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[ABSTRACT] Glucagon-like peptide 1 (GLP-1) is a kind of incretin produced in the intestinal with multiple
pharmacological effects, which can stimulate insulin secretion effectively. Various GLP-1 analogues have
been widely used in the treatment of type 2 diabetes mellitus. Alzheimer's disease (AD) is closely related to
type 2 diabetes mellitus, with some common pathological features, such as insulin resistance, and
epidemiological studies also showed that patients with type 2 diabetes mellitus have an increased risk of
developing AD. GLP-1 analogues have shown beneficial effects in both preclinical animal research and
clinical trials of AD. Therefore, the authors summarized the main characteristics of GLP-1 and AD, and
analyzed the mechanisms of GLP-1 in preclinical AD studies of animal models. GLP-1 readily crosses the
blood-brain barrier and exerts its neuroprotective effects by binding to and activating the widely distributed
GLP-1 receptors (GLP-1Rs) in the brain, affecting multiple physiological and pathological processes
including glucose metabolism, neuroinflammation, mitochondrial function, and cell proliferation. Insulin
resistance and inflammation are key common pathways in AD and type 2 diabetes. GLP-1 may exert its
neuroprotective effects by improving mitochondrial function and glycolysis, reducing oxidative stress
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levels, exerting anti-inflammatory and anti-apoptotic effects, inducing neurogenesis, and inhibiting glial cell

proliferation. This paper maybe provide the reference for further study of GLP-1 analogues in AD, hoping to

open new therapy venues for AD patients.
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Table 1 Applications of glucagon-like peptide 1 (GLP-1) analogues in Alzheimer's disease (AD) animal model
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Drug Animal o ) ) ) Conclusions
mass before Administration intervals experiments
dosing
FIEAk Liraglutide®  APP/PSINEL(S)  14P#  ip,25nmolkg AR ad EEE2 FMARE. K BHEIRE
B =
FFIE L Liraglutide™ 5xFAD /MR (8) 4B ih,25 nmol/kg{kfRE qd,ELE2 KEE &
B
GLP-1/GIP/Geg ZHEA®  3xTg-ADME(5/2)  7BE  ip,10nmolkghEE qd & I H.YEE. K HEKB=EC
30d = fZAIFiEiZ
DA5-CHE! APP/PST/INER (8/2) 9B ip,10nmol/kgARE qd,EE B #H. YERF. K HEIL(FICIZHM
28d ®E KHEI=EIE12
FHIZ AL Liraglutide” Swiss /N (f = R 3B# ip,25 nmol/kgKRE qd,ELE  FHWEIRE . WR AEEZABERY
5 ABERY,S) 7d ARV Fid] SERICIZIERS
XEPRhExendin4®  SDAR(EDBAM 220-260g  FBRREBIEN, BR o KEE RERERABHE
2151 AR1-42,8) 0.2 nmol (TpL) SIRN=EZS
iz NiRE
DA4-JCH 3XTg-AD /NER(8/9) 8RB ip,10nmol/kgAfRE  qd, EEL  F R ARG SEIAA
46d YERE . KEF

i GLP-1EES MAERMKT; GIPEHEREKRMRESEZI; GegEEmMIER; DAS-CHHIDA4-JC8 GLP-1/GIPE ¥ zhH; AD

ER/RZEBRVE; ipEEENES; qdiEEX—X;

ihigR T iE57.

Note: GLP-1, glucagon-like peptide 1; GIP, glucose-dependent insulinotropic polypeptide; Geg, glucagon; DA5-CH and DA4-JC are GLP-1/GIP

dual agonists; AD, Alzheimer's disease; ip, intraperitoneal injection; qd, quaque die; ih, subcutaneous injection.
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T TR B p—tau FE tau AHSE B2 AR, tau tHA] DASY
R B ZRE S5 S MRATATEE R, tau ZERIBFER/N
B AR R 2 2R UM R, SR mT 2B VR,
IEAZAZ47 Y Taw AR S R Z R ELAE A AT RES 5
HORMER, BUEMAIRADIARERT . FRERNR
fll 2 AN AE R ARG B TR XTI A2 1Y 5
(long—term potentiation,, LTP) F140 %] th H 5 M 52
M B R S R ARBT S HE S A SE B M, i AR
Fltau th AT AT ol BRSO B,

(LS AR E =R AR G | ipFR kS RS e~
H (AR HIauEH) REFREEN REE MR
— MR RN, TER,  SEANLERITEL c—Tun 2 B iR
fif (c—Jun N—terminal kinas, JNK) Ji%. SR H#R 5
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Note: GLP-1, glucagon-like peptide 1; AD, Alzheimer's disease; this figure is drawn by Figdraw soft.

E1 GLP-1#E AD FRIHEZRIPIEATREE

Figure 1 Schematic representation of neuroprotective effects of glucagon-like peptide 1 (GLP-1) in Alzheimer's disease
(AD)
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95, PSD-95) /K, [A] A HY58 LTP FOfk & 1% ',
SR FHA T2 BNEERREXREE, AD EHK
WIFERBRMELSL, M GLP-1R Esh7 v A R8I
RfmELR ., I, SD KRN Fif 7 ik H GLP-
IRTEMZE FEFRIKX, FRIH GLP-1R o] E RISl 1
ArvEE,
3.7 FHEEMAMR

Park & 2 R 7 — LT AR TAEA GLP-1R )
FNFINLYOL, BEESF MBI AB 75 514 /)N Jo 40 At
TG, AR R R R R B, AR SxFAD Al
3xTg-AD /NFRASHIZ TG . GLP-1 i8i# 1 cAMP/PKA i
&, W55 SxFAD /IR AR K HE 5 Y E IR R AT B A i 4
TLISZRERE ST W RIRIE KBRS/ D> APP/PST AD 574/
BB SRRV S m 14 /NGRS 4 AL A T 2 PR GRS A
Az B, GLP-1R Bh71 68 FH T /NI BR AR A S 60 s
MEERRAMEEAL, HRBEMAITTTE T, Hohe
AT/ N RAN X A e A A 2 Re a8 D, ek
5 AD /NR By (A7 SIFIE .

4 RE

IR ETENPISLICA TR TR, GLP-1 R EMITEE
ADRERHERDAE L EEE IR AmEAEIGR
g, HAUER H—ERFRARSUR . Dl E B T
TR EFR & IATT AD BT RO MRS AT BE SN
GLP-1 R {UAE FF X 28 2 B AR A S PR B PR B 2
BREE, HNAD BEFHHIEIT TE. LLABHK
1k S L AR & B 25 0 4 K 2 BB T IR RS
MEIE. #NFeAI5E3E AD R RIS TR 25T AD 251
HRRESNE, Y, RASFIEME AD NRHER] AD
SPEAINNATTAD Z59), WIRER SFE AR ZEFTAD
2T TR RIS AR R 2 — . i EL ERTEHT AD £
GLP-1 KU R A7 2 S Fh TR M AD s
DRI, B B B ANEEE A JS AD FEhsisl, FHm
PL

[¥E& =ik Author Contribution]

MRS RIE, BEMEHE;
PRERIEN R,

[#Z57= BB Declaration of Interest]
FrEEEIRBAN A FERNR TR,
[& & 3k References]

(1

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

(101

(1]

ARNOLD S E, ARVANITAKIS Z, MACAULEY-RAMBACH S L, et
al. Brain insulin resistance in type 2 diabetes and Alzheimer
disease: concepts and conundrums[J]. Nat Rev Neurol, 2018,
14(3):168-181. DOI:10.1038/nrneurol.2017.185.
BUTTERFIELD D A, HALLIWELL B. Oxidative
dysfunctional glucose metabolism and Alzheimer diseasel[J].
Nat Rev Neurosci, 2019, 20(3): 148-160. DOI: 10.1038/s41583-
019-0132-6.

MCCLEAN P L, HOLSCHER C. Liraglutide can reverse
memory impairment, synaptic loss and reduce plaque load in

stress,

aged APP/PS1 mice, a model of Alzheimer's diseaselJ].
Neuropharmacology, 2014, 76(Pt A): 57-67. DOI: 10.1016/j.
neuropharm.2013.08.005.

ZHENG J P, XIE Y Z, REN L J, et al. GLP-1 improves the
supportive ability of astrocytes to neurons by promoting
aerobic glycolysis in Alzheimer's disease[J]. Mol Metab, 2021,
47:101180. DOI:10.1016/j.molmet.2021.101180.

LI T, JIAO J J, HOLSCHER C, et al. A novel GLP-1/GIP/Gcg
triagonist reduces cognitive deficits and pathology in the
3xTg mouse model of Alzheimer's disease[J]. Hippocampus,
2018, 28(5):358-372. DOI:10.1002/hipo.22837.

CAOY, HOLSCHER C, HU M M, et al. DA5-CH, a novel GLP-1/
GIP dual agonist, effectively ameliorates the cognitive
impairments and pathology in the APP/PS1 mouse model of
Alzheimer's disease[J]. Eur J Pharmacol, 2018, 827:215-226.
DOI:10.1016/j.ejphar.2018.03.024.

BATISTA A F, FORNY-GERMANO L, CLARKE J R, et al. The
diabetes drug liraglutide reverses cognitive impairment in
mice and attenuates insulin receptor and synaptic pathology
in a non-human primate model of Alzheimer's disease[J]. J
Pathol, 2018, 245(1):85-100. DOI:10.1002/path.5056.

WANG X H, WANG L, JIANG R R, et al. Exendin-4 antagonizes
ABT1-42-induced attenuation of spatial learning and memory
ability[J]. Exp Ther Med, 2016, 12(5): 2885-2892. DOI:10.3892/
etm.2016.3742.

CAI' HY, YANG D, QIAO J, et al. A GLP-1/GIP dual receptor
agonist DA4-JC effectively attenuates cognitive impairment
and pathology in the APP/PST1/tau model of Alzheimer's
diseaselJ]. J Alzheimers Dis, 2021, 83(2):799-818. DOI:10.3233/
JAD-210256.

HOLSCHER C. Potential role of glucagon-like peptide-1 (GLP-
1) in neuroprotection[J]. CNS Drugs, 2012, 26(10):871-882. DOI:
10.2165/11635890-000000000-00000.

GRIECO M, GIORGI A, GENTILE M C, et al. Glucagon-like
peptide-1: a focus on neurodegenerative diseases[J]. Front
Neurosci, 2019, 13:1112. DOI:10.3389/fnins.2019.01112.



192 LIS S LU E S Laboratory Animal and Comparative Medicine Apr. 2023, 43(2)

[12] HOLST J J. The physiology of glucagon-like peptide 1[J]. subjects[J]. J Allergy Clin Immunol, 2014, 134(1): 127-34. DOI:
Physiol Rev, 2007, 87(4): 1409-1439. DOI: 10.1152/physrev. 10.1016/j.jaci.2014.01.032.

00034.2006. [28] MITTAL K, KATARE D P. Shared links between type 2

[13] ANDERSEN A, LUND A, KNOP F K, et al. Glucagon-like diabetes mellitus and Alzheimer's disease: a review[J].
peptide 1 in health and disease[J]. Nat Rev Endocrinol, 2018, Diabetes Metab Syndr Clin Res Rev, 2016, 10(2): S144-S149.
14(7):390-403. DOI:10.1038/s41574-018-0016-2. DOI:10.1016/j.dsx.2016.01.021.

[14] DOYLE M E, EGAN J M. Mechanisms of action of glucagon- [29] BARBAGALLO M, DOMINGUEZ L J. Type 2 diabetes mellitus
like peptide 1in the pancreas[J]. Pharmacol Ther, 2007, 113(3): and Alzheimer's disease[J]. World J Diabetes, 2014, 5(6): 889-
546-593. DOI:10.1016/j.pharmthera.2006.11.007. 893. DOI: 10.4239/wjd.v5.i6.889.

[15] CALSOLARO V, EDISON P. Novel GLP-1 (glucagon-like [30] KELLAR D, CRAFT S. Brain insulin resistance in Alzheimer's
peptide-1) analogues and insulin in the treatment for disease and related disorders: mechanisms and therapeutic
Alzheimer's disease and other neurodegenerative diseases approaches[J]. Lancet Neurol, 2020, 19(9): 758-766. DOI:
[JI. CNS Drugs, 2015, 29(12): 1023-1039. DOI: 10.1007/s40263- 10.1016/S1474-4422(20)30231-3.

015-0301-8. [311 ARNOLD S E, ARVANITAKIS Z, MACAULEY-RAMBACH S L, et

[16] YILDIRIM SIMSIR I, SOYALTIN U E, CETINKALP S. Glucagon al. Brain insulin resistance in type 2 diabetes and Alzheimer
like peptide-1 (GLP-1) likes Alzheimer's disease[J]. Diabetes disease: concepts and conundrums[J]. Nat Rev Neurol, 2018,
Metab Syndr, 2018, 12(3): 469-475. DOI: 10.1016/j. dsx. 2018. 14(3):168-181. DOI:10.1038/nrneurol.2017.185.

03.002. [32] LAWS S M, GASKIN S, WOODFIELD A, et al. Insulin

171 MULLER T D, et al. Glucagon-like peptide 1 (GLP-1)[J]. Mol resistance is associated with reductions in specific cognitive
Metab, 2019, 30:72-130. DOI:10.1016/j.molmet.2019.09.010. domains and increases in CSF tau in cognitively normal

[18] ATHAUDA D, FOLTYNIE T. The glucagon-like peptide 1 (GLP) adults[J]. Sci Rep, 2017, 7(1): 9766. DOI: 10.1038/s41598-017-
receptor as a therapeutic target in Parkinson's disease: 09577-4.
mechanisms of action[J]. Drug Discov Today, 2016, 21(5):802- [33] BIUNDO F, DEL PRETE D, ZHANG H, et al. A role for tau in
818. DOI:10.1016/j.drudis.2016.01.013. learning, memory and synaptic plasticity[J]. Sci Rep, 2018, 8(1):

[19] BULGART H R, NECZYPOR E W, WOLD L E, et al. Microbial 3184. DOI:10.1038/s41598-018-21596-3.
involvement in  Alzheimer disease development and [34] FORNER S, BAGLIETTO-VARGAS D, MARTINI A C, et al.
progression[J]. Mol Neurodegener, 2020, 15(1):42. DOI:10.1186/ Synaptic impairment in Alzheimer's disease: a dysregulated
$13024-020-00378-4. symphony[J]. Trends Neurosci, 2017, 40(6): 347-357. DOI:

[20] MINTUN M A, LO A C, DUGGAN EVANS C, et al. Donanemab 10.1016/j.tins.2017.04.002.
in early Alzheimer's disease[J]. N Engl J Med, 2021, 384(18): [35] MUSTAPIC M, TRAN J, CRAFT S, et al. Extracellular vesicle
1691-1704. DOI:10.1056/NEJM0a2100708. biomarkers track cognitive changes following intranasal

[21] LONG J M, HOLTZMAN D M. Alzheimer disease: an update insulin in Alzheimer's disease[J]. J Alzheimers Dis, 2019, 69(2):
on pathobiology and treatment strategies[J]. Cell, 2019, 179(2): 489-498. DOI:10.3233/JAD-180578.

312-339. DOI:10.1016/j.cell.2019.09.001. [36] TALBOT K. Brain insulin resistance in Alzheimer's disease

[22] CASADESUS G, PUIG E R, WEBBER K M, et al. Targeting and its potential treatment with GLP-1 analogs[J].
gonadotropins: an alternative option for Alzheimer disease Neurodegener Dis Manag, 2014, 4(1): 31-40. DOI:10.2217/nmt.
treatment[J]. J Biomed Biotechnol, 2006, 2006(3):39508. DOI: 13.73.
10.1155/JBB/2006/39508. [37] MCCLEAN P L, PARTHSARATHY V, FAIVRE E, et al. The

[23] HAASS C, KAETHER C, THINAKARAN G, et al. Trafficking and diabetes drug liraglutide prevents degenerative processes in
proteolytic processing of APP[J]. Cold Spring Harb Perspect a mouse model of Alzheimer's disease[J]. J Neurosci, 2011, 31
Med, 2012, 2(5): a006270. DOI:10.1101/cshperspect.a006270. (17):6587-6594. DOI:10.1523/JNEUROSCI.0529-11.2011.

[24] PERRY T A, GREIG N H. A new Alzheimer's disease [38] XIEY Z ZHENG JP, LIS Q, et al. GLP-1improves the neuronal
interventive strategy: GLP-1[J]. Curr Drug Targets, 2004, 5(6): supportive ability of astrocytes in Alzheimer's disease by
565-571. DOI:10.2174/1389450043345245. regulating mitochondrial dysfunction via the cAMP/PKA

[25] CRARY J F, TROJANOWSKI J Q, SCHNEIDER J A, et al. pathway[J]. Biochem Pharmacol, 2021, 188: 114578. DOI:
Primary age-related tauopathy (PART): a common pathology 10.1016/j.bcp.2021.114578.
associated with human aging[J]. Acta Neuropathol, 2014, 128 [39] HOLSCHER C. Insulin signaling impairment in the brain as a
(6):755-766. DOI:10.1007/s00401-014-1349-0. risk factor in Alzheimer's diseaselJ]. Front Aging Neurosci,

[26] SHI'Y, HOLTZMAN D M. Interplay between innate immunity 2019, 11:88. DOI:10.3389/fnagi.2019.00088.
and Alzheimer disease: APOE and TREM2 in the spotlight[J]. [40] CHEN S, YIN L, XU Z, et al. Inhibiting receptor for advanced
Nat Rev Immunol, 2018, 18(12): 759-772. DOI: 10.1038/s41577- glycation end product (AGE) and oxidative stress involved in
018-0051-1. the protective effect mediated by glucagon-like peptide-1

[27] GALE S C, GAO L, MIKACENIC C, et al. APOg4 is associated receptor on AGE induced neuronal apoptosis[J]. Neurosci

with enhanced in vivo innate immune responses in human

Lett, 2016, 612:193-198. DOI:10.1016/j.neulet.2015.12.007.



Apr. 2023, 43(2)

LIS SELRES Laboratory Animal and Comparative Medicine 193

[41] DAY S M, YANG W Z, WANG X, et al. Glucagon-like peptide-1
cleavage product improves cognitive function in a mouse
model of down syndromel[J]. eNeuro, 2019, 6(2): ENEURO.
0031-ENEUR0.0019.2019. DOI:10.1523/ENEURO.0031-19.2019.

[42] OZBEN T, OZBEN S. Neuro-inflammation and anti-
inflammatory treatment options for Alzheimer's disease[J].
Clin Biochem, 2019, 72:87-89. DOI:10.1016/j.clinbiochem. 2019.
04.001.

[43] LIU X VY, ZHANG N, ZHANG S X, et al. Potential new
therapeutic target for Alzheimer's disease: Glucagon-like
peptide-1[J]. Eur J Neurosci, 2021, 54(10): 7749-7769. DOI:
10.1111/ejn.15502.

[44] ROWLANDS J, HENG J L, NEWSHOLME P, et al. Pleiotropic
effects of GLP-1 and analogs on cell signaling, metabolism,
and function[J]. Front Endocrinol (Lausanne), 2018, 9:672. DOI:
10.3389/fend0.2018.00672.

[45] MASKERY M, GOULDING E M, GENGLER S, et al. The dual
GLP-1/GIP  receptor agonist DA4-JC shows superior
protective properties compared to the GLP-1 analogue
liraglutide in the APP/PS1 mouse model of Alzheimer's
diseaselJ]. Am J Alzheimers Dis Other Demen, 2020, 35:
1533317520953041. DOI:10.1177/1533317520953041.

[46] ZHANG H Q, SONG B, ZHU W W, et al. Glucagon-like peptide-
1 attenuated carboxymethyl lysine induced neuronal
apoptosis via peroxisome proliferation activated receptor-vy
[J1. Aging (Albany NY), 2021, 13(14):19013-19027. DOI:10.18632/
aging.203351.

[47] HAMILTON A, HOLSCHER C. The effect of ageing on
neurogenesis and oxidative stress in the APP(swe)/PS1
(deltaE9) mouse model of Alzheimer's disease[J]. Brain Res,
2012, 1449:83-93. DOI:10.1016/j.brainres.2012.02.015.

[48] HAMILTON A, PATTERSON S, PORTER D, et al. Novel GLP-1
mimetics developed to treat type 2 diabetes promote
progenitor cell proliferation in the brain[J]. J Neurosci Res,
2011, 89(4):481-489. DOI:10.1002/jnr.22565.

[49] HUNTER K, HOLSCHER C. Drugs developed to treat diabetes,
liraglutide and lixisenatide, cross the blood brain barrier and
enhance neurogenesis[J]. BMC Neurosci, 2012, 13: 33. DOI:
10.1186/1471-2202-13-33.

[50] BAE C S, SONG J. The role of glucagon-like peptide 1 (GLP1)
in type 3 diabetes: GLP-1 controls insulin resistance,
neuroinflammation and neurogenesis in the brain[J]. Int J
Mol Sci, 2017, 18(11): 2493. DOI:10.3390/ijms18112493.

[51] VARGAS-SORIA M, CARRANZA-NAVAL M J, DEL MARCO A,
et al. Role of liraglutide in Alzheimer's disease pathology[J].
Alzheimers Res Ther, 2021, 13(1): 112. DOI:10.1186/s13195-021-
00853-0.

[52] PARKJS, KAM T, LEE S, et al. Blocking microglial activation
of reactive astrocytes is neuroprotective in models of
Alzheimer's disease[J]. Acta Neuropathol Commun, 2021, 9(1):
78. DOI:10.1186/s40478-021-01180-z.

(I Fs HEA:2022-08-30 {&[E HHA:2022-12-09 )
(A miE KRE, SR, A%, TFS)

[BIAAEX]

1R, IRERE. Be MERER 1 20N /R B RENMER
FERRNEIARERE]. TP SHRES, 2023, 43(2): 186-
193. DOI: 10.12300/j.issn.1674-5817.2022.136.

MEI C H, CHEN B B. Research progress on neuroprotective effects
and mechanism of glucagon-like peptide 1 analogues in
Alzheimer’ s diseasel[J]. Lab Anim Comp Med, 2023, 43(2): 186-193.
DOI: 10.12300/j.issn.1674-5817.2022.136.

sk st st i i sk sk sk s st sk sk sk sk sk sk sk sk sk sk sk sk sk st ste st st sieosieosieosieostosiostosk sk sk sk sk sk sk sk sk sk sk siosteosiosiokokotkototostosk kol sk sk skoskoskoskoskoskoskoskoskokokokoskokokokokokokokokokokokokokoskokokokokokokok

(LMY SHREE) BXEERRBUEEBMZERIREA

(ERHMPSUERESE) BRELRAVHMZSHREZNG I TIRENTWEZARET, RTFBRNETHFNI=8E=
REE. PRERGHFENR, URNBEERBITN, ZHIJJJDX%JJEWJEO M2021 4Bk, (FEMNESTIER (http//

www.slarc.org.cn/dwyx) RS, BRIZZZ Word i8N RYSSEEIE b,

1LEEEFENEE, 8ERsEH
researcher and contributor ID, ORCID) £

2. B—FEBUERMIEXHEERNN

ABIRHL T SEEMME:

B, B, ARA[E. Email. BiE, URAHNARESESRZHES MRS (open

BIEA#EMG, FRESIHFERIINEER.
3. i RANISERAA S M X E IR B IR LR s A9 4 7= ¥ Al IEAD R

REGHKIE. KRIFAISSRNYERIFENE. %A

LEEFCEFERNEE MG XFREBRULSIE-RNERBRS, AEXKRIERERIEZCERR.

4 BB RN A=

MERERER, AEXRIEAESEFENRMBERRFESR.

5. RMEBEERE, BRESANNBFEMFNESTIVER, FEEIHEEER. SRPMEEMRRES

ME2-~5#115T8E
FRITRNATENERAN “BTER" -
“HIEEIR T SREN.

, BRI LEERTIRERRER. EMBIEEFRF. ER,
‘RigiEE” M "RRLE"

wIBRISEEZER.
- UREHERANT. HXRIRTE “REBLE" -

(LM SHRES) RiEH



