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Abstract
glucose, 12 derivatives were designed and synthesized by coupling monomethoxy polyethylene glycol ( mPEG, with

In order to obtain glucagon-like peptide-1 ( GLP-1) analogs which can sustainedly control the levels of

average molecular weights of 350, 550 and 750) to GLP-1 analogs. Preliminary pharmacological activities showed
that all compounds retained GLP-1 receptor agonist activities, and the hypoglycemic activity of compound I-12 was
similar to those of Ex4 and Liraglutide, suggesting I-12 could be a potential long-acting GLP-1 receptor agonist.
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NGO GLP-1 By 1 e gk A7 OF 58 F 01 & 7 KR &k
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B Z, 1 ( polyethylene glycol, PEG) 2% ¥
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HAT VU0 B i R | B En B e e I |
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4P (mPEG) , 17K 30k GLP-1 52 (R sl 751 11
B 54 .

FERTIA AR AR S AR T — 251
e TR Y GLP-1 2Bl 5 5 FL A7/ B
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36)-NH, . Cys,-Gly,-GLP-1 (7-36 ) -NH, , Cys,-Gly, -
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Figure 1 Structures of PEGylation GLP-1 receptor agonists I-1-1-12
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0.1 mmol/L HOBt, Q O Q
H,CO e 0/\“/ 20% Piperidine/DMF i e

deprotection ‘

CHjy
Fmoc-Rink Amide-MBHA Resm Rink Amide-MBHA Resin
H;C_ CH; ‘
HyC 0%
3
HN
(¢]
HN

Fmoc-Arg(Pbf)-OH,
HBTU, HOBt, DIPEA, NMP

coupling O ‘ Q
H;CO OCH3

CHs

Fmoc-Arg(Pbf)-Rink Amide-MBHA Resin

repeated the cycles with

. . deprotection--couplin
related protected amino acids P ping

Fmoc-His(Trt)-Gly-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(tBu)-Asp(OtBu)- Val-Ser(tBu)-Cys(Trt)-Tyr(tBu)-Leu-Glu(OtBu)
-Glu(OtBu)-Gln(Trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-Ile-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Gly-Arg(Pbf)-Rink Amide-MBHA Resin

0.1 mmol/L HOBt,
20% Piperidine/DMF

His(Trt)-Gly-Glu(OtBu)-Gly-Thr(tBu)-Phe-Thr(tBu)-Ser(tBu)-Asp(OtBu)-Val-Ser(tBu)-Cys(Trt)-Tyr(tBu)-Leu-Glu(OtBu)
-Glu(OtBu)-GlIn(Trt)-Ala-Ala-Lys(Boc)-Glu(OtBu)-Phe-Ile-Ala-Trp(Boc)-Leu-Val-Lys(Boc)-Gly-Arg(Pbf)-Rink Amide-MBHA Resin

Reagent K

His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Cys-Tyr-Leu-Glu-Glu-Gln-Ala-Ala-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Val-Lys-Gly-Arg-NH,

Scheme 1  Synthetic route of Glyg-Cys;;-GLP-1(7-36)-NH, on Fmoc-Rink Amide-MBHA Resin

[0}
4-Toluensulfonyl chloride H +\/ ‘]\/\ 3 Potassium phthalimide, DMF
H3C\O,{r\/0~]h/\OH 3C~0 O N O/E\Q_Clﬁ

Maleic acid anhydride,

Hydrazine hydrate, ACOH (0]

H;C. ,{r\/OL/\ Cz sOH HiC. +\/Ol\/\ c H3C\O»{’\/O~]\/\N
o 5 NH, b /

[0)

Scheme 2 Synthetic route of mPEG-maleimide (mPEG-MAL)
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PEG maleimides

Scheme 3  General synthetic route of PEG GLP-1 conjugates

2 ISESY

2.1 XA MERFH

mPEG (F-HJAHX) 73 Bt i 2 350,550 #1750,
2 [E Fluka-aldrich 2y 7] ) 5 i £ 2% 1 % ( 2E [E Tedia
UASIDRRLN: £k TN G k(53 LI VAN IR = Wl /ARSI DS
Hor R4 i 85 3 dr

RY-1 I ml A CRBEETB RO LA A BORATBR
/NT]) 3 Bruker-ACF-300 #2805 23R4 (i 1 Bruker 2
H));C RAHFE (2.1 mm x50 mm, 1.7 pm), UPLC
H-Class-TQD ¥ 5k X (3& [ Waters A #]) ;T™M #Y
AR M ISR IR (KD =i A AR A BR
) ;Clsfi$ﬁﬂiﬂﬁ$$(340 mm X28 mm,5 pum) ,6A il
B SO = ROBAR 35 ( H A Shimadzu 237]) .

ESIRR/N B, ERE A2, Bt 20 ~ 30 g, Hy R it
ANEFESL I S WA R w3 4L, V8 n] Ik 5 . SCXK
(771)2012-0006, FrA sh¥ycsi iy & s e HZ&
AZPRE,
2.2 ZRRE R
2.2.1 HREZEMK  FREL Fmoc-Rink Amide-MBHA
Resin(0. 182 ¢,0. 1 mmol, B fLE 0. 55 mmol/g) ,
A B IK 30 min J5, 43 51 A AN S e
kT
2.2.2 9-% WA I (Fmoc) 9 Bl ] 3 A M

BN F A 0. 1 mol/L HOBt f) 25% W Ihg -

DMF ¥ 7 mL, S0 A4 s iz Smin, 3 OR 471 52 1%
J& , 1 DMF 7 mL 35 3R i 4 1K
2.2.3  Fmoc 4R 47 64 R B MG A Hi BRIT KA
W& IEW (0.5 mmol) ,HOBt (81 mg,0.6 mmol) .
HBTU(227.5 mg,0. 6 mmol) F1 DIPEA (0. 175 mL
1.2 mmol ) T N-HIBLMERZ L (NMP) 10 mL, il A
JRATRE Y SONEAE R, RS, B A 15 ming
A5G , 1 DMF 7 mL i BERTAR 4 1K,
2.2.4  BARBRPEER RIS AR 2R LR

cysteine altered GLP-1

§

S, O
:;gqo\/‘]\o,CHg
n
O

pH=7.0

_

PEG GLP-1 conjugates

JP5 R R FIAR 2P TR AR UGB A
NP2 B R , 3 22 BREE RN 5 S8 Be , RIS 20 2 ik
MRS o

2.2.5 %Ry nd KEBAZIENRIEE T2
RSN #% 5, i AP EI 7] Reagent K (TFA-E H i
fik-7K-2E -2, I 82.5:5:5:5:2.5) ,4 CHev
Lh 5, 8RR 3 b, dhs, WA B 8 om
A S AERFUR VK S BT H 1 B A B R 018
FIFH I 1 22 KL o

2.2.6  %akeysede KRR Z KT 50% LN
IRV W ik, BC A B 10 mg/mL B9, >R FH 1 48
WAHEAT Z IR alifl . # LA T g skt raife,
TERE : C o AR 54 (340 mm x 28 mm,5 pm) ;
Tl A 0. 1% = JRESTR /KW, Wi 84 B:0. 1%
Eﬁgﬁﬂﬁaﬂjﬁ%?&;?ﬁﬁ:ZI“- nm;?;ﬁii;S ml./min,
HR AN ) 22 R e A [ e A B R WO 3,
B 30% ~90% 0 ~30 min,

2.3 PEG &4 %1445

2.3.1 $EWRLR T B 5P FE AR B (mPEG-
OTs) &9 & kW5 27 40 %F 4 7 5 & 8 350 )

mPEG-OH 3. 50 g(10 mmol) fl = Z % 4 mL T —
S E 30 mL A FEVKVE 250 T PR 30 9 U < 1)
SN g% H R P S 7. 60 g (40 mmol ) 1Y
T E 20 mL T TN R G R A A IR
PRI 6 h, FR U SE 4 R BRI LA A £
TS B (B A ) , 445 mPEG-0Ts
4.55 ¢, =% % 90.9% ,'"H NMR ( DMSO-d, , 300
MHz) 8:7.49(2H,d,J =8.1 Hz,Ar-H) ,7. 13(2H,
d,J =8.1 Hz, Ar-H),4.13 (2H, t, ] = 5.0 Hz,
-CH,0Ts) ,3. 50 (multi H, s, backbone -CH,CH,0-) ,
3.06(3H,s,-0CH, ) ,2.29 (3H, s, Ar-CH, ) , ESI-
MS(m/z):561.4(n=8,[M+H]*),605.3(n=9,
[M+H]*),649.3(n=10,[M +H]"),693.3(n =
11,[M+H]"),
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SEF R 43 iRk 550 4 mPEG-OH 5. 50 g
Fie IR AR 7, LA [R) LG A8 0 2% A 2R A T 1808} S
SRS R G W i As B S S A % e 15 3 Y
6.62 ¢, /"3 94. 4% ,'H NMR( DMSO-d, ,300 MHz)
8:7.49(2H,d,J =8. 1 Hz,Ar-H),7.13(2H,d, ] =
8.1 Hz,Ar-H) ,4. 13(2H,t,J =5.0 Hz,-CH,0Ts) ,
3.50(multi H,s,backbone -CH,CH,0-) ,3.7)1 (3H,
s,-OCH,),2.29 (3H, s, Ar-CH, ) , ESI-MS(m/z) ;
716.3(n =12, [ M +H]"),760.4(n =13,[ M +
H]"),803.4(n=14,[M+H]"),847.5(n =15,
[M+H]"),

SRR 43T B 750 B9 mPEG-OH 7. 50 ¢
Fie HR 3R T, AKH [R) LG A5 0 5 A 2R A T 1808} S b o
WSS JEWeda A B S S A 5 )5 15 207
8. 11g, 7% 89.9% ,'"H NMR ( DMSO-d, ,300 MHz)
8:7.49(2H,d,J =8.1 Hz, Ar-H) ,7.13(2H,d, ] =
8.1 Hz,Ar-H) ,4. 13(2H,t,J =5.0 Hz,-CH,0Ts) ,
3.50(multi H,s,backbone -CH,CH,0-) ,3.701 (3H,
s,-0CH,),2.29 (3H,s, Ar-CH, ) , ESI-MS(m/z) :
869.0(n =15,[M +H]"),913.0(n =16, [ M +
H]%),957.2(n=17,[M+H]"),1 001.2(n =18,
[M+H]"),
2.3.2 BWHALR O ZEEARE = ¥ B (mPEG-
phthalimide) 8 4 & ¥ mPEG350-OTs 3.01 g i
AR IR e ER 1. 10 g T DMF 15 mL, &
SRR FHRE] 100 C /RN 4 he R ZEH G, K
FEZE RSB ARy, i T A 5 20 mL
o SRR RN ZE BRI AL A s oy e
fralimh (W Wbt ) , %45 mPEG-phthalim-
ide 2.20 g, /=% 4 74. 3% ,'H NMR ( DMSO-d, ,300
MHz) 6:7.84 (4H, m, Ar-H),3.38 (multi H, s,
backbone -CH,CH,0-) ,3.21 (3H,s,-OCH,) . ESI-
MS(m/z):536.4(n=8,[M+H]"),580.3(n =9,
[M+H]"),624.3(n=10,[M+H]"),668.4(n =
11,[M+H]"),

mPEG550-0Ts 4. 70 g #i88 [ iR 7k, IAR A e
BRI SR A TR N o SO 25 o R A 15 2R
S ik e, 15 27 3.69 g, 7P E 9. 7%,
"H NMR(DMSO0-d, ,300 MHz) 6.7.84 (4H, m, Ar-
H),3.5 (multi H,s, backbone -CH,CH,0-), 3.24
(3H,s,-0CH, ), ESI-MS (m/z):690.4 (n = 12,
[M+H]*),734.5(n =13, [M + H]"),778.4

(n=14,[M+H]"*),822.5(n=15,[M+H] "),
mPEG750-0Ts 6. 81 ¢ i M8 3R )7 i, LLAH ]
FC R A& AT BRI o IS 7 445 3R e 446 75 5
i & Mk e, 15878 4.21 g, 77 &
62.4% , 'H NMR(DMSO-d, ,300 MHz) &.7. 84(4H,
m,Ar-H) ,3.51 (multi H, s, backbone -CH,CH,0-),
3.24(3H,s,-0CH,) . ESI-MS(m/z):756.5(n =15,
[M+H]*),800.5(n=16,[M+H]"),844.3(n =
17,[M+H]"),888.4(n=18,[M+H] "),
2.3.3 RPEAAR =8 5 kBT (mPEG-maleic
acid) 6948, % mPEG350-phthalimide 2. 20 g 180%
KRG BES mL % T £ 15 mL, FHE 3] 80 °C [
2 h, JEHEZE IS E] mPEG350-NH, HLA) 1.32 g.
¥ mPEG350-NH, #1454 1.32 ¢ FI T % — & BF
0.45 g ¥ TFOKESIR , FHEE] 120 C[ER RN 6 he 99
JEZE R R A ik aifh , 1520779 0. T4g, ;=%
62.3% ,'H NMR ( DMSO-d, ,300 MHz) §:6.63(2H,
s,-CH =CH-),3. 56 (multi H,s,backbone -CH,CH,-),
3.23(3H,s,-0CH,), ESI-MS (m/z) .530.2(n =8,
[M+H]*),574.2(n=9,[M +H]"),618.3(n =
10,[M+H]*),662.3 (n=11,[M+H] "),
mPEG550-phthalimide 2. 77 g #%Z 08 _F iR J7¥:, LA
HATE] LGRS A TR Y o BN 45 G W i 1
FUHL 20t b @ 3% 5, 15 8779 0.95 g, 7= R
60. 1% ,'"H NMR ( DMSO-d, ,300 MHz) §:6.63 (2H,
s,-CH =CH-),3. 57 (mulii H,s,backbone -CH,CH,-),
3.23(3H,s,-0CH,) ., ESI-MS (m/z) : 618.3 (n =
10,[M+H]*),622.3(n=11,[M+H]*),706. 4
(n=12,[M+H]*),750.4(n=13,[M+H] "),
mPEG750-phthalimide 4. 21 ¢ ¥ B8 iR J7 ¥,
DARATR] E B0 25 PR AR A T 3R SR o 52 I 45 AR e
AL 2 AR s I A B ) 1,05 g, 7R R
55.8% ,'H NMR ( DMSO-d,, 300 MHz) §: 6.63
(2H, s,-CH = CH-), 3.56 (multi H, s, backbone
-CH,CH,-),3.23 (3H,s,-0CH;) , ESI-MS(m/z)
706.3(n =12, [M +H]"),750.3 (n =13,[ M +
H]*),794.3(n=14,[M+H]*),828.4(n =15,
[M+H]"),
2.4 PEG-% KA A5 %
¥ PEG Hy ok P 0% /N 43 ¥ T DMSO, it A%
2y 10 mg/mL [ %W, K A B 2 0K BE I T
DMSO, ¥ iR & J5 , I A DIEPA 20 pL, =& T
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PEFE R B, W5 s I S A DL o 3 2R A
C o SUAHAE (2.1 mm x50 mm, 1.7 m ) ST AH A
0. 1% HIR/K W, s AH B :0. 1% HR SR,
TShAHER B . s A B 10% ~90% ,2 min, B 90%
~90% ,3 min; Jii# A 0. 3 mL/min ; 58 ZMG I % K
214 nmo SN NSRS RSB SE FEA 1%
LRI LS O B I 1E AT 4 YA 3 ik
fraife, @k 2« C o FORAE (340 mm x 28 mm,

Table 1 MS data of PEGylation GLP-1 receptor agonists I-1-1-12

5 wm) ;i BIA A:0. 1% = JUEE R /K 1A T, I s AR
B:0. 1% = JBSIR £ TR TR s AR BE R SIiAH B
40% ~ 80% ,30 min;80% ~ 85% ,10 min;85% ~
95% ,10 min;95% ~40% ,10 min;Fi#H A 5 mL/min,
R Py 214 nm, AR, ig T 20 , T E
ot . A PEG-Z RS Wk bk Ik iktT
Bammaife, SR 12 4> A& PRy R s b
VLA ESI-MS B 4 1,

ESI-MS,m/z
Compd. mp/C Appearance -
n Molecular weight Caled. Found
I1 191 -195 White solid 5 3719.9 [M+3H]** 1240.9 [M+3H]** 1240.6
6 3763.9 [M+3H]®* 1258.6 [M+3H]?* 1255.3
7 3807.9 [M+3H]3* 1270.3 [M+3H]%* 1270.3
8 3851.9 [M+3H]3* 1285.0 [M+3H]%* 1285.0
3 3719.9 [M+4H]** 930.9 [M+4H]**  930.8
: ;;(6;75:2 [M+4H]** 942.0 [M+4H]** 941.9
. 1851 9 [M+4H]** 952.9 [M+4H]** 952.9
[M+4H]** 963.9 [M+4H]** 963.8
12 198 - 202 White solid 9 3895.9 [M+3H]%* 1299.6 [M+3H]*" 1299.6
10 3939.9 [M+3H]3* 1314.3 [M+3H]3* 1314.3
11 3983.9 [M+3H]?* 1328.9 [M+3H]** 1328.9
12 4027.9 [M+3H]>* 1343.8 [M+3H]" 1343.7
o 3 895.9 [M+4H]** 974.9 [M+4H]** 974.8
10 39399 [M+4H]** 9859 [M+4H]*" 0857
s o [M+4H]* 9969 [M+4H]** 9967
[M+4H]** 1007.9 [M+4H]** 1008.0
13 134 - 140 White solid 16 4227.9 [M+4H]** 1058.0 [M+4H]** 1057.9
17 4271.9 [M+4H]** 1068.9 [M+4H]** 1068.5
18 4315.9 [M+4H]** 1 080.0 [M+4H]** 1079.8
19 4359.9 [M+4H]** 1090.9 [M+4H]** 1090.8
16 4226.9 [M+5H]°* 846.4 [M+5H]°* 846.2
1; iig:z [M+5H]°* 855.2 [M+5H]°* 855.2
19 43589 [M+5H]°* 863.9 [M+5H]°* 863.9
[M+5H]°* 872.8 [M+5H]°* 872.7
14 203 - 207 White solid 6 3741.8 [M+2H]** 1871.9 [M+2H]%* 1871.3
7 3785.8 [M+2H]%* 1893.9 [M+2H]%* 1893.5
8 3829.8 [M+2H]2* 1915.9 [M+2H]2* 1916. 1
9 3 873.8 [M+2H]2* 1937.9 [M+2H]2* 1938. 1
7 3772.8 [M+3H]%* 1258.6 [M+3H]>* 1258.5
i i:égz [M+3H]3* 1273.2 [M+3H]3*1272.8
10 3 904 8 [M+3H]** 1287.9 [M+3H]?* 1288.0
[M+3H]** 1302.6 [M+3H]** 1302.6
I5 212-215 White solid 8 3832.8 [M+2H]** 1917.4 [M+2H]%* 1917.1
9 3876.8 [M+2H]%* 1939.4 [M+2H]?* 1939.1
10 3920.8 [M+2H]** 1961.4 [M+2H]** 1961.9
1 3964.8 [M+2H]2* 1982.4 [M+2H]%* 1983.0
o 3 860.8 [M+3H]3* 1287.9 [M+3H]3*1287.9
:? iigg:z [M+3H]** 1302.6 [M+3H]3* 1302.4
s 3992 8 [M+3H]** 1317.2 [M+3H]** 1316.5
[M+3H]** 1331.9 [M+3H]** 1331.9
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( Continued )
ESI-MS, m/z
Compd. mp/*C Appearance n molecular weight Caled. Found
16 233 -237 White solid 17 4230.8 [M+3H]3* 1411.3 [M+3H]3* 1411.8
18 4274.8 [M+3H]** 1425.9 [M+3H]** 1425.5
19 4318.8 [M+3H]3* 1 440.6 [M+3H]** 1439.6
20 4362.8 [M+3H]3* 1455.3 [M+3H]3* 1455.3
i; 3532'2 [M+4H]** 1058.4 [M+4H]** 1058.4
19 4317:8 [M+4H]** 1 069. 4 [M+4H]** 1069.3
20 43618 [M+4H]** 1080.4 [M+4H]** 1080.6
[M+4H]** 1091.4 [M+4H]** 1091.7
17 184 - 189 White solid 6 3741.8 [M+2H]2* 1871.5 [M+2H]2* 1871.5
7 3785.8 [M+2H]%* 1893.9 [M+2H]%* 1893.4
8 3829.8 [M+2H]%* 1917.9 [M+2H]** 1916.9
9 3 873.8 [M+2H]2* 1938.7 [M+2H]2* 1938.3
2 ;3222 [M+3H]3* 1230.9 [M+3H]* 1230.8
7 3777:8 [M+3H]?* 1245.6 [M+3H]3* 1245.5
g 3818 [M+3H]%* 1260.3 [M+3H]3* 1260.0
[M+3H]3* 1274.9 [M+3H]3* 1274.0
I8 194 -199 White solid 8 3 805. 8 [M+2H]2* 1903.8 [M+2H]>* 1903.8
9 3849.8 [M+2H]?* 1925.9 [M+2H]?*1925.9
10 3893.8 [M+2H]2* 1947.9 [M+2H]2* 1947.7
1 3937.8 [M+2H]2* 1969.9 [M+2H]2* 1970. 1
8 3791.8 [M+3H]* 1264.9 [M+3H]* 1264.3
13 ;g;gg [M+3H]** 1279.6 [M+3H]3* 1279.6
1 30238 [M+3H]3* 1294.2 [M+3H]3* 1294.0
[M+3H]%* 1308.9 [M+3H]3* 1308.7
19 203 -207 White solid 9 3828.8 [M+2H]2* 1915.4 [M+2H]>* 1915.0
10 3872.8 [M+2H]%* 1937.4 [M+2H]%* 1937.2
11 3916.8 [M+2H]?* 1959.4 [M+2H]** 1958.9
12 3 960.8 [M+2H]2* 1981.4 [M+2H]2* 1981.2
i? ;gzg'z [M+3H]** 12913 [M+3H]** 1291.3
12 3958:8 [M+3H]** 1305.9 [M+3H]** 1305.9
13 4002, 8 [M+3H]** 1320.6 [M+3H]%* 1320.5
[M+3H]3* 1335.2 [M+3H]3* 1335.6
1-10 164 - 166 White solid 6 3858.0 [M+3H]** 1287.0 [M+3H]** 1287.3
7 3902.0 [M+3H]** 1301.7 [M+3H]** 1301.8
8 3946.0 [M+3H]3* 1316.3 [M+3H]** 1316.8
9 3990.0 [M+3H]3* 1331.0 [M+3H]* 1331.0
2 zzig'g [M+4H]** 957.2 [M+4H]** 957.3
7 3903:() [M+4H]** 965.8 [M+4H]** 965.7
3 30470 [M+4H]** 976.8 [M+4H]** 976.4
[M+4H]** 987.8 [M+4H]** 987.9
I-11 240 - 242 White solid 7 3876.0 [M+3H]3* 1293.0 [M+3H]>* 1293.6
8 3920.0 [M+3H]3* 1307.7 [M+3H]3* 1307.6
9 3964.0 [M+3H]3* 1322.3 [M+3H]3* 1322.6
10 4008.0 [M+3H]3* 1337.0 [M+3H]®* 1336.7
; gg;é'g [M+4H]**  959.0 [M+4H]** 958.9
0 3920:0 [M+4H]** 970.0 [M+4H]** 970.1
10 3964.0 [M+4H]** 981.0 [M+4H]** 980.9
[M+4H]** 992.0 [M+4H]** 991.8
112 232 -236 White solid 10 4 008. 0 [M+4H]** 1 003.0 [M+4H]** 1003.0
11 4 052.0 [M+4H]** 1014.0 [M+4H]** 1014.3
12 4096.0 [M+4H]** 1025.0 [M+4H]** 1025.2
13 4140.0 [M+4H]** 1036.0 [M+4H]** 1036.3
i; j?zg'g [M+5H]S* 815.8 [M+5H]5* 815.8
3 11620 [M+5H]3* 824.6 [M+5H]3* 824.7
11 4206.0 [M+5H]* 833.; [M+5H¥+ 833.;

[M+5H]°* 842

[M+5H] " 842.

n represents the number of back bone “CH,CH,0” units in a PEG monomer
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Table 2 ECj, values of compounds I-1-1-12 (x +s,n=3)

ECsy/ ECs/
Compd. Compd.

(pmol/L) (pmol/L)
Ex4 1.8+0.8 | Glyg-GLP-1(7-36)-NH, 5.6 +0.9*
I-1 5.8+1.3" 17 6.3£1.7"
12 8.0x1.1"° I8 8.7+1.2"
I3 10.8+1.0° 19 1.6 £1.7*
14 7.4+£0.9" I-10 2.41.5
I5 9.1x1.4" I-11 6.6+0.8"
16 12.6 £2.4" 112 9.21.1"

* P <0.05 vs Ex4 group
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Figure 2 Glucose-lowering effect of compounds I-1 — I-12. Ex-4, Liraglutide, compound I(25 nmol/kg) and control ( saline) were intraperitoneal

injected 0. 5 h before glucose load (x +s,n=6)
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Figure 3 Long-term glucose-lowering effect of compounds I-1 —I-12. Ex-4, Liraglutide , compound I(25 nmol/kg) and control ( saline) were intraper-

itoneal injected 0.5 h before the first glucose load, and the glucose loads were proceeded at time points 0,3 and 6 h,respectively (x +s,n=6)

5 & i

-

FIATF 5 4G GLP-1 ZHREE ) PEG B AR XS
Sy F R LE 2 000 DL KT 1 000 [ PEG &1
BT HGE o ASTFFE IR FSF- AR X 437 B Ry 350,
550 #1750 By mPEG 735|284 3] GLP-1 fk%E I, 1%
WA T 12 A~ BR800, i 1k & 9 45
FA RN 200 5 6 5 3% R0 W AH i o A il E . BT £
oK 1430 ok fok 3 A1 1 Fmoc/tBu 1F A8 45 371 5 i [
FADT VA B, 48 SORA ] 4 i RORAH 3 4t 4f A 15 3
JIRAE 40, PEG (4 D)3 38 5 ok ik I i 32 11 £ Sy
R 5 REE 0 F 3 N A5 B B ARE A Y.
ARWFFER A P HEA TR G VR, 32 AR 8 T
PEWT TR 45 AR B, JCHR 2340 A W 1 52 1A i 2l v
AT ] TR, UL W] A BE PEG B4 AN & 8L
GLP-1 A=W PEE 2k o 4 S50 IR E 17 AS TR 4 3
(1 PEG /Ny F1& 1 )5 , B 25 PEG A1 XF 43 F i
(ARG, 7 2 0 10 2 PR B sl 0 P 2 BRI T R
s SRR AT RS PEG 55 7E— & e B B T
GLP-1 52 (R IGAH AR o PR 45 25 PR 4 B 5K
B R WY, i A A0 A ) 38 B AT Y B A, AL
R FHPEXS BRAH 2 . B 25 24 2 I G R S 0
B A e A A 0 112 (%) WA TG 1 4 37 ) 18] 0 I
S BHPEXT B2 Ex4 Al Liraglutide A1, B4 BN
GLP-1 2B 2553 F 108 1 o W ARG o0 1 i =
/N PEG 2589 5 & i it i GLP-1 2 ik Bk 4% &
X — B ol A 5 GLP-1 32 K 3 2 31 1y K 34k
WA S50 R AR

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[10]

S % X

American Diabetes Association. Diagnosis and classification of di-
abetes mellitus [ J ]. Diabetes Care, 2014 ,37 (Suppl 1) S81
-90.

Kerner W, Bruckel J. Definition, classification and diagnosis of
diabetes mellitus [ J]. Exp Clin Endocrinol Diabetes,2014 ,122
(7) :384 -386.

Kimachi K, Miyoshi H. Infectious disease associated with diabetes
mellitus — mechanisms , classification , diagnosis and therapy[ J].
Nihon Rinsho,2012,70( Suppl 5) :507 -510.

Hori S. Chronic complications due to diabetes mellitus: diabetic
retinopathy — classification , diagnosis, treatment [ J ]. Nihon Rin-
sho,2002,60 ( Suppl 10) :147 - 154.

Guariguata L, Whiting DR , Hambleton 1, et al. Global estimates of
diabetes prevalence for 2013 and projections for 2035[ J . Diabe-
tes Res Clin Pract,2014 ,103(2) ;137 —149.

Manandhar B, Ahn JM. Glucagon-like peptide-1 ( GLP-1) ana-
logs : recent advances, new possibilities, and therapeutic implica-
tions[ J]. J Med Chem,2015,58(3) :1020 - 1037.

Smits MM, Tonneijck L, Muskiet MH, et al. Gastrointestinal
actions of glucagon-like peptide-1-based therapies: glycaemic
control beyond the pancreas[ J]. Diabetes Obes Metab,2016,18
(3):224 -235.

Craig CM, Liu LF, Deacon CF,et al. Critical role for GLP-1 in
symptomatic post-bariatric hypoglycaemia [ J ]. Diabetologia ,
2017,60(3) :531 -540.

Vinué, Navarro J, Herrerocervera A, et al. The GLP-1 analogue
lixisenatide decreases atherosclerosis in insulin-resistant mice by
modulating macrophage phenotype [ J]. Diabetologia, 2017 , 60
(9) :1801 -1812.

Pham H,Hui H,Morvaridi S,et al. A bitter pill for type 2 diabe-

tes? The activation of bitter taste receptor TAS2R38 can stimu-



5549 55 5 ] X

P, 5 BT PEG {6 GLP-1 52 (R0 75 (1465 B A HL R IS 1

567

[11]

late GLP-1 release from enteroendocrine L-cells [ J ]. Biochem
Biophys Res Commun ,2016,475(3) ;295 —300.

Brubaker PL. Species-dependent mechanisms regulating glucose-
dependent GLP-1 secretion [ J]? Diabetes 2017 ,66(8) ;2063 —
2065.

[14]

[15]

Chi Y, Zhang H,Huang W et al. Microwave-assisted solid phase
synthesis , PEGylation , and biological activity studies of glucagon-
like peptide-1 (7-36) amide [ J]. Bioorg Med Chem,2008 16
(16) :7607 —7614.

Veronese FM, Pasut G. PEGylation, successful approach to drug

[12] Youn YS,Chae SY,Lee S, et al. Evaluation of therapeutic poten- delivery[ J]. Drug Discov Today,2005,10(21) ;1451 - 1458.
tials of site-specific PEGylated glucagon-like peptide-1 isomers as [16] Han J,Huang X, Sun L, et al. Novel fatty chain-modified gluca-
a type 2 anti-diabetic treatment ; insulinotropic activity, glucose- gon-like peptide-1 conjugates with enhanced stability and
stabilizing capability ,and proteolytic stability[ J]. Biochem Phar- prolonged in vivo activity[ J]. Biochem Pharmacol ,2013,86(2) :
macol ,2007,73(1) :84 -93. 297 -308.

[13] Lee S,Youn YS,Lee SH,et al. PEGylated glucagon-like peptide- [17] Han J,Sun L, Chu Y, et al. Design, synthesis, and biological

1 displays preserved effects on insulin release in isolated pancre-
atic islets and improved biological activity in db/db mice[ J].
Diabetologia ,2006 ,49(7) :1608 - 1611.

activity of novel dicoumarol glucagon-like peptide 1 conjugates

[J].J Med Chem,2013,56(24) :9955 —9968.

ATIRIT G0 1) 5B 5k 2017 AR PETLOR AR A RIR —F R

8 A 28 H, &P RLR R 2 R AR LA & TR st B E 28T, R IEsUA A 1 2017 47 B2 ik Y
210 ML RHEATARR [R5 T 8 ZKAll 2017 4TI Ak BOR BIHT 3 AN 6 44~ N 2017 4 VT34 [ et
FHAGHEK

WA b VIR 4 B AR R B A TR 3290 £ 5B 12— SRR P E MU 1IR3 IF: i B A AR e X3k
FRPH

PR, )7 I AT A —SE N [ 25 R 2R D 7. 58 L P C A B 25 A3l g 245 B T AR 1 AR 1 61 2
B FCAERI 25 4 RN R T2 T 68 5 ) B S8 IR B R0 A B2 R B — 252 . 25Ul 1 2B S B B 25 Wk 4
A BB, S I 25080 T AW S A 2 W s R S L, (AR G2 PR P R B2 B 2%
(PK/PD) AHISCAY AL, T H EF 30X — 2 R, $ i 1 R AR M 24 3l 255804 & BT T T B Y 55007 05 i , fE 2513
J1E W RAE O™, SEBL T 25 2558 BRI R A RO, 4R TS R AR AR R T H AL T 4
I RHEEEORIRR SR/ A0 25 N 258 SO 0 B TR IR 2 T UZ > Z R BRIR” ZKF 2
HEBEAN ML) ADMTE BF 78 HOA 5 S0 A0 R A Qo A FTAEAR e BR A SRR B s LA PK/PD SR AT FERER IR R o 2
BURH 3 1, S SCLIESC 65 fi , SCLAFI3E 752 Yk (it 12 4> L. 1 A2y piciR i RIS fe ik 1 3 D25y
e A L FH , A2 038 5007 A i PR A . FLAR R B Rz ik 64. T8 {4TT

(ATl % #5460






