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Yang et al.: Protective Effect of Exogenous Adiponectin in Mice with Alzheimer's Disease

To explore the protective effect of exogenous adiponectin on neurological function of Alzheimer's disease mice 
by affecting nucleotide-binding oligomerization domain receptor/nuclear factor-kappa B/tumor necrosis factor 
signal pathway. 60 healthy male mice with C57BL/6J were divided into 5 groups; control (group A) (n=12), 
sham operation (group B) (n=12), model (group C) (n=12) and high (group D) and low dose adiponectin groups 
(group E) (n=12). Normal saline was given to the group A, B, C, D and E group, once a day. Adiponectin high 
and low dose group was given adiponectin (10 mg/kg and 2.5 mg/kg) intragastric administration. The Morris 
water maze test of mice in each group was analyzed, the expressions of nucleotide-binding oligomerization 
domain 2, nuclear factor-kappa B, toll-like receptor-4, tumor necrosis factor-alpha and interleukin-1 beta in 
each group were compared, and the expressions of caspase-3, c-caspase-3 and B-cell lymphoma 2 proteins in 
each group were studied. Compared with the group C, the latent period of the experiment was decreased and 
the number of diving was increased in the high and low dose groups of adiponectin. Compared with the group 
C, the nucleotide-binding oligomerization domain 2, nuclear factor-kappa B and toll-like receptor-4 in group D 
and E were lower. Compared with the group C, the levels of the above factors in the group D and E decreased. 
Compared with the group C, the caspase-3 and cleaved caspase-3 in the group D and E decreased, while the 
B-cell lymphoma 2 increased. Exogenous adiponectin can enhance the learning and memory ability of patients 
with Alzheimer’s disease, affect the expression of nucleotide-binding oligomerization domain 2, nuclear factor-
kappa B, toll-like receptor-4 and other pathways, and reduce the levels of tumor necrosis factor-alpha and 
interleukin-1 beta, so as to inhibit the inflammatory response of nerves in the brain, reduce the damage to 
nerve function, and provide new therapeutic ideas for the prevention and treatment of Alzheimer’s disease.
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Alzheimer's Disease (AD) is characterized by 
cognitive impairment, memory impairment and 
personality changes[1]. The main pathological 
features of AD are senile plaque, neuronal 
reduction and neurofibrillary tangles, but the 
related mechanism is still unclear[2]. Studies have 
found that the inflammatory response caused by 
senile plaque deposition is the main mechanism of 
the pathogenesis of AD, and non-steroidal anti-
inflammatory drugs can activate glial cells in AD 
mice, thus reducing neuronal damage, and finally 
play a neuroprotective effect[3]. Nucleotide-binding 
Oligomerization Domain (NOD receptor) is mainly 

expressed in the cytoplasm and is a pattern 
recognition receptor, which plays an important 
role in infection and autoimmunity[4]. Through the 
stimulation of different effector molecules, NOD 
receptors activate transcription Nuclear Factors 
Kappa-B (NF-kB) and Tumor Necrosis Factor 
(TNF), thus participate in the expression of 
inflammatory mediators, and finally aggravate the 
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inflammatory response[5]. The pathogenesis of AD 
is a multi-factor, multi-stage process, so the 
treatment of AD cannot only rely on a single 
treatment, but need multi-faceted, multi-level, 
multi-angle progressive research, so as to 
completely change the neurodegenerative diseases. 
Exogenous Adiponectin (ADPN) is secreted by fat 
and belongs to an endogenous bioactive peptide[6]. 
ADPN plays an important role in metabolic 
diseases such as diabetes, cardiovascular disease 
and obesity, and can play an important role in anti-
inflammation, improving insulin resistance and 
anti-atherosclerosis[7]. It has been found that 
ADPN plays a regulatory role in the central 
nervous system, but there are few reports in AD, 
so this study aimed to explore the effects of ADPN 
on the neurological function of AD mice through 
NOD receptor/NF-κB/TNF signal pathway. 60 
healthy male mice from C57BL/6J were selected. 
The average age was (32.63±2.41) w and the body 
weight was (156.37±12.45) g. The mice were fed 
under the condition of clean grade, and the mice 
were given indoor light off and avoiding light for 
12 h respectively, and were fed adaptively for 7 d. 
Keep the room temperature at 22°-25°, indoor 
humidity 55 %-60 %, to ensure that mice are free 
to eat and water. All animal experiments were 
approved by the Ethics Committee of our hospital. 
The feeding environment, body weight and week 
age of mice were no difference (p>0.05). The 
electronic balance (Mettler-Toledo International 
Co., Ltd.,); high temperature and low speed 
centrifuge (Shanghai Beckman Kurt International 
Trading Co., Ltd.,); automatic biochemical 
analyzer (Shanghai Jumu Medical Devices Co., 
Ltd.,); optical microscope (Shanghai Tielun 
Optical instrument Co., Ltd.,); Stereo Positioner 
(Beijing Youcheng Jiaye Biotechnology Co., Ltd.,) 
and automatic biological tissue slicer (Beijing 
Jiayuan Xingye Technology Co., Ltd.,). 
Experimental reagents are Fetal Bovine Albumin 
(FBA) serum (Shanghai Wenren Biotechnology 
Co., Ltd.,); NOD receptor kit (Shanghai Future 
Industrial Co., Ltd.,) and NF-κB, TNF detection 
kit (Shanghai Jingkang Bioengineering Co., Ltd.,). 
All mice were screened by water maze before the 
experiment, and the learning and memory ability 
of mice was tested by Morris water maze. In 
positioning navigation experiment, the mice were 
put into the water in four quadrants head down, 
and the escape latency, i.e. the time it took the 

mice to find the platform within 2 min, was 
recorded. When the mice find the platform within 
2 min, the mice should be given traction by the 
experimenter and stay on the platform for 10 s. 
Record the escape lurking for 2 min. This was 
done for twice a day for 5 d, pay attention to the 
warmth of mice. In space exploration experiment, 
the platform was removed on the 6th d of the 
experiment, and the mice were put into the water 
in four quadrants, and the number of times the 
mice crossed the original platform in 2 min was 
recorded. After screening, the mice with congenital 
dementia and poor swimming posture were 
excluded. Treatment of Aβ including the 500 g of 
Aβ1-42 in powder state was dissolved with aseptic 
normal saline, shaken well by centrifuge and 
incubated in an incubator at 37° for 7 d. All mice 
were anesthetized by intraperitoneal injection of 
10 % chloral hydrate, the needle was slowly 
inserted into the abdominal cavity, the medicine 
was pulled back, and attention was paid to whether 
it was mistakenly into the intestine. When the 
resistance became small, there was no return of 
blood and stomach contents, and the anesthetic 
was injected. 300 s later, the mice showed paralysis 
and apathy, and the tail of the mice was pulled 
with hemostatic forceps and fixed on the brain 
stereotactic instrument when the mice did not 
resist. In the course of the experiment, the body 
temperature of mice was maintained at 37° and the 
laboratory temperature was maintained at 25°, 
which reduced the mortality of mice. The AD 
mouse model was established by localized injection 
of Aβ1-42 into the bilateral hippocampus of mice. 
The mice were fixed on the brain stereotactic 
instrument, and the hair on the top of the mice was 
removed. The mice were disinfected with iodine, 
and their skin was cut open. The bilateral 
hippocampal CA1 area was used as the injection 
area, and the anterior halogen was used as the 
starting point. The skull group was drilled with a 
thick needle to expose the dura mater, and 1 g/l 
Aβ solution was injected into the hippocampus for 
10 min to make it fully dispersed in the 
hippocampus. After the needle was removed, the 
skull wound was closed with bone wax and sutured, 
and gentamicin sulfate was used for disinfection in 
the surgical area. After the modeling was 
completed, the mice were put into a warm 
environment to revive them. Mice were raised in 
separate cages and injected with penicillin once a 
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day for 5 d to prevent infection. Again, the mice 
were tested by Morris water maze to judge the 
short-term memory ability of mice. Mice were 
randomly divided into 5 groups including the 
control group (group A), sham operation group 
(group B), model group (group C) and high (group 
D) and low dose (group E) ADPN groups with 12 
mice in each group. Normal saline was given to 
the group A, B, C, D and E group, once a day. 
Group D and E were given ADPN (10 mg/kg, 2.5 
mg/kg) intragastric administration. After 21 d of 
intragastric administration, the mice were treated 
with Morris water maze test for 6 d. The shorter 
the incubation period, the stronger the learning 
ability, and the longer the incubation period means 
the weaker the learning ability. The experimental 
latency and jumping times of different groups of 
mice were recorded; the expressions of NOD2, 
NF-κB and TRL-4 related pathways in different 
groups of mice were compared; the levels of 
TNF-α, IL-1β and other related inflammatory 
factors in each group of mice were detected and 
the apoptosis of related proteins was detected by 
Western blotting, and the expression of B Cell 
Lymphoma-2 (Bcl-2), caspase-3 and cleaved (c) 
caspase-3 was detected. In this study, Statistical 
Package for the Social Sciences (SPSS) 20.0 
statistical software was used for statistical 
analysis, and the measurement data were expressed 
in the form of mean±standard deviation (variance 
x±s) with t-test. The experimental latency and 
jumping times between the group A and B were no 
difference. Compared with the group B, the 
experimental latency of the group C increased and 
the number of diving decreased. Compared with 
the group C, the experimental latency of the D and 
E groups decreased, and the number of diving 
increased (Table 1). The NOD2, NF-κB and TRL-4 
between the group A and B were no difference. 
Compared with the group B, these in the group B 
was increased, and these pathways in the group D 
and E was lower than that in the group C (Table 2). 
The TNF-α and IL-1β between the group A and B 
were no difference. Compared with the group B, 
these in the group C were raised, and in the groups 
D and E were reduced than the group C (Table 3). 
The caspase-3, c-caspase-3 and Bcl-2 between the 
group A and B were no difference. Compared with 
the group B, the caspase-3 and c-caspase-3 in the 
group C was raised and the Bcl-2 was reduced, 
while the caspase-3 and c-caspase-3 in the group 

D and E were decreased than that in the group C, 
and the Bcl-2 was increased than that in the group 
C (Table 4). AD is a common polygenetic disease 
in the elderly, which involves many aspects of 
participation, and its pathogenesis is phased. 
Senile plaque is the most characteristic pathological 
change of AD, and Aβ constitutes the most 
important component of senile plaque, and the 
abnormal accumulation of Aβ is the main 
pathological feature of AD[8]. Aβ is the core 
pathogenic substance of AD, which exists in 
amyloid precursor protein and is mainly expressed 
in neurons and microglia of the central nervous 
system[9]. Recent studies have found that there are 
a variety of activated neurokeratinocytes and 
inflammatory factors near the senile plaque in the 
brain of patients with AD, so it is judged that there 
is persistent chronic inflammation in the brain of 
patients with AD. The above inflammatory reaction 
is the main influencing factor of neurodegenerative 
disease in patients with AD[10]. NOD2 is mainly 
expressed in mammalian macrophages, monocytes 
and granulocytes. It cannot only recognize foreign 
infections and invasions, but also activate cellular 
defense function and inflammatory response[11]. 
NF-κB plays an important role in immune response 
and inflammatory stimulation. The increase of 
TNF-α will lead to a series of intracellular 
responses that affect the expression of NF-κB[12]. 
NF-κB and IκB bind to each other and exist in the 
cytoplasm in an inactive state, but due to the 
activation of inflammation, IκB presents a state of 
phosphorylation, which makes NF-κB free and 
transferred to the nucleus, affecting the binding of 
κB finally, the feedback loop aggravates the 
inflammatory process[13]. It has been found that the 
presence of cerebellar glial cells plays critical role 
in the progression of AD patients[14]. Cerebellar 
glial cells are the main immune cells in the brain, 
which have both advantages and disadvantages in 
the development of AD. In the early stage of the 
disease, cerebellar glial cells can secrete 
neurotrophic factors, which can clear and 
phagocytize Aβ, but after the aggravation of AD, 
cerebellar glial cells near senile plaques are over-
activated, resulting in a large number of 
inflammatory factors[15]. The release of a large 
number of inflammatory factors will have a toxic 
effect on neurons, resulting in neuronal necrosis 
and injury; it can also further activate cerebellar 
glial cells, trigger a vicious circle, aggravate 
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factors and reduce the level of inflammatory 
factors in patients with AD. Compared with the 
group C, the caspase-3 and c-caspase-3 in the 
group D and E decreased, while the Bcl-2 
increased, indicating that ADPN can enhance the 
expression of Bcl-2, thus inhibit the expression of 
caspase-3 and c-caspase-3. To sum up, exogenous 
ADPN can enhance the learning and memory 
ability of patients with AD, affect the expression 
of NOD2, NF-κB, TRL-4 and other pathways, and 
reduce the levels of TNF-α and IL-1β, so as to 
inhibit the inflammatory response of nerves in the 
brain, reduce the damage to nerve function, and 
provide new therapeutic ideas for the prevention 
and treatment of AD.

neuronal damage and eventually lead to the 
deterioration of the disease[16]. This study found 
that, compared with the group C, the experimental 
latency of group D and E decreased, the number of 
diving increased, indicating that ADPN can 
enhance the learning ability and memory ability of 
mice. Compared with the group C, the NOD2, NF-
κB and TRL-4 in the group D and E of ADPN 
decreased, indicating that the use of ADPN can 
block the expression of NOD2, NF-κB and TRL-4, 
and slow down the aggravation of the disease. 
Compared with the group C, the TNF-α and IL-1β 
in the group D and E decreased, suggesting that 
ADPN can inhibit the release of inflammatory 

TABLE 1: COMPARISON OF MORRIS WATER MAZE TEST (x±s)

Group n Experimental incubation period Number of jumping platform
A 12 25.22±15.42 17.45±8.61
B 12 28.74±12.47 13.47±9.24
C 12 55.78±18.64# 4.35±3.15#

D 12 37.15±5.95* 10.02±5.68*
E 12 41.62±6.32* 8.23±4.21*
Note: *p>0.01 and #p>0.05

TABLE 3: COMPARISON OF INFLAMMATORY FACTORS ((x±s), ng/l)

Group n TNF-α IL-1β
A 12 20.14±3.56 103.18±9.45
B 12 19.45±5.34 110.65±11.35
C 12 108.78±13.47# 318.78±44.35#

D 12 59.48±8.63* 153.07±26.15*
E 12 75.44±9.41* 254.36±26.78*
Note: *p>0.01 and #p>0.05

Group n NOD2 NF-κB TRL-4
A 12 0.58±0.05 0.38±0.05 0.67±0.07
B 12 0.61±0.04 0.41±0.04 0.62±0.06
C 12 1.22±0.12# 0.88±0.06# 1.16±0.11#

D 12 0.79±0.06* 0.52±0.03* 0.71±0.02*
E 12 0.91±0.05* 0.63±0.04* 0.82±0.04*
Note: *p>0.01 and #p>0.05

TABLE 2: COMPARISON OF SIGNAL PATHWAYS (x̄±s)

Group n Caspase-3 c-Caspase-3 Bcl-2

A 12 1.02±0.08 1.01±0.12 1.03±0.08

B 12 1.05±0.03 1.03±0.07 1.01±0.10

C 12 1.56±0.19# 1.68±0.21# 0.45±0.02#

D 12 1.15±0.02* 1.18±0.04* 0.85±0.05*

E 12 1.35±0.08* 1.35±0.05* 0.62±0.08*

Note: *p>0.01 and #p>0.05

TABLE 4: THE EXPRESSION OF RELATED PROTEINS (x±s)



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 1170May-June 2024

Manassero G, Tabaton M, et al. The decrease of Uch-L1 activity 
is a common mechanism responsible for Aβ 42 accumulation 
in Alzheimer’s and vascular disease. Front Aging Neurosci 
2017;9:320. 

9. Weng S, Lai QL, Wang J, Zhuang L, Cheng L, Mo Y, et al. 
The role of exosomes as mediators of neuroinflammation in 
the pathogenesis and treatment of Alzheimer’s disease. Front 
Aging Neurosci 2022;14:899944. 

10. Sun HB, Zhang YM, Huang LG, Lai QN, Mo Q, Ye XZ, et 
al. The changes of the peripheral CD4+ lymphocytes and 
inflammatory cytokines in patients with COVID-19. PLoS 
One 2020;15(9):e0239532. 

11. Zhong Y, Kinio A, Saleh M. Functions of NOD-like receptors 
in human diseases. Front Immunol 2013;4:67819. 

12. Srinivasan M, Lahiri N, Thyagarajan A, Witek E, Hickman 
D, Lahiri DK. Nuclear factor-kappa B: Glucocorticoid-
induced leucine zipper interface analogs suppress pathology 
in an Alzheimer’s disease model. Alzheimer’s Dementia 
2018;4:488-98. 

13. Alawdi SH, El-Denshary ES, Safar MM, Eidi H, David MO, 
Abdel-Wahhab MA. Neuroprotective effect of nanodiamond in 
Alzheimer’s disease rat model: A pivotal role for modulating 
NF-κB and STAT3 signaling. Mol Neurobiol 2017;54:1906-
18. 

14. Hansen DV, Hanson JE, Sheng M. Microglia in Alzheimer’s 
disease. J Cell Biol 2018;217(2):459-72. 

15. Li C, Ren J, Zhang M, Wang H, Yi F, Wu J, et al. The 
heterogeneity of microglial activation and its epigenetic and 
non-coding RNA regulations in the immunopathogenesis of 
neurodegenerative diseases. Cell Mol Life Sci 2022;79(10):511. 

16. Frost GR, Li YM. The role of astrocytes in amyloid production 
and Alzheimer’s disease. Open Biol 2017;7(12):170228.

Conflict of interests:

The authors declared no conflict of interests.

REFERENCES
1. Delgado C, Vergara RC, Martínez M, Musa G, Henríquez F, 

Slachevsky A. Neuropsychiatric symptoms in Alzheimer’s 
disease are the main determinants of functional impairment 
in advanced everyday activities. J Alzheimer’s Dis 
2019;67(1):381-92. 

2. Uddin MS, Lim LW. Glial cells in Alzheimer’s disease: From 
neuropathological changes to therapeutic implications. Ageing 
Res Rev 2022;78:101622. 

3. Wu YJ, Wang L, Ji CF, Gu SF, Yin Q, Zuo J. The role of 
α7nAChR-mediated cholinergic anti-inflammatory pathway in 
immune cells. Inflammation 2021;44(3):821-34. 

4. Ranson N, Veldhuis M, Mitchell B, Fanning S, Cook AL, 
Kunde D, et al. Nod-like receptor pyrin-containing protein 
6 (NLRP6) is up-regulated in ileal Crohn’s disease and 
differentially expressed in goblet cells. Cell Mol Gastroenterol 
Hepatol 2018;6(1):110-2. 

5. You K, Gu H, Yuan Z, Xu X. Tumor necrosis factor 
alpha signaling and organogenesis. Front Cell Dev Biol 
2021;9:727075. 

6. Crews L, Masliah E. Molecular mechanisms of 
neurodegeneration in Alzheimer’s disease. Hum Mol Genet 
2010;19(R1):R12-20. 

7. Nguyen TM. Adiponectin: Role in physiology and 
pathophysiology. Int J Prev Med 2020;11:136. 

8. Guglielmotto M, Monteleone D, Vasciaveo V, Repetto IE, 

https://www.frontiersin.org/articles/10.3389/fnagi.2017.00320/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00320/full
https://www.frontiersin.org/articles/10.3389/fnagi.2017.00320/full
https://www.frontiersin.org/articles/10.3389/fnagi.2022.899944/full
https://www.frontiersin.org/articles/10.3389/fnagi.2022.899944/full
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239532
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0239532
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2013.00333/full
https://www.frontiersin.org/journals/immunology/articles/10.3389/fimmu.2013.00333/full
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.trci.2018.04.004
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.trci.2018.04.004
https://alz-journals.onlinelibrary.wiley.com/doi/10.1016/j.trci.2018.04.004
https://link.springer.com/article/10.1007/s12035-016-9762-0
https://link.springer.com/article/10.1007/s12035-016-9762-0
https://link.springer.com/article/10.1007/s12035-016-9762-0
https://rupress.org/jcb/article/217/2/459/52543/Microglia-in-Alzheimer-s-diseaseAlzheimer-s
https://rupress.org/jcb/article/217/2/459/52543/Microglia-in-Alzheimer-s-diseaseAlzheimer-s
https://link.springer.com/article/10.1007/s00018-022-04536-3
https://link.springer.com/article/10.1007/s00018-022-04536-3
https://link.springer.com/article/10.1007/s00018-022-04536-3
https://link.springer.com/article/10.1007/s00018-022-04536-3
https://royalsocietypublishing.org/doi/10.1098/rsob.170228
https://royalsocietypublishing.org/doi/10.1098/rsob.170228
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad180771
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad180771
https://content.iospress.com/articles/journal-of-alzheimers-disease/jad180771
https://www.sciencedirect.com/science/article/abs/pii/S1568163722000642?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1568163722000642?via%3Dihub
https://link.springer.com/article/10.1007/s10753-020-01396-6
https://link.springer.com/article/10.1007/s10753-020-01396-6
https://link.springer.com/article/10.1007/s10753-020-01396-6
https://linkinghub.elsevier.com/retrieve/pii/S2352345X18300523
https://linkinghub.elsevier.com/retrieve/pii/S2352345X18300523
https://linkinghub.elsevier.com/retrieve/pii/S2352345X18300523
https://www.frontiersin.org/articles/10.3389/fcell.2021.727075/full
https://www.frontiersin.org/articles/10.3389/fcell.2021.727075/full
https://academic.oup.com/hmg/article/19/R1/R12/623639?login=false
https://academic.oup.com/hmg/article/19/R1/R12/623639?login=false
https://journals.lww.com/IJOM/pages/default.aspx
https://journals.lww.com/IJOM/pages/default.aspx

