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[Abstract] Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have been shown to play an important role in weight loss
and metabolic diseases. Beinaglutide, a short-acting GLP-1RA independently developed in China, can enable weight reduction and
improvement in insulin resistance (IR) to be achieved. With the advantage of a fully human amino acid sequence, a new localized
option has been provided for clinical practice. Therefore, this review systematically summarizes the pathological relationship between
overweight/obesity and related metabolic diseases, the mechanisms of weight loss and metabolic improvement of Beinaglutide, as well
as its differences from other GLP-1RAs in terms of mechanisms of action and safety, and the evidence on Beinaglutide's weight-loss
efficacy and comprehensive metabolic benefits, with the aim of providing a theoretical basis for its clinical application and references
for the future exploration of its therapeutic advantages and optimization strategies.
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ovary syndrome, PCOS)%5 5 L. P, A ALM
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(glucagon-like peptide-1 receptor agonists, GLP-1RAs)
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SR N — B PR RAEIRES , R 2Rt
IS A AZ O AE R R R O P — 2 A 2R XY
2, IR ORI Z —P
L1 EHEA S IRAZOHLE IR ZFE AR E0
A LR P T 5 2R 1) A W)~ SO A AR ) g BER
o B RAF T S HOBU R Z KK Y (insulin
receptor substrate, IRS) Theeoe s, Horp IrRs-1
IRS-2 R HEZ Wb RIF T EEEH, RSI2&EH
A T BAANERIIGE, B ILE
1% W A Tk AL 3 B/ 4 11 0 B (phosphatidylinositol
3-kinase/protein kinase B, PI3K/Akt)i i, 1F 7] & ¥5
A BE i RO I 5 s T 22 2 PR I TR T REL A I 2
T2 e A oL i 22 B, 410 1 R 0 3R 15 5 1) 40 L Y
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RS A B R T A S i 1T SR A 4P A B R, T
RESZA IR IDTAH SO BUIR B i, ORRTIF . LAY
JBE R AR AR T ZHZR, IR0 2R PR CO 2/ c-Jun &
H 2K %t 4 B (protein kinase C theta/c-Jun N-terminal
kinase, PKCO/JNK) 3 411 il TRS M 22 i o iz 1L,
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% -6(interleukin-6, IL-6). A 4% 40 0 ¥tk & H -1
(monocyte chemoattractant protein-1, MCP-1)%¢{i &
TSI H A TNE- o 8 5 30 1B R B I JE (1kB
kinase beta subunit, IKKP)H1 JNK il Bfe i IRS 22 & R
BERRAL, JFIMHINRIRER 4300, H 55 IR IR TG AL
4 T (AMP-activated protein kinase, AMPK) ifi % {5
U AL R A AT BEL A A 2 R 55 5
A7 5 FEARA P A U TE 1 % A B 3D 5 11 i £ 848
RN, FEORMEA:
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AR IRAERILELE R, 725 28N SR
AR I &R . T2DM el 5 /IEJHE 5 IR ARG Y i
RIS o IR FEOME A WEA HFRT, BER B 4h
AR 0l fr KA DR 285 B 2R A il i
ARSI A AR, WECSEEEL, wT ] Y
T T2DM 8 AR R o —J5UEE X AR P 2 AR
FIBIWESE o, AERES IR7E T2DM RS A7 1 &
BN 2024 4F- T [ I 27 2 W AR TEDRS P i
JHF 9 (non-alcoholic fatty liver disease, NAFLD) 8 44 4
MASLDM, 53] T JFFIE R 0 628 AR el . e ]
/N AR, SRR LAY O & E & MAFLD!™
HM A IR BN BT o G 5, R i i B i 10T R
(free fatty acids, FFAs)Z[ J#fIKIE ANFNE, {2 2FHIE
J W5 B VAV AL s A1 R IR AR URE I 5 e
1, SFEAEER AR IR RS s[RI, JRER
MR 22 00 JBR 5 R 1T DR E AT, 0
JHF 240 B A% 52 K T 4 i T 72 90 5 T A 45 5 3 1 -1e
(sterol regulatory element-binding protein 1c, SREBP-1c)
M, _EJEE Sk & BY (de novo lipogenesis, DNL)
W £ T M A PR AL i (acetyl-CoA carboxylase,
ACC). HEMiF& & i (fatty acid synthase, FASN). fififig
T2 T A 210 T il l(stearoyl—CoA desaturase 1, SCD1)
ST ) 1 R O i N 1= o R 32 S i
MAFLD [ &A=,

PCOS LA IR Fll iy FEH 3R LA A RRAEDY . AR
B2 e 5 R O SN M SR T IRS 25, RBRT
s 7 X3k HE 25 H Ol(forkhead box protein O1,
FOXO1) X 2 [ % A h 5k A (17oc- F2 AL ) 4 00 31 4
F L DTG AR (5 s e IR 5 3R I 3 T
LA AT PR R 4545 BREE 1 (sex hormone-binding
globulin, SHBG) /3™, SHUEIFH BHA W6
PRI B M R A — 20T . ek, BEREAROG
M PE R AE R 2 5 PCOS MR EL 72 . IE K HR
U7 40 i 2ok 43 WA Y TNE-oc 7T B 32 300 ) 00 3 8, O
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PCOS &5 22 Ff a3 3 9 2 [7] 1 2L A4
SRR, U, HE/RE . IR KPS R
PR T BB A R =R IR MR R T
T AR R, BEXT R I 2 RN R 12
MRZIIGTT VR o B RU8EE T B A fr
T2 MARAS R % T HUR ARSI R EDIRAS, i T
K sh Z Rt 08 ).
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ik =5 W% 22 A AK-1 (glucagon-like peptide-1, GLP-1)
Je I LA I AE 205 0 Wi —FP iR, Jd iy
S ME B GLP-1 52 {& (GLP-1 receptor, GLP-1R) /15
HAY7oi6e. e SFRLH/NR T, JURE
JOR R S H ) A b AT o) ) B A 2 T s
AR T8 B BIF 5 45 2 v gl = DR 4 Jokm o
PR IESE S HEAS ST R T S R, (H
DI AR BRAE A —Fi GLP-1RAs,  HAE ML EEHT
B A IR GLP-1 1 T RE A 22 B A BRALV
2.1 DUIRE KA D8 AL
2.1 AHIPARPERE T Fe R R A Y O R
PEFE X . GLP-1 A] ZF 4ok i i Je i 53 3ok 2 S ol 22
MG, MBI T T B 5 R # (arcuate nucleus,
ARC), 7EARC ™', GLP-1 F#580E HAT RN i
(RS2 N VA B S v~ R SRS 3 B eI S TN
(proopiomelanocortin/cocaine- and
regulated transcript, POMC/CART), [A]F}3H i -2 2k
T P& (gamma-aminobutyric acid, GABA) [H] 322 11l il {12 i
BRI 2K Y/ 3] U DG 8 F (neuropeptide Y/agouti-
related protein, NPY/AgRP)#Zye, 75 F10E 2
AERANHE, A, GLP-1i8VEH T T = 5%
% (paraventricular nucleus, PVN), 3 i i 15 2 fish fi5 Ji
P PE[ R BEZE h IR PR P - PR BRI 1 - 25
it} A(AC-cAMP-PKA)ll #1137 2
212 SEGHARE EARUEL T, BHHEEZE
R AP R Ak & s .+ a8 e B kW
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2.1.3  GEFEN T2 Ko 8% lm RS o DUBR &
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LSRN BB Tl e S Al e o M B, DUIR &
BKIGITRERS T JRINE I ZH 2 rh 2 5 AR i AE 1) G B
, LN ATP-#7 15 iR 24 fif Il (ATP-citrate lyase, Acly) .
O T B T A R 1L e a(acetyl-CoA carboxylase alpha,
ACACA). FASN Wik, [AlEt b ys42 3 A 105 3 ik
LRI Wi (lipase, Lipe) A1 75 Patatin HEWE AR B 45 14
5 8 [ 2(Patatin-like phospholipase domain containing
protein 2, PNPLA2)MJZIEE, ILAl, ZIWFIL K
B, DU JoR R AR 32 55 R 7 e 742 R 7 AR O 14 ik A
PR 4% ¥ 4 o 45 25 16(PR domain zinc finger protein
16, PRDMI6) . o S fh 4 i 1A 44 58 0 8500 =52 A y 3
g 1- ot(peroxisome proliferator-activated receptor
Gamma coactivator 1-alpha, PGC-la) K 5 B fE H 26
(transmembrane protein 26, TP26) 3 ik 7K - Tt =B,
FRBEE A RN, DUIRE IR AT REA A 08 g
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Han 5553 it 168 A0 /& RINA 377 1~ 1 % P54 U
Fe BRI, DL 0k AT 4 S Pl 1 o <2437 42 T
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Bio i RO 2 DUBR & IRIG ST T BRI A AE AR
w4 TNF-o Fl C [ ) £ [ (C-reactive protein, CRP)7/K
SO s A I A R URR I (Y O A O
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], Refb2eBimi, W2 11 min, FEETH
NERARTERR . ATERNERW, 225 7E ALH L
W B 00 ) 7 HE 22 AP 2R Ao L, A
PeoeelE A S5 A K3 AHILZ R, KA GLP-1RAs
(AL I . ) A i) DU 2 36 3k A I e ) e 45
WiGE 2 1, P GLP-1 52 AR MRS 0% | T
YR A28 19 25 I I WY (fasting plasma glucose, FPG)#:
HAH IR 25
3.2 JREITROG L AR LA R AR PR R
RIS G B BEALX BOR S b, DR IR 0.2 mg ¥
J7 16 JE YA AL -6.5% 5 T A 72 ik 3.0 mg i6
I7 56 JE H R EE AR AL A (~8.09+6.79%) ), — T Meta 43
Prag i, DUARE KA RE ] s ik T2DM R F AR,
18 7 4% A6 T HoAts GLP-1RAs (40 1] 65 ok 1 )
FEAKEIR) T, AT RE A4 DR Ry L SRR R v T S
IR PR T R AR
3.3 GetEHKRME  DUIRE KRR 55 A
RIRM GLP-1 56 —8W, it I, X—2 ARG
P Bl T B AR 24 W e 0 el T AR b s | e 1) S 3 I
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cardiovascular events, MACE)JXU@ , EEOIET
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Meta 73 Hr45 3 R, 2R 254 A ] {ff MACE XU
FEAR 12%, H AR 25900 22 7 e geit2 2 X A
BT, DUIRE IR Jo R I 4 45 Ry i g cHi
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LT AIPE RS, (HZZ5e 55— 500
gi b, DUIRE RRZEVE FIPLET . 254880 12 Kl
PRUESETE 277 ) FE B 5 K% GLP-1RAs AN [R] 14
fiE o HPHURY Y 4 AR S5 44 AT R > SE IR A% S e Ji vk
SRS, A8 EEE PR SR = I RS, DL A
O T IO S s S A s O T A I A kAt
[FI2E5E T HAE N GLP-1RAs 254 th— 1> A7 22 Ak e
PE . MRRE ) A E AN E R A A o SR
HARWE R R A . BRI S 1 48 K3
R, SKMGYMLAE—EN2EE, 2
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12 4 5, MO 2R (104.22411.20) em FE K &
(99.80+9.66) cm(P<0.001); &M (110.80+8.43) cm |
[% % (107.10£7.89) cm(P<0.001); i 45 [T M (129.66+
14.89) mmHg % % (125.60+11.39) mmHg(P=0.004);
FRIR YT T A I 4 27 44 (impaired glucose tolerance,
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YRS TE [ R A 2 i 56 (OGTT) 48 )5 2 h LA
(2-hour postprandial blood glucose, 2hPG)<7.8 mmol/L] [ss],
S M DR A0 A0 30 A o AR A 7 S TR
g Wi 20203 ok K2 8 R Wi 2 4 (subcutaneous adipose
tissue, SAT) Fl1 PN HIE I ifi 4 21 (visceral adipose tissue,
VAT), SAT i NRGIRIT5 80% LA 1, Zr A 7EIR
TR BEERAETRAL; VAT WA S8 7 I I 9
HIMEE, R EEE . R B PR
A JE T, VAT YRR 5 M BLIR, 43/ i
RIKER, WEMARIERF, 50T SO e X
parlsse s AR ERXF Hh O BT RE ST Y 91 4
A NEE LT, $2R 245 5 0/ 1) £ 2% VAT,
FRR H A DAJBE B SR UM A AR 4 i, (HINJIERR
D5 A0 55 IR BB AHOC . o5 — T 3 12 R O E 5T
WAESE, DU BRRE S W 5 R I AR Al PR T e S8 3 1Y
MBS R A, IFECEFRAS BRI PAL 14 5 & 2%
i 8 %0 (homeostatic model assessment of insulin
resistance, HOMA-TR)!, i I HIpic 38 [ ) 28 sk
YER
42 HE/EPES I T2DM X T4 3F T2DM YA I
B, BRI E AR — I [l B BA S 43 B
(n=314) &3, WUIRERKIGSY 12 ), A pofCiss
FrAs 2] 4 1ok 3 . B4R L1 28 11 (hemoglobin A,
HbA, ) F ¥ T % 2.87%, 2hPG Fl FPG 43 ) F% {I%
5.46 mmol/L f13.04 mmol/L; [Alff, AR +5
i, 84.96% F172.18% I 5B 43 5l SE L T =59 Al
>10% PR E I, H 5 5] S O (0.60 mg 7 it 2
Vol T R B e ) s PR H 45 4K (body mass index, BMI) 43
JZER, FELk BMI=28 kg/m> i HR IR T W IR 350
PERBERRE R, e AT REER . BRECE AR
5, DUIRE ki AT 9855 AT fE T2DM SB35 Y AAE RS
Wang SR, (HH DUIREIRAYT 12 )85, AL
I A S AE AR ) CRP AT TNF-o 7K T35 BH S B AR
WAL, FEPGAE ST IR H] DR & AR AY i 2 rh i 2 3|
TR B A8 A1), I e B 5 O ek TR A AL A AH
/R

S AL GLP-1RAs X FPG il HbA, [ il 55 F 4%
iR, BRI, DUBRE R HA R 2 ek T LA
SREGPIITAL . —IHTHEMERFZEXT L T RS A
DUIBERR” 5 “ BB G T 14 RS R 194K,
DU IR AIR YT 6 DT IS AN AT IGE X HbA, 44
HlKF, H2hPG. Hil =EE/KF-F HOMA-IR [
BIPEF I T4 RIRGIRYT (P<0.01) ™, ILAh, i
WE5E R, 7E DI IR 245 3R 97 AT A T2DM i
8 Ju] B Alt I H RS IR Sy R 8 Jl, AT HbA, 1)
IAPRH(40.68% vs. 25.42%), HAKE . BMI. FEM . &
240 R B I it A5 3 B 8 e e e R R L B

R B B T S M RO SR RO A S . BaA
MR, DU & IRAERR B0 Y7 7 S8 h BA RAfFiY)
PAEIVER, fEfg “HERORE], fLik T2DM B E L5
B
4.3 HBE/MEFEAIFMAFLD % TFHEE/E MAFLD ()
FES R ER, 8 kIR YT MAFLD & H TN
ARG . VUG IRAE X — U i 7 ) E 7R I IR
HIOAIG RBFTE PR B0 PR E . /MR NASH A
DU 68 FPT 9 2 JH P o St R T PO R 7 A8 1, 8 s
B ZR USRS SR, ET B2 DR IR A
NASH fFIE2H 212 i35 OR 19 B . ] anod it
JHIE K PEAl MAFLD ¥ 80 BRIV sl eF 4k o ], A
(Il RAIESE SR T AR AT . FE— TR 4
24 JE R BEALXS e v, B /AL P A MAFLD #Y A8
H BEALHESZ A T P DU & ik (0.1 mg,  37K/d)ifR
J7, MR, DUIRE R ZE A 1 A FIIE (R )
FEA, BENRR DT & B b, (A IE AR s ARk
JE2ER g R L, PR VUSRS kel 3% MAFLD 1Y
A FH 5 2 3 5 e O [F] A T T, T
8 FE £ MAFLD ¥ 7 "R A% O o 55— T 58 UK
DUIRE R 5K AL GLP-1RAs Fllfir 5 Ik AT LU . %0t
S0 A4 I T2DM FI MAFLD FO#8 5 /R ik iR, —
2 — WU & UIR & kiR yy . o — 2z —
OB & R & IR Y, SR Bos, BRI
REA UGS B I M K- . HOMA-IR | IfLAg A2
Uife, (HIUIRE IR 7EREARE ] . BMI, 2hPG. &
N 5 R i (alanine transaminase, ALT), A B R i
(aspartate aminotransferase, AST). 2 % % I = %k
(controlled attenuation parameter, CAP) N T e J )
i (liver stiffness measurement, LSM) /7 Tl 3L T F] i
k41 (P<0.05), 7% X T8 E /08 BE A I T2DM .
JFRERE AR P R 2, DU 48 IRAE 38 4 s LA AR
JHEREHE AR 7 18D 0] e TE LA

SRINT, 2B e L B IR IRAF SR 4hie . b
W 5E ) DL T2DM 4 Jf MAFLD (5 X%, H
25050 B F BRI AR K- AT R, ATREAEAE A
B 5 JBOME R R) S TR 2 W 477 . T2DM f8 35 38 A 7 T
JEE A EEL . TR IR AR
B, DUIRE BRTEME R 5 A WE DR 14 32 1803 rh A
WS FRRE AL, TR AR R B AF A 22 7, KRG
I T2DM 1194~ 1A 3 30 1 B O A 7 o ol 2 R ik
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