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Abstract: 

Background: Metabolic syndrome (MetS) and its relationship with 

cognitive impairment has been the subject of extensive research.    

Purpose: This study was designed to determine the effect of MetS on 

cognitive function, and the possibility of modulating this effect by 

exenatide, metformin and folic acid. Materials and Methods: 30 adult 

male albino rats were divided in 5 groups. Group (I): received a 

standard rat chow, group (II): none treated rats with MetS fed with 

60% fructose added to the standard rat chow, group (III): rats with 

MetS treated with exenatide, group (IV): rats with MetS treated with 

metformin, group (V):  rats with MetS treated with folic acid. At the 

end of the experiment, fasting blood glucose, fasting plasma insulin, 

HOMA-IR index, serum triglyceride, HDL-C, dopamine and BDNF 

levels in brain tissue were measured and cognitive performance was 

assessed by Morris water maze (MWM) test. Results: rats with MetS 

showed increased levels of fasting blood glucose, fasting plasma 

insulin, HOMA-IR index, arterial blood pressure, serum triglycerides, 

decreased HDL-C, dopamine and BDNF and showed memory 

impairment in MWM test. All treated groups resulted in decrease in 

fasting blood glucose, fasting plasma insulin, HOMA-IR index, arterial 

blood pressure, and serum triglycerides and increase in HDL-C, 

dopamine and BDNF as well as improvement in MWM test. Conclusion: MetS was associated with 

cognitive impairment. Exenatide, metformin and folic acid improved cognitive function in addition 

to improvement of metabolic parameters. 
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Abbreviations: BDNF: Brain-derived neurotrophic factor, HDL-C: High density lipoprotein 

cholesterol, MetS: metabolic syndrome, MWM:  Morris water maze.           

Department of clinical 

pharmacology, Benha 

faculty of medicine, Banha 

University, Egypt 

Correspondence to: Doaa 

M. Khalil, department of 

clinical pharmacology, 

Benha faculty of medicine, 

Banha University,  Egypt 

Email:  

nadabassem14@yahoo.com  

Received: 19 January 2020 

Accepted: 18 March 2020 



Benha Medical Journal, Vol. 37, issue 1, 2020  

032 
DOI: 10.21608/bmfj.2020.22710.1206 

 

 

INTRODUCTON: 

Metabolic syndrome (MetS) is a clustering of 

abdominal obesity, insulin resistance (IR), 

atherogenic dyslipidemia and elevated blood 

pressure (1) and is associated with other 

comorbidities including prothrombotic state, 

proinflammatory state, nonalcoholic fatty 

liver disease, and reproductive disorders 

(2,3,4). 

Several factors of MetS have been linked to 

cognitive impairment and dementia (5). 

Accordingly, it can be said that MetS, which 

is considered as risk factor for the 

development of diabetes, hypertension, 

dyslipidemia, and coronary artery disease can 

also act as an important risk factor for the 

development of dementia. This understanding 

has given rise to the concept of Metabolic 

Cognitive Syndrome (6). 

Glucagon like peptide-1 (GLP-1) is an 

incretin hormone that regulates blood-glucose 

levels. It enhances glucose-dependent insulin 

secretion and lowers blood-glucose in 

subjects with type 2 diabetes (T2DM). The 

first incretin-mimetic, exenatide, is a potent 

and selective agonist for the GLP-1 receptor 

and has been widely used for the treatment of 

T2DM (7). 

Glucagon like peptide-1 plays important roles 

in the brain, and acts as a neurotransmitter. 

GLP-1 receptors expressed on neurons, have 

growth factor-like properties and protects 

neurons from neurotoxic influences. Since, 

exenatide may play an important role in 

blocking diabetes-induced memory 

deterioration; it may be a candidate for 

alleviation of cognitive disorders (8). 

Metformin, an oral antihyperglycemic 

agent, is the most frequently used drug for 

treatment of T2DM. Inhibition of 

gluconeogenesis in the liver via activating 

the 5’ adenosine monophosphate-activated 

protein kinase (AMPK) is the main 

molecular mechanism of metformin action 

(9). 

Recently, several studies have examined the 

use of metformin in the treatment of 

neurodegenerative diseases such as 

Alzheimer’s disease (AD), mild cognitive 

impairment and Parkinson’s disease (10,11). 

Folic acid is important in the nervous 

system at all ages and there is growing 

evidence of its involvement in the ageing 

brain, especially in mood and cognitive 

function. Recent epidemiological and 

clinical data suggest that persons with low 

folic acid levels are at increased risk of AD 

(12). 

PURPOSE: Study the effect of MetS on 

cognitive function, modulating this effect by 



Effect of exenatide, metformin and folic acid on MCS, 2020 

032 
DOI: 10.21608/bmfj.2020.22710.1206 

 

drug interventions and compare the 

beneficial effect of exenatide, metformin 

and folic acid on cognitive impairment 

associated with MetS.  

 METHODS: 

This prospective study was done on 30 adult 

male albino rats weighing 150-200g were 

used. Rats were acclimatized for one week 

and were caged (4/cage) in fully ventilated 

room with 12 hours light/dark cycles in 

Clinical Pharmacology Department, Benha 

Faculty of Medicine from September to 

November 2018. Approval from 

institutional ethical committee was 

obtained.  Rats were divided into two parts:  

Part 1:  6 rats received standard chow diet 

and tap water (group I).  

Part 2: 24 rats fed with 60% fructose added 

to standard chow diet for 8 weeks for 

induction of MetS (13, 14). At the end of 8
th

 

week, rats were subdivided into 4 groups:  

Group (II): MetS group continued on 

standard chow diet and tap water. 

Group (III): MetS group continued on 

standard chow diet and tap water with 

exenatide (10µg/kg/day s.c.) (15,16) for 4 

weeks. 

Group (IV): MetS group continued on 

standard chow diet and tap water with 

metformin (250 mg/kg/day/orally) (17, 18) 

for 4 weeks. 

Group (V): MetS group continued on 

standard chow diet and tap water with folic 

acid (10mg/kg/day/orally) (12,19) for 4 

weeks.  

At the end of the experiment (12 weeks) the 

following parameters were performed: 

(1)  MWM test: 

A circular pool filled with 28
°
C opaque 

water to a depth of 40 cm was divided into 4 

quadrants by 4 starting points marked on its 

wall: North, South, East and West. A 

circular platform 9 cm in diameter was 

placed in the pool 2 cm below water level 

mounted on a column. The platform 

provided the only escape from water and 

was fixed in the center of one of the 4 

quadrants.  

The experiment started by placing the rat in 

the pool from 4 different randomly chosen 

start positions with the head facing the wall. 

The rat swims around until it finds the 

hidden platform to stand on or for duration 

of one minute. The escape latency, the time 

to reach the platform, was recorded for each 

animal. If a rat could not find the platform 

within one minute, it was guided to the 

platform and allowed to stay there for 10 

seconds; the latency was scored as one 

minute. Acquisition trials were performed 



Benha Medical Journal, Vol. 37, issue 1, 2020  

030 
DOI: 10.21608/bmfj.2020.22710.1206 

 

four times daily for five consecutive days. 

The second day after the last trial, the 

platform was removed and animals were 

allowed to swim freely for one minute, the 

time spent in the target quadrant and the 

numbers of crossing the platform were 

recorded to test retention memory (19). 

(2)  Blood pressure: 

Rats were placed in the restrainer, the 

pneumatic cuff fitted over the rats' tail, then 

inflated to occlude the pulse and allowed to 

deflate slowly until the pulse pressure 

observed on the pulse channel of the lab 

chart. A two-channel recorder was used to 

obtain a record of both pulse and cuff 

pressure (20). 

(3)  Biochemical studies: Rats were overnight 

fasted for 12 hours; rats were anesthetized 

and then were fixed on operating table and 

the blood samples were collected to 

measure: 

a. Fasting blood glucose (FBG): Achieved by 

dimedone precipitation (21). 

b. Fasting plasma insulin: Assayed by rat-

specific enzyme immunoassay (22). 

c. HOMA-IR index: IR measured using 

homeostasis model assessment ratio defined 

by the following formula (23,24) 

d.     FBG (mg/dl) x Fasting plasma insulin 

(µIU/mL)   HOMA-IR= 405             

e. Serum triglycerides: Enzymatic 

colorimetric test according to (GPO-PAP) 

method (25). 

f.  Serum HDL-C: Separation of high density 

lipoproteins and determination of 

cholesterol bound to these fractions (26). 

(4) Dopamine and BDNF in brain tissue: 

Sample preparation: Anesthetized animals 

were decapitated; brain was excised, 

trimmed of connective tissues, rinsed in ice-

cold Phosphate Buffered Saline (PBS) to 

remove excess blood, one hemisphere 

weighed. Brain tissues were minced and 

homogenized in a certain amount of PBS 

with a glass homogenizer on ice. The 

resulting suspension was subjected to 

ultrasonication or to two freeze-thaw cycles 

to further break the cell membranes. The 

homogenates were centrifugated for 15 

minutes at 1500×g. Remove the supernatant 

and assay immediately or aliquot and store 

samples at -20°C or -80°C (27,28). 

Principle of assay: Dopamine ELISA kit 

applies competitive enzyme immunoassay 

technique utilizing monoclonal anti-dopamine 

antibody (29). BDNF ELISA kits applies 

sandwich enzyme immunoassay technique 

utilizing antibody specific for rat BDNF (30). 

STATISTICAL ANALYSIS: Data tabulated 

and analyzed using SPSS version 16 software 

(Spss Inc, Chicago, ILL USA Company).  

Data were expressed as mean ± standard 
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deviation. Differences among variables were 

tested using one-way analysis of variance 

(ANOVA). Significant ANOVA test were 

followed by post-hoc multiple comparisons 

using Bonferroni tests to detect significant 

pairs (31) and p<0.05 was considered 

significant. 

Results: 

(1) MWM test (table 1,2): 

- MetS group showed significant increase in 

escape latency on 3
rd

, 4
th

 and 5
th

 days and 

significant decrease in the number of crossing 

the platform and the time spent in the target 

quadrant compared to control group.  

- Exenatide group showed significant 

decrease in escape latency on 3
rd

, 4
th

 and 5
th

 

days while metformin and folic acid groups 

showed significant decrease in escape latency 

on 4
th

 and 5
th

 days compared to MetS group. 

All treated groups showed significant increase 

in the number of crossing the platform and the 

time spent in the target quadrant compared to 

MetS group.  

(2) Blood pressure (table 3): 

- MetS group showed significant increase in 

systolic and mean blood pressure compared to 

control group (p<0.05). Exenatide and 

metformin groups showed significant 

decrease in systolic and mean blood pressure 

(p<0.05), while folic acid group showed 

insignificant decrease of systolic and mean 

blood pressure compared to MetS group 

(p>0.05). Exenatide group showed significant 

decrease in systolic blood pressure compared 

to metformin group (p<0.05) and significant 

decrease in systolic and mean blood pressure 

compared to folic acid group (p<0.05). 

(3) FBG, fasting plasma insulin and HOMA-

IR index (table 4): 

- MetS group showed significant increase 

(p<0.05) in FBG, fasting plasma insulin and 

HOMA-IR index compared to control group. 

All treated groups showed significant 

decrease (p<0.05) in FBG, fasting plasma 

insulin and HOMA-IR index compared to 

MetS group. Both exenatide and metformin 

groups showed significant decrease (p<0.05) 

in FBG, fasting plasma insulin and HOMA-IR 

index compared to folic acid group. 

(4) Serum triglycerides and HDL-c (table 5): 

- MetS group showed significant increase 

(p<0.05) in triglycerides and significant 

decrease in HDL-C compared to control 

group. All treated groups showed significant 

decrease (p<0.05) in triglycerides and 

significant increase in HDL-C compared to 

MetS group. Exenatide group showed 

significant decrease (p<0.05) in triglycerides 

and significant increase (p<0.05) in HDL-C 

compared to folic acid group, while 

metformin group showed significant increase 

(p<0.05)in HDL-C compared to folic acid 

group. 
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(5) Dopamine and BDNF  in brain tissue 

(table 6): 

- MetS group showed significant decrease 

(p<0.05) in dopamine and BDNF compared to 

control group. All treated groups showed 

significant increase (p<0.05) in dopamine and 

BDNF compared to MetS group. Exenatide 

showed significant increase (p<0.05) in 

dopamine and BDNF compared to folic acid 

and significant increase (p<0.05) in BDNF 

compared to metformin. Metformin showed 

significant increase in BDNF compared to 

folic acid (p<0.05). 

Table (1): Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on Morris water maze test. 

 

 

Escape latency in sec 

1
st
 day (mean ± 

SD) 

2
nd

 day 

(mean ± 

SD) 

 3
rd

 day 

(mean ± 

SD) 

4
th

 day 

(mean ± 

SD) 

5
th

 day (mean ± 

SD) 

Control group 28.3 ± 3.6 20.3 ± 4.0 14.0
 
± 5.2 11.7 ±4.7 8.7 ± 2.9 

Metabolic syndrome non treated 

group 

36.0 ± 15.5 34.0 ± 17.0 32.0
a 
±15.0 31.2 

a
±15.5 29.2

 a
 ± 13.6 

Exenatide-treated group 28.7 ± 3.8 23.7 ± 6.0 17.7 
b
± 5.3 16.3 

b
± 4.8 12.3 

b
± 3.2 

Metformin -treated group 30.0 ± 5.2 26.7 ± 4.5 20.5 ± 4.1 18.3 
b 

± 3.8 15.0 
b
± 2.4 

Folic acid-treated group 31.7 ± 5.5 29.0 ± 5.2 23.0 ± 4.8 19.5 
b
± 1.4 17.2 

b
± 3.1 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c: Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05. 

 
 

 

Table (2): Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on Morris water maze test 

 

 No. of crossing the platform 

(mean ± SD) 

Time spent in the target quadrant in sec. 

(mean ± SD) 

Control group 7 ± 0.6 33.7 ± 1.6 

Metabolic syndrome non treated group 2
a
 ± 0.6 11

a
 ± 1.5 

 Exenatide-treated group 5
a,b

 ± 0.9 23.3
a,b

 ± 1.2 

Metformin -treated group 5 
a,b

± 0.7 23 
a,b

± 1.4 

Folic acid-treated group 4.5
a,b

 ± 0.5 22
a,b

 ± 1.3 

 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c:Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05. 
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Table (3):Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on systolic and mean arterial blood pressure in metabolic- 

cognitive syndrome. 

 

 Systolic BP (mm. Hg) 

(mean ± SD) 

Mean arterial BP (mm. Hg)  

(mean ± SD) 

Control group 109.3± 4.1 85.8 ± 3.1 

Metabolic syndrome non treated group 162.8
 a
 ± 4.4 132.2

 a
 ±  2.3 

Exenatide-treated group 148 
a,b

 ± 3.0 115
 a,b

 ± 3.4 

Metformin -treated group 155.5 
a,b,c

 ± 4.8 119.7 
a,b

 ± 3.5 

Folic acid-treated group 157.5
 a,c

 ± 2.9 125.2 
a,c

 ± 2.8 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c: Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05. 

 
 

 
 

 

Table (4): Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on fasting blood glucose, fasting plasma insulin and HOMA-IR 

index in metabolic- cognitive syndrome. 

 

 Fasting blood glucose 

mg/dl 

(mean ± SD) 

 Fasting plasma 

insulin level 

µIU/ml 

(mean ± SD) 

HOMA IR index 

(mean ± SD) 

Control group 77 ± 5.9 1.1
 
± 0.28 0.21 ± 0.07 

Metabolic syndrome non treated group 298.3 
a
 ± 6.8 9.1

a
 ± 0.27 6.71

a
 ±0.28 

Exenatide-treated group 118.2 
a,b

 ± 4.2 3.15
 a,b

 ± 0.19 0.92
 a,b

 ± 0.08 

Metformin -treated group 125.8 
a,b

 ± 5.6 4.2
 a,b,c

 ± 0.24 

 

1.31
a,b,c

 ± 0.13 

Folic acid-treated group 189.8 
a,b,c,d

 ± 4.3 6.0
 a,b,c,d

 ± 0.23 

 

2.81
a,b,c,d

 ± 0.14 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c: Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05 
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Table (5):Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on serum triglycerides and HDL- cholesterol in metabolic- 

cognitive syndrome. 

 
 Serum triglycerides (mg/dl)                    

(mean ± SD) 

Serum HDL- C (mg/dl)  

(mean ± SD) 

Control group 92 ± 6.0 43.3 ±  1.5 

Metabolic syndrome non treated group 158.0 
a
 ± 6.3 28.8 

a
 ± 1.8 

Exenatide-treated group 129.0 
a,b

 ± 3.5 39.0
 a,b

 ± 0.9 

Metformin -treated group 135.0 
a,b

 ± 6.4 37.5 
a,b

 ± 1.9 

 

Folic acid-treated group 144.0 
a,b,c

 ± 3.7 34.0 
a,b,c,d

 ± 0.9 

 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c: Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05. 

 

Table (6): Effect of treatment with exenatide (10 µg/kg/day s.c for 4 weeks),  metformin (250 mg/kg/day p.o for 4 

weeks) and folic acid (10mg/kg/day p.o for 4 weeks) on dopamine and BDNF levels in brain tissue in metabolic- 

cognitive syndrome. 

 

 Dopamine in brain tissue (ng/g 

tissue)                  

(mean ± SD) 

BDNF in brain tissue (Pg/g 

tissue)                   

(mean ± SD) 

Control group 610  ± 13 50.9  ± 1.4 

Metabolic syndrome non treated group 390 
a 
 ± 12.6 12.8 

a 
± 1.0

 

Exenatide-treated group 480 
a,b 

 ± 15.8 30.1 
a,b 

± 1.9
 

Metformin -treated group 465 
a,b

  ± 8.9 24.7 
a,b,c 

± 1.8
 

Folic acid-treated group 455 
a,b,c 

 ± 10 20.8 
a,b,c,d 

± 1.8
 

 

Data are presented as mean (M) ±SD 

a: Significant difference versus control at p<0.05. 

b: Significant difference versus non treated group at p<0.05. 

c: Significant difference versus exenatide treated group at p<0.05. 

d: Significant difference versus metformin treated group at p<0.05. 

 

DISCUSSION: 
 

The burden of MetS is becoming even more 

alarming on the light of recent reports 

suggesting that MetS disrupts brain function 

and resilience to neurological disorders (32). 

MetS increases the incidence of cognitive 

disorders in aging and AD, and even in young 

individuals (33,34). 

Metabolic syndrome group showed 

hyperglycemia, hyperinsulinemia, IR, 

hypertension and dyslipidemia. These results 

are in agreement with other studies done on 
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2013 & 2017) (35, 36).  High flux of fructose 

to the liver disturbs normal hepatic 

carbohydrate metabolism and enhances de 

novo lipogenesis which lead to IR in humans 

and animals (37). Fructose elevated blood 

pressure through increased sympathetic 

nervous system activity, enhanced renin-

angiotensin system activity, increased sodium 

reabsorption and impaired endothelium-

dependent relaxation (38). 

Metabolic syndrome group decreased 

dopamine and BDNF and impaired 

performance in MWM test indicating 

cognitive impairment, this agreed with other 

studies (39, 40). Chronic fructose feeding (4–

16 weeks) induce apoptosis and reduce 

hippocampal neurogenesis (41). Also, shorter 

periods induce autophagy in rat cerebral 

cortex and reduce the hippocampal weight 

(42). 

Dopamine controls locomotor activity, 

cognition, emotions and feeding behavior 

(43). MetS group showed reduction in 

dopamine, these results agreed with others 

who stated that the brain dopamine level and 

the activity of DA2 receptors are weakened in 

MetS and T2DM. (44, 45) 

Brain-derived neurotrophic factor is the most 

widely distributed neurotrophin in the central 

nervous system. It plays a major role in 

regulating axonal and dendritic growth, long-

term potentiation and neurotransmitter release 

(46). MetS group showed reduction of BDNF 

as shown by others (47, 48). In humans, 

reduced BDNF expression is evident in 

preclinical phases of AD (49). Also changes 

in serum BDNF is associated with age related 

memory decline in late adulthood (50). 

Moreover, a novel polymorphism in BDNF 

gene was associated with late onset AD (51). 

Morris water maze test is one of the primary 

methods used to evaluate cognitive 

impairment in rats (52). MetS group showed 

impaired performance in MWM test. 

Likewise, it was reported that high fructose 

impaired spatial memory in rats.(53)  

Fasting blood glucose, insulin, and HOMA-IR 

were decreased with improvement of 

dyslipidemia and hypertension in MetS rats 

treated with exenatide, these results are in line 

with other studies done on 206 and 2017 (54, 

55). Exenatide exert its beneficial effect on 

pancreas by maintaining optimal β-cell mass 

and function by increasing the β-cell gene 

expression, this may lead to β-cell 

proliferation and neogenesis (56).  

Additionally, GLP-1 impairs β-oxidation and 

de novo lipogenesis in the hepatocyte and 

modulates reverse cholesterol transport (57). 

The antihypertensive effect of exenatide was 

demonstrated in rat model of MetS (58). 

Other studies reported that exenatide reduced 

blood pressure in subjects with elevated blood 

pressures. (59). Furthermore, another study 
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(60) reported that exenatide has a novel 

antihypertensive effect as GLP-1 is a 

vasodilator, induces c-GMP and c-AMP 

release. Another target of GLP-1 in the brain 

is the dopaminergic system (61). In the 

present study, exenatide increased dopamine 

level. Exenatide upregulates the expression of 

tyrosine hydroxylase catalyzing the 

conversion of tyrosine into L-DOPA (62). 

Also, exenatide increased BDNF, these results 

are in agreement with others, who 

demonstrated that mRNA level of BDNF was 

increased in the hippocampus of the diabetic 

mice treated with exenatide. (8) 

Exenatide improved performance in MWM 

test. This was also reported previously as 

intracerebroventricular infusion of exenatide 

ameliorated cognitive functions in rats with 

hepatosteatosis. (63) 

 Furthermore, exenatide has cognitive 

enhancing effect even in presence of genetic 

neuronal dysfunction. This effect due to 

metabolic switch toward anaerobic glycolysis 

and increased production of lactate, two 

phenomena that can fuel the neurons in which 

a valid cognitive reserve is still present (7).   

Metformin decreased FBG, insulin, HOMA-

IR index and triglycerides with elevation of 

HDL-C, these results were demonstrated in 

2015 by other researchers (64). Metformin 

inhibits gluconeogenesis in the liver by 

activating the liver kinase B1 (LKB1)/AMPK 

pathway through inhibiting the mitochondrial 

respiratory-chain complex-1 (65). Metformin 

improves IR by increasing insulin receptor 

expression and improving tyrosine kinase 

activity (66).  

Metformin improved the lipid profile when 

administered alone or in combination with 

atorvastatin (67). It decreases mRNA 

expression of sterol regulatory element-

binding protein-1which upregulates enzymes 

involved in de novo fatty acid synthesis, such 

as acetyl-CoA carboxylase (68, 69).  

Metformin decreased blood pressure; these 

results are in line with previous studies 

(70,71,72), who concluded that metformin 

corrected the imbalance between 

endothelium-derived factors by reducing 

oxidative stress and suppressing the synthesis 

or release of vasoconstrictor prostanoids. 

Conflicting results was reported by Emeka & 

Al-Ahmed (73), who found that doxorubicin 

induced hypotension, was restored by 

metformin.  

In the present work, metformin increased 

dopamine and BDNF and improved 

performance in MWM test indicating 

cognitive improvement, these findings are in 

accordance with other researchers. (74). 

Furthermore, treatment of 1-methyl-4-phenyl-

1, 2, 3, 6-tetrahydropyridine plus probenecid-

induced mouse model of Parkinson’s disease 
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with metformin significantly increased 

dopamine level (75). 

Regarding BDNF, our results were in 

accordance with others who found that rats 

treated with metformin after cerebral ischemia 

showed elevation of BDNF level (76). Also, 

in 2019 it was reported that diabetic patients 

taking metformin had higher serum BDNF 

levels due to increasing AMPK and tyrosine 

kinase activity (77) 

Metformin improved performance in MWM 

test, these findings are in line with others who 

reported that learning and memory 

impairment induced by scopolamine was 

reversed by metformin (78, 79) 

Folic acid reduced FBG, insulin, HOMA-IR 

index and triglycerides with elevation of 

HDL-C. These results were proved before 

stating that folic acid supplementation 

improved glycemic control, decreased 

triglycerides and increased HDL-C levels (80-

81). Folic acid showed insignificant changes 

in blood pressure these findings are in 

agreement with McRae (82) and inconsistent 

with others, (83) who showed that folic acid 

improved endothelial dysfunction and 

decreased blood pressure. 

Folic acid increased dopamine and 

BDNF and improved performance in MWM 

test indicating cognitive improvement; this in 

line with Yang and co-workers (19) who 

stated that folic acid attenuates diabetes-

induced cognitive impairment. 

Folic acid plays a role in the methylation of 

homocysteine providing methyl group for 

conversion of methionine to S-

adenosylmethionine, which has an important 

role in the synthesis of tetrahydrobiopterin, an 

essential co-factor for the hydroxylation of 

phenylalanine and tryptophan, rate limiting 

steps in the synthesis of dopamine (84, 85).  

Folic acid prevents the reduction in BDNF 

induced by homocysteine injection (86). Folic 

acid promotes hippocampal neurogenesis and 

preserves cognitive functions after stroke in 

the adult brain (87,88). Additionally, 

alteration of maternal folic acid reduces 

BDNF levels in preterm pregnancy (89).  

Conclusion: MetS was associated with 

cognitive impairment. Exenatide, metformin 

and folic acid improved cognitive function in 

addition to improvement of metabolic 

parameters. 
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