
Open access freely available online Nat. Life Sci. Commun. 2023. 22(1): e2023001 

1 Natural and Life Sciences Communications: https://cmuj.cmu.ac.th   

Metformin Mitigates Memory Impairment of 
Diabetic Mice through Modulation of Plasma  
Pro-inflammatory Cytokines and Aβ1-42 Levels 

Yoottana Janthakhin1,*, Sutin Kingtong2, Chutima Aphibanthammakit3, 
and Sirikran Juntapremjit1  

1 Cognitive Science and Innovation Research Unit (CSIRU), College of Research Methodology and Cognitive 
Science, Burapha University, Chonburi 20131, Thailand. 
2 Department of Biology, Faculty of Science, Burapha University, Chonburi 20131, Thailand. 
3 National Nanotechnology Center (NANOTEC), National Science and Technology Development Agency (NSTDA), 
Klong Luang, Pathumthani 10120, Thailand. 

Experimental and clinical studies reported that type 2 diabetes 
mellitus (T2DM) is associated with cognitive dysfunction and promotes 
the onset of dementia. Metformin is an antihyperglycemic drug used 
for the treatment of T2DM. A growing number of evidence revealed 
neuroprotective, antioxidant, and anti-inflammation effects exerted by 
metformin. The present study aimed to investigate the effect of 
metformin on cognitive function, systemic proinflammatory cytokines 
and amyloid-beta 1-42 (Aβ1-42) which is a pathological hallmark of 
Alzheimer’s disease (AD) in diabetic mice. C57BL/6N mice were divided 
into the following experimental groups: normal control group (NC); 
diabetes mellitus group (DM) induced by a high-fat diet combined with 
streptozotocin (STZ) injection; diabetes mellitus treated with 
metformin 100 mg/kg (DM+Met). Cognitive performance was 
evaluated by the novel object recognition test (NORT). Systemic 
proinflammatory cytokines and Aβ1-42 were assessed by the enzyme-
linked immunosorbant assay (ELISA) test. We found that diabetic mice 
exhibited cognitive impairment in NORT whereas the treatment with 
metformin restored the cognitive function of diabetic mice. Moreover, 
diabetic mice presented an increase in plasma IL-6 and TNF-α levels 
while Aβ1-42 was decreased when compared to NC mice. 
Nevertheless, the administration of metformin allowed the levels of 
plasma IL-6, TNF-α, and Aβ1-42 to normalize in diabetic mice. Taken 
together, our findings suggest that metformin improves the cognitive 
function of diabetic mice possibly via the modulation of plasma 
pro-inflammatory cytokines and Aβ1-42 levels. Metformin may 
potentially be used as a therapeutic agent for patients with T2DM who 
show cognitive deficits. 
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INTRODUCTION 

Diabetes mellitus (DM) has been considered as a common metabolic disorder 
that can cause many complications such as nephropathy, retinopathy, 
cardiovascular and cerebrovascular diseases. A growing body of evidence indicates 
that T2DM is associated with an increased risk to develop mild cognitive 
impairment (MCI) and dementia including Alzheimer’s disease (AD) (Arnold et al., 
2018; Biessels et al., 2006). Previous studies demonstrated that patients with AD 
exhibit greater impairments in glucose and insulin metabolism when compared to 
individuals with normal cognitive function (Craft et al., 1992; Janson et al., 2004). 
High glucose levels increased the expression of pro-inflammatory cytokines 
including tumor necrosis factor-α (TNF-α), interleukin-1b (IL-1b), and interleukin-
6 (IL-6) (Wang et al., 2012; Niu et al., 2016) and the generation of reactive oxygen 
species (ROS) (West, 2000). However, the molecular mechanisms underlying the 
relationship between T2DM and cognitive dysfunction remain unclear. 

AD is a progressive neurodegenerative disorder characterized by the 
accumulation of senile plaques and neurofibrillary tangles (NFT) in the brain. Senile 
plaques containing amyloid-beta protein (Aβ) in the brain play a pivotal role in AD 
pathogenesis. In addition, the level of Aβ in the brain is determined by the balance 
between Aβ production and its clearance (Wang et al., 2006). Notably, it was 
reported that Aβ in the brain can be transported into the peripheral blood (Tarasoff-
Conway et al., 2015; Xiang et al., 2015). The association between the cognitive 
impairment and plasma Aβ levels in the context of T2DM remains unknown and 
the effect of metformin treatment on plasma Aβ1-42 levels in diabetic mice have 
not been investigated. 

Metformin is a drug for the treatment of T2DM, in which its antidiabetic 
mechanisms are exerted by decreasing hepatic glucose production and improving 
insulin sensitivity by increasing peripheral glucose uptake and utilization (Gong  
et al., 2012). Previous studies revealed the neuroprotective effect of metformin in 
some neurological disorders such as epilepsy, cerebral ischemia, and 
neurodegenerative diseases (Arbeláez-Quintero and Palacios, 2017; Bojja et al., 
2021; Rotermund et al., 2018). However, the effect of metformin on 
neurocognitive function in the DM mouse model induced by a high-fat diet (HFD) 
combined with streptozotocin remains unknown. Furthermore, the effect of 
metformin administration on plasma proinflammatory cytokines and Aβ1-42 levels 
in diabetic mice has never been investigated.  

In the present study, we aimed to investigate the effect of T2DM, induced by 
HFD feeding combined with STZ injections on cognitive function. Meanwhile, we 
tend to evaluate whether metformin treatment could prevent cognitive impairment 
and modulate pro-inflammatory cytokine and Aβ levels in the plasma of diabetic 
mice. 

MATERIALS AND METHODS  

Animals and treatment 
Three-week-old male C57BL/6N mice were obtained from Nomura Siam 

International, Thailand. The animals were housed in a climate-controlled 
environment with an alternating 12h light–dark cycles. After one week of 
acclimatization, all animals were fed either a control diet (CD: n=10) offering a 
total of 3.04 kcal/g (containing 4.5% crude fat, 24% crude protein) (the National 
Animal Center, Salaya Campus, Mahidol University, Bangkok, Thailand) or a high-
fat diet (HFD: n=20) supplemented with 25% sucrose (containing 14.4% crude 
fat, 24.3% crude protein) (Quick fat; CLEA, Japan) offering a total of 4.11 kcal/g 
for four weeks. The diabetic animal model was constructed by two intraperitoneal 
injections of STZ, dissolved in cold citrate buffer (0.01 M, pH 4.5) at the dose of 
100 mg/kg with the injection volume of 10 mL/kg (Sigma-Aldrich), while the 
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normal control (NC) group received the same volume injection of citrate buffer 
(vehicle). The second injection was performed 48h after the first injection. One 
week after the first injection of STZ, a fasting blood glucose (FBG) test was applied 
to assess the diabetic model. STZ-treated mice which met the criterion (FBG > 200 
mg/dL) (Kang et al., 2017) were randomly separated into two groups as followed: 
diabetic group (DM group) and diabetic treated with metformin (DM+MET group). 
Three mice who did not meet the criterion, were excluded from the study. During 
the experiment, two mice from the DM+MET group were dead and excluded for 
the statistical analysis. The DM+MET group was received a daily oral gavage of 
metformin at the dose of 100 mg/kg. The DM group and DM+MET group were 
continued on HFD meanwhile the NC group was given a normal chow diet for 
additional seven weeks. The sample size was determined according to the previous 
study which recommended 5 to 7 animals per group will be required (Arifin and 
Zahiruddin, 2017).  All experiments were guided in accordance with the Animal 
Care and Use Committee of Burapha University (IACUC Number 023/2562). 

 
Novel object recognition test 

Novel object recognition test (NORT) was appraised as described previously 
with some modifications (Juntapremjit and Janthakhin, 2021; Janthakhin et al., 
2022). Briefly, the test consisted of three phases: habituation phase, training 
phase, and test phase. During the habituation phase, mice were exposed to the 
open-field box in the absence of object for five minutes. Mice were then returned 
to their home cage. On the following day (training phase), mice were placed in the 
same open-field with two identical objects and were allowed to freely explore the 
environment and objects for 10 minutes. Twenty-four hours later (testing phase), 
mice were placed back in the open-field and at this time, allowed to explore a novel 
object and a familiar one for 10 minutes. During the experiment, the open-field 
box and objects were cleaned using 70% alcohol to eliminate the olfactory cue. 
Time spent exploring each object was collected in the test phase in which the 
mouse’s nose was within 2 cm of the object. A percentage of time exploring the 
novel object versus the total object exploration time was presented. 

 
Open-field test 

Open-field test was used to measure the anxiety-like behavior. Briefly, each 
mouse was placed in the center of the open square box (40x40x25cm) made from 
white and non-porous plastic, and animals were allowed to freely explore the open-
field box for five minutes. Time spent in the center zone and number of entries 
into the center of the open-field were recorded. 

 
Measurement of body weight and blood glucose level 

Body weight was monitored weekly across the experiment. The blood glucose 
levels were evaluated at one week after diabetic induction, three weeks, and six 
weeks after drug administration. After a 6-hour fast, blood samples were collected 
from a small incision at the end of the mice’s tails. A drop of blood was placed onto 
a glucose strip and blood glucose was measured with a glucose meter according to 
the user instructions guideline (ACCU-CHEK Guide, Roche, Thailand). 

 
TNF-α, IL-6, and Aβ1-42 measurements 

Plasma samples from each group of mice were collected and stored at -20°C 
until they were thawed for the assay. Plasma TNF-α, IL-6, and Aβ1-42 were 
detected using ELISA kits (ABclonal Technology, Wuhan, China) according to the 
instructions. The optical density (OD) value of the sample at 450 nm was collected 
by microplate reader (Thermo Fisher, U.S.A.). The sample concentration was 
calculated according to a corresponding standard curve. 

 
 

https://cmuj.cmu.ac.th/


 

Open access freely available online  Nat. Life Sci. Commun. 2023. 22(1): e2023001  

 

4 Natural and Life Sciences Communications: https://cmuj.cmu.ac.th   

Statistical analysis 
All data are presented as mean ± standard error of mean (SEM). Shapiro-

Wilk and Levene’s tests were used to test the normality and homogeneity of 
variance, respectively (Supplementary data Table 1.). One-way ANOVA was used 
to compare the means of parameters addressed among three groups. Tukey’s test 
was used as multiple comparison post hoc test when equality of variance was 
assumed and Dunnett T3 was applied when equality of variance was not assumed. 
A general linear model was used to analyze the body weight and the FBG levels 
among three groups at different time points. P value < 0.05 was considered as 
significant.  

RESULTS  

Effect of metformin on mouse body weight and blood glucose 
levels  

 A general linear model was used to analyze the body weight during 7 weeks 
of treatment. The Mauchly’s test of sphericity showed an unequal compound 
symmetry (Mauchly’ W = 0, P < 0.001). The Greenhouse-Geisser correction 
revealed a significance of time effect (F(1.50,32.99) = 12.80, P < 0.001), and an 
interaction between time and treatment effect (F(3.00,32.99) = 27.63, P < 0.001). 
At the end of the treatment (W7), the body weight in the DM group and DM+MET 
group was significantly lower than the NC group (P < 0.001). In addition, the body 
weight of the DM+MET group did not differ to that of the DM group (P > 0.05) 
(Figure 1A).  

Regarding the effect of metformin on glucose metabolism, the FBG levels 
were evaluated at three weeks and six weeks after treatment. A general linear 
model was used to analyze the FBG levels. The box’s test of equality of covariance 
matrix showed a significant difference in covariance matrix (Box’ M = 62.107, 
F(12,19) = 4.09, P < 0.001). The Mauchly’s test of sphericity showed an unequal 
compound symmetry (Mauchly’ W = 0.362, P < 0.001). The Greenhouse-Geisser 
correction revealed a significance of time effect (F(1.22,26.86) = 29.37,  
P < 0.001), and an interaction between treatment and time effect (F(2.442, 26.86) 
= 6.59, P < 0.001). Post hoc analysis indicated that both the DM group and the 
DM+MET group exhibited significant increases in the FBG levels when compared to 
the NC group at three time points (P < 0.001). However, the levels of FBG of the 
DM+MET group did not differ to those of the DM group at both three weeks and 
six weeks after treatment (P > 0.05) (Figure 1B). 
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Figure 1. Effect of metformin on body weight (A) and blood glucose levels 
(B) in mice with type 2 diabetes mellitus. Data were presented as mean ± 
SEM. Normal control (NC) (n = 10), diabetic mice (DM) (n = 8), diabetic mice 
treated with metformin (DM+MET) (n = 7). ***P < 0.001 when compared with the 
normal control group. 

Effect of metformin on cognitive functions in diabetic mice 
 The novel object recognition test was used to evaluate non-spatial memory in 
NC, DM, and DM+MET mice. One-way ANOVA showed a significant treatment effect 
for a percentage of recognition index for the testing phase (F(2,22) = 19.84,  
P < 0.001). A Tukey post doc test revealed that the percentage of recognition index 
of the DM group was significantly lower than that of the NC group (P < 0.001) 
indicating a cognitive deficit in DM mice. Interestingly, the DM+MET mice exhibited 
a higher percentage of recognition index than DM mice (P < 0.01) suggesting that 
metformin could reverse the cognitive deficit of DM mice (Figure 2A). However, 
the total time spent exploring the objects during testing did not differ among 
groups (F(2,22) = 0.37, P > 0.05) (Figure 2B). 
  The anxiety-like behavior was also evaluated in the open-field test. An ANOVA 
for the time spent in the center revealed a non-significant difference between 
groups (F(2,22)  = 3.27, P > 0.05) (Figure 2C). Moreover, the number of entries 
into the center of the open-field arena did not differ among groups (F(2,22) = 
1.95, P > 0.05) (Figure 2D) suggesting that diabetes mellitus did not affect 
anxiety-like behavior in these mice. 
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Figure 2. Effect of metformin on recognition index (A), the total time of 
objects exploration (B), time spent in the center (C) and number of 
entries into the center of the open-field (D) in diabetic mice. Data were 
presented as mean ± SEM. Normal control (NC) (n = 10), diabetic mice (DM)  
(n = 8), diabetic mice treated with metformin (DM+MET) (n = 7). ***P < 0.001 
when compared with the normal control group, ##P < 0.01 when compared with 
the diabetic group.  
 

Effect of metformin on plasma pro-inflammatory cytokines 
levels in diabetic mice 
 We further investigated the levels of plasma pro-inflammatory cytokines, i.e., 
IL-6, and TNF-α in diabetic mice and evaluated whether the metformin treatment 
could affect these plasma pro-inflammatory cytokines levels. An ANOVA for the 
plasma IL-6 level showed a significant difference between groups (F(2,22)  = 
23.15, P < 0.001). A Dunnett T3 post doc test revealed a significant increase in 
the plasma IL-6 level in the DM group when compared to that of the NC group (P 
< 0.001). Interestingly, the level of plasma IL-6 was lower in the DM+MET group 
than the DM group (P < 0.01) (Figure 3A). We also found a difference in the plasma 
TNF-α level among groups (F(2,22) = 3.95, P < 0.05). A Tukey post doc test 
revealed that the DM+MET group exhibited a decrease in the plasma TNF-α level 
when compared to the DM group (P < 0.05) (Figure 3B). 
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Figure 3. Effect of metformin on plasma IL-6 level (A) and plasma TNF-α 
level (B) in diabetic mice. Data were presented as mean ± SEM. Normal control 
(NC) (n = 10), diabetic mice (DM) (n = 8), diabetic mice treated with metformin 
(DM+MET) (n = 7). *** P < 0.001 when compared with the normal control group,  
# P < 0.05 when compared with the diabetic group.  

Effect of metformin on plasma Aβ1-42 levels in diabetic mice 
The association between type 2 diabetes and Alzheimer’s disease (AD) has 

epidemiologically been demonstrated, thus plasma Aβ has been used as a potential 
biomarker for AD diagnosis. Therefore, the level of plasma Aβ1-42 was 
investigated in our study. We found a difference in plasma Aβ1-42 level between 
groups (F(2,22) = 9.80, P < 0.001). A Tukey post doc analysis revealed that the 
level of plasma Aβ1-42 of the DM group was lower than that of the NC group  
(P < 0.001). Interestingly, the level of plasma Aβ1-42 of the DM+MET group was 
augmented when compared to the DM group (P < 0.05) (Figure 4). 

 

Figure 4. Effect of metformin on plasma Aβ1-42 levels in diabetic mice. 
Data were presented as mean ± SEM. Normal control (NC) (n = 10), diabetic mice 
(DM) (n = 8), diabetic mice treated with metformin (DM+MET) (n = 7). ***  
P < 0.001 when compared with the normal control group, # P < 0.05 when 
compared with the diabetic group.  

Correlation between object recognition memory and plasma 
pro-inflammatory cytokines and Aβ1-42 levels 

We further investigated the correlation between object recognition memory 
performance and plasma pro-inflammatory cytokines and Aβ1-42 levels. We found 
that the percentage of recognition index negatively correlated with plasma IL-6 
level (r = -0.68, P < 0.001) (Figure 5A). Additionally, the percentage of recognition  
index was found to correlate positively with plasma Aβ1-42 level (r = 0.72,  

 

A B 
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P < 0.001) (Figure 5C). However, the level of plasma TNF-α tended to correlate 
with  
the recognition index but it did not reach the level of statistical significance level  
(r = -0.30, P > 0.05) (Figure 5B). 

 

Figure 5. Correlation between object recognition memory and plasma pro-
inflammatory cytokines and Aβ1-42 levels (n = 25). 

DISCUSSION 

The present study showed that diabetic mice exhibited non-spatial memory 
impairment evaluated by a novel object recognition test (NORT) and the treatment 
with metformin at the dose of 100 mg/kg/day for seven weeks prevented cognitive 
deficits in diabetic mice. We further found that diabetic mice presented increased 
plasma IL-6 and decreased Aβ1-42 levels compared to the control group. 
Interestingly, the treatment with metformin could normalize the levels of plasma 
IL-6 and Aβ1-42 of diabetic mice. In addition, we found a negative correlation 
between object recognition memory performance and plasma IL-6 level. Moreover, 
the positive correlation between object recognition memory performance and 
plasma Aβ1-42 level has been found.  

In the present study, we used the combination of high-fat diet (HFD) 
consumption and streptozotocin (STZ) administration to induce type 2 diabetes 
mellitus (T2DM) model in mice and cognitive deficits were observed in the diabetic 
mouse model. In line with our results, previous studies revealed memory 
impairments in several cognitive tests in the T2DM animal model induced by HFD 
intake combined with STZ injection, including passive avoidance test (Cassano  
et al., 2020), novel object recognition test (Cassano et al., 2020), fear conditioning 
test (Chen et al., 2017), Morris water maze test (Datusalia and Sharma, 2014; 
Park et al., 2020; Ren et al., 2019) and in the Y-maze test (Esmaeili et al., 2020). 
In our study, we decided to use the novel object recognition paradigm to evaluate 
object recognition memory because this type of memory is thought to be an 
important aspect of human declarative memory (Brown and Aggleton, 2001). 
Additionally, clinical studies demonstrated that individuals with T2DM showed 
specific alterations in the declarative memory process (Bruehl et al., 2007; Yau  
et al., 2009). Although both clinical and experimental studies indicated that 
diabetes mellitus affected cognitive functions, the mechanisms underpinning 
diabetes-induced cognitive deficits remains unclear. 
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We showed that metformin treatment rescued cognitive deficits in T2DM mice 
induced by HFD feeding combined with STZ injection. This finding was consistent 
with previous studies revealing the protective effects of metformin against 
HFD/STZ-induced cognitive impairments in the animal model of T2DM (Salman  
et al., 2013; Jiang et al., 2021). Although the effect of metformin treatment per 
se on cognitive function in non-diabetic control animals was not investigated in the 
present study, Oliveira and colleagues reported that oral treatment with metformin 
at the dose of 200 mg/kg for 21 days had no effect on cognition (Oliveira et al., 
2016).  

Regarding the mechanistic effects exerted by metformin in improving 
cognition in diabetic mice, hyperglycemia is one of mechanisms that has been 
proposed to be involved in cognitive dysfunction induced by diabetes mellitus 
(Bernier et al., 2021; Rawlings et al., 2019; Whitmer et al., 2021). However, in 
our study, we found that the oral treatment with metformin could not reduce 
fasting blood glucose levels in diabetic mice. Our finding suggests that metformin 
could improve memory in HFD/STZ-induced diabetic mice independent of glycemic 
control. 

Inflammatory markers have been proposed to contribute to cognitive decline 
in T2DM (Chornenkyy et al., 2019; Li et al., 2015). Increased levels of 
inflammatory markers and proinflammatory cytokines in blood circulation such as, 
tumor necrosis factor α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6) 
have been observed in people with T2DM (Donath, 2014; Liu et al., 2016; Mirza et 
al., 2012). In the present study, we found that diabetic mice exhibited an increase 
in plasma IL-6 and TNF-α levels when compared to a normal control group. 
Furthermore, the negative correlation between object recognition memory 
performance and plasma IL-6 level has been observed. Our results were consistent 
with the previous research reporting increased levels of circulating TNF-α, IL-1β, 
and IL-6 in STZ-induced diabetic mice (Niu et al., 2016; Sun et al., 2021; Zhang 
et al., 2016). Interestingly, we found that the treatment with metformin reduced 
systemic pro-inflammatory cytokines levels in diabetic mice. To the best of our 
knowledge, this is the first study to show that elevated proinflammatory cytokines, 
i.e., IL-6 and TNF-α levels participate in object recognition memory impairments 
in HFD/STZ-induced diabetic mice. In addition, metformin preserves the cognitive 
function of HFD/STZ-induced diabetic mice possibly via a reduction of IL-6 and 
TNF-α levels. Further study is still needed to evaluate the effect of IL-6 or TNF-α 
inhibitor on cognitive function in diabetic mice. 

Previous studies reported that chronic hyperglycemia in the diabetic condition 
resulted in an elevation of serum IL-6 and MCP-1 levels. This increase in serum  
IL-6 and MCP-1 levels in diabetic mice originated from the increase in the 
macrophage infiltration (Niu et al., 2016). Moreover, it has been reported that 
hyperglycemia in diabetes caused the generation and accumulation of advanced 
glycation end products (AGE), that in turn, lead to the activation of  
pro-inflammatory cytokines being responsible for endothelial dysfunction and 
vascular inflammation (Basta et al., 2002). Thus, strategies aiming to reduce the 
production of AGE may become an important approach for preventing cognitive 
deficits in conjunction with reduced systemic inflammation in HFD/STZ-induced 
diabetic mice. 

The mammalian target of rapamycin (mTOR) is a conserved protein kinase 
which plays a crucial role in keeping a balance between protein degradation and 
synthesis, involved in several biological processes such as cellular growth, survival 
and death (Laplante and Sabatini, 2012). Previous studies reported 
hyperactivation of mTOR signaling in the hippocampus associated with cognitive 
deficits in animals with type 2 diabetes mellitus (Sun et al., 2019; Wang et al., 
2014). Therefore, it is interesting to investigate whether metformin treatment 
would affect the hippocampal mTOR signaling and restore cognitive function of 
HFD/STZ-induced diabetic mice. 

Previous studies demonstrated the relationship between type 2 diabetes 
mellitus and Alzheimer’s disease (AD) as evidence by molecular, functional, and 
clinical data (Arnold et al., 2018; Biessels and Despa, 2018). Furthermore, it has 
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been demonstrated that plasma Aβ1-42 levels were negatively correlated with the 
cognitive performance of individuals with mild cognitive impairment (MCI) and 
individuals with AD (Nakamura et al., 2018). However, studies of Aβ1-42 levels in 
people with diabetes or in an animal model of diabetes were inconclusive (Peters 
et al., 2017; Meakin et al., 2020; Peng et al., 2020). In our study, we found that 
diabetic mice exhibited a decrease in plasma Aβ1-42 levels when compared to 
control mice and the treatment with metformin normalized the levels of plasma 
Aβ1-42 in diabetic mice. Our findings suggest that the clearance of Aβ from the 
brain to the peripheral blood has been disturbed in diabetic mice. Therefore, it 
seems that the alteration of Aβ transport from the brain to the peripheral blood 
leading to a decrease in plasma Aβ1-42 level, may participate in cognitive deficits 
in diabetic mice.  

CONCLUSION 

The present study found that metformin can significantly reduce systemic 
inflammation and increase amyloid beta expression, which subsequently enhance 
improvements in object recognition memory of diabetic mice. In conclusion, 
metformin may be used as a therapeutic alternative for patients with type  
2 diabetes mellitus who show cognitive deficits. Further research is needed to 
investigate the effect of metformin in combination with another drug such as 
glucagon-like peptide 1 receptor agonist (GLP-1 receptor agonist) or sodium-glucose 
transport protein 2 (SGT-2) inhibitor on cognitive impairment in diabetic mice. 
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Supplementary data 

Table 1. The assumption of normality and homogeneity of variance. 
Parameters addressed Shapiro-Wilk test for 

normality 
Levene’s test for 
homogeneity of 
variance 

Statistical analysis 

a percentage of 
recognition index 
during testing 

assumed assumed one-way ANOVA 

total time spent 
exploring the objects 
during testing 

assumed assumed one-way ANOVA 

time spent in the 
center 

assumed not assumed one-way ANOVA 

number of entries into 
the center of the open-
field 

assumed assumed one-way ANOVA 

plasma IL-6 level assumed not assumed one-way ANOVA 

plasma TNF-α level assumed assumed one-way ANOVA 

plasma Aβ1-42 level assumed assumed one-way ANOVA 
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	DISCUSSION
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