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Structural Modification Strategies and Drug Research Progress of GLP-1

YANG Na, ZHANG Yongjun, WANG Weimin'(College of Life Sciences, China Jiliang University, Hangzhou 310018,
China)

ABSTRACT: Glucagon-like peptide-1(GLP-1) is a peptide hormone secreted by L cells in the small intestine. Clinically, it is
primarily used for the treatment of type 2 diabetes mellitus(T2DM) and its complications. It exhibits effects such as lowering blood
glucose levels, reducing blood lipids, improving weight loss, and protecting the cardiovascular system. Due to the rapid degradation
of GLP-1 by DPP-4 and clearance by the kidneys, exogenously administered GLP-1 has half-life of 1-2 min, which limits its clinical
application. Through a series of structural modifications to GLP-1, the plasma half-life of GLP-1 analogs can be prolonged to exert
therapeutic effects. The first GLP-1 receptor agonist (GLP-1 RA) was Exenatide, which was approved by the FDA in 2005 for the
treatment of T2DM, and since that time, several GLP-1 RAs have been added to the drug class. GLP-1 analogs have developed from
the initial single target to the current double target or even triple target preparations, which is conducive to coordinated blood sugar
reduction and regulation of fat metabolism, and greatly broadens the therapeutic field of such drugs. This article mainly discusses the
impact of different structural modification strategies of GLP-1 drugs on clinical efficacy, as well as the characteristics of approved
GLP-1 drugs, in order to provide reference for future new drug development.
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GLP-1) /2 i1 i L 40 AE B il e e iy By R T RE B B B hn, I LA it AR XU A %
— Fh g Al R, AT A S OF BTG GLP-1 32 4k B MEZ T, GLP-1RA SEIFH A JME GLP-1
(glucagon-like peptide-1 receptor, GLP-1R) & #%/E PIVERT, DGR & B 40 M4 2 19 5% 28 1 & iR 43
Mo GLP-IR 723 AT TR A0, IAAET AN, WIF 32 m Uk, Iﬂﬂﬂ‘ﬁﬂﬁiﬂﬂ%% o 20 R A e
i, BhaiE . BNE. IR RESE S ACHABAAMY . IR (glucagon, GCG), W/ IR, BEIK
GLP-1 Z K% 85 (GLP-1 receptor agonists, GLP- [ /KF, ZEHF i %?ﬁf\o GLP-1 i~ HEIEZE S )
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Y, & HEAMR R ORE S PR R EHEAN W, BARICSCR . RAAR) GLP-1 B LS
FERME R R, BN AR RS T R P b R oA IR R A O A I, TR £ TR
WA IR 85 2R K EL R SR AN MO X A A MR BB B RR . R ECUM IR AR A 1~2 min, Ky
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FZMPHEIIRT T

HAr, @BRC Ll 17 23K GLP-1 Z K ¥4 3l
i, WL 1, ARSCEEXC LAY GLP-1 2525
B4 43 &5 8 M 5 s I 5% 1 e A U )
KRR, ik — Lt it 2%
1 GLP-1 BIEARFFE
L1 GLP-1 RARRHGRIRIL, 4505 hE

1986 4F, Drucker % F1 Orskov 25 7E i [ F1 ]
S T 5P 20 4 ke vy o 3R Do 5 R ) e v g ) i R
T GLP-184, GLP-1 3K [ T Al /B & I Bl 3%
(preproglucagon) & A, 12 i A7 B R 1) o &40 L
7700 O 09 @ == 1 S O o e RN OB 2 v 2B
ik, HENE WY ERE 5 IS S e w2
(proglucagon), Hi 158 MR IEFRALN., WK ki ib
fif (prohormone convertase, PC) 7] LIRS = I B 2=
JRUIERIAARFER /NG RREL, WKL 1, EZAER S
1L B% Z A 5 B £ Ik (Glicentin-related pancreatic
polypeptide, GRPP). [REIMIEZR . B WIRIH TR
(oxyntomodulin, OXM). GLP-1. J@ &5 i 4 2 #f
ik -2(glucagon like peptide-2, GLP-2) 25161, X 8L
PR AR MK AR A A 5 2
YEM .

GRPP lucago GLP-1 GLP-2
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N N J
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i 55 Mk 2R MPGF
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Fig.1 Schematic diagram of GLP-1 source structure
MPGF-Major Pro Glucagon Fragment.

TEALF 454 |, GLP-1 76 AR 5 L) 2 Fif
EYE L AF AR, — P 30 D LR AL Y
GLP-1(7-36), N GLP-1 fUBERALIE S ; S5 —Fh
JETE C Rt T Gly 5% B 4E i GLP-1(7-37),
M 31 AN EIERRA L. AP RER 49 GLP-1 LA
GLP-1(7-36) IERAF7ED,

Bk GLP-14b, AL 53 Wh HAb 7 e 22 BRIR
SR MO KF A A AR T £ e & 3K 2 ik
(glucose-dependent  insulinotropic ~ polypeptide,
GIP). GCG. GLP-2, OXM %, Ef{15 GLP-1 7£
S b H AR, WWE 2, Hod OXM &
GCG K 3¢ 5 I Ty ™4, GCG J&th 29 M4
IR K, 1E GCG EIEFRIF 51 C A i ZEfH
H—A> 8 B4Rl OXM(A] 1), GCG AL R 8l B
I 4 & 3Z 1K (glucagon receptor, GCGR) 7= 4= #ll il
i % 2R o3I AN T UM A AR A, T OXM RER] i 33
{fi GLP-1R Fl GCGR, A#HHEEWAEN, 4

*1 HECEdE GLP-1 k24
Tab.1 GLP-1 analogues available in the market
i % P2 JEBER  JHE FDA  NMPA L Y EEAR/x 10°55 0 REE S
Exenatide Byetta AstraZeneca  bid.sc 2005 2009 GLP-1 0.73(2022) Total synthesis
Bydureon(Microspheres) AstraZeneca  qw.sc 2012 2018  GLP-1 1.63(2023)
Beinaglutide rh-YST Benemae tid. sc / 2016  GLP-1 Undisclosed Recombinant DNA technology
Lixisenatide Lyxumia Sanofi qd.sc 2016 2017 GLP-1 Undisclosed Total synthesis
Albiglutide Tanzeum GSK qw.sc 2014 / GLP-1 Delisted Recombinant DNA technology
PEG- Loxenatide Fulami Hansoh qw. sC / 2019  GLP-1 0.58(2023) Total synthesis
Liraglutide Victoza Novo Nordisk qd.sc 2010 2011  GLP-1 12.97(H1 2024)  Recombinant DNA technology
Semaglutide Ozempic(Diabetes) Novo Nordisk qw.sc 2017 2021  GLP-1 83.95(H1 2024) Recombinant DNA technology
Wegovy(Obesity) qw.sc 2021 2024 31.15(H1 2024)
Rybelsus(Oral) qd.po 2019 2024 16.19(H1 2024)
Dulaglutide Trulicity Eli Lilly qw.sc 2014 2019 GLP-1 27.02(H1 2024) Recombinant DNA technology
Tirzepatide Mounjaro(Diabetes) Eli Lilly qw.sc 2022 2024  GLP-1+GIP  48.97(H12024) Total synthesis
Zepbound(Obesity) qw.sc 2023 2024 17.61(H1 2024)

. bid—HEH2WK; tid-HEH3W; qd—H1K); qw—1K; se—i RIS

injection); po—per os(take orally); H1 2024—first half of 2024.
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po- I flit; HI12024-2024 b4,
Note: bid-bis in die(twice daily); tid—tid in die(three times a day); qd—quaque die(once a day); qw—quaque week(once a week); sc—subcutaneus(subcutaneous
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GIP(1-42)

YAEGTFISDYSIAMDKIHQQDFVNWLLAQKGKKNDWKHNITQ

GLP-1(7-36) HAEGTFTSDVSSYLEGOAAKEFIAWLVKGR
GLP-1(7-37) HAEGTFTSDVSSYLEGOAAKEFIAWLVKGRG

OXM HSOGTFTSDYSKYLDSRRAODFVOWLMNTKINRNNIA
GCG HSOGTFTSDYSKYLDSRRAODFVOWLMNT

GLP-2 HADGSFSDEMNTILDNLAARDFINWLIOTKITD

B2 MRS FHEERFIEMLEK

2144-GLP-1 55 GIP MM ILRR; #5-GLP-1 5 OXM. GGC MIFIME IR ; TRIZ-GCG 5 OXM MY &I .
Fig. 2 Comparison of amino acid sequence structures of intestinal proinsulin
Red—GLP-1 had the same amino acid as GIP; Blue—GLP-1 had the same amino acids as OXM and GGC; Underline—amino acids that were the same as GCG

and OXM.
FEE A, WA R IEFE . (R S R R
540 B A0, GLP-2 & —Fxd /Mg A K B
AIEHEAER, REfSMHI AT, e B HEAs,
[Fi] sf s e I B AR BRZR IR 1

GLP-1 fil GIP # )& T Wafe k5 &, GIP 2
B K A m & 42 DRI 2K, W
B L 2 AR A Ty ORI R B 2R 1) 4 T e
fRmpEY, (HXF 2 RUBE GRS B M F , GLP-1 [
GIP HA w5 (RGP, GIP XFJES E i HA
M) AR, KX GLP-1 #1259 &
R GIP i . SR, AR KM, Wl
GIP 52 {& W] DL 38 GLP-1 52 &3 MUY, GIP Y
PRI 2R 41 A E I REAS i GLP-1RA X A Y45
Wl #E , B GIP REfg [ 238 5% GLP-1 /31
FRAK AR IR AR i GLP-1 51 A9 .0 . MKt
GRS, XERETRY, GLP-1 5§ Lkl
PR S Z B FH 7= A 1 P TR R0 2 B o — FH 24 7 I A
P A R ER RS, BB AH A B 1)
2 B LR ) SR
1.2 GLP-1 iy S H AT i sk m

FARH) GLP-1 ZE VR P AT 32 2 28 i 3 v 2
P T2 A L B9k B R BTV B o GLP-1(7-36) 43 ilb &
RGN N3
4(dipeptidyl peptidase-4, DPP-4) %¢ 5 PE1H 5] N &
Ui 55 8 fif Ala %L (T3R80 Ala8, TIH)), EH
YIFH] Ala8-Glu9 =[] Y BRE i GLP-1 F#fi# A GLP-
19-36)";  H ¥k & b M 9 K B 24.11(Neutral
Endopeptidase 24.11, NEP 24.11)/E FH T Aspl5-
Vall6. Ser18-Tyrl9. Tyr19-Leu20. Glu27-Phe28.
Phe28-11e29 #il Trp31-Leu32 2 [a] () k4, X} GLP-
1A B A S O EEAE Y, E LR B E T,
GLP-1 M =3k 75 GLP-1R Z5ATE P2k
ERERERCR, SFECKIRAY GLP-1 ZEK PN [ 1l 2% 2
o A T JE R T IR RIR T . PR R AL
F k¥ J5 BT 3R 15 () GLP-1RA BE% 32 IR R B4
PR IR 252 2024 4F 9 A4S 41 545 18 1)

TE5 GLP-1 &[] 0 A= BRI 8 (%) IRl B SE 4 7 1
e, MG RS 259

WX LT 2SRRI R AT, RS
XF GLP-1 #1747 T 45 B i sk g R 24 LLR
2ANH I — 5T, 3 A X R YDA A AT R A
i, SRXTHT DPP-4 AU PR FEAE, AL45 2 1R 1R
. CuniEfp . ik, WEEEBM S, 59—
m, M S5HEA. Fe A B, B (PEG) f1
e W RRAEAR e, 3G N2 WAHXT 2 F i, $E vt
FIEE SRR T, SRS BRI, Rl &
AN DA BN, MK 25w

EAEBFSE R, X GLP-1 ¥ ik B i 28 L iR
FRILHEATZE R B T LAl 2l S () GLP-1 [R5
Jiii GIP, GLP-1, GCC 2 sk 3 F 5 I7iE # FE 191E
2 T e AR R AR T S R ROR . e
i GLP-1. GIP X2 ARSI /RIA MK
2 GLP-1 9 FEHIEIHRRIE SIRRMR
2.1 KR GLP-1 s ™ 5

DIAR € BK (Beinaglutide) 2 H ] 3 4o 2 PR i 2
BEAR B R REREZ, ©E4ekH i ——1
564 N W GLP-1 5%, 5 A GLP-1(7-36) A
100% [FIJEYE, 298 15 min, BA SR
FMR SR PR B . DR RRBEAR 45 25, Bl
T AR GLP-1 2l REAE FHALE], BT & EH A
B AR BT . IZ 259 T 2016 4E W NMPA it ifi
TIRIT 2 RUBEIRAG , T 2023 AEPAI iy 7 A i al
REREIE R UE . 7E 2 UG R A [ 2 A
R, Y EHAR TR F5 5L (body mass index,
BMI) i 27.95 kg'm ™, ML I £ 2 11 (HbAlc) Ky
9.05%)], FUIABERKIAYT 3 H G, HbAlc K
ML 2R SF B [ AR 2.87%, 1K R OE 20
10.05 kg!"',
2.2 Nikig

1992 4, WA G FAEFE M T R T —
Tt EL A B M 06 1 1) KSR Z R o, s Hedw 4 o0
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Exendin-4(fi2 il & 28 433 )P i FH G 8 N oK
Ui 5% HE A GLP-1 A i BEARIPE , TRPESEE 2
GLP-IR A R sl ), % 2 KW By & 3
GLP-1 (&5 Rt TR R . WFsE &M, GLP-1
HON K g 4 19 & 3L R Bk L His7. Glyl0,
Phel2. Thr13 Fll Aspl5 PIK C A Phe28 Fl11e29
&R0 GLP-1 5 GLP-1R 454 18 3 B (1) {7 5 21,
H F7E GLP-1 43T 55 8 i Ala FIZf 9 {7 Glu 2
[i] A IREHE 2 GLP-1 F- 2 [ Bl DPP-4 (1§ bR, 76
WAk 34T A R 1) 4t R AR R A 4 /5 GLP-1 %
DPP-4 (W4T, 35 1 K HAE i b i 2 4
2005 4F B Rt LT A KE AL GLP-1RA SCZETIS AR
(Exenatide) & Exendin-4 i) N T.& B hh, 2 H 39
NREERA MR RS, SCERIREE 8 fi
1) Ala #% Gly B, T3 1 %4t DPP-4 (1Y% 6E
J1, MZ3I AT Exendin-4 C ¥iHY 10 % LR 5%
EFA), MK T IR A AR N w2 2~
4h, 1d2 W TFES, HigRER GLP-1
G BR300 T 259 B Ae e T AL R 2, 3L
FEARRE (10 pg) BAZGIGYY 30 JE{d 3 HbAlc K F
[ A% 0.78%(CF 14 3k £ HbAlc Ny 8.2%, BMI=
342kgm?), HEfH HbAlc /KK 48 4 75 1F %
{H, BT 2.8 kg, & WL AYAS B R0 S
O WXk, 7RG e By 3R i 2 A IR w0
AP R T ICEEIRIK 5 Rk GLP-1 14T 53% Y
RN, HAEZA 25008 50% M43 R oA
RN, AT BT GLP-1 2525 1L.

7E N iy Ala8 {7 B AT 1 DPP-4 [ A2
R R, BRICIEARRRAL, X Fhafh &0
R TRIPEARRR . AHhiEfk . F]SEmsa e,
2.3 C i

H T E P IEK GLP-1 (2w, s 5
MiEAEAML S, 7 NmuoE et -, T
Cuithh 17T 1T — RN &M . X GLP-1 ) C K
s R LR DL LR X O C oK
Ui EAT E LR AE M, WAV R RK ; QMR Fe )P
G, WAt RE Ak, MBI A TS, ks
ks OB PEG 43T, WL & ZEIBRK

F) P8 $7 Bk (Lixisenatide) J& Sanofi-Aventis £/l
Zealand Pharma /A FJCA TF A RO 44 42 S 4
B 22 B, HE 0 SR s RN SEFE AR RRAR L, R AE
Exendin-4 544 1) C ¥y 45 T 38 £ 19 Pro, [H] A}
16 Ser JEHEN T 6 4> Lys FRILMIMTAEY) . X FPAEAL
FUE T TRISS K, PR I 7R R I AE3A Hh 11 2
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R, BB E K E 2.7~43 h, HFEARE
S VKBTI 2R T IR B PR s B B
F ARy P S SEARRRAR L, RS B AKX
GLP-1R {E M7 LS ZETB KR 2.5 £, FIPEHLRK
(20 pg) 25 3A 97 24 JA ffi 3 HbAlc 7K F F# %
0.80%, 1A Jf & F# % 2.8 kg(°F 14 3£ 4k HbAlc N
7.97%. WRJEHE 94.5 k), 2GRS L EETR
JRARAL, B IAIEAN ROV & A R ik 26.1%, %
MBS R 1.7%;

K& BE (Dulaglutide) J2 3 [ Lilly 23 @ &
TR AL GLP-1 #5h 2, T 2014 448 FDA it
#E B, 2009 E EH . 7R
Caoa6H404aN7040536515.» HRIR GLP-1 K247 90% (1
[FIURPE . 454 B GLP-1 1955 8 {3 Ala ¥ Gly it
R, 5 2207 Gly #% Glu Ut , %5 36 if Arg #
Gly Buft, /> DPP-4 Kiif, B C o5 A
BREE I 1gG4-Fe BrfY N sigidat — ML F 16 N
FRI7) linker JophiZE 42 (] 3), FZ244 IgG4-Fe C i
) Lys, PARCKF 1gG4-Fe FrBEr%S 234 i Phe 9% Gly
BAL . 5 2351V Leu i Ala HU At Az 55 288 fif
Ser # Pro HUfRPY, I S S FER (o7 o5 A A M1 AT 4 —
LA E Yy FRaENE, AR Ak K
ik 120h, 1JAHZS 1k, KR4S 8 & MR
. 7E AWARD RAIWFFEEIM, FhiEfk (0.75 mg
HI 1.5 mg) 257697 26 JEfH 5 HbALe 7KFFEAIG
1.3%~1.5%(CFHPELE HbAlc 7 8.1%), AT MLk
F#AIG 1.3~2.3 kg(FH2ELE BMI AT 25~45 kg'm ™),
PSR S IRAY, FERR RN CAEL, £
BB, AR & A R BT,

B 04 & K (Albiglutide) B 9% [ Glaxo Smith
Kline AAHF %, T 2014 422 FDA it BT, 4
%ﬁj‘? C3232H5032Nxa40979s41 > Méﬁf@iﬁ 5 BEJ‘JZ‘%
K& GLP-1 LR )T F 1956 8 fi Ala #% Gly Bt
R, PRk 2 2B S 9 GLP-1 ikEEFRER, HYS
— AN 585 AN FRIE MY E A MLYE H R HE Y
A E A (K 3), PR ARIRgE EiEbR, it
Kl 120 h, BEMHZ) 1R BB AR (30 mg)
HUZ5IRIT 16 JEE B HbAlc K F B MK 0.87%
CE 1 K4k HbAlc g 8.0%, BMI N 32.1 kg'm™),
IR AR 1.1~1.7 kg, H WA RN A& I
M. VS E R B RN, AR R A RTE
20%~30%" A T IRTE I AT e rh R B

e E AR 252 2024 4E 9 A4S 41 545 18 34




Bemaglutide
Exenatude
Lixisenatide

Albiglutide

HGEGTFTSDVSSYLEGOQAAKEFIAWLVKGR

HAEGTFTSDVSSYLEGOQAAKEFIAWLVEGR
HGEGTFTSDLSKOQMEEEAVRLFIEWLENGGPSSGAPPPS
HGEGTFTSDLSKQMEEEAVRLFIEWLENGGPSSGATPTSKKKKKEK

36

HGEGTFTSDVSSYLEGQAAKEFIAWL VK GR-rH-ulbumin

37

Dulaglutide

i)

HGEGTFTSDVSSYLEEQAAKEFIANWLVE GGG~

HGEGTFTSDVSSYLEEQAAKEFIAWLVK GGG~ Fe domain

0
NH,
Peploxenatide HAELG1 1"1'51)I.SKQ-Nle-l-;|-:J-;Av1{|_1f11-;wLKQ(;(}PSS(;APPP—ﬁ
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Liraglutide — TTALGITISDVSSY LEGQAAKEIIAWLVRGRG
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0 - O o e~ NI H-N
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Semaglutide

3 HyEMTERE

Aib SR 1EREREAR 1 R IR IR

Fig. 3 Schematic diagram of drug structure

Aib is a non natural amino acid that prevents enzyme degradation.

— WAL, BHACR N A GLP-1RA 3%,
L2 5 U B A5 5 A P R RS A I I
BE BRI . FUIRER C ARAE PR . o MU N A
TRe S A5, JUHEE HUR AR C 40 i i I
Koo 1E 2017 4EJiE, GSK B AR 52 1k ol Bl b & Bk iy ik
— R AE e, B IERURKHER R 2T .

R 2 P FETR O T B i AN R A GLP-
IRA KALHIF, HZEHRA I &, T 2019 4F I
o %245 W0 25 40 2 78 S ZE TS IR A9 SE ity b B A7 0
fb., # Exendin-4 Z IR 7 51 15 8 fi Gly #% D-
Ala BUR . 55 20 fi7 Met # Nle HUfC, %5 34 {i Asn
B Gln BUAC, i — P48 T X DPP-4 B g Hi
P C R 45 17 Ser #eil Cys FHHIE /A 7 5
LB (mPEG2-MAL), ¥R 1, g5 HER
EME, WD RS RREY . 5B, RO
TR SE T KA o (LR Y Bl A PEG BB i
B IER T MK (104~121 h), 45 25 4R
LI 1R RO ZEEIE FEAB AR (100 pg % 200 pg)
PZHIGTT 24 T R HbA e KA MIFEAR 1.02% .
1.34%CF ¥ 54k HbAlc hy 8.5%), Hfw# WA
RN . B K55 i e e

R E B 2G5 2024 4E 9 55 41 35:55 18 14

|
HXEGTFTSDVSSYLIEGOQAAKEFIAWLVRGRG

2.4 PEGE

X F GLP-1 2544 1) el 0 2 72 P B AT 2 ik
FHEAEYTE R IR L, TERRE L LR R
B TG, TR 26 A7 22 LR AR 0 B A
MR EE MM, BERSZE K MR oty , KA
Flbrepk . mEME KRS, BT GLP-1. GIP,
GCG 7e45 My EryM b, i Pk, i heks
I GLP-1 [ 225 23500

Fl$i K (Liraglutide) /& Novo Nordisk 23 /]
K BT 2010 4F 2 FDA it 77 /9 GLP-1 2% {1
Y, BES5KRARE GLP-1 5 97% BIRIEM:, 145
PRI AL E BTG LU a5 . —J2 50 34 {7 Arg 9
Lys BU, T &7E Lys26 F#:A—A 1 y-Glu 5
MIEETEER Cle MEERY, L5 MBI )G, BT 5
I G AT PSS S B SE R T, X DPP-
4 A E SRR e, AMURE T GLP-1 14
TR, W ELAN RSN s, il )
ik 12~14h, B HEH 1R BR N i 6l
Hb, FIPrEMGE T I K. 1R E HES &
AR, 76 LEADER g Rikge, FIHLERAYT
H 5B FI AL, HbAlc KFEFEIE T 1.0%~
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1.4%(CF 4 HbAlc % 28 82%, A J7 7l & 1.2,
1.8 mg, BT 26 ), KT T 4.7%~6.0%
(& Fi & 328 105.7~105.8kg, VA I7 7 & 1.8,
3.0mg, AT S52J). T 2014 4FE Fl 2015 4F #
FDA 1 EMA It F T A e sl 8 i 0 3iE . 8 I
BN R A O IR I | BB FH % 5 A 2 s 2 1
PR IO A, R AR SR ™ S R B B A TR T Y
Free B0 B PR,

A M E K (Semaglutide) X 44 & D& fik, &
TR JH AR S Bl AF 2 A — b 0 I e 1
Wizh¥y, 7073 N CiHyNysOgo N T K DPP-
4 WREFRIER, MEmREtE, RISEAREIRIEES 8 17
i) Ala #EIE KIRE LR Aib BUY, 55 34 i Lys #%
Arg WA, JF7E 26 £ Lys 3 I 1 y-Glu-2xOEG[y-
Glutamate-2 times Oligo(ethylene glycol)] i# %
C18 ZRMRNg e, DAinziy sy + ik A k5
SHEAMGGEMT, #E—5 0% 5 R,
OEG2H L R ITHMMERY, y-Glu-
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Fig. 4 Schematic diagram of the structure of Tirzepatide

Red represented amino acids at the same position as GIP and GLP-1, blue
represented homologous amino acids with GIP, green represented
homologous amino acids with GLP-1, and yellow represented three
sequence mutation sites.
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