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ABSTRACT  

Background: Alzheimer disease is a cause of many cases of dementia about 60% to 70% in elderly people, it is a 

chronic neurodegenerative disease that usually starts slowly and worsens over time. AD is characterized by the 

presence of senile plaques enriched with insoluble aggregate of beta-amyloid, neurofibrillary tangles and cholinergic 

neuronal degeneration in the brain tissue, leading to neural dysfunction, neuro-inflammation, and critical pathological 

perturbations.  

Methods: Thirty-six males were classified into control group, Alzheimer-induced model (scopolamine 2.5 mg/kg IP 

once daily for 21 days). Folic acid-treated group (4 mg/kg, IP) once daily for 21 days with scopolamine. Vitamin 

D3treated group (42 IU/kg, SC) once daily for 21 days with scopolamine. Vitamin D3 and folic acid-treated group 

(vitamin D3; 42 IU/kg, SC and folic acid; 4 mg/kg, IP) once daily with scopolamine for 21 days. Memantine-treated 

group (20 mg/kg IP) once daily with scopolamine for 21 days.  

Results: Induction of Alzheimer’s showed significant decrease in brain tissue levels of BDNF, Ach, glutathione 

reductase and significant increase in amyloid peptide 1-42 level with significant memory impairment, significant 

increase of initial acquisition latency, first
t
 retention latency and second retention latency. While administration of 

folic acid, vitamin D3, memantine separately or in combination resulted insignificant increase of brain tissue levels of 

BDNF, Ach, glutathione reductase with significant reduction of amyloid peptide 1-42 level with significant memory 

improvement (significant decrease IAL, first RL and second RL). Also showed improvement of histopathological 

changes occurred in the brain.   

Conclusions: Data obtained in the present study revealed that treatment of experimentally induced Alzheimer rats 

with folic acid or vitamin D3 or memantine separately or combined group (folic acid+ vitamin D3) resulted in 

significant increase of brain tissue levels of BDNF, acetyl choline, glutathione reductase with significant reduction of 

amyloid peptide 1-42 level with significant decrease of IAL, first RL and second RL to reach the platform with 

improvement of histopathological changes occurred in the brain. But combined and memantine-treated groups 

resulted in more significant improvement than other treated groups.  
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INTRODUCTION  
Memory is one of the main roles of the brain, it is vital 

for survival of organisms by which they are able to 

record their     experiences and use this information to 

adapt their response to the environment. The gradual loss 

of memory and impaired cognitive functions are the 

major features of Alzheimer disease (AD).
1
 The global 

prevalence of dementia has been estimated to be as high 

as 24 million and is predicted to double every 20 years 

until at least 2040. As the population worldwide 

continues to age, the number of individuals at risk will 

also increase, particularly among the elderly.
2
 The most 

common early symptom of AD is difficulty in 

remembering recent events (short-term memory loss). By 

time, disorientation (including easily getting lost), mood 

swings, loss of motivation, not managing self-care and 

behavioral issues. As a person's condition declines, they 

often withdraw from family and society. Gradually, 

bodily functions are lost, ultimately leading to death.
3
 

The main pathological features of AD include 

extracellular amyloid plaques deposition leading to intra-

neuronal neurofibrillary tangles (NFTs) of hyper-

phosphorylated microtubule associated tau protein, an 

inflammatory reaction and ultimately cause neuronal 

death.
4
 Although the main etiology and mechanisms of 

neuronal cell loss in AD have not yet been definitively 

elucidated, the elevated oxidative stress and the 

inflammatory reactions are considered important 

mediators of neuronal damage in  

AD.5  

 Throughout the world, about one billion of vitamin D 

deficient people suffered from AD with a prevalence of 

approximately 70-90%.
6
 Vitamin D has been found to 

pose a neuroprotective effect through its nuclear hormone 

receptor (VDRs) which present in all regions essential to 

cognition such as neurons and glial cells of the 

hippocampus, sub-cortex, and cortex.7 joining of vitamin 

D on the VDRs prompts neuronal protection against AD 

degenerative processes, including antioxidant effect, anti-

inflammatory action, calcium homeostasis control by 

regulating intracellular calcium in hippocampal neurons, 

anti-atrophic effect through controlling neurotrophic 

agents, diminution of Aß-42 peptide gathering by 

motivating the phagocytosis of Aß peptide together with 

enhancing brain-to-blood Aß efflux transport and the 

prevention of acetylcholine defect through enhancing the 

activity of choline acetyl transferase in the brain.8 

Vitamin D receptors are expressed throughout the brain, 

including areas involved in memory such as the 

hippocampus and dentate gyrus. Similarly, the enzyme 

that synthesizes the active form of vitamin D, 1α-

hydroxylase, is produced in several cerebral regions.9 

The active form of vitamin D, 1,25 dihydroxy-vitamin 

D3 (1,25-D3), regulates neurotrophin expression, such as 

nerve growth factor, neurotrophin, glial-derived 

neurotrophic factor and the survival, development, and 

function of neural cells.10 Folic acid is essential for 

nervous system activity. It is crucial for the production 

and maintenance of new cells, synthesis ,maintenance of 

DNA synthesis and demethylations of homocysteine.
11

 

Previous researches  have shown that folic acid is an 

actual antioxidant with scavenging property of free 

radical helping the maintenance of  neuronal integrity 

with civilizing the memory status with progression of  

aging in AD.
12

 Folic Acid is an vital cofactor for the 

endogenous synthesis of CoQ10 and any debit in that 

would result in a deficiency in CoQ10. It has been 

showed that CoQ10 acts as scavenger radical and 

powerful antioxidant whose effects on enhancement of 

cognitive functions has been shown.
13

It promotes the 

plasma concentrations of docosahexaenoic acid (DHA) 

and eicosapentaenoic acid (EPA). EPA, DHA, and 

arachidonic acid (AA) are of benefit in dementia 

depression,and Alzheimer’s disease by upregulating gene 

expression concerned with neurogenesis, 

neurotransmission and connectivity, stimulating 

endothelial nitric oxide (eNO) generation, elevation of 

brain acetylcholine levels, and decreasing pro- 

inflammatory cytokines production. EPA, DHA, and AA 

also form precursors to anti-inflammatory compounds 

such as resolvins, lipoxins,  and neuroprotectin D1 

(NPD1) that guard neurons from the cytotoxic effect of 

numerous noxious stimuli.
14

 Memantine used in 

treatment of AD by prevention overstimulation of the N-

methyl-D-aspartate (NMDA) subtype of glutamate 

receptors to prevent calcium-induced excitotoxicity.
15

 It 

also acts as an inhibitor of a novel translation initiation 

mechanism, the internal ribosome entry site (IRES), so 

blocking the expression of APP and tau protein and 

thereby relieving the symptoms of AD.
16

 This study was 

designed to compare the protective effect of vitamin D3, 

folic acid and memantine on the progression of AD by 

assessment of cognitive performance through morris 

water maze test detect hippocampal tissue levels of 

BDNF, Aβ 1-42, GR and Ach. Histopathological changes 

of brain tissue were observed. 

  

METHODS  
Current work was done at 36 adult rats .Their weight 

from 180-200 g. Rats were housed under optimal 

laboratory conditions with natural light/dark cycle with 

free access to standard diet and water during the whole 

experimental period. This work was held from December 

2020 to January 2020 for 21 day. The study was 

conducted at clinical pharmacology department, faculty 

of medicine, Benha University.  

Normal control group, received saline only, untreated 

Alzheimer group received scopolamine 2.5 mg/kg IP 

once daily for 21 days.
17

 Folic acid-treated group 

received folic acid (4 mg/kg, IP) once daily for 21 days.
18 

Vitamin D3 treated group received vitamin D3 (42 IU/kg 

SC) once daily for 21 days.
19 

Group V received vitamin 

D3 and folic acid-treated group: the rats of this group 

were given vitamin D3 (42 IU/kg SC) and folic acid (4 
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mg/kg, IP) once daily for 21 days. Group VI received 

memantine (20mg/kg IP) once daily for 21 days.
20

  

Statistical analysis  

Data were expressed as mean±standard deviation. They 

were tested for normality using Shapiro-Wilks test 

assuming normality at p>0.05. Kruskal Wallis test was 

used to detect difference among the studied groups.  

Significant Kruskal Wallis test was followed by post hoc 

multiple comparisons using Bonferroni test to detect 

significant pairs. The accepted level of significance was 

at p<0.05.  

RESULTS:   

Effects of vitaminD3, folic acid and memantine on 

progression of Alzheimer disease in rats after 3 weeks. 

Untreated Alzheimer group resulted in significant 

decrease in BDNF brain tissue (Table 1). while folic acid, 

vitamin D3, (folic acid+vitamin D3) and memantine 

treated groups showed significant increase in comparison 

to untreated Alzheimer group. Untreated Alzheimer 

group resulted in significant increase of brain tissue level 

of amyloid beta 1-42, while folic acid, vitamin D3, (folic 

acid+vitamin D3) and memantine treated groups showed 

significant decrease of brain tissue level of amyloid beta 

1-42 in comparison to untreated Alzheimer group (Table 

1). Untreated Alzheimer group resulted in significant 

decrease of brain tissue level of acetyl-choline, while 

folic acid, vitamin D3, (folic acid+vitamin D3) and 

memantine-treated groups showed significant increase in 

comparison to untreated Alzheimer group (Table 1). 

Untreated Alzheimer group resulted in significant 

decrease of brain tissue level of glutathione reductase, 

while folicacid, vitamin D3, (folic acid+vitamin D3) and 

memantine-treated groups showed significant increase in 

comparison to untreated Alzheimer group (Table 1). 

Table 1: Effects of folic acid and vitamin D3 treatment separately and on combination and effect of memantine on 

brain tissue level of BDNF, amyloid beta 1-42, Ach and glutathione reductase levels in scoplolamine induced 

alzeheimer disease in rats at the end of the study. 

 

Groups 

 

BDNF 

(pg/g tissue) 

(mean±SD) 

Amyloid beta 1-42 

(pg/g tissue) 

(mean±SD) 

Ach 

(ng/g tissue) 

(mean±SD) 

Glutathione 

reductase 

(ng/g tissue) 

(mean±SD) 

Control 17.8±1.00 3.7±0.60 16.1±0.30 3.39±0.34 

Untreated 4.4 ±0.76
 a
 18.0±0.77

 a
 2.8±0.10

 a
 0.92±0.04

 a
 

Folic acid treated 9.5±0.18
 a, b

 9.4±0.38 
a, b

 10.4±0.37 
a, b

 1.67±0.06 
a,b

 

Vitamin D3 treated 11.7±0.55 
a ,b, c

 6.7±0.49 
a, b, c

 13.7±0.25 
a, b, c

 2.04±0.10 
a ,b

 

Folic acid and vitamin D3 16.6±0.47 
b, c, d

 4.9±1.19 
b, c, d

 15.5±0.72 
b, c, d

 3.05±0.25 
b ,c ,d

 

Memantine treated 17.3±0.80 
b, c, d

 4.5±0.31
 b, c, d

 15.7±0.63 
b, c, d

 3.16±0.28 
b, c, d

 
  

 

 

 

 

 

 

 

 

 

Figure 1: Cognitive performance through morriswater 

maze test among the studied groups. (
a,b,c,d 

Significant 

difference compared to control group, to untreated 

alzheimer group, folic acid- treated group as well as 

compared to vitamin D3 treated alzheimer group 

(p<0.05) respectively. *Significant in comparison with 

IAL, † Significant in comparison with first RL). 

Effects of folic acid, vitamin D3 and memantine on 

cognitive performance in Morris water maze test among 

the studied groups 
 

Untreated Alzheimer group resulted in significant 

increase of initial acquisition latency (IAL)(day 13), first 

RL (day14) and second RL (day 21), while folic acid, 

vitamin D3, (folic acid+vitamin D3) and memantine 

showed significant decrease in comparison to untreated 

Alzheimer group. 
 

Histopathology  

Untreated AD group showing neuronal damage, amyloid 

deposition surrounded by clear halo, accumulation of 

glial cells around dystrophic neurons (gliosis) and  

formation of microglial nodule, vacuolated neuropil and  

congested blood vessels with perivascular edema in the 

cortex (Figure 4) with decrease pyramidal layer thickness 

in the hippocampus (Figure 5), all treated groups 

showing improvement of these changes, while 

memantine and combined groups more significant than 

others groups (Figure 6-9). 
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Figure 2: A photomicrograph of a cut section in the 

cerebral cortex of the brain of control rat (group I) 

showing neurons that having huge nuclei with 

relatively pale stain, A) glial cells appeared with dense 

stain small nuclei and the condensed chromatin with 

no visible nucleoli, B) normal non-congested blood 

vessels, C) (H and E, 40X).  

 

 
Figure 3: A photomicrograph of cut section in 

hippocampus of brain of control group showing; 

polymorphic (PM), pyramidal (PL) and molecular 

layers (ML) with normal hippocampal neurons, A) 

vessels exhibited regular arrangement with distinct 

edges and clear nuclei, B) (H and E, 40X).  

 

 
Figure 4: A photomicrograph of a cut section in the 

cerebral cortex of the brain of untreated alzheimer 

group (group II) showing neuronal damage, A) 

amyloid deposition, B) surrounded by clear halo, C) 

accumulation of glial cells around dystrophic neurons 

(gliosis) and formation of microglial nodule, D) 

vacuolated neuropil, E) congested blood vessels with 

perivascular edema, F) (H and E, 40X).  

                       

 

Figure 5: A photomicrograph of cut section in 

hippocampus of brain of untreated alzheimer group 

(group II) showing shrunken neuron cell size with 

dense, hyperchromatic nuclei and each neuron 

acquired clear space around itself, A) fusion of two 

neuron together B) vacuolated neuropil, C) decrease 

pyramidal layer thickness (PL) (H and E, 40X).  
 

 
Figure 6: A photomicrograph of a cut section in the 

cerebral cortex of the brain of vitamin D3 and folic 

acid-treated alzheimer group (group V) showing 

increase of normal neuronal cells, A) decrease 

neuronal shrinkage and damage some of them 

surrounded by clear halo space, B) (H and E, 40X).  

 

  
Figure 7: A photomicrograph of a cut section in the 

hippocampus of the brain of vitamin D3 and folic 

acidtreated Alzheimer group (group V) showing 

shrunken in the neuron cell size with dense, 

hyperchromatic nuclei, A) vacuolated neuropil, B) 

normal blood vessels, C) increase pyramidal layer 

thickness (PL) (H and E, 40X).  
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Figure 8: A photomicrograph of a cut section in the 

cerebral cortex of the brain of memantine-treated 

alzheimer group (group VI) showing increase of 

normal neuronal cells, A) decrease neuronal 

shrinkage and damage some of them surrounded by 

clear halo space, B) (H and E, 40X).  

  

Figure 9: A photomicrograph of a cut section in the 

hippocampus of the brain of memantine treated 

Alzheimer group (group VI) showing shrunken in 

neuron cell size with dense, hyperchromatic nuclei, A) 

normal blood vessels, B) increase pyramidal layer 

thickness (PL) (H and E, 40X).  
 

DISCUSSION  
Our research was designed to discover the beneficial 

protective effects of vitamin D3, folic acid and memantine 

on the progression of experimentally induced Alzheimer 

disease in rats with scopolamine regarding to their effects 

on brain tissue levels of BDNF, amyloid beta 1-42, 

acetyl-choline, reduced glutathione, and assessment of 

cognitive function through morris-water maze test and 

histopathological changes of brain tissue.  
 

The obtained results in the current work revealed that 

induction of AD by scopolamine resulted in significant 

decrease of brain tissue level of BDNF, acetyl-choline 

and reduced glutathione with significant increase in 

amyloid peptide 1-42 (Aβ1-42) level in brain tissue with 

significant memory impairment in Morris water maze 

test, as evident by significant increase of IAL, first 
t
and 

second RL to reach the platform.   

These results are in agreement with other study which 

revealed impairment of both learning and memory by 

scopolamine (0.4 mg/kg IP) in rats. Scopolamine 

significantly shortened the second day latency compared 

to the control group.
22 

Bilateral injection of scopolamine 

(0.6 mg/kg) into the dorsal hippocampus (intra-CA1) of 

rats decreased memory consolidation and induced 

amnesia.
23

 Scopolamine hydrobromide (1, 3, 6, 10 

mg/kg), was administered intraperitoneal to mice, caused 

dose and time dependent down regulation of the brain 

derived neurotrophic factor (BDNF) and glial fibrillary 

acidic protein (GFAP) expression.
24

 BDNF levels were 

significantly decreased in animal model of AD caused by 

IP administration of aluminum chloride (AlCl3), while 

other research reported that changes in serum level of 

BDNF might be causative to reduction of the 

hippocampus that is associated with age related decline 

of memory in late adulthood.
25,26

 

In our study, it was found that administration of folic 

acid, vitamin D3 and memantine for 3 weeks with 

scopolamine resulted in significant increase in brain 

tissue level of BDNF, acetyl-choline and reduced 

glutathione with significant decrease of amyloid peptide 

1-42 (Aβ1-42), a significant memory improvement in 

Morris water maze test, as evident by the significant 

decrease of IAL, first and second RL to reach the 

platform. Improvement of histopathological changes 

occurred in the brain. But combined and memantine 

treated groups resulted in more significant improvement 

than other treated groups. 

These results are in line with other study declaring that 

vitamin D3 enhance expression of neurotrophic factors as 

nerve growth factor, and glial schwann cells , glial 

neurotrophic factor and low affinity neurotrophin 

receptor in the brain neurons,.
9
 Conversely, chronic 

administration of vitamin D3 in rats reduced the 

deteriorating processes in hippocampus during aging. 

Furthermore, the development of AD is characterized by 

a significant reduction of nuclear vitamin D3 receptors.
27 

All these data demonstrate importance of vitamin D3  as  
anti -degenerative activity . Vitamin D3 could upregulate 

neurotrophin factors, such as neurotrophin-3 (NT-3) and 

glial cell line derived neurotrophic factor (GDNF). It has 

been reported that the stimulation of neurotrophin 

production by vitamin D3 is correlated with its 

neuroprotective effect. Vitamin D3 was found to be a 

potent inducer of BDNF expression and it is contributed 

to the regulation of BDNF in vivo.
28

 

The active form of vitamin D3 appears to enhance blood 

supply to  Aβ efflux transport at the blood brain barrier 

(BBB) leading to improvement of its cerebral clearance.
29

 

On same line, other studies documented that 

supplementation with vitamin D3 modified age-related 

increase in amyloid burden in certain brain area  by 

controlling the pro-inflammatory state with elevation of 

IL-10 ,decreasing in IL1β and increasing the activity of 

the amyloid degrading enzyme in cases of age-related 

cognitive in rats suggested that 
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vitamin D3 may be a useful therapeutic option to improve 

the effect of aging on cognitive function.
19

  

Administration of vitamin D3 induce reduction in the 

formation of Aβ oligomers seen in the aged rats by 

elevation Aβ-degrading enzyme neprilysin (NEP) in the 

hippocampus.
30

 Likewise, other research documented 

that vitamin D3 enriched diet correlates with a decline in 

the number of amyloid plaques, inflammatory reaction 

and elevation of nerve growth factor in the brain of 

amyloid beta protein precursor (AβPP) transgenic mice.
31

  

Vitamin D3 had been related to up-regulation of the 

activity and expression of brain gamma glutamyl 

transpeptidase, a key enzyme involved in brain 

glutathione cycle, thus it ameliorates the antioxidant 

defense by increasing brain glutathione.
32

 Vitamin D 

improved the activity of glutathione in the cerebral cortex 

and striatum, and also increased glutamate cysteine ligase 

(GCLM), glutathione reductase, which improved 

glutathione synthesis and played an important role in 

anti-oxidation.
33

  

Vitamin D supplementation in rats caused an increase in 

choline acetyl transferase activity (thus an increase in 

acetylcholine availability) in several specific brain areas.
6
 

Also, calcitriol may enhance cholinergic function, both 

by increasing the activity of choline acetyl transferase 

(the key enzyme for acetylcholine synthesis) and by 

decreasing the activity of acetylcholine esterase (the 

enzyme that limits acetylcholine synapse transmission).
34

  

An attenuation of cognitive deficits in aged rats given 

vitamin D3 supplements compared to aged control group 

when tested in the water maze. The two key results are: 

declined mean swim latency and path taken to reach the 

goal in aged vitamin D3 treated rats when compared to 

aged control group; and elevated memory recall during 

the trial probe in aged rats received vitamin D3 compared 

to aged control animals.
30

  

Folic acid significantly improved the levels of NMDA 

mRNA in the frontal cortex the NMDA receptor, causes 

the nonselective cation channel to open, resulting in an 

inflow of calcium and sodium and an outflow of 

potassium. Intracellular calcium ions can be used as 

second messengers to participate in multiple signal 

transduction pathways to produce various effects, such as 

the activation of BDNF transcription, promotion of 

BDNF synthesis and increased levels of Trk B on the cell 

surface.
35

 Administration of folic acid prevent memory 

deficit and the reduction in BDNF levels induced by 

homocysteine injection.
36

 supplementation with Folic 

acid converting homocysteine into cysteine leading to 

risen level of reduced glutathione in all the brain areas. 

Also, it has useful effects in elevation of  superoxide 

dismutase and catalase activities that are protective 

enzymes against extremely free radicals in the brain.
12

  

Other studies reported that impaired capacity of the 

folate-deficient rats to retain the task and escape from the 

maze by locating the escape platform.
37

 Folic acid 

(8mg/kg) may potentiate the effect of memantine 

(30mg/kg) on spatial learning and neuronal protection 

with significantly shorter of escape latencies in the 

MWM. The benefit of combination therapy may be 

through co-action on the methylation-controlled A beta 

production, and modification of brain gene expression.
38

  

Memantine at a clinically relevant dose that renders the 

drug devoid of many of the side effects associated with 

high affinity NMDA channel blockers markedly 

increased the neurotrophin mRNA levels in different 

brain regions. Interestingly, memantine was able to 

enhance also the expression of the BDNF receptor, trk B, 

thus influencing the whole machinery responsible for 

BDNF signal propagation and increase the endogenous 

production of BDNF in the brain.
39

 Memantine is able to 

reduce apoptotic Aβ-induced effects, by reducing 

caspase-3 and B-cell lymphoma 2 (Bcl-2) activation.
40

  

Memantine, a low to moderate affinity noncompetitive 

NMDA receptor antagonist, can partially protect cultured 

neurons against Aβ‐toxicity by attenuating 

phosphorylation of tau protein by reversing activation of 

multiple kinases including extracellular signal regulated 

kinases (ERK1/2) and glycogen synthase kinase 3 

(GSK3β) and associated signaling mechanisms.
41

 

Memantine may function not only as an antagonist of 

NMDA receptors, but also as an inhibitor of a novel 

translation initiation mechanism, the internal ribosome 

entry site (IRES), so blocking the expression of APP and 

tau protein and thereby relieving the symptoms of AD.
16

  

Memantine delivers beneficial effects in patients with 

AD by protecting the cholinergic neurons from 

destruction.
42

 Down-regulation of acetylcholine (Ach) 

production leads to an increase of inflammation and an 

appearance of AA by means of up-regulation of 

Nmethyl-D-aspartate (NMDA), and that serum 

anticholinergic activity (SAA) might be a biological 

marker of rapid progress of AD.
43

 Therefore, we 

considered that memantine, an anti dementia agent, using 

the mechanism of antagonizing the NMDA receptor, 

abolished AA in AD patients at moderate stage. 

Memantine is able to enhance extracellular levels of ACh 

in the hippocampus, a brain structure highly relevant for 

declarative memory and Alzheimer’s disease, and thatthis 

mechanism involves enhanced Ach release.
44

 Rats treated 

with memantine after a bilateral intra-cerebroventricular 

infusion of okadaic acid (OA) showed improved 

performance on MWM.
45

  

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dashniani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27119837
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CONCLUSION  
Data obtained in the present study pointed out that 

treatment of experimentally induced alzheimer rats with 

folic acid or vitamin D3 or memantine separately or 

combined group (folic acid+vitamin D3) resulted in 

significant increase of brain tissue levels of BDNF, acetyl 

choline (Ach), glutathione reductase with significant 

reduction of amyloid peptide 1-42 level with significant 

decrease of IAL, first RL and second RL to reach the 

platform with improvement of histopathological changes 

occurred in the brain. But combined and 

memantinetreated groups resulted in more significant 

improvement than other treated groups.  
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