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BE: B HiT GLP-1 K4 Rl K & B FR % K B M 7% OPG RANKL X BHEME R, ik EFEEHE SD KRB
SREEMIRA(NC 4) BERFH(DM) FB &AM EM (LR-L) FREKREHNEH(LR-H), FESEKEERA/DA
BHERGEEE(ST)FESEY 2 ABRBAEERY KA RA FHAE K 400pe/ (kg ) ETHS, BRARA TS K
800pg/ (kg d) T IESH, 820 4w 5 FE R R, B i 48 1 45 . 10 B% PR YEEER B FH [E 8% . H i = &K, ELISA 3k #l OPG \RANK,
DXABKRMKREGFEE. £8 S NCAHHE,ODM 4 .LR-L 4 LR-H AKEHEE,LR-LA LR-HHAK DM AER,H
LR-L#H 5 LR-H A LB EEF; ODM 4 \LR-L 4 \LR-H Am¥EHAH,LR-L 41 . LR-H Al %% DM 4K, HIR-L 45
LR-H AR kX% 57 ;ODM LR-H LR-L H 1 #§ OPG.RANKL B A& , EFAAHKITFHE X (P <0.05),LR-L 4 OPG &
DMABHERALKITFEX(P<0.05),LR-H4 OPG & F DM H{H £ K L4 i+%¥ H L ;LR-H 5 LR-L 4 RANKL I 2 & F
DM £41;@DM 4 1 3§ OPG/RANKL W{E{E T NC 41,LR-L.LR-H 41 i 7§ OPG/RANKL % DM A& , 2R EHFKitEE L (P<
0.05);®DM 4 \LR-L.LR-H A KR 2 B REHRUBFEHIRK, ZFAERITEE N (P <0.05) ,{H DM 4 LR-L 4 .LR-H
HIHAFERERTFENL, &it ARNESKREARE2 WHERBRKEAE WM F RANKL F & 5 OPG WA, HA
HERARITERLEEENRS.
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The effect of GLP-1 on serum concentrations of OPG and RANKL and bone mineral density in
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Abstract; Objective To investigate the effect of GLP-1 analogue liraglutide on the serum levels of osteoprotegerin ( OPG) ,
receptor activator of nuclear factor-kappa B ligand (RANKL) , and bone mineral density in diabetic rats. Methods Healthy male
SD rats were randomly divided into normal control group (NC), diabetes mellitus ( DM) group, low dose liraglutide group (LR-
L), and high dose liraglutide group (LR-H). Type 2 diabetic rat model was induced with high fat and sugar diet combined with
low-dose streptozotocin (STZ). Rats in LR-L group received 400 ug/kg/d of liraglutide with subcutaneous injection. Rats in LR-H
group received 800 ug/kg/d of liraglutide subcutaneously. After 4 weeks, rats were sacrificed. The concentrations of blood glucose,
serum calcium, phosphorus, alkaline phosphatase, total cholesterol, and trigiyceride were measured. OPG and RANK were detected
using ELISA method. Bone mineral density was detected with DEXA. Results Comparing with those in NC group, 1) The body
weight reduced in DM, LR-L, and LR-H group. The body weight in LR-L and LR-H group was lighter than that in the DM group.
It was not different between LR-L group and LR-H group. 2) Blood glucose increased in DM, LR-L, and LR-H group. Blood
glucose in LR-L and LR-H group was lower than that in DM group. It was not different between LR-L and LR-H group. 3) The
serum concenirations of OPG and RANKL increased significantly in DM, LR-H, and LR-L group, and the difference was
statistically significant ( P <0.05). The serum concentration of OPG in LR-L group is higher than that in DM group, and the
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difference was statistically significant ( P <0.05). The serum concentration of OPG in LR-H group was higher than that in DM

group, but the difference was not statistically significant. The serum concentration of RANK in LR-H and LR-L group was

significantly lower than that in DM group. 4) The serum OPG/RANKL ratio in DM group was lower than that in NC group. It was

higher in LR-L and LR-H group than that in DM group, and the difference was statistically significant (P <0.05). 5) The whole

body BMD was lower in DM, LR-I, and LR-H group, and the difference was statistically significant (P <0.05). There was no

significant difference among the 3 groups. Conclusion Liraglutide plays a role in reducing the body weight in type 2 diabetic rats,

reducing the serum RANKL, and elevating serum OPG. However, bone mineral density does not increase after liraglutide

treatment.
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FEAMESTAERFYE 2l HEEEX
R ERBEREREFREHRMRONEHAR ST
W RmBE, B RF E (osteoprotegerin, OPG) |
M AZ R F «B 324K 15 4k A F B £ ( receptor activator
of nuclear factor-kB ligand , RANKL) . #fi 8 £ (A F «B
& 1% 4L B F ( receptor activator of nuclear factor-kB,
RANK)FEEBERERAARNEERS RS
i #% . OPG/RANKL AT L pe % 8B 40 73 4k,
H R 30 7T H B W B 40 M T RE , B e
L, BE T I 8E & & Bk 1 ( glucagen-like peptide-1
GLP-1) R AKBESWMHEE, ERREHBES R
YRR B, VA TS MW, E 10Ok 8 £ s B 5T AR GLP-1
EEREAEERATER. FHSKEEFERAL
A RH GLP-1 K19, & LR W GLP-1 XY
(FIPLEBK) XF 2 BB IR % (type 2 diabetes mellitus,
T2DM) K B Il {§ OPG. RANKL X & % J& ( bone
mineral density, BMD) K52 i ,

1 HEMGZ

1.1 2 BB RmE R | v R 44

B R A SD KR 90 H 200 ~224 g(B
HERKEZRHPDL)  EMERSE 1w, FEHL
WFRETHEFEXBH (20 H FERE) LXK
H(70 RgfsmumEe). BEaEEE: 2R
Guo " it J7 : 10% ¥4 i .20% REHE 2% B B¢ 1% B
B .67% EaliF R, M BBIERI KL RIHY PO
BAMT, BFES wRKER 120 REHA-KHEA
T 3 41 STZ(calbiochem /&) )35 mg/kg, S 2
BB RR KRR, E%XEA(NC) FHRENE
MITER-TERAZENR - RELTEEE.
72 h [FMFEALILEE =16. 7 mmol/L AEEEIN, &
BKR 55 R, % w47 X 4 BE AL AL 43 BE 43 O A1) il
& BRAER & 400 pg/(kg-d) ] THA(LR-L)18 R,
Fhr & Bk w2 (800 e/ (kg-d) ] THA (LR-H)
18 B OB R Xt B 4H (DM) 19 H, FIH & fk (3 A

WEPEFMAGERAA) ARANESHETESHN
1 %X, ,NC.DM AL EBABEIKE T EHN. LR
BPFAKRRAEERK, FEERBRAE. 585N
£ KR I R E KRB SE MRS
Fo FRESKTH 4w 5 3% 1% B b 240 R B 3% 4b
FEAR:NC4 13 A, DM 417 X, LR-L4 8 B ,LR-
H#A 11 B, 05 A BN & O BULE - 20°C kAR
o
L2 oy

¥ F OlympasAU2700 4= B 3 4= 4k 43 87 {34 1
#E ( calcium,Ca) . B§ ( phosphonium, P) 5 1 8§ B2 K&
( alkaline phosphatase, ALP ). & fH [& B ( total
cholesterol, TC) . H 7 = Ji§ ( triacylglyceride, TG ) \ X
& & M %% 5 & (aspartate transaminase , AST) [N & 8
¥ % 8 (alanine aminotransferase, ALT) , B§ X %
% % Bff 77) ] %€ ( enzyme linked immunosorbent assay,
ELISA) 3 ¥ i OPG.RANKL, Z5 i B & £ (fasting
insulin,FIS) , B % E W& : B 4w K, H LB
AR SRR, FF K BAL T SR, AR
st MEMLE FWAE X B HEN(XE GE A H
Prodigy Advance %48 % BEAL) kT, Bl E MU, &
MEERFRFEE, R ERFKERES LS.
JEME RE BANTEE(BMD),
1.3 ZiitamE

F SPSS11. 5 G it 8k M 47 43 4 , BT A BB #E 47
ESHERR , CRBIEAYR « RlEE (2 )RR,
AR EEARATESFT BRLBERABENEX
ZR (LSD) K%, P <0.05 AEGITFE L,

2 #R

2.1 KREEKIBEEL

5T HRT(6w)DM . LR-H . LR-L A K B i&E
AHBER BEEAUERYTH, ZLBR SR,
DM 2 K Bk E# NC 41K (P <0.05) ,LR-H & LR-
LAREES DM HEK(P<0.05) {HELR-HA Y
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LR-LAKELHEER(F 1),

F1 AYTHHEKRAEEEL(g)

Table 1 The weight change of rats during drug intervention (g)

| NC DM LR-L LR-H P1g
) % 13 7 8 11

6w 287 £25.3 230 +8.3" 244.4 £18.2" 239.7+30.1° 0. 000
Tw 306 £28.7 244.4 +10.5" 224.6 £17.5* 221.7+6.6** 0. 000
8w 317.5£26.7 243.5+12.9" 230.5+22.4" 217.5 £27.7** 0. 000
9w 329.15 £26.9 252.14£19.1° 222.5:19.8** 208.45 £30.3°* 0. 000
10w 337.8 £28.6 250.3+£19° 206.7 +26.5** 0. 000

220.3 +22.5**
H:5NCAKE, " P<0.05,5 DM A, P <0.05 '
2.2 KR=HE LWL
254 T w7 (6 w) DM.LR-H LR-L 4 K R &=
MmEEXHBER(P>0.05) MEAYR T, EX

wekdint ,LR-H . LR-L A K R A#E% DM B FF
(P <0.05),/8 LR-H 445 LR-L 4% i 6% X 9
BER(E2),

F2 KRZEH W (mmol/L)
Table 2 The change of fasting glucose in rats (mmol/L)

il NC DM LR-L LR-H PE
e 13 7 8 11

6w 5.2+0.6 24,8 +£3.3° 23.2£3.6° 24.5+3.4°" 0. 000
Tw 5.420.7 22.4%3.3" 25.0+3.9" 23.9+4.0" 0. 000
8w 5.2+0.6 21.5+2.4° 21.8+3.9° 19.6+3.0° 0. 000
9w 4.8+0.6 21.5£5.1° 21.8£3.9° 22.5+4.5" 0. 000
10w 5.5+1.2 24.14.1° 19.0£3.7** 19.4£3.9** 0. 000

¥.5NC AWK, P<0.05,5 DM A%, <0.05

2.3 KR A e bR R 4 B AR 4
VUL A M iE P.Ca X EE R (P >0.05);
5 NC 4% DM 4 ALP A% ,5 DM 4 3 LR-L
HALP TR, ZRASKIHT¥EN(P<0.05); 5 NC
#Hib% DM, LR-L.LR-H 4 TG.TC ¥ H &, EZRE
ARG E X (P<0.01), 2/ HE KT H)5 LR-

L.LR-H #4 TG,TC ¥ DM 4 ¥J F F%, {8 LR-L .LR-H
HEFEEF. 5 NC HE DM.LR-L.LR-H 4 FIS
IR EZHEEZR, DM AR BATE £ NC
#E(P<0.01),5 DM 4 % LR-H 5 LR-L 4
B TR, B LR-H AR LR-LATHREAR(P<
0.01) (% 3),

x3 4 AmEMALER JFRELEK

Table 3 Comparison of biochemical parameters and liver index among rats in 4 groups

il NC DM LR-L LR-H P{E

k4 13 7 8 11
P(mmol/L) 3.29£0.9 2.95+£0.5 2.99+0.6 3.6+0.8 0.215
Ca(mmol/L) 2.68 £0.8 2.77£0.1 2.5910.2 2.7+0.2 0. 066
ALP(IU/L) 205.7(57.3) 354.7(187.8) " 200. 5(300.25)* 214.4(165.1) 0. 025
TG (mmol/L) 0.24 +0.8 0.63+0.1° 0.51+0.2"° 0.44 £0.2** 0. 000
TC(mmol/L) 0.85+0.2 1.74+£0.9° 1.2£0.13"* 1.16 £0.2** 0. 000
FIS( pIU/mL) 24.82 +3.78 31.45+3.1" 30.36 +1.78 " 30.68 +1.8" 0. 000
fFIs (%) 3.37£0.4 4.21:0.2" 3.6 +0.4* 3.14 £0.3%*° 0. 000

W5 NC Ui, " P <0.05;5 DM 4 18, *P <0.05; 5 LR-L M, ° P <0.05

2.4 KB RANKL.OPG . OPG/RANKL #7354k,

5 NC 4 % DM.LR-H,LR-L 4 [fi #§ OPG.
RANKLHAEZEAE, ZREHFRXEHTEE X (P <
0.05);5 DM 4 tb# LR-L 41 \LR-H 4 11 ¥ OPG 3

AR BLR-LAARHBEFAEGRTFE (P <
0.05) ;15 DM 4 % LR-L 41 .LR-H 4 i 3§ RANKL
TR, ZRE5%IT¥ENX(P<0.05), DM 4 iF
OPG/RANKL H{EH BT NC A, 2R AR EE
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X (P<0.05),LR-L.LR-H 4 Ifi ¥§ OPG/RANKL 5
NCHAHUBREHEZR, BEDMARERE R

4 44 KFIME OPG . RANKL Ky Hu
Table 4 Comparison of serum OPG and RANKL among rats in 4 groups

703

A%+ % X ;LR-L.LR-H i 41/& OPG ,RANKL,
OPG/RANKL X BER (£ 4),

gl NC DM LR-L LR-H P&
Bl % 13 7 8 11
OPG(pg/mL) 1562. 82 +72. 68 1695.23 +96.0* 1781.75 +82.78°* 1756.62 +75.58 * 0.00
RANKL( pg/mL) 23.32x1.79 28.93+1.8" 25.87 +1.2*% 24.77+1.76** 0. 00
OPG/RANKL 67.36 +6.15 58.79 £5.15* 69.0 +4.8" 71.37 7. 6* 0.02

#: 5 NCHHE,* P<0.05;5 DM 4 .8 ,*P <0.05

2.5 KERBHEENEZL
5 NC4H#,DM 4 . IR-L.LRH A A2 S

£5 AHKREFENLE(g/cm’)

Table 5 Comparison of bone mineral density among rats in 4 groups(g/cm’)

BABUBEEYRR ZRAFRITEEN(P<
0.05) ,DM .LR-L .LR-H3 R EZ R (% 5)

P1{H

A4 NC DM LR-L LR-H

L e 13 7 8 11
4 & BMD 0.13 £0.007 0.11 £0.004° 0.12 £0.007 * 0.12 +0.008* 0. 000
B + URE + &5 BMD 0.15+0.1 0.13 £0.004" 0.133 +0.008 " 0.131 £0.009 * 0. 000
8 (8 # BMD 0.14 £0.01 0.119+0.03"* 0.122 +0.008 * 0.123 £0.009 " 0. 000
LMRRE + 220 & & BMD 0. 155 0. 01 0.127 £0.005 * 0.12+0.01° 0.13x0.01°* 0. 000
LR + HEMEE BMD 0.157 £0.01 0.133 +0.004° 0.135 £0.007 " 0.13220.13* 0. 000
AR (BE £ &F)BMD 0.157 £0.01 0.13+0.004* 0.133 £0.009" 0.131+0.01* 0. 000
[EH: BMD 0.153 +£0.01 0.131 +0. 006" 0.133 £0.0085°  0.133+0.01" 0. 000

H.5NCHE,  P<0.05,5 DM 4 H.$,*P <0.05
3 Wit

B BB A E (osteoporosis, OP) & —Fi L& &%
T, EMEHER, SHE KM, 5 TRESR
B4 S HRBERR. BRE R EAERRE
FBANERA MM ER, HEMAFEHAR
B R AR R R B RS RS B B T AR R
RRE MORERREN, SRER RN A
BUR BRFEEERBOAERANGRES
B ERFBREZBERAMMERE R 0% ~
60% B R A HLE MR E 2 m 9, BTk K
L B S E AR BT R L SR
B MEMMERERRENRED BRI YHK
R VKRR MR S EREKETF BE,
hE MR ER SRR TR R R A B R
HREBA TR P REEREEA,

BREMKEERERERRANER (K
AR NEZARAGREEFEDFHNT £E
BT, MR EE X KA 5 B L R AL
SR, BRT2 BB RN B R BB A
FEEFZFN. ARAEY 2 ABRRAENE

FESEFFMBALR TR AEHREH2 R
BRABESEEHABEEXLHBEREART
EEMBAY, XTHSHA . EEFHNELE
52 RBERFRE MRS E N SR AKT
WMEKEEBRBEBEFLZESEWEAEAX, H
Tt 1 BRI AR 2 BB RS B A B K 3
MEEEN, ABFRIM 2 BEERRKKR#1T BMD
WE KA 2HUBRFEABELELEEERERTEE
ERTEENRA BERREARZITEEL BAR2
MERKSRTERNRD, SEZS i —
o

OPG/RANKL/RANK {5 5@ 2 AERK S MK
WEEESH ER., OPC" RHREHE RS
WH—MEREEA, YHBEREEFZE
(TNFR) REBR R, FENBEERFTNEET 1k,
FEELISABREEF «B ZHEFELHETRE
(RANKL) 44 & HAMRZEF «B Z&EAHE T
(RANK) ,BH 1 RANKL 5 RANK Z B84 4, iM%
T B 40 BB 434k, 10 6 B B I - A A A B IR OO
HFESFHET, AfBD BRI, OPC E L& R &
ERBNEEMBEE T, RANKL #x T RS 4
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BB B 5 I 40 P 3 T, 5 W R 40 PR Ak 4 Y s
MR E LA RANK &5, {8 38 3 8 4 M 4k
EBERWKES, EXMEEENBREKE T OPC
#1 RANKL -4 ,OPG/RANKL L R A HEY
e B8 4 KL B Th R, e B AR, R E M AR AT LA
000 BB A B A A Ak, TP A R, BB A
¥R A K BUR B & 448 RANKL/OPG iR ikt 8]
BETEEMBA XTREEEREARBHAS
IEREERY, ARG A PR & B 2 BB IR
BEmMEOPCHERFER A, AHRKRN 2 &
HERB KR IME OPG . RANKL & &, X3 2 BB IK
KR I OPG RANKL B B & FIE# X B4,
& OPG/RANKL K FE® T BH, SXE&
sy —B, RRBRR KRB &R
BB L IF % X B 4 358
GLP-1'"™ B —Fh i {2 BE 5 &, i B 55 4% | R
ARBEN Tk, EEh/N g L 40, i 30
NMEEBRREWR. RERHEES B 41K 42K
BHE LENHRSS o HRSRESLER. A
P& KEITERAT A RN GLP-1 K9, A& %
FI T H MRS A GLP-1 R 45857 2
RS FR R BOTT 3K, % B GLP-1 26 {8l 49 B AR 48 A 1Y
RALFELRMLIEE, T HERMZ R EKE, L —F
BEMBITHERENTRAEY. FEIYITRE
U GLP-1 3R A IE v R T /R A, AL EI AT AR
REAZSRMEERTEH YK . BIE Wit / B-catenin
B2 MM OPG/ RANKL R BRHEEEAEAN
KEREERAMN ., LR, Fhr g kT B4 (LR-
H.LR-L) R & | i . 1 AR (TG . TC) B BAK T 5 IR 9%
Xt BB 40 5 i &% BLA L& BRI v AR FR 9 K BB T
¥, DA B8 BT REAE o0 TG B AR I FE A
BEAHRAR " @it meta 7 K A RL&
BRAE B E WA A KA B IR, 13X EMRAKENA
B &, o] B B A B B KT B AR I A R 8 A
FAER . GLP-1 XHibRA% B % B i 5w B 50 ¥ X E
Wo ABFFEAE A GLP-1 3 {6l #y Fl i & Kk % 5 IR
KRBT HAIT 4w, BRET BA SR B S KT B4
BFEELHEER., XFRERTRUEGKREAE
HRERENER, ANTIEE T YN 5% EKNIE
MWREWER,FATRAMTEWEREEAR X, 5
BT R 75 OPG .RANKL f) & &, X 3 LR-L.LR-
L 4 i ¥ OPG .RANKL 4+F NC 5 DM Z[a], H LR-
H#4 OPG HE & F DM 4, LR-H 5 LR-L 4
RANKL B 8 {%F DM 41, LR-L . LR-H # 1 ¥ OPG/

RANKL 5 NCA B LH B R, HE DM HHE
AR, EZREEEHEE L
SAELRAARRIEN 2 MERRAKRBEE
T, FAEKIETT 4w B REREHEBHE,H
I OPG/RANKL HAEH &, L AN A A&
BRI 6858 ad /i #% OPG .RANKL f %Kik, W T §& 3%
) OPG 5 RANKL fy7K 5, # ) hr & Jik °T B3 i
O0PG/RANKL/RANK {5S3@ 5, B/ B W% ik, 18 # &
R, B4 R4 T M OPG .RANKL #il & , 7
#—#47 OPG . RANKL B A FR kR ER KN,
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