL T BN B B
XA AT R I A E A Y B
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Abstract; Objective Advanced oxidation protein products ( AOPPs) is a new defined inflammatory factor and is involved in
many diseases. The present study aimed to evaluate the effect of AOPPs on bone mineral density and bone microstructure in senile
rats. Methods Seventy 18-month-old male Sprague Dawley (SD) rats were randomly divided to 5 groups, group A ( intravenous
injection of vehicle), group B ( native rat serum albumin, RSA), group C ( AOPPs-modified RSA, AOPPs-RSA ), group D
( AOPPs-modified RSA with oral administration of apocynin, a NADPH oxidase inhibitor) , and group E (apocynin alone). After
the treatment for 8 weeks or 16 weeks, blood samples, the femurs, tibias, and the fourth vertebral (L,) bodies were harvested.
Plasma AOPPs level was detected. Bone mineral density (BMD) of the right femur was examined and the bone microstructure
parameters of the left tibia and L, weré analyzed using micro-CT, including bone volume over total volume ( BV/TV, %),

trabecular thickness ( Tb. Th, mm), trabecular number ( Tb. N, 1/mm), trabecular separation ( Tb. Sp, mm), the degree of
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anisotropy { DA}, and the structure model index (SMI). Results Compared to PBS group or RSA group, the AOPPs-RSA

group displayed significantly elevated plasma AOPPs level. BMD of L, in AOPPs-RSA treated rats decreased markedly while there

was no significant difference in their femurs. In the microstructure analysis, AOPPs-RSA treatment was associated with decrease in

BV/TV and Tb. N, but increase in Tb. Sp. However, there were no significant change regarding to Tb. N, DA, and SMI. The

above effects of AOPPs-RSA were occluded by apocynin. Conclusion

AOPPs cause bone mass loss and bone microstructure

degeneration, and accelerate bone deterioration in senile rats in vivo. These data provide new information toward understanding of

the pathogenic basis of senile osteoporosis.
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M AL B R A 7 9 ( Advanced Oxidation
Protein Products, AOPPs) 2 {& N & [ i 7 B 4L M 1K
RETFTERN—LXVUBEREARIHEY ", L4E
KRARKAKBELRHEYEEE, B—MH K
RIEN T . 1B B d A EE (Senile Osteoporosis
SO) & kg AOPPs IR, RATHT MB35 & B
AOPPs BE3@ iof 3 1 NADPH 4 {b, i 1) il -5 40 Fig
5467, 3 BLR R 4E W 41k Bk P9 AOPPs ¥ JiF
HSHEBRERAMHXY,H SO BEKNIIEK
AOPPs ERS HERBMHERE KRMAEE,
ABFFR L EAEHEYE SD K Bk SO B, 14 A IR
AOPPs X ZERX B HEEMETHEBK TN,

1 #MRMAGE
L1 #H

KB B & B (RSA, sigma) ; 47 Bk Rk &
(apocynin, sigma) ; IR ARG (Zr 74l ; WK BERR (4
tra) ; 8 BE-T ( Sigma ) ; 2 % CT (uCT80, SCACO
MEDICAL }; SpectraMax M5 £ 37 g€ B 5 X
{ Molecular Devices /A ] ) ; XR-46 BRI G X kB &
B {L(DXA,NORLAND A®]) %,

1.2  {X4}]4 AOPPs-RSA

B BN BH 7 B2 8 RSA(20 mg/ml) 5 40
mmol/L IR E R EFHRBIE G, B FRE K 30
min FH &1 RSA 5EREABME/REL KR 1/ 70 &
AOPPs-RSA, #l % i) AOPPs-RSA #£ PBS 1 & ¥y
4h UBREWHMKAR, JEBEE 4C RE,
AOPPs-RSA w AOPPs fy ¥k 5 ¥ & B-T B & .
Bl ¥ 5 PBS EIEWK S PBS # 1: SH B, @ MK-T [
ERBES X B, A 1.16 mmol/L KI 10 ml &
Z.® 20 ml J5 57 2] 340 nm &t%ﬂ&q&{E,AOPPS w
BUAERE-T & 8K7R (pmol/L),

1.3 R RHHE ,

AELREETEMNKEETERIYREER
SHHESSE ., 70 B 18 At 2 FE M SD R (H MK
BETAYHERAARM) AFTRE BREEH

W, R ERAN L RIEERK KR . £
i 10 Ri&E M )5 , BEbLr A AB.C.D.ES5 4,54
1480, EHADHNETUTAE: AL, £BEK
(NS)50 mg/kg-d, £ 4Y; B 4, RSA 50 mg/kg-
d, BB S C 41, AOPPs-RSA 50 mg/kg-d, J§ s i
;D 41, AOPPs-RSA 50 mg/kg - d, & B i 5F +
apocynin 100 mg/kg-d, 24k /KE A E 4, apocynin
100 mg/kg-d , B KBEA . 25T H 8 F# 16 A
A & 2 K BRUTE R A BR % T I8 3 3l Bk IR ifi S5 b BE , 4)
B E BE A (L),
1.4 RAH b2 K R

KM 7E % IR T % E 30 min j5, FACHKET
2500 r/min B0 15 min, 43 B H L, & - 80C{RFF
#H. BE AL AR AR EF RS
R AR KBHN RGBT -20CREFE

'Fﬁo

1.4.1 ¥ AOPPs ¥ EEH M. H P H 1.2 &
AOPPs—RSA &1 AOPPs f#: 3,

1.4.2 EHEME - HEMEEGE L BAFER
TR 30 min, {REER AR, B A AE X RBH
BEAXAE “ Small Objects” # 2 T ¥l &t # Bt Mt & #0145 19
BRI EEE. MESHRE . HH#H%E 20 nm,
HIEHE 7 mm/s,

1.4.3 B CT 425012 pm 115 pm §45
BEMEMBEML fTEH CTHE, EFREM
BT 2 mm JR4R, BB TT 180 R -HMEX K
ST X (VOL) L, DABRAD BT B 20 . B R I
WEIFTA BB R VOI, 487 & t5 42 19 B /N R 1k
MaB(BV/TV) FHB/PREE(Th. N) FHE
/NRIZE(Th. Th) (F/NRSTEE (Th. Sp) K7
YRR (DA) R MERITE B (SMD) ,

1.5 St .

FEBBERHYE s mZE (2 +s) ZR, A
spss13. 0 GEiT 3K # AT e 3+ 20 4, S5 0 ] — i 1) A
TEHERTHFEFERR. FEFHTRAEE £
5347 (One-way ANOVA) ,LSD 3Lt T £ E L85
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EAFEE A Welch g 47 S 4, Dunent T3 3%
HITEELE, P<0.05 hAEBEWHESR,

2 £R

2.1 AOPPs Xf Z4F KR IL1E AOPPs & & )5 W
HixtF NS 49 . RSA 41,2 4 B} ja] & F AOPPs-
RSA 24 KRB ML AOPPs S B EF &, A4
F AOPPs-RSA Fl apcynin | ¥ 9 £ 4F K R il 1§
AOPP J A B B , Bl 45 F apeynin £ F KR
i# AOPPs LHA BARfL, W 1,
# 1 SEHE AOPPs T HIM £4F K BLILYE AOPPs
VBRI (R +5,n=T)
Table 1 Effect of AOPPs administration on plasma AOPPs

concentration in senile rats

i 3% AOPPs 3 B ( pmol/L)

H3
8 B 16 /8
PBS 214 16 225 +4
RSA 22547 236 + 8
AOPPs + RSA 313 £11°* 330 £14°*
AOPPs + RSA + apocynin 248 16, 250 £ 10
Apocynin 203 +7 214 +6

#E:* AOPPs-RSA #H vs PBS ZH s RSA £ P <0.05; * AOPPs-
RSA £ vs AOPPs-RSA + apocynin 4 P <0.05

Note; * P <0.05, AOPPs-RSA group vs PBS group or RSA group;
* P <0.05, AOPPs-RSA group vs AOPPs-RSA + apocynin group

2.2 AOPPs WEFKRREM L, ASEEEW

Tt 8 AKX 16 JE BT, AOPPs-RSA 41 £4 kK
BEEEERARMER S4EERAHE, (P
¥1>0.05),nFE2,

5BEFAHE,2 A6 EAT L HEEEEE
AOPPs-RSA # % NS 4, RSA #1¥ B] B ¥ 1%,
AOPPs-RSA + apcynin 2H P& A 80 &, 8 ph 48 F
apcynin 5% EXH BT, LFE2,

®2 Y AOPPs THIXMEEKRBMER L,
HEFFEENER(Z+s,n=T)
Table 2 Effect of AOPPs administration on BMD

of the femurs and the L, vertebral bodies

BEE(g/mm’)
iz H5
8 A 16 [
PBS 0.183£0.0039  0.179 £0. 0026
RSA 0.182£0.0031 0. 180 £0.0033
B8  AOPPs + RSA 0.178 £0.0035  0.175 £0.0041
AOPPs + RSA +apocynin  0.180£0.0022 0. 176 £0. 0028
Apocynin 0.181£0.0024 0,178 £0.0031
PBS 0.146 £0.0042 0. 141 £0.0019
RSA 0.144 £0.0034  0.143 £0.0031
L, #{5 AOPPs + RSA 0.135£0.0026**  0.125£0.0029 **
AOPPs + RSA +apocynin  0.142£0.0035  0.139 £0. 0042
Apocynin 0.144 £0.0033  0.142 £0.0029

fE: " AOPPs-RSA # vs PBS 41 3{ RSA #41 P <0.05; * AOPPs-
RSA 4 vs AOPPs-RSA + apocynin 4 P <0. 05

Note: “ P <0.05, AOPPs-RSA group vs PBS group or RSA group;
* P <0.05, AOPPs-RSA group vs AOPPs-RSA + apocynin group

2.3 BRHEHXKRBEM L, BEHSM CT 0irs
e

TR L, HEfk,2 46 5 F AOPPs-RSA
25 NS 41 . RSA A5 H., H BV/TV.Tb. Th 8] B %
%, Tb. Sp 8 & 7+ &, WA apcynin J§ ( AOPPs-
RSA +apeynin ) DN LA BB, B4 F
apeynin R X B /DR EWE M AR =L 0 8 F W,
it 8 JAT 16 J&, & 41 Tb. N DA SMI ) LB B 3%
5o FE3 F4,

3 g

SO RA BHH R, B KRB MY ZE 88
PR . BN SD KRB REEAS SO
BB ML AR OSSR Ak BB AR T A A

3 AOPPs THMZEXFBEEDMREAREWHZW (2 £5,0=7)

Table 3 Effect of AOPPs administration on trabecular microstructure of the tibias in senile rats

8 weeks 16 weeks

Parameters Vehicle RSA AOPPs-RSA AOPPs-RSA + Apocynin Vehicle RSA AOPPs-RSA AOPPs-RSA + Apocynin

(Groupl) (Group?) (Group3d) Apocynin ( Groupd) ( CpupS) (Groupl) ( Group?2) (Groupd) Apocynin{ Groupd) (Groups)
BV/TV(%) 0.1487£0.0014  0.1464+0.0034  0.1384£0,0044* 0.14550.0832  0.147520.0071 0. 1434 +0.0155  0.1416£0.0094  0.1263 £0.0036* 0.1344 £0.0055° 0. 1417 £0.0086
Tb. Th(mm) 0.1164 £0.0053  0.1124 £0.0056 0.1053 £0.0031* 0.1120£0.0033  0.1142+0.0137 0.1115£0.0056 0.1099 £0.0053 0.0954 +0.0076* 0.1083+0.0028" 0.1094 +0.0034
Tb. N(/mm) 1.9301£0.4724  1.64390.2149  1.9108 £0.4638 1.6374£0.2974  2.000 £0.4357  1.8620£0.4341  1.5739£0.2832  1.5695¢0.3480  1.8572 +0.4459 1.8708 £0.3605
Tb. Sp{mm) 0.4762¢0.0206  0.4690£0.0237  0.5733:0.0391° 0.4807 £0.0196> 0.474320.0279  0.5022:+0.0341  0.4906 £0.0345 06696 +0.0142* 0.5217£0.0133> 0.5183 £0.0142
SMI 1.7461 £0.2527  1.8031£0.2753  1.5430£0.3210  1.6797 £0.2267 1.495320.2805 1.5398+0.2794 1.4073+0.2544  1.6762£0.3282 1.5463 £0.3381 1.5480 +0.2627
DA L7104 £0.1603  1.6622£0.1341  1.7948 £0.1987  1.8090+0.1877 1.803340.1809 1.8017+0.059%4 (.8022+0.195 1.8417+0.1195 £.7511£0.1978 1.7878 +0. 1683

£ :* AOPPs-RSA £ vs PBS 413X RSA 4 P <0.05;> AOPPs-RSA 4] vsAOPPs-RSA + apocynin 41 P <0. 05

Note:*P <0. 05, AOPPs-RSA group vs PBS group or RSA group;"P <0.05, AOPPs-RSA group vs AOPPs-RSA + apocynin group
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&4 SBLE AOPPs THIXNEF KR L, KB /N RERLE MK ER (2 £5,0=7)

Table 4 Effect of AOPPs administration on trabecular microstructure of L, bodies in senile rats

8 weeks

16 weeks

Parameters Vehicle RSA AOPPs-RSA AOPPs-RSA + Apacynin Vehicle RSA AOPPs-RSA  AOPPs-RSA + Apocynin

{ Groupl ) (Group?) (Group3) Apocynin( Groupd ) (GroupS ) (Groupl ) (Group2) ( Group3) Apocynin(Groupd)  (Group$)
BY/TV(%) 0.4398 £0.0006  0.4347£0.0118  0.3042£0.0201° 0.426640.0131> 0.4341£0.0205 0.4255£0.0110  0.4157£0.0222 0.3642 £0.0275° 0.4004 £0.0098> 0.4251 £0.0147
Tb. Th{ mm) 0.1390 £0.0013  0.1385£0.0015  0.1305 £0.0019% 0.1352£0.0043% 0.1381£0.0051  0.1360£0.0024  0.1369 £0.0035  0.1200 £0.0049" 0. 1297 £0.0011° 0. 1355 0. 0044
Tb. N{/mm) 3.555040.7180  3.5128 £0.7556 3.2942+0.6620 3.0152£0.2855  3.2007+0.5270 3.7426 £0.5867 3.2848 +0.6121 3.0694 £0.4873 3.0448+0.6928  3.2942 +0.6620
Tb. Sp{ mm) 0.3241 £0.0136  0.345140.2250 0.4453+0.1879" (0.3829.+0.0092° 0.3425+0.0209 0.3764+0.0328  0.3687£0.0154 0.5238 £0.0245* 10,3995 £0.1065> 0.3814 +0.0271
SML -2.006 £0.9595 -2.0980 £0.8455 -2.0443 £0.4351 ~1.9079 £0.4716 -2.1902+0.6565 -2.2853 +0.9063 -2.5070 £0.7521 -2.0633 £0.5531 -2.0382 +0.6682 -2.4106 +0.5791
DA 11451 £0.0479  1.4916 +0.0493 14465 £0.0932  1.4613£0.0761  1.4974£0.0542 14621 £0.0603 14974 £0.0542 1.4816£0.0577  1.5002+0.0815  1.4847 +0.0700

¥ .* AOPPs-RSA 4 vs PBS 415 RSA 4] P <0.05;> AOPPs-RSA 4 vs AOPPs-RSA + apocynin 4 P <0. 05
Note: *P <0.05, AOPPs-RSA group vs PBS group or RSA group;°P <0.05, AOPPs-RSA group vs AOPPs-RSA + apocynin group

SO fyRi AL R , B M BT 5T SO i FRAE B AR
BB ZIN M.

SO B—FEFHER, EEFM T HUENE M
& 2 i (Reactive Oxygen Species, ROS, 8 i & F .
BAmE SEAES) 4RSS Rk
M ROS ER, B AN B, MM BEaENER
BRER ERERSTY RS EZ AN, &
HRMEMARAETER, AR ESERREN
AT B4 Lt DNA K 20 f5, AOPPs 3 2 75 AL L
BRETHEBRY —REATELBEHY, K& SO
ZERBEEIHSEARI S,

IEERBPFFR LB, AOPPs ROUEEALN ¥ )5
R ALE ROS MR, FoAE oy — 25 BU Y RAE AT R
WM A ROS AT 23 52 KR
RoRR R R . AR B DR 8 PR ME B | 3 Bk
FEREAL BHEREWH R ESHERBBIELHFA
M7 AOPPs & & B E 5. AOPPs AR M5 B
qIME, T 0P TR R K, S ROS B AR AR, Rl B
TNF-o IL-6 | IL-1 %542 % 40 MU B3 F i & BUBR B, B R
MMRIER M, S 5B T EEELEBRERS
kLR ; AOPPs L2 %k RAGE i B B i
1k, 883 1T 4R M A TE SZ Uk RAGE 395 518 B 3
AL N R I s s M R 5 5 B O
B AR SRR, kR Y@,
AOPPs § A . K B v 1 A K BRURE 2 Al A R
SRR, IR B T RE AL th R AR U IE B 2
AR 6 K Bl kB 7= A 40 B 4 AE F RS T TDAR, 3 iR
B NS IMAE SR B IK A B TR . RATHT
Eit K A A B, RS & AOPPs, BEFTIESKE
CHEES A4 A ROS A L. BE ROS UK
NF-kB {55, 0 BB R 40 M B s B Fn A 4R . &
BRGRHE—HRY, SN AOPPs REH B R E
FEREEFEERLFERG R,

ROS MFEARE  ERRUBRAS S, LEHE
B A e 3 o ) 2 A R S B AL B R R TR
WEH R B2 . DNA/RNA S ¢ 8 8 3 2 L ik A
SR HK T, AOPPs B—KRESMMEAMNER
XEY MO EEREEANEAREMLFCY,
Witko-Sarsat ZE 8 5% & 90 Ifi 3 i3 7 22 & I 3¢ AOPPs
WHEENEBEREIEMAX, B AOPPs Bk & —
PR BN AR R Y A B SE R
5t H & 4K R % AOPPs ¥k BE i 4t b T 4% AOPPs
St RN EA N A FHEE, Tit8 AR 16
J& , A%t F PBS 8% RSA, M ¥ AOPPs T i kK Rk
N AOPPs ¥ B3 B 4 7 , M AOPPs + apocynin £ K
B3 AOPPs ¥k B LA K, HE5RULH AOPPs
THAHKRKNT K AOPPs K JE faf 850 Ui 1
AOPPs FHE , i 2 Ak Py A4k B UK I 8

AN BESERREBNEERBRRREYD, H
it 2R R R A REE R . # Y ¥IE ERK
i NF-B 3244, 40 R B3 ] -2 40 J0 1e) & 40 g 3%
T 540k KB A0, AR T IO 0 R A R B A
Mo —AEGE R # NF-xB 40 K B (receptor
acti-vator of NF-xB ligand,RANKL) I E 40 B £ 7%
# A F ( macrophage colony-stimulating factor, M-
CSF) (A B ik 3 JIn e B 40 B 1R, 75 — 7 ThG 4 SR Y
B 40 0 o O R R n . PR, SR 3K
Xt B AR N 2B, R #E R R
W, AMBHEAMBKESBEEEAMX, &
BroE s AOPPs - 1 41 K B 4k 4 81k 1 8 K 7 % 3
A&, XATRESFBEZARREEZRANERER,
{EEHLHA RIS

1 B R B M S — % HF PR 8% PR ( Nicotinamide-
adenine dinucleotide phosphate NADPH) 48 {k B 2 40

 HP ROS 7= A i R ¥R, NADPH 48 b %8 41 1 50

R AT Bk R R (Apocynin ) B B 52 410 i Al 2y BE 3 T R
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W ZF ROS A S AW F BN, RATHWETH LA
apocynin A] BH 7 AOPPs X i, B FE 41 g i) 34 7 #0534k
MRS AP — 4 IE 5L apocynin BEH KX
M SR AOPPs Fi M EF KRR ERERME
HME R, UL L4 R, NADPH & {L B n]
REFE AOPPs BB BB M P R EHEEEM.
HZ , AOPPs 15y —FiH B i R 5E A B, BET| &2
ZERBRBERD BHMEHBRITHERE, RiEE
B, X—KANRREFER RGN KL,
RIRYUBIRE T H 0 B8

( 3 % x & ]
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