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Abstract: Diabetes mellitus is closely associated with cognitive dysfunction, and prolonged hyperglycemia significantly increases
the risk of dementia in patients by impairing cognitive function through mechanisms such as oxidative stress, accumulation of
glycosylation end products, insulin resistance, and neuroinflammation. Glucagon - like peptide - 1 receptor agonists (GLP -
1RAs), as the core therapeutic agents for diabetes mellitus, have been recommended for diabetes mellitus patients with
comorbidities of obesity, cardiovascular disease or chronic kidney disease. There are an increasing number of animal
experiments and clinical trials on the effects and related mechanisms of cognitive function in patients with diabetes mellitus.
This article focuses on exploring the possible mechanisms of GLP-1RAs in treating cognitive dysfunction in patients with diabetes
mellitus, and provides suggestions for further research.
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Diabetes mellitus is a common chronic metabolic
disease. In recent years, its incidence has shown a marked
upward trend worldwide [1], making it a public health
issue of widespread concern. According to data from the
International Diabetes Federation, the number of people
with diabetes worldwide exceeded 500 million in 2021 and
is expected to rise to 700 million by 2045 [2]. The latest
epidemiological survey showed that the prevalence of
diabetes among adults in China has reached 11.2% [3].
Long-term hyperglycemia not only causes a series of
complications, such as cardiovascular disease and kidney
disease, but also adversely affects cognitive function [3-4].
Diabetes-associated cognitive dysfunction (DACD) is an
increasingly common complication of diabetes. It is a
diabetes-induced complication characterized by cognitive
impairment and accompanied by structural and
pathophysiological changes in the brain. As the disease
progresses, patients with diabetes gradually develop
declines in multiple domains, including memory, attention,
language, executive function, and visuospatial ability.
Clinical studies have shown that the risk of DACD is
significantly increased in patients with diabetes compared
with individuals without diabetes, seriously affecting
patients’ quality of life [5-6]. In recent years, increasing
attention has been paid to the prevention and treatment of
DACD. However, therapeutic options for patients with
DACD remain limited, and new treatment strategies need
to be further explored to improve cognitive function and
quality of life. Glucagon-like peptide-1 receptor agonists
(GLP-1RAs) are a novel class of glucose-lowering drugs
developed on the basis of glucagon-like peptide-1 (GLP-
1), and they have shown unique potential in improving
cognitive function. This article reviews the effects of GLP-

1RAs on cognitive function in patients with diabetes and
their mechanisms of action, aiming to provide more
effective strategies and approaches for the clinical
treatment of DACD.

1. GLP-1RAs

GLP-1 is an endogenous peptide hormone secreted by
intestinal L cells and plays a central role in regulating
glucose homeostasis [7]. GLP-1RAs mimic the biological
functions of GLP-1 through artificial synthesis or
modification. They specifically bind to GLP-1 receptors on
the surface of target cells and activate downstream
signaling pathways, thereby achieving multidimensional
metabolic regulation. When blood glucose levels are
elevated, GLP-1RAs bind to GLP-1 receptors on
pancreatic 3 cells, promoting increased insulin secretion,
accelerating glucose uptake and utilization, and reducing
blood glucose levels. When blood glucose levels are
normal or low, their insulinotropic effect is markedly
weakened, thereby reducing the risk of hypoglycemia. At
the same time, GLP-1RAs can inhibit glucagon secretion
by pancreatic a cells, reduce hepatic glycogenolysis and
glucose output, and further stabilize blood glucose [§]. In
addition, GLP-1RAs can act on the gastrointestinal tract to
delay gastric emptying, prolong the retention time of food
in the stomach, and reduce the rapid rise in postprandial
blood glucose. They can also act on feeding centers in the
central nervous system to suppress appetite and reduce
food intake, thereby helping control body weight, which is
extremely important for the management of obesity-related
diabetes. At present, GLP-1RAs have become first-line
therapeutic agents for diabetes. Clinically available GLP-
1RAs are diverse and can be divided into short-acting and
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long-acting preparations according to half-life [9]. Short-
acting preparations, such as exenatide, usually require
twice-daily injections and are mainly used to reduce
postprandial blood glucose. Long-acting preparations
include liraglutide, dulaglutide, and semaglutide.
Liraglutide is injected once daily, whereas dulaglutide and
semaglutide can be injected once weekly, greatly
improving medication adherence. These long-acting
preparations have sustained effects in vivo and can control
blood glucose more steadily, thereby reducing glycemic
fluctuations. GLP-1RAs are important drugs for the
treatment of diabetes. Compared with traditional glucose-
lowering drugs, they not only have good glucose-lowering
efficacy but also show unique advantages in cardiovascular
protection, weight management, and renal protection [9].
Recent studies have shown that these drugs have unique
potential in improving cognitive function, providing a new
direction for the treatment of DACD [9].

2. Mechanisms by Which GLP-1RAs Improve
DACD

2.1 Insulin Resistance, Amyloid p-Protein, and Tau
Protein

Insulin resistance is an important pathophysiological
basis of type 2 diabetes mellitus (T2DM) and an important
mechanism leading to DACD. Under normal conditions,
insulin binds to insulin receptors and activates downstream
signaling pathways, thereby regulating cellular glucose
uptake and utilization and maintaining blood glucose
stability. In a state of insulin resistance, amyloid formation
is accelerated in various parts of the body. Excessive
accumulation of amyloid B-protein (AP) leads to oligomer
formation, and these oligomers exert toxic effects on
neurons [10]. Insulin resistance may reduce brain uptake
of insulin-like growth factor-1 (IGF-1) and insulin,
resulting in AP accumulation [11]. In turn, elevated AB
levels antagonize the binding of insulin and IGF-1 to their
receptors, thereby aggravating insulin resistance [12]. In
addition, insulin dysfunction, together with inflammation
and oxidative stress, further enhances the toxicity and
concentration of AB. Animal experiments have also shown
that diabetes can induce impairment of learning and
memory by aggravating A deposition in brain tissue [13].
Tau protein also plays an important role in the peripheral
nervous system and in the induction of insulin resistance
[14-15]. According to the Tau protein hypothesis, AP can
activate  protein  kinases, leading to  Tau
hyperphosphorylation and conversion of normal Tau
protein into paired helical filaments and neurofibrillary
tangles (NFTs), thereby contributing to the development of
Alzheimer’s disease (AD) [16]. The rate of Tau
aggregation largely depends on the rate of Tau
phosphorylation. Insulin resistance prevents insulin from
reducing glycogen synthase kinase-3p (GSK-3p) activity
through activation of the phosphatidylinositol 3-kinase
(PI3K) signaling pathway. GSK-3f has been shown to be
one of the most important kinases responsible for Tau
phosphorylation. The accumulation of Ap and

hyperphosphorylation of Tau protein can also aggravate
insulin resistance. A accumulation can trigger calcium
influx and disturb protein kinases such as protein kinase C
and GSK-3f, thereby aggravating insulin resistance and
Tau hyperphosphorylation. AP can also inhibit
phosphorylation of insulin receptor substrate 1, further
impairing insulin signaling and forming a vicious cycle.
Studies have shown that GLP-1RAs can reduce Tau
hyperphosphorylation and AP deposition by activating the
PI3K/protein kinase B (AKT)/GSK-3f signaling pathway
[17]. The PI3K/AKT signaling pathway is a classical
insulin signaling pathway. PI3K is a lipid kinase and can
be divided into three subtypes according to structural and
functional differences [18]. Among them, class TA and
class IB PI3Ks are the most common. Class IA PI3K is
activated through tyrosine kinase activation, whereas class
IB PI3K is activated on the basis of G protein-coupled
receptor activation. AKT is a direct downstream effector of
PI3K. GSK-3B is an isoform of GSK and a common
downstream molecular target of AKT. Activated AKT
phosphorylates GSK-3B and inhibits its activity. As a
member of the G protein-coupled receptor family, the
GLP-1 receptor can activate PI3K after GLP-1RAs
activate the GLP-1 receptor, thereby inhibiting GSK-3f
activation, alleviating insulin resistance, and reducing A
accumulation and Tau hyperphosphorylation. Several
studies have shown that when GLP-1RAs are administered
to rat models of AD, AP deposition is significantly reduced,
Tau phosphorylation levels are decreased, and cognitive
function is markedly improved [19-21]. In summary, GLP-
IRAs can act on the PI3K/AKT/GSK-3p signaling
pathway to improve insulin resistance, enhance insulin
sensitivity, reduce AB accumulation and its neurotoxic
effects, inhibit Tau hyperphosphorylation, and reduce the
generation of paired helical filaments and NFTs, thereby
improving cognitive function.

2.2 Metabolic Disorders and Oxidative Stress

2.2.1 GLP-1RAs Improve Glucose and Lipid Metabolic
Disorders by Promoting Insulin Synthesis and
Secretion

Neurodegenerative diseases are characterized by
significant metabolic impairment, including reduced
glucose uptake or utilization, lipid metabolism disorders,
mitochondrial dysfunction, and enhanced oxidative stress
responses. Studies have shown that in the early stage of AD,
glucose utilization is reduced under pathological
conditions. Impaired glucose utilization can also enhance
AP deposition and reduce its clearance, leading to
cognitive dysfunction [22]. Disordered lipid metabolism is
also an important factor in diabetes-induced DACD.
Abnormal lipid metabolism aggravates arteriosclerosis and
leads to insufficient cerebral blood perfusion. As T2DM
progresses, long-term hyperglycemia and lipid deposition
can cause significant morphological changes in cerebral
vessels, including basement membrane thickening,
calcium deposition in microvascular walls, and reduced
cortical capillary density. These changes are accompanied
by regional disruption of blood-brain barrier integrity in
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areas such as the midbrain and hippocampus, allowing
glucose, sodium, potassium, choline, ketone bodies,
insulin, and other substances to enter brain tissue. This
causes  changes in  cerebral  microcirculatory
hemodynamics, microvascular biochemical substances,
and neurotransmitter activity, thereby damaging neurons
and glial cells, inducing white matter lesions and neural
demyelination, impairing neural signal conduction [23-24],
and ultimately leading to DACD. GLP-1RAs specifically
bind to GLP-1 receptors on the surface of pancreatic f3 cells,
activate adenylate cyclase, and increase intracellular cyclic
adenosine monophosphate (cAMP) levels. cAMP further
activates protein kinase A, which subsequently
phosphorylates transcription factors and promotes insulin
production and release. Insulin promotes glucose uptake,
inhibits gluconeogenesis, promotes glycogen synthesis,
and inhibits lipolysis, thereby improving glucose and lipid
metabolic disorders.

222 GLP-1RAs Reduce the Generation and
Accumulation of Oxidative Stress Products

Mitochondrial dysfunction and excessive production
of reactive oxygen species (ROS) also play crucial roles in
the development of diabetes [25]. Evidence suggests that
insulin resistance in diabetes may be a factor that increases
and promotes oxidative stress-induced neurodegeneration
in AD [26]. ROS generated by oxidative stress and the
resulting damage are highly evident in AD, manifested by
reduced ATP production, neuronal degeneration, and the
presence of oxidative stress products in NFTs [27]. AP can
damage mitochondria, leading to energy metabolism
disorders and oxidative stress injury. These pathological
changes further promote abnormal AP accumulation,
forming a vicious cycle that leads to neuronal death and
disruption of intercellular communication [28]. GLP-1RAs
reduce ROS generation and maintain mitochondrial
homeostasis through multitarget actions. They activate the
adenosine 5'-monophosphate-activated protein kinase

(AMPK) signaling pathway, improve mitochondrial
oxidative  phosphorylation, enhance mitochondrial
biogenesis, reduce ROS  production, increase

mitochondrial quantity and function, further optimize
energy metabolism, and reduce ROS accumulation [29].

2.2.3 GLP-1RAs Reduce Advanced Glycation End
Product Levels

Advanced glycation end products (AGEs) are
generated through nonenzymatic condensation between
the carbonyl groups of reducing sugars and the free amino
groups of nucleic acids, proteins, or lipids, followed by
further rearrangement to form stable and irreversible final
products. AGEs accumulate in various cells as products of
normal aging, but their accumulation rate is greatly
increased in patients with diabetes. AGEs promote the
aggregation of amyloid oligomers, leading to neurotoxic
effects. After binding to their receptors, AGEs activate a
series of signaling pathways, resulting in inflammatory
responses, vascular injury, and neuronal dysfunction,
which subsequently impair cognitive function [30-31]. A
study by Dybjer et al. [32] showed that plasma GLP-1

levels and AGEs were negatively correlated with cognitive
test results. Some GLP-1RAs, such as semaglutide, have
been shown to cross the blood-brain barrier. Therefore,
GLP-1RAs may improve cognitive dysfunction by
reducing AGE levels in the brain.

In summary, glucose and lipid metabolic disorders
can directly or indirectly affect cognitive function. GLP-
IRAs improve glucose and lipid metabolic disorders by
promoting insulin synthesis and secretion, thereby
indirectly improving cognitive function. GLP-1RAs can
also reduce the generation and accumulation of oxidative
stress products through multiple mechanisms and decrease
AGE levels in the brain, thereby improving DACD.

2.3 Neuroinflammation

Neuroinflammation is also one of the important
pathological mechanisms of DACD. The development of
neuroinflammation involves multiple pathways, including
increased inflammatory cytokines and activation of
microglia [33]. Microglia initiate the first stage of
neuroinflammation by activating nuclear factor kappa-B
(NF-xB) [34]. The NF-kB signaling pathway is initiated by
proinflammatory molecules such as interleukin (IL)-1,
lipopolysaccharide, or tumor necrosis factor (TNF)-a. The
resulting products bind to corresponding receptors on cells
and induce signal transduction responses [35], ultimately
leading to the release and nuclear translocation of NF-kB.
After entering the nucleus, NF-kB binds to kB elements in
gene promoters, thereby enhancing downstream gene
expression of various enzymes, adhesion molecules,
chemokines, and cytokines involved in inflammatory
responses. Another important process involved in
neuroinflammation is AB-induced microglial activation,
which leads to the release of various inflammatory
cytokines, such as IL-1B, IL-6, and TNF-a [36]. The
neurotoxic processes mediated by these cytokines may
include direct neuronal death caused by enhanced
apoptosis, inhibition of synaptic function, and
hippocampal neuronal injury [37], thereby resulting in
cognitive decline. In addition, inflammatory signals such
as TNF-a or IL-1 can activate c-Jun N-terminal kinase
(JNK) and p38 protein through the mitogen-activated
protein kinase (MAPK) pathway. Activated JNK and p38
phosphorylate transcription factors to form the activator
protein-1 (AP-1) complex, promoting the transcription of
IL-6 and TNF-a. Meanwhile, p38 can activate the
downstream target MAPK-activated protein kinase 2
(MK2), and MK2 activation increases the stability and
translation of proinflammatory factor mRNA, jointly
amplifying the inflammatory response. GLP-1RAs can
inhibit activation of the NF-kB and MAPK pathways [38],
reduce the phosphorylation levels of extracellular signal-
regulated kinase, JNK, and p38, and decrease AP-1 activity,
thereby inhibiting the expression of inflammatory factors
[39]. GLP-1RAs also promote the generation of
phosphatidylinositol (3,4,5)-trisphosphate (PIP3), activate
AKT protein, inhibit caspase-3 activity, promote the
expression of antiapoptotic proteins, and reduce neuronal
apoptosis [40]. In addition, GLP-1RAs can significantly
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increase the expression of nerve growth factor and brain-
derived neurotrophic factor, promote the differentiation of
neural stem cells into neurons, increase neuronal number,
and help repair damaged neural tissue [41].
Neurotransmitters also play key roles in cognitive,
emotional, and memory functions of the brain. In patients
with DACD, the synthesis, release, and metabolism of
neurotransmitters such as acetylcholine, dopamine, and y-
aminobutyric acid are affected, leading to disordered
neural signal transmission and impaired cognitive function.
Related studies have shown that GLP-1RAs can promote
cholinergic neuron activity, increase acetylcholine
synthesis and release, regulate levels of dopamine and y-
aminobutyric acid, maintain balance in neurotransmitter
systems, promote normal neural signal transmission, and
thereby improve cognitive function [42].

2.4 Gut Microbiota

The gut microbiome is a complex microbial
community system colonizing the human digestive tract
and is characterized by marked diversity. Its core
microbiota include major phyla such as Firmicutes,
Bacteroidetes, Actinobacteria, and Proteobacteria. This
ecosystem plays important roles in regulating host material
and energy metabolism and maintaining immune
homeostasis. When ecological imbalance occurs in the
microbial community, it may induce abnormalities in host
metabolic pathways and cause various acute and chronic
discases [43]. Studies have shown that patients with
DACD exhibit characteristic structural changes in the gut
microbiota compared with patients with diabetes alone
[44]. The gut microbiota can communicate bidirectionally
with the brain through the gut-brain axis. Dysbiosis of the
gut microbiota can induce pathological processes such as
disordered glucose metabolism, abnormal insulin signaling
regulation, and chronic inflammatory responses, leading to
blood-brain barrier impairment, hippocampal neuronal
injury, and gliosis. At the same time, reduced
neurotransmitters and accumulation of ROS free radicals
aggravate cognitive impairment, ultimately leading to
DACD. Studies have confirmed that GLP-1RAs can
effectively alleviate depression- and anxiety-like behaviors,
enhance cognitive function, and exert neuroprotective
effects in diabetic mouse models by altering the gut
microbiota profile [45]. Therefore, it is extremely
important to further investigate the effects of GLP-1RAs
on the gut microbiota in patients with DACD.

3. Conclusions and Prospects

In summary, GLP-1RAs have shown significant
potential in the treatment of DACD. They can improve
cognitive function in patients with diabetes through
multiple mechanisms, including regulation of glucose and
lipid metabolism, neuroprotection, and antioxidative stress
effects. Clinical trials of liraglutide, dulaglutide, and other
drugs for the treatment of DACD have been completed,
showing favorable efficacy and good safety. Trials
investigating the efficacy and safety of other GLP-1RAs,
such as semaglutide, in the treatment of DACD are

ongoing. In the future, GLP-1RAs have broad application
prospects for improving cognitive function in patients with
T2DM. Further research should investigate the
characteristics and advantages of different GLP-1RAs and
develop drugs with higher selectivity and specificity to
enhance efficacy and reduce adverse reactions. With
continued research, GLP-1RAs are expected to become
core drugs for the treatment and prevention of DACD.
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Abstract: Diabetes mellitus is closely associated with cognitive dysfunction, and prolonged hyperglycemia significantly increases the
risk of dementia in patients by impairing cognitive function through mechanisms such as oxidative stress, accumulation of glycosylation
end products, insulin resistance, and neuroinflammation. Glucagon - like peptide - 1 receptor agonists (GLP-1RAs) , as the core
therapeutic agents for diabetes mellitus, have been recommended for diabetes mellitus patients with comorbidities of obesity,
cardiovascular disease or chronic kidney disease. There are an increasing number of animal experiments and clinical trials on the effects
and related mechanisms of cognitive function in patients with diabetes mellitus. This article focuses on exploring the possible mechanisms
of GLP-1RAs in treating cognitive dysfunction in patients with diabetes mellitus, and provides suggestions for further research.
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BE o R 1) 2 J , 0 P F S H B R RS IR
Frohte WA RIRE 1155 247 Rl o IR IRBIFSE R R
o K R A DACD B XU AR5 Tl B S8 5 B S 386, 7

UM ERE RIS BT JLARE  BEXT DACD 1B M2if
JT ST AR @2, (R DACD B8 IR YT FBAR B B,
IE— PR Z RS T 2, T B AR DI RE , S i H
AT . 1R I R AR K- 1 52 7R h 3 (glucagon-like pep-
tide-1 receptor agonists , GLP-1RAs ) J&:—2&F [l = M4 A
Jik-1(glucagon-like peptide-1, GLP-1)HF & 435 I p 1 254y , 7
BEEA I RE DT T FE B A0 T, AR SCERIR GLP-1RAs X b
b 58 2 DA S BE B 52 0k S FCAE HIALA , 5 78 i IR IR 7
DACD ${EE A AL w5 i

1 GLP-1RAs

GLP-1 72 M 18 L2020 Wb ) PN TR IR ISR A28 5 1l
Bika AT R ER O . GLP-1RAs il 1 A T4 i sl & 1
AL GLP-1 1A= W24 T Rk , 55 8 40 i 2R T 19 GLP-1 32 14
SHESES WO TS5 E R, S S A EE AR o M
B, GLP-1RAs 5 5 BAN IR TET Y GLP-1 22K 25 & {2 fifi
198 12 B A Jf0 736 B 22 (14 J 5 3R, o R A 1) BB BBURIR Y B
AR KT 5 24 M AL 1 B IR O, LR 2 2 43
AR FE D 8 353 , ARG AR I 2 2B O XUBS: o [, 2 i i
LI S5 o T 3 i 5 IR i JF AR D1 4 i R 1
HE— D FAE BE™ . IAM, GLP-1RAs 8 7] LIAEH] T 5 il ,
FELE B HESS SR W PN A1 BRI IR] U4 AR A P
W, I FLE VR AR 2 R G R A, P
B A NG B 45 A T, 350 ) 1 I J A A
PRI R B R E B H AT, GLP-1RAs B A PRI il —
LIRITLIY . IR 3 UL GLP-1RAs Fh &, # iRk 2 )
R T 43 Ry S ORI R R o SR, An S SER A, 3 A
T B H RS UR , 2 TR A 5 B8 390 A 45 )
PR RO AK R SRS KA R KR H Gk, T
JEE PR PR A ) S5 A 5 R DU T LA J B — W, R AR T R
AR o 00 BRI AE AR 9 VR BRI A R
i TSR b I L D BRI Bl . GLP-1RAs R IBTTEIR
R E 259, 5L G L, B AU RAF R RS
SR AR D AR VR A R B OO 45 O v SR B
FRAEH, IARRB T i , 122 e s A T RE 5 1hi
JEFLH SRS 7, MATT DACD AL T3 1

2 GLP-1RAs ¥ Z DACD BI#LH]

2.1 JRBFEIISE B-ITH A E G (amyloid B-protein, AB) K
Tau & W5 R AHTE 2 BUPEJRI (type 2 diabetes mellitus,
T2DM) () F 2 f AR BEEL A 0 3 2 DACD A FE B L]
TEIEREOLT B8 3R T LA i 5 0 5 RS2 AR 4 &, B T i
15530 8% , 1 4 T 46 26 1) SR SBORUR T, 2 o Y A2
o TEEE R HRPURA T 2nid B R &AL AR Y
TR, For ARy it BE AR R 2STE SR R, SERAR S X il 22 240

= A B AR TR S R BE T B S B A K
T (insulin-like growth factor, IGF)-1 G 5 2= k45 BUsi 2, A
M FECABTLE M 1 ABZK Ty M osHb bl R A IGF-1 %
RS A  JE TN R AP 2 BeAh, RS R hERE
A A AE 5 A ARG &, i — 2D R0 T AR I 5 A
B Zh s s aR A W PRI REIE i R il 4 20 A ORI T
5l ) MHCAZ I BEIAE "o Tau 8 FI7ENE 28 R G5 LA I
W R PR G EEAER Y, Tau B FURBEA N :
ABRE 13 BTG 2 O, 53 Tau 8 (L EBERR IL , B E %
Tau 25 4 5% Ak A UG BRIE 2T 24t A4t 28 S5 2T 4k 445 (neurofibril -
lary tangle, NFT) , M-S 3500 SR 2 i 2R975 (Alzheimer’s disease,
AD) &A1 Tau 2 RS M BORAEAR AR I T
Tau R ISR AR, 1 5 BTN & A& S BUR S R0k
T8 o 3 B N Ik VLB 3 3% A (phosphatidylinositol 3 kinase,
PI3K) 5538 5 R B AR MR SR i BRI (glycogen synthase ki-
nase, GSK)-3B7% 1: , 11 GSK-3p H 7 & #IEH & S8 Tau H
WEPR AL A S EE U o 7T AR AR SRR Tau 25 1193 FE R 1k
WRE N E P RHCPT. AR RARE S & 4% B - P it ik i 4t
HLER 1 C A1 GSK-3B 55 2R [ , = 9 5 R HEHT N Tau
BB IR AL ; AR UL AE RIS IR &2 R Z R Y 1 BB IR AL
TN 5 A il A2 4 R SO MR IR . A F R
GLP-1RAs 7 UL if i< ##7% PI3K/ZE [ i ¥ B (protein kinase B,
AKT)/GSK-3B/5 5 1 I B#A Tau 25 (A 149 528 BE BEIR 1L L 2 AR
ABULR, PIBK/AKT 5 53 6 J— AR L W IR 5 A 553
%, PI3K & T 5 S5t s , AR 4 45 A AT RE 25 53, T 43k 30T
AU A T AT BRI A H L, T AZEPI3KH AL 340G
1% G2 R ARG IS PI3K, | B PI3K U2 7E 3T G 25 I m Bk 2
TR Y BE Rl E OIS PIBK., AKT J2& PI3K T Ui 1Y 1 #2500 -,
GSK-3B42 GSK By B, 2 AKT 3 WL T W45 140 05, 6 1k
(9 AKT {ff GSK-3BAmR AL LA IR & P . 1l GLP-1 52 44&4E R G
T FREEZ R B — B, GLP-1RAs A] LITESGE GLP-1 3214
PR BT PIBK, M) GSK-3B B , A bk & 2R LA
K AR R 5 Tau & it BEBE R AL . JLIUF S W, 4%
GLP-1RAs HI T AD K EUSERY, 52841 ABUTARI Szl , Tau 2
FIBSFR AL KRR, K RN T BE ks, 25 LTk,
GLP-1RAs BEREAE T PIBK/AKT/GSK-3B15 538 B ik 3 ik
FHCHT G 0 5 2 B SR AR R el LX) i 25
20 i A A P LA B A ] Taw 25 3 BE WA 1L, ok B %o B2
FELTAERINFT (7725, IG5 A T fE

22 RiFEHE AR

22.1 GLP-1RAs E {2 F 98 5 R 19 & 15 40 W e wEAR A
WEEEL MR AT R B R AR L A
e BEER R P D | B AR ZE L R R T BB A L K Ak
ISR BB HRA  FST R AD A i FRIR S T A A
FIFH AR AR, A5 08 A FHAS Rt 233 ABTURR, TR AR LI
b3 S HOA AT BE B A5 . e A = AL bR B RS 51 &
DACD WY FE P ER , BRACIH 55 2 il sh Bk i 4k, , 5 S50 if 37
TETEASIE . T2DM B AR A9 24 300 8 IBIRRES DA RS
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DUB AT SO H i 47 Hh PR IS Gl 8 BE A AR | BB
NIRRT R A T A O 7N 2 o W e S ) IR (SR S
Sl O G 5 I s A IS ol A L B TIELRR R A g
B Z Y B A, 5 R 0E 2R 04 1A 50 7 5 ARl A8
A BT LA B 238 B MO i 20T A BT
JA5: 75 A BT S SR 2 IR , SRS M5 S 5, 5]
FEDACD B &, 17 GLP-1RAs 8@ i 5 ) 4RI 1) GLP-1
SARNE VRS G WO R R LG , (2 o 40 B R BRI A
(cyclic adenosine monophosphate , cAMP) KT o cAMP 1]
PLIE— 30 £ 1 08 A, BEJS 25 0% A BRI AL e 1,
IR 5 2R A A S R . R A 3R T LA A A R SR,
A S AR A AR LA S AR U 3 A 2 T A R R £
B

2.2.2 GLP-1RAs WD AAL L™ WU AE SRR i ik
) HE B A5 A1 3G M 48 (reactive oxygen species, ROS) [ 32 1 7=
TERE R K SR bl B OCHZ RN AR R,
PRI A R B 2R AT T BRI R 2 48U 0 R 3 AD
PRERAERY R R EARILRT™ A2 1Y ROS B H Hh ™ A= i) 46
P51E AD R A I 88, Bl ATP = A AU 55 2T AR LA
J NFT HAAAE AR 97" . ABRER IR LA 14 3 3 g 1t
P RERT , 5 | A AR5 55 o X S BRSO AL it ABRY
S BB NE BB AEIRER , T 5 | S fo 28 00 T L e 200 i [1)
IR, GLP-1RAs il i ZHL G AR, 384> ROS A2 4
FRARIRTRS , HBOE SRR IR 1 15 L A B (adenosine
5’-monophosphate -activated protein kinase, AMPK) S Bk
LR SRR L S IRZRA A YA 1, > ROS P4, 4
THARHA S UIRE , DAL CRE RS FREITROS 2RFR™
2.2.3  GLP-1RAs R# /IR i 0 5L 27 ) (advanced glycation
end products, AGEs) 7K AGEs /238 i i JFUH 9 i 56 S5 %R |
A TR BT R M e A Z [ AR BG4 & 7 R 1 SRS i —
BEHE P ERGE A RZ ) . AGEs fENIE# B &t
FERY P YIAEA R AN P AR  BAERE IR B v, AR R
SRBEIEIN . AGEs e e byie 8 1 SRR IR R4, AT 5
BANAFEEEN . AGEs 52855 R I — R IME Zil #%
T EUHAE SCNE  MLAE A5E F0 R 2 A i D R R S L 2 T A
INFITIRE " . Dybjer % WF 57 7R , 1ML GLP-1 7K F-Fl
AGEs 5 AN 25 R B AR 5C , TTHE 23 GLP-1RAs (M) 5%
M) C S RERE i 1 1G5 , PRI L , GLP- 1R As W] A ik
FEARARIN AGEs 7K M A I RERE A .

25 Lk, WA U ZEHEL AR S LA B R sl 2 1 =5
WHITIRE, 7 GLP-1RAs i fe k19 5 329 & 5 70 W, s
BN AR ZE AL, O H) 4 G AR DI RE s GLP- 1R As A ] i i £
o 75 20D A O™ W 1 A S R R BRI P AGEs 7K
-, T DACD .

23 AVZFE PREREULR DACD By E LS 2 — .
PR JERE Y7 HE P B Z2 Rt , A48 AR P20 R - g 38 I /)
G2 T 2 L )R 5 /0 G B 400 e ek YR A% PR T kB (nuclear
factor kappa-B, NF-kB) J& gl #f1 28 2 E A 5 — B Bt B NF-kB {5

o i AR 22T U ALY 2R (interleukin, TL) -1l 2 4H 81
fhged BRAE R T~ (tumor necrosis factor, TNF)-ai 31, T 80 7= 4
SN BB Z ARG G B R S S RO AT E
NF-wB W REHOTF AT 5400 . i AHREA% S , NF-xB 5
¥ ERB RAFES G, TG 325 PG R o DAk 5
IS5 JE SOV AN PR 1 R R ik . e e v I
F 55— I B R AR S/ N A I , RS AR
AT P B, AN TL-18 . TL-6 Fl TNF-o 260, 3 e 41 [A]
TG 2 R R T A AL 48 1 R A0 M O T B
AR ITHET G 52 D BE S S 2k S -, NI
SFHEOANFINAE TRE. J3oh, RAE(S 5 W TNF -5 1L-1 REAZIH
ik 22 B4 )5 35 Ak B A 3 B (mitogen activated protein kinase,
MAPK ) i B0 o-Jun 2835 R Um0 (c-Jun N-terminal kinase,
INK) Rl p38 2 [, 347 J 1 INK i1 p38 el AR k% 5t 4,
JI % 05 2 H - 1 (activator protein-1, AP-1) 2E5Y et IL-6.
TNF-o i 5% 53¢ 5 [RII, p38 BEASIHITE T UiF L MAPK i L2 1
T4 2(MAPK activated protein, MK2) , MK2 B33 38 in 742
P mRNA BUREVERIBARE I RBORIAE SN . 1 GLP-1RAs
AT LA NF-kB e MAPK G i 9805, R0 i b 15 8
P INK A p38 BB R ALK P, 98> AP-1 BRI 2, I T 400
HIJAEH FIRIEY . GLP-1RAs M@ i (e SERE IR IEALEE (3,
4,5)- =R (phosphatidylinositol 3, 4, 5-trisphosphate, PIP3)
A PO AKT 25 1, ) 2 D 2R K A R 2 11 -3 (cys-
teinyl aspartate specific proteinase-3, caspase-3) i Ik, f& HEHT I
TH AR, AT T Ak, GLP-1RAs AT 2. 33
o 28 A R TR R R P28 R R R R fE R 2 T
AN P 2R TT 7 1) S Ak, S e 2 e B, B B A2 A2 2 21
(PR EaS e YN LTINS N P N TRy VA 7)) 2 RN U )
KHEAE ] . 75 DACD 3% i, Fh 2836 B £ e B 2 12
JH - EAE T RAE G B RECR G 32 B R, S B 4
G AR EEL NI RE . AHOCAT SR, GLP-1RAs i
P NERRBE A 28T AR e , 38N L I AR 5 BRI, 4]
2 W My- 28 T TR/, HER i 28388 o SR e - A, 12
HERRZAE 5 I IE H A% 3k, BETTGE R ZRE
24 FpiEpmAS WIEMAY AR ER T AR E R
T EIRETE 2R 50, HZARPERAIE 2, O TR R (90 SR BE TR
FTAUFFRT T R T BB IEAT IR 14 2R, ISR
GEAENE T BRe i A B S e RS MRy T A A
o SRR A A S IR I T REVS A1 EARAHER
S IR T R Z R 2B HEER . DEFERI, DACD HE AR
TR R B U IE T R R EVEZS A R
TE TR R E - M A S N SE B 5 S AU, Wil
REZR AL A ZR L B 3R A5 5 1 R G i L K18
PRSI SN A5 B A (07 16 G e B 2 43, 50 2 o4t
D3 FIBE J5T 240 ML A= 5 TR, Ao 22388 J3 (1 9/ FI ROS Y H 611 2R
BN TR RERY B0 , T2 DACD &4 . A IFSE
UESE , GLP-1RAs REMH 4 A2 I 38 A WU R, A1 5022 b DR
o /I BRI AR AN A FEREA T S smIANRITNBE A 2 A 3
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FER! ., B, 33— 25455 GLP-1RAs % DACD H 34 7 18 T ¢
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3 FiRSRE

2% | Ard,, GLP-1RAs 7EVAYT DACD J5 TR ELH T 1 20
W HBENS i Z R AL A IR AR B e B
A N K A IR PR R AN T RE . E R A B
TR B R IR 2 M09A )7 DACD (I RS2 B 2258 i, Ho#
B T B ISR S AR 2 Pl . Hofth GLP-1RAs Q1) 38
% KIG YT DACD W7 R % AP g e 7 b T . R
K, GLP-1RAs 7E M0 T2DM F8 & U HI T BE 7 1 19 1 FH AT ot
I N TEATFGEAFI GLP- 1R As FOVE FS 5 A3 I % BAT
R R AR SR B 258, DASE SR L P RO AN R
FEEWFFEIR A, GLP-1RAs A 2RI DACD A9 B BB (142 .0
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