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WE: By ESMEEHLENBEESHNEMERRBRBEGOER BABMAEESZ AN L RXRTRBB
ERPLE . HE 6 A MY Wistar KB, AR EHYLYH 6 A B FARH(Sham 4) EMEH(OVX 4) EHE +E5
H(OVX+EH) EWR + BHARHAOVX +LA) LIPE +53) + BMAKHAOVX +E+L4) EE + MAEBRHA
(OVX+AL#), 7 12 ARBMHATHEERIR, 48 (DR4HENEEEHEREERXRENE B85/ EKE
# (R i 32 7 B B S B 45 & (osteocalein, OC) K, RH#BFHER. ) BAHMNBENRAETEHEE LY RENTESE
B MEPRBREEKT, REMNEER B IREENTABRBERR HREEENRAMNEERSTABGEEY [ BEEE
EAR LB (NT) K, MG BB, (3)EMAYLEEREREEE KBS T4, 385 0 %8 BT, BRE
IR 8-OHdG FIR i E MLOZBY (DPD) K. MEBLZEABB MREWNSH BE S/ EBERE SREMRETR , XEL
SEEE. &t (DEENBEAEHTUFLEERAREELR UBLHAREBRE. QRANBHIETEEARS
RBEBRTEASHCBRABREL REETEE BREANEALIRRNE MBRELEZETE, 2R ERETEE. (3)
FHAZMZHRALRFOBEER HERARSERLEBRMER.
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The effect of lycopene in combination with treadmill exercise in an osteoporosis rat model
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Abstract: Objective To study the effect of lycopene and exercise on bone metabolism in ovariectomized rats, and to explore the
relevant mechanism. Methods 6 month old female Wistar rats, were random divided into 6 groups stratified by body mass: sham
group (sham), OVX group (OVX group), OVX +E group ( OVX + Exercise group) , OVX + L group (OVX + lycopene group) ,
OVX +E + L group (OVX + Exercise + lycopene group) , OVX + A group (ovariectomy + alendronate group). After 12 weeks, the
relevant indicators were tested. Results (1) Treadmill exercise could decrease fat body mass and improve OC ( bone formation
marker) levels in ovariectomized rats, as well as improve trabecular number and inhibit bone resorption. (2) Lycopene mono-
therapy could improve uterine weight and serum thyroid hormone level, and decrease the level of NTX in ovariectomized rats. It also
increased the relative bone volume, trabecular thickness and bone formation rate, and promoted bone formation. (3) Exercise in
combination with drug treatment could decrease the percentage of body fat in ovariectomized rats, increase the level of serum
estradiol, and reduce the level of 8-OHdG and DPD in urine. It also improved the structural parameters of trabecular bone, the rate
of bone formation, bone strength and resistance, and whole body bone mineral density in ovariectomized rats. Conclusion (1)
Moderate treadmill exercise can prevent bone loss and improve bone health in ovariectomized rats. (2) The effects of lycopene on
bone metabolism in ovariectomized rats was similar to that of alendronate after 12 weeks, including increased bone strength, reduced
oxidation, enhanced function of the antioxidant system and maintenance of bone metabolism balance. (3) Lycopene and exercise
showed great synergistic effect, and had positive effects on bone remodeling in ovariectomized rats.
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BB AME 2 —FE WK 2 5405 EE
Wo HRHEMEETEFELREELF LR RRK
FEE A UE AR E, EE T REM W
2% HHE, Har P ELH 9000 77 &%, Hit 3
2050 4E P EIMEFEAOKR 2.1/, HEHSE
AR, & BB AME S 51 & i — R 5 L5
& 2R,

BRI r T SRR ERRTT

FgpA T EER T B EMIERBCE, BEEN %
CHA,#KHbﬁr‘j{ﬁ$}%xo B LR R E
BEREFEPENETE, BHAXRETREN
B NE,TESRERFEAKRF, BA B LA
iR ARE M AKRRE NWEM. BB
Mackinnon 25\ BFF 5% & B, 48 B (0 48 2 5 10 L fE I
BPEHNBEMAZNEA KA ELBATEL
SMER Y B ERME, BENAZPLH BN
£, i B MR E AL B 3#bw 5 4 7K F F B R R R
YIKES, B EER, EHRRIEFMHLE
BLOREEMB L ERER METRE Y, R, H
AR BRPERMILEIMARHE. ALREE
SRR &S FANE DU AL N R AW E iR AN OB
WA, ¥R B Ak 4 A BB FA T B BB AN A B VR
Pl

2 HENES5HZE

2.1 FHYnHKLE

2.1.1 zh¥sr4E .6 B HETE Wistar K 90 2,1
FrBG¥AHYEZRS.O,HAFREE, KRAHE
BOK, Y B REEMAE(22.0 £1.0)C, MIXf
A (50+£10)% BIRE A 12:12, 3% 1 {5, 4%
HESBEREN S RLUT 6 4, (1) B F R4 : Sham
H(n=15);(2)EHH . VX H(n=15);(3)EH +
EBHH:OVX+EA(n=15);(4) XH + FMAEK
H:OVX+L#H(n=15);(5) LR +155) + T
FH:OVX+E+L @A (n=15);(6) M CRERMMA:
OVX +AL#H (n=15), SHKR BT A KRB, 7
FEAR R RAET  BUEME S W IE Y] O, #E S5 4lE
SEMAAR VT, AR, 285U
EERFEREER E4KK HEHAO, BFR
HBRENEBR D FNEALFAEEN AR, RYK
&, 1B, FHRER,

2.1.2 EHMEBEHMFER: (1) EHHTHE. Sham 4 |

OVX M OVX + A A REBRHAKXKKEXRM 2 mL
EH BFMARRTHERERGFEMAENEX
{2 mLORI R 30 mg/kg KRRECH]) o FTCBERR
AR R EHA 20 mg/kg, TRHIME , FRXTK
WARE, FTASIYALTEHT 15,14 KA1 5.4 Ko 5 K&
TSR R DU 3R & 30 mg/kg B H R K S mg/kg
HATRR AR, ER T 12 B 5 #47 M XH
i, (2)E#h %, £ OVX+E HHM OVX +E
+LA, BRz3 1 h, BESK, AP 145, £51
JRSE 9 A, KT A LR & KA R
7 J& ( maximum aerobic speed, MAS) , L. 7.5
m/min B3 F U E 5 min, Z 58 2 min B — 3
EEMNEZRRAGER F#EEESFILEBE, M
B BB B RIS MAS, & B3k Ud, 1 h B Y 2R3 %0 an
T : LA MAS # 50% 17 10 min $ 5 % . )5 it
#1541 10 min M3 & Y%k, H P ET 8 min KB L
MAS ] 80% ~85% #4784k ,J5 2 min K E L MAS
i 50% BT8R K

2.2 WS

2.2.1 ARAUgE: (1) MiEMRBIEIR . ZEIFLRE
BAEE 12 FRE MBARBEE, RERFHI—
XK EmAXRER, F-XER . B4HARFLH
W ARBREE, 6 3 RKERREHREMBHA,F 12
FE U F 30 Bk L R A, B0 4 B LV, A T I v
ALP TRACP & & BB EHRANE(WAEE R
B TEMRE) W BT, REEAR DR R
PR, AEIRES LIRS, A pHIEAN 6.0 ~8.0,
SRF512 000 r/min&.[> 5 min(r =10 cm) , L £ 50
L, FBEER 48 B (ELISA ) K 8- 4L i 8 2 4 (8-
OHdG), BRI —FEWERHE N 0.5 ~ 200 ng/ml
Wb HER LR, B OB 2 TR, KA Jaffe &
R-ar et AT RIE 38, (2) BHSARA,
TES 12 sy B )5 , % & % B #HATIE, R e B
ZMBRE B 4.5 BAE AR E L& #T &R
g SR

2.2.2 Kk E. JEWEME % E (bone mineral
density, BMD) A & JEf & EAK EMEH X HE GE
v A= DPX-MD B XAt X 2B % E X, H Lunar
DPX-MD 4 5 % 4 v A5 20 A0 70 87 3K 1 B ASC B BT B/
Y RAE R MR BB AT A, B H K
B BMD,

2.2.3 BHLARSHES: (1) BMRHEESY
Xt & /NS ¥ 3547 wCT ( Skyscan 1072, Skyscan,
Belgium) 134, & X H £k [E 4 85kV, B i 110
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pA T EHAB A REAAZEEERMAH
=4, F B X BT R, f# ] Skyscan pCT
AT A B R B S(BV/TV) (B /NRECH (Th.
N) BREE(Th. Th) B/NRIEE(Tb. Sp) . &
BfTIE, Q)ERESH. MEREHBE,
AL HE T Micro-CT XHE& b . h BT 4 &
2. BERFEEMEBNRYE FH MR % B
R —HME R, MEREOFREAT HENR
MREFRERE. EE8F, AR RS2
HERFRE, EREREH, RARAN2RE
HBHAFRTERTENRADITREE, ARRAK
FRFLBRHE W4 B4t . SRJF i 1L Bouxsein % °1
BHERNTEFTEREEES . HH Image] HAFH
EERAESHEESE. FHERSITE¥SH
HHESMHESH. ELHESHTULIHEREM
BHEW, ISSHEARBREE R ER K (FE
) KR, BESHEEXBBEEM(CL Ar) (&
BEEMA(MAR), SIS HAFEEFIIERLEAK
B4+ (P-L. Pm) B SMNRE T 3 (P-BFR/BS) | &
WD KB 4 b (E-L. Pm) (B A BB T LR
(E-BFR/BS) ENEET Y HE(E-E.Pm), &
R SHEEBEBEHEAEAKE 2% (0c. S/BS) .
BEKBEFHME(N. 0c/BS), BRRSHEHE
E AR A 4> % (0b. S/BS) & ¥ B % ( BFR/
BS)

2.2.4 BHAY AR EdEN =S MR

Xt HEB AT 7 2R R R VEAE . B B ZE T
A BB R L, AR AEERR 1S
mm, KRB EEREEXRE L, MEET,ERES
HPAXEPLEMBSAES, L 1 mm/min §#EE
B ZEFEA KR, A Instron 3343 3K 4 4 iR £ 17 - 28
LR I RBRBH(N), REFRMAT-ALBH
L,BHUTBEYH¥ESH: NER A MEEE
BHENENBRKREMN(N) B (MPa) FiE (3
PERER  MPa) 7,

2.2.5 BEAMBREKEMLDIT:12 ALE)SE,
B HBRINCHT . BEER(OCO)WESTE
R, B T BB I & B o K o 32 Bk K (NTx) #l 5& 4
PrE R, SR PR B I S R P ik (ELISA) U %€ NTx
8. NIx WEMH | R ELISA XH&, I
R AR R AR R R <8% F1 <10% ,

2.2.6 HEBHEITEATARERABDE 7%
R, SPSS 17. 0 G it B 4 #4748 1t 434 , Sham
B OVX X LL, RS HEA TRE,OVX 4,
OVX+L# OVX+E A . OVX+L+E AHH OVX +
AL BERRNEARFEZ4T M HERAERWE
e R E, AT AR TR ,P<0.05 hEBFE
HER,

3 &R

3.1 BMARMMEZ X KRB ERANE
AR PRI (E 1)

®1 LEEXAXRERSMEMLRKFELR(Z £5)

Table 1  Changes of rats’ body weight in different groups at the end of the experiment (% +s)
A E (e) Pl rugy TEEE  DEEE
A5 SR LR BKE B Wi & il (&/ke) TR ARWE
(g) (g) HH(%) (nmol/g) (nmol/1)
Sham # 268.54 £5.67 362.85+8.28 298.10+6.37 62.12:2.04 17.34 £1.42 93.52 +4.56 N N
ovxX 4 270.56 £6.35 407.28 £8.73 317.51+6.22 90.75+1.81* 21.93:1.48 19.86+1.85 N N
OVX +E 4 269.45+6.05 404.35:7.35 327.68:6.57 76.76+2.75> 19.35x1.57 23.58 +3.37 N N
OVX+L#4 270.12+6.95 393.53 +6.57 311.63:4.81 80.20+2.19 20.16+1.42 39.56 +4.21" 22.95+2.35 38.05x6.19
OVX+E+L 4 269.85+5.91 383.75+6.57 316.335.75 67.41 +2.46> 17.65+1.72% 40.75 +4.47% 27.64 £2.75 50.41 £5. 32¢
OVX +AL 4 271.87 +3.87 408.75:6.21 322.81 +5.32 85.48:2.39 21.17+1.47 19.98 +2.27 N N

E:LRFSLRATHE, P <0.05; 15 Sham 4 $F,°P <0.05;5 OVX 4188 ,'P<0.05; 5 OVX + E 41 4% ,°P <0.05; 5 OVX + L 4l i,

#,‘P<0.05,

MR 1A, OVX HRKBELRAEELE
P25, B BT A 4 KR IT I R A R A 1R A
REBEZA, TEEENBIEEHRER,; MALA
YerE shyT ik, R KRBT 2 B 3 TR LB
B BN, ZRRRKIEN S o LB E TR,
TEHEROVXARERT, MFBEMLRERER

BANERMARBTARERR,

3.2 BMARAMBSEHNNKRMET YR 8.
BHRBRERMRBERSEE(R2)

3.2.1  [fu S Y FOKF A 3K TR AL EEE P K F
ME2AM,LBE OVX A/ Il # 45 (Ca) . M B
(P) K, i 7% 2 5 (Albumin ) | ifi & ALEF K F .55 B
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B (AST) AN EM(ALT) K P EB EH 2
5 OVX 4 it 75 M — B2k F 8 F K T Sham (P <
0.05), BRI MEMARXEAAMERERS
OVX £ #Y Ifi 7 # — B (E,) KF (P <0.05) ; s
MBEMLRBTHERERS OVX AR M PRI
BERKF(P<0.05),
EHMAAFEHIXEREZY, OVX A Mm%
GPx 15 M8 Sham B E FFE(P <0.05) , BAH K

BHLERBITHRRBEZH KB CPx fE ik, ik
CHBMBITREABERR.

3.2.2 R 8-OHAG 7K ¥ .38 i # W 8-OHdG K F,
WA LSBT B Fh 40 E X DNA AL I8 73R
8-OHAG K FEARZZFHWEwW, MAGHEFEMLE
WITREEERMESH KR H 8-0HIG K F (P <
0.05),

£2 BHOAEMEIRTHERRBLBT Y BHEEKTFHER(Z+5)
Table 2 Effects of lycopene and exercise on serum levels of minerals, enzymes and hormones in ovariectomized rats (% % s)
Ce 4 Albumin AST ALT
E ini K
HH (nmoll)  (mmol1) (&) (u) wn 2 FSH LH PTH Creatinine Chx NTx 0cC PINP 8-0HdG DPD
Sham £ 241+ 1.35¢+ 4425+ S1.54+  29.52:  79.35% 2.46 + .27+ 4378+ 3076 201254 2105+ 24.81: 115+ 33.61+ 13262
i 0.05 0.06 248 3.47 3.45 4.27 0.23 0.29 3.4 1.20 13.30 3.78 3.65 0.57 4.4 1.65
o g 2.52¢ 1.68+ 44,63 60.77+ 32.80: 12.56% 4.29¢ 308+ 49.51+ 30,60+ 17675+ 3623+ 33.09: 10.25¢+ 34,50+ 30.16¢
0.078 0.12* 2.52 6.14 5.81 2.45¢% 0.43% 0.37% 3.67% 1.54 10.152 4.53% 3.46%0 0.782 3.65 3.232
OVK+EH 2.5+ 1.62¢ 44.57¢ 5551+ 28.75:+ 30.23: 4.18¢ 3.00 £ 4723 30,24+ 2741+ 3527+ 34.51% 9.78¢ 30.47+  32.78¢
+
0.05* 0.07* 236 5.66 4.28 3,420 0.40* 0.342 3.36° 14 12.56® 43250 3.37%0 0.31* 4.26 3.69°
OVX+L& 2421+ 142+ 4497+ 48.18: 27.55¢ 54.30% 21+ 1.68 ¢ 5104t 30,77+ 268.55+ 2051+ 25.15% 714+ 1778+ 17.65¢
+
0.03 0.06 258 420 3.07  sdtbe gdshe p4zbe 5s5pe 183 9.56%c 475 341k 0.56>c  3.57c 260
ovX + 2.4l ¢ 1.40 ¢ 45.07+ 47.03: 2627+ 57.47% 2.61¢ 1.3 ¢ 5424+ 30,49t 25461+ 19.89:x 24512 6.74 + 1527+ 20.54 ¢+
E+L#] 0.04 0.06 2.61 4.43 3.26 4860 0425 040bc 5250 L2 4 34 3sb 049t 326> 366>
ovX + 244+ 142t 45.01+  51.06: 30.02+ 13.95% 321 2.85¢ 5829+  30.46: 189.95: 25.71: 25.85% 6.60 + 12,78+ 1504+
ALY 0.05 0.06 2.45 3.06 3.18 2,290 0.35 0.462 5.582 2.01 16.27 3.94 3.4 0.51 3.98 1.93%

¥ .5 Sham 41 8, P <0.05;5 OVX 4 H.3,"P<0.05;5 OVX +E A L3 ,°P <0.05; 5 OVX + L A L $% ,YP <0. 05,

3.2.3 BRESHRALMER . BERAEYRERERME
A RRIT N EHBIERANEIF. OVX AXKBRME
W BAREY OC 7K ¥ #1 PINP K V4 Sham iy 8
ER®(P<0.05), gtk iizshaefE OC KFF
B AR ERLERTHEEERK OC KF
MPINP KF¥-(P<0.05), MEBRBIHEEYD
(NTx) R A, 0VX A KB & NTx KE 8 FFH

B, AN BRI RRT, W LE OVX gﬁkﬁi

NTx K ¥ B E TRE(P <0.05),
R DPD REETEHSF R 1 BBRES, W
JE BT o HL IR 3, T 2 Mg AR i, BUR P DPD JLF 3k

B BB R, DPD R A& 7 & B Wk 35 ot A
BHALL, ZfM P AS5ERERAHE, LREESE
WEREHE AZEYMAYHNER, Bk, BHEA
A B2 LB E T ok 8 1 YRR M F RO A R R B
B A fb 35 AR, R DPD ¥k B 3% = B S i B R e 3%
B, HFE2TM,OVX A DPD BERE, B4
EBRITRBEMOLERRSEINITEEDEEREK OVX
4 KB & DPD KFE(P<0.05),

3.3 BEMARNBEBEINAREEENRZ W
(%£3)

®3 EBMARANBEEEIHX EHKREREMBF+ B BMD IR (2 £5)

Table 3 Effects of lycopene and treadmill exercise on BMD of lumbar and humerus in ovariectomized rats (% £ s)

g BEDE
R BEER BMC BMD BMC BMD L ¥:3 BRAK BRAK
(mm?) (mg/mm) (mg/cm’) ( mg/mm) (mg/em®) (mm) (mm) (mm)

Sham £ 6.970.10 5.16%0.10 759.20+8.20 9.48+0.12 1338.60+4.60 0.80+0.01 11.42:0.08 6.24£0.10
OVX 4 7.02+0.09 4.73:0,12° 681.6+11.10° 9.320.11 1323.80:4.10° 0.78 £0.01 11.03 +£0.08 6.21 0. 15
OVX+E#4 7.04 £0.09 4.88 +0.13° 691.60+10.20° 9.41 £0.12 1324.00+4.20° 0.78:0.01 11.16:0.09 6.20 £0. 14
OVX +L 4 7.35£0.10 5.46 £0.16™ 763.80£9.50> 9.57 £0.12° 1343.60 £4.00* 0.87 +0.02* 10.95:0.10 6.00 £0. 12
OVX+E+L4 7.38:0.10 5.49:0.15> 771.20+9.90™ 9.59 +0.13* 1348.00 +4.50*®° 0.88 +0.01* 10.90 £0.09° 6.03 £0. 13>
OVX + AL 7.3410.09 5.62+0.13% 770.10+9.90> 9.51+0.13 1346.70 +4.70* 0.88 +0.01* 11.39+0.09 5.91 +0. 12"

¥ .5 Sham 3, P <0.05;5 OVX 4l L%, P <0.05; 5 OVX + E 4 H48,°P <0.05;55 OVX + L 4 %%, ‘P <0. 05,
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f 7 3 O %1,0VX 4 K BUE# BMD .BMC #847
BEMT Sham L KK (P <0.05) , At iE 3k
ERESEE LANNERARTAEEERS
JEH# BMD .BMC 847 (P <0.05) , B fpy7 ik Sk @+
FERAE BIFHZEER.

WMEE & B K BMD fE4x K, OVX 4 1
BMD B 2 {XF Sham 41 (P <0.05) , ifij & 4fi ¥4 % A
ARBITRSBERABRETPEK BMD(P <0.05);
EHKAEMUREEERRAREPBRNERE (P
<0.05); M AMHHBEMOEMFESER, EEE
BB P BB NEAK(P<0.05),

3. EMAEMBESHINKRBLALESITE

F I

3.4.1 BARBESH (R4 mT4THM,0VX
H BB T 7 o A A Bk RS wCT 2 # o
WL K TS, ) Sham 4 AH b, OVX 4 K BUR & i 4w
RS B R (BT/TV) (B /NREH (Tb. N) (F /b
REE (Tb. Th) BEREAR(P <0.05) , BHIRNEH
BE(Th. Sp) BEFA & (P <0.05) . B AIZ ZhEE
BERBE/NREHE(P<0.05), Bait ) &FibiL
RIGTRER A EH KRBT FERRAE N NREE
(P<0.05), @8I XEGYETATLUBEEREES
RKEB/DREWSE(P <0.05), PICRBEBRMIAST
BRIEMUTEMLRRITHR

R4 BMOARNBESHNEFAREBEE LEAREPEBESSHOBW (2 25)

Table 4 Effects of lycopene and treadmill exercise on bone trabecular structure in ovariectomized rats (x £s)

BEEE BESRE
4151

BT/TV(% ) Tb. N(1/mm) Tb. Th( mm) Tb. Sp(mm) BT/TV(% ) Ct. Th(mm) Ct. Po(% )
Sham %41 29.15 £1.37 5.15+0.11 0.09 0. 00 0.08 +0. 01 65.07 £0.57 0.65 +0.01 0.22+0.01
OVX & 13.18 £0.36°  3.44 +0.09* 0. 07 +0.00* 0.30 £0.02°  61.28 +0.57 0.62 +0.01 0.28 +0.01°
OVX+E# 14.05 +0.54*°  4.05 +0.16®  0.07 £0.00° 0.28 £0.02°  62.79 +0.51 0.62 +0. 01 0.18 +0.01
OVX +L 4 31.25+1.66°  5.25+0.07%  0.17£0.01**  0.17 £+0.01**  66.37 £0.45 0.71 £0.01>  0.23 £0. 01"
OVX+E+L#l  31.97+1.92° 5.62+0.17%  0.18+0.01®™ 0.16 +0.01°* 66.86 +0. 54 0.71 £0.01%  0.24 +0.01%
OVX + AL 4 30.45+1.86°  5.17 +0.11¢ 0.18 +0.02°  0.19 +0.02°* 67.45 0. 63 0.70 £0.01%*  0.23 +0.01%

.5 Sham 3% ,*P <0.05;5 OVX A K3 ,’P <0.05; 5 OVX + E 4l & ,°P<0.05; 5 OVX + L A L ¥ ,9P <0. 05,

I OVX 4, et B A 4L RIATT R fB el &
EHRRRBBPEN BI/TV,HEEEEE T OVX
#H /) Ct. Th #1 Ct. Po #8475 (P <0.05) ,

3.4.2 KBS (EKS6):HERSH,0VX 4
KE W BT/TV.Tb. N 4% Sham 41 B Z F & (P <
0.05),0b. S/BS #1 Oc. S/BS B EF & (P <0.05),

%5

BFR/BS BE T+ (P <0.05) , BB 3h)T &
RRIEHEZH AR BERE(P<0.05), £ &R
b RAHNERORRITAEEENHERAR
WEARAKESE(P<0.05), XEHERE
RELH KRB ER B8 F et g0 &5 Rk,
12 & T i o

BHARMBEEHXN LR ARRE LEHSHRESHAEHE (2 2s)

Table 5 Effects of lycopene and treadmill exercise on the dynamic and absorption parameters of

the proximal tibia in ovariectomized rats (% +s)

3 BT/TV Tb. N 0b. $/BS 0Oc. S/BS N. Oc. S/ MS/ MAR BFR/BS BFR/

(%) (1/mm) (%) (%) BS(% ) BS(% ) (pm/d) (pm?/m*) BV(% )
Sham 41 22.35+0.45 3.95:0.14 0.60+0.04 1.90+0.09 0.55+0.08 8.51+0.47 1.42:0.06 47.65:2.37  145.6:10.75
OvVX 4 14.15£0.48* 2.50+0.10° 9.05:0.45* 2.45+0.11  0.7920.06* 19.35 +1.05* 1.41£0.05 101.78 +4.07°  370.2 +12.29°
OVX +E# 14.42 £0.52° 2.55+0.10° 7.8520.18° 2.43+0.08 0.72+0.07* 17.53 £0.76° 1.35:0.04 94.7515. 10" 295.2 +10.27*
OVX +L 4 27.08 +0.29° 4.25+0.09° 0.25+0.03*° 1.18£0.09% 0.28 +0.03°® 4.37 +0.26* 0.68 +0.04* 10.07 +0.96%®  33.56 z4. 54"
OVX+E+L4  27.75:0.39° 4.32£0.09° 0.24+0.03* 1.16£0.10®® 0.27 +0.03*® 4.17£0.25" 0.65 £0.04* 10.03 +0.85%®°  31.58 +4.31*
OVX + AL 4 26.75£0.47° 4.29+0.09° 0.24 £0.03% 1.16+0.10°® 0.29 £0.03%> 4.25+0.23" 0.71 £0.05* 10.09+1.43®  32.45+3.41%

5 ;55 Sham ZH He 38 ,°P <0.05; 5 OVX 4 b, P <0.05;5 OVX + E L% ,°P <0.05; 5 OVX + L 4 %% ,*P <0. 05,

MR 6 AIHl, XIERMRKEKBESE=4
F  PERBTTEAR BIERNHESSH(P <
0.05), BAitiEE)THX OVX AXKRESH

BHAUE, BANKEMARTEESEERE
ERRRHBHNBEEERE, REEATURER
R ESMNEETE EMETRE(P <0.05),
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3.5 BMARMBEEIHNKEMETHEY ¥

PERER R (R 7)

R6 BNARNBEEHIMERAKBRBREFELAESHNEMN(Z£5)

Table 6 Effects of lycopene and treadmill exercise on cortical bone indices of femur in female rats (z +s)

. Ct. Azr Ct. Wi E-E. Pm/ E-L.Pm/ E-MAR E-BFR. BS P-L.Pm/ P-MAR P-BFR/BS

(mm?) (pm) Ec.Pm(%) Ec.Pm(%) (pm/d) (pm*/pm?)  Ps.Pm(%) (pm/d) (um’/pm?)
Sham 4 4.50+0.11 725.6£10.50 3.54+0.52 2.58+0.25 0.77:0.19  5.65+0.49 13.62:2.84 0.97+0.07 74.85+16.69
ovx 4 4.89:0.10 781.0:8.50  7.61+0.62° 6.85+0.48° 1.36+0.17° 34.52+0.58* 49.54 £6.28° 1.38 £0.07° 272.50 +19. 54
OVX+E 4 4.94:0.08 775.9:11.50 7.30£0.63" 6.77+0.45° 1.32:0.19" 32.89£3.8%  47.27+5.61° 1.34:0.05° 258.30+11.37
OVX +L 4 4.92:0.10 737.3:10.00 4.71£0.34*® 2.35+0.24*> 0.80+0.17*® 6.37 £0.78%>° 21.65 +3.78%*° 1.19 +0.03** 138.70 £+11.91
OVX+E+L# 4.91£0.09 732.5+10.80 4.48:0.47°° 2.33:0.22°® 0.98:0.15  6.72 £0.98°% 19.54 £3,56* 1.21 £0.04%> 133.40 2 11.54
OVX +AL#  4.91+0.08 774.5+12.50 4.93+0.23°® 2.46+0.26® 0.71£0.12°® 6.78 £0.82°%° 52.41 £4.92® 1.32 +£0.04° 250.80 +14.38

# .5 Sham 41 H 88 ,°P <0.05;5 OVX A% ,"P <0.05;5 OVX + E 4 Hb4:,°P <0.05;5 OVX + L A 4%, 4P <0. 05,

RT BHOARAMEEHNAKEHERK
EY I F R (5 xs)
Table 7 Effects of lycopene and treadmill exercise
on biomechanical properties of vertebral body in

ovariectomized rats (x £s)

4151 BAEF(N) B (Mpa) EHE (Mpa)
Sham 71 60.25 +7.46 0.97 +0.45 2425 +153
OVX 4 45.85+6.97*°  0.77 +0.33* 2563 +204
OVX+E 4 48.24 £5.83*  0.81 +0.29* 2812 +276*
OVX +L 4 59.78 +7.11%  0.88 £0.35> 3251 £275*
OVX+E+L#4 62.33+8.56™ 0.95+0.30> 3476 £303*"
OVX + AL 4 63.47 +8.79*  0.76 £0.34 3471 £226°*

.5 Sham @ L& ,°P <0.05; 5 OVX i b 4%, P <0.05; 5
OVX +E I #,°P<0.05;5 OVX + L A% ,4P <0.05,

METIUH,OVX AXBMERET . PHEK
Sham 1B F T (P <0.05), AN BEMRLE
WITREEEREEZRARNERE, MEHKEH
VIXEEATUSEREZERXRNBREMGE
A58 J1 (P <0.05),

4 HH5TE

4.1 BEEEFHN 30 E K BB BHE R
AR McClung Z™ BT RN B SIT G AT
EETIRNEAEN BRI, S ARNBOELE
B, IR Sme/ke, B 2 0, 0 B EH AR
TR 14 AMER, SREMBRMEFES LR
KBRS R, SN E A L LA, BE
EEETHR, XFSLHREY. BRTERAME
FHREABYTH, RBTFERRMENE RFE,
5378 B SR A 1) X 32 K BB R, B e ar 45U
HREAHSES BRS AU ELNTSBREENRE
EHTUREELARNERE TR ZiRpg™
BT R T 12 R0 e vk i3 30 AR B0 B o 32 ok R
BEEFENREIAE Y HEER 12 AP

BHRRKAEHHEAZ LR AEANEEE,; k@
B R AR 14 8IS 3h4E & M BIA T RE
HELHREMEEE.

AR, 12 ANNEEEHBREREZRKR
B, BERNAREFE ERESE-EEEY
M, B R HA #EAT — W BERR SR B 18] B2 sh R VB L
PRI A S BN REMBIRTEBRANE
Wi, SAEiEE S RER B RAREY OC KFFH,
BB /NRE B #Y [ a3 B R, BT 12 A BB
BEERALELEKRBER. 2HRERN £
aitE f B sh 3t R B R BB A R\
BAK, X—KH5ZHxgT " 95 & 5ia sh bk
BEEZNEARBEEY I HENSERA B &
RN EBRKBRERARENEWAETRER
.
4.2 FHMAENEWEAKXRBRBEFEHZ 0

ERAFEEN—FITE B EX R, &
MARFETAGKEMERPHLHE X, R
RAERMPEANZ—, BMARNERENKHE
THRPAH PEE 100 £, Ben K HELHR, B
AL R MMER R RRIA T FE M ST EL R 1T A,
HEME R AERPSEH ARE 5@/ 3. ARE
WEIEEFEFE N2, NR ERELBBES S
REXBER , N2 BEHFLET Keapl 1,814k
o7 B #E Nrf2 #1 Keapl B9RFES, {8 Nef2 R BAMH
BERATHEAM, N2 REERRER. BHOLR
EHERMFYEBIEHN T ARE 5588, S H
(EFWRE, RERELERT,

ERRFERMAENEZERKBBRBEEAMX
A EIETRA AL ES . LR FH,OVX AXBM
FHFEEREZELT Sham 41 (P <0.001) , & #h
NEBRTHREERE TEER, HEMBEMRT
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Sham £ (P <0.001) ,if OVX A EHEKEEE S
F Sham 4 (P <0.001), Omi Z”'Br3x £, 0VX
HARRHNAERBEEREST Sham 4, AL HE
REMABIAEE ARBR -5 s
BT, S OVX A KBAEHKWERH &
RER BRIERIE Dang % BISTE , B E Bt
ZHIREENEHRE NTSBAERERK,
BN EH KRG EES BT, BH
B AL R IR IT BB 0 2 Bk LA R 1 in F g
iR, EARBRARERERT M E, KF,
MR T il ¥ FSH A1 LH /K ¥, 3 B % #i 40 & ¢
TER—EEDERABRROBNER. X—EH
VLG BRI AER, TRER M TEMAORRITES
TE WMAKFE ANTIRETHREZANER
P AR R R R T AA X M E S RN
Btk & PTH /KRBT B W W89 IE 16 98 35, A&
B s OVX A1 TE PTH KEEE F Sham 4,5
ZHTHBIRGSR - TR EH YRR ERS
M 22 OVX KR PTH XK EH5,
FOREEE L MEERPHEXER, L
BMD B/NREMEW . ERESEMBEHEY
FEWR, URBER . BRI, RS
AHELLEXT R B R BAE R . B R AE 4
REAREMBRENTRE, BINH AR E &
B, M BMD BBCE AT L R B, B A4 B £
RKERARPENEM. BHAEEEHLRE.
BHEBREBENREER, BIM K EHRZ Y H
FHRENNE BB MO ERTEHERESTHE,
KEEWHSENBMD TR FHENELSEE
BB BB R A B KM LI 6, BTMS
EMEBRTFRAMBERNER P A 2D,
ALBERH, BMARBTHEERBEELEARY
BRM /K, BB L OC. 17§ PINP K F & F
W, @it 12 FRLE, fEME 2 MAR BFR #4589
BERRK, NEALRSHESXOIWER, EHa
REEBEFRE BRI Oc. S/BS.N. 0c/BS,
ZHIMHRRA, BHOERETERBRLERE
L T BB 8 3 0 R 3 38 BBk KK (NTx) 1
#7 BDM, Rao %" B 5t &% B1 % #if 41 % BB 40 1 Bt
FHRASAMBET YRR K, Kin £ B35
R B % A0 4L 2 Rl R A0 R R A B R
BB REE Y, WHEXRMOTRLR, K EH
AREEERIMFETHERBRBEOEEY, X
BRFELTHERFRIRELRALUBER,

#on, AT REREMBMBERZNHELT , BEMARGIT
MERUMNERNERRE. HTEEARBERY
TR AKBERTBREREE, ALRESZIH
BRGTgE R R ML R TUA KK E £
FRBE BT, 5B R
4.3 BMARNME 3032 T AEFI X 50 4 K R
B ARSI

ERC AT 3 N R AR - A
B F R TTIE, 3 W8 . Bif
AHREY  BRERFRARTEEEEEAERS
AT R T T R o A 4 M 6 7
w5 BEREASNBEETARRERES, 2
R BB A B A KO B RO T A
I, 5 1 K B R 45 0T LU B R, R BB R
BMERTT. MERTSHEEE, WREFE R
EUHNEHRR . B ERSHTRAM
RREZ—, E5 R Brng X", ¥xR
HETRRIGBFR, 2 FEF AR B MARE
AR ER 3 248 R BUEAT BF 55 % B0 B0
HEKTFRT B MR B SRR, 2t &
FR BT R TS EAT AT, B8 A BB 1k e
BERZSBWERER, FREAAELHKR
HY I 3 B B ALK PR A B R,
Dednarek % B R B, & ¥E4 2 J5 il ¥ 1 B8 3 &

CHKFETR HEMKFETR, &R, B3

RRZIBHBRAREEFEERBNEL
BL# o

ALK PP E 8-OHAG /K, % Bl 8 2 4 % 7
ARBITESERMBEHRRZ KRN DNA ik
BOAPE SRS KA BB ERREG, T
8-OHdG /KR 3% B 4 15 3 i B W), 3R 78 kAT
GYHTH AYRUBHHRREE, BHAE
BB L E S ABEIENERER, YBHG
REGHEEIN, X-HRERE., 213 12 FAK
REER EERENHERY, REFREX. F
BEMNE BHARTURESEHE, £ RHF
. BRMCERAKTEENESRENEE,
REERE, ERMERAPTREBERNIEIT LR H T
HREI TR, BT LUK R BRI M — K%

B HALESTTRESH, OVX AR B &R
A ENRYBY Sham AR ETHE, SNEHE
B BMREREHR LT, ZE AR L5 5045
B/NREH AL, RN B B B9, 104 7L B R
B3 K, 1509 32 EL A B B R 18 B SR AISR AL
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EMAEMERBEDRIFIEN, ERRASRHR
R mE /N H, BB &, %&F BRM BFM
KFE, XEZRBTRER—B",

Bh¥HEERUNEAE B THRENEER
2. BRERTRBEATHANERERE , £
HBRBBENEYHESTER, BMLEIRITHE
AR ETRE PHEMBEAMN S, OVX+E+L 4
# Sham A OVX AL, KU RN E B FHF
F Sham 4 OVX A, RHAFEMARRITEKGH
G R FEEEEERROEm, RFER
BE LB L VIR SR A R A W, KEORE, B4
AREEMTHERFEEEE . BRENIINES
B, @ 12 AWK, TR RS BAL R
CHRNEBEEUER/DPREN,

EHEES A E LN SR & wm A A
B, B, @ MERMAERITE, KEBENE
BREEHWBHAENBITER. AL HER
f9%5 GPx .CAT #1 SOD, Xt H #7855 LABY 1k &
RN EBRERE MG, KEAT,0VX 4
B 3 45 BE H R B AL R TR o AL SRS
R ALY AL B I K AR 8-OHAG K F-#F & 3%
BT Sham 4, 2B, BRLERTEELAT
OVX 4 I BE 1514, (B 1K T 8-OHdG /K, BHIFES
AEMTEEN TR FHREIRFIER. ZH
BREMKTRNBEKRARER BRLRART
TS LB ¥ 35 bR F1 BRMs AF

5 &

EENBEEHTURGESRABTER &
EEBABERE. EHAEEILE FHHR
RWBIT TS AL ERRRENKGTHE &
PRE. 2 ANBEMAENEZHRBEFREH
WITERSMCBRMABREL EREBRNEY
TR W B R, X —fF AL AT R R
ARWRITHREES KRB %% BTMs M EH
ZWBH., BRAEMEHRAL BT FEAE
A EBRARBEERAARRKER. &8R4
35 T E B 3 180 A A A O AR SR A S LA, 9 B AL
RIETT B RGN LA B AR R AR
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