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ABSTRACT 

Isıkbay, Yelda. (2023). Histopathological evaluation of the effect of high-dose 25 

hydroxy cholecalciferol on the Hippocampus and Cerebral Cortex region in a 

scopolamine-induced Alzheimer's Type Dementia Model in Mice, Yeditepe 

University, Institute of Health Sciences, Department of Histology and Embryology, 

MSc Thesis, İstanbul. 

This study was designed to understand and investigate how 25 hydroxy calciferol 

(vitamin D) induces Alzheimer's-type dementia in mice, and how dementia has a positive 

or negative effect on the formula. Alzheimer's is a global health problem. 

An irreversible and progressive neurodegenerative management of Alzheimer's disease. 

Cognitive changes are receptors with cerebral atrophy neurons veal loss and 

neuropathological effects involving misfolded and aggregated cells of β-amyloid peptides 

(Aβ) and tau proteins. Two main pathological structures are depending on the disease. 

These are amyloid plaques that accumulate outside the cell and neurofibrillary tangles 

that form inside the cell. These proteins, which accumulate inside and outside the cell, 

impair axonal transport, interneuron observers, and neurotrophic factor, envelop 

intracellular shields and increase oxidative stress. Twenty c57bl/6 male mice with a body 

weight of 20-25 g were used in this study. Vitamin D tests were done. Accordingly, 

investigate the underlying causes of AD and. The development of treatments that will 

change the course of the illness becomes even more important. Diagnostic criteria were 

established in the years when biomarkers for AD diagnosis, patient anamnesis, clinical 

examination, neuropsychological tests and differential diagnosis were not available. 

Neurotrophin production of some protective vitamin D, which has been made in recent 

years, stimulates neuronal shield shelter by affecting the spread of shield channels and 

prevents oxidative stress by regulating some detoxification steps. And in this way, it is 

observed that it can exert a protective effect on neurons. Vitamin D is formed as a group 

of stars that are soluble in fat and organic solvents but insoluble in water. Until now, it 

was not discussed whether it should be evaluated as a hormone or a vitamin. However, it 

is studied as a prohormone by researchers because it reaches organs and tissues through 

its archives and undertakes important points. We aimed to examine the morphological 

changes of vitamin d in the hippocampus and cerebral cortex in the Alzheimer's fee model 

by histological analysis, and our guess is that we aim to have a protected area of vitamin 
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d in this model. VDR is known to occur in large areas of the brain such as the cerebellum, 

hypothalamus, basal nodes and hippocampus. It has been suggested that vitamin D's effect 

on neuronal cell death and functionality may be shown by decreasing the expression of 

L-type calcium channels or increasing the level of VDR in order to facilitate the recovery 

of neurons or to facilitate the turn back of the brain to its previous function after neuron 

detriment. Premised on this, we think of that high-dose vitamin D increases the VDR 

level in the hippocampus and can act against neurodegenerative processes, and has a 

neuroprotective effect on the elimination of amyloid plaques, which is the most important 

pathology of Alzheimer's disease.The H-score was calculated on iNOS Amyloid-Beta 

immunohistochemistry staining, and there was a significant difference between the results 

of the scopolamine and control groups. Amyloid-Beta immunohistochemistry staining 

showed intense amyloid plaque formation of scopolamine cells and was rare in the test 

instruments. 

 

Key words: Alzheimer’s Disease, Vitamin D, Scopolamine, Dementia, Amyloid plaques 
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ÖZET  

Isıkbay, Yelda. (2023). Yüksek doz 25 hidroksi kolekalsiferolün Farelerde 

skopolamin ile oluşturulan Alzheimer Tipi Demans Modelinde Hipokampüs ve 

Serebral Korteks bölgesine etkisinin histopatholojik olarak değerlendirilmesi, 

Yeditepe Üniversitesi, Sağlık Bilimleri Enstitüsü, Histoloji ve Embryoloji Anabilim 

Dalı, Yüksek Lisans Tezi, İstanbul. 

Bu çalışma, 25 hidroksi kalsiferolün (D vitamini) farelerde Alzheimer tipi bunamayı nasıl 

tetiklediğini ve bunamanın formül üzerinde nasıl olumlu veya olumsuz bir etkiye sahip 

olduğunu anlamak ve araştırmak için tasarlanmıştır. Alzheimer küresel bir sağlık 

sorunudur. Alzheimer hastalığı geri dönüşümsüz ve ilerleyici nörodejeneratif hastalıktır. 

Bilişsel değişiklikler, serebral atrofi nöronları kaybı olan reseptörler ve β-amiloid 

peptitlerinin (Aβ) ve tau proteinlerinin yanlış katlanmış ve kümelenmiş hücrelerini içeren 

nöropatolojik etkileridir. Hastalığa bağlı olarak 2 ana patolojik yapı vardır. Bunlar hücre 

dışında biriken amiloid plaklar ve hücre içinde oluşan nörofibriler yumaklardır. Hücre 

içinde ve dışında biriken bu proteinler aksonal taşımayı, nöronlar arası gözlemcileri ve 

nörotrofik faktörü bozarak hücre içi alanları sarar ve oksidatif stresi artırır. AD'nin altında 

yatan nedenlerin araştırılması ve hastalığın seyrini değiştirecek tedavilerin geliştirilmesi 

daha da önem kazanmaktadır. Tanı kriterleri AD tanısı için biyobelirteçlerin, hasta 

anamnezinin, klinik muayenenin, nöropsikolojik testlerin ve ayırıcı tanının olmadığı 

yıllarda oluşturulmuştur. Son yıllarda yapılan bazı koruyucu D vitaminlerinin nörotrofin 

üretimi, kalkan kanallarının yayılmasını etkileyerek nöronal kalkan barınağını uyarır ve 

bazı detoksifikasyon adımlarını düzenleyerek oksidatif stresi önler. Ve bu sayede 

nöronlar üzerinde koruyucu bir etki gösterebildiği gözleniyor. D vitamini, yağda ve 

organik çözücülerde çözünen ancak suda çözünmeyen bir yıldız grubu olarak oluşur. D 

vitamini, yağda ve organik çözücülerde çözünen ancak suda çözünmeyen grup olarak 

oluşur. Şimdiye kadar hormon olarak mı yoksa vitamin olarak mı değerlendirilmesi 

gerektiği tartışılmamıştı. Ancak arşivleri aracılığıyla organ ve dokulara ulaştığı ve önemli 

noktaları üstlendiği için araştırmacılar tarafından bir prohormon olarak incelenmektedir.  

Bu çalışmada vücut ağırlığı 20-25 g olan yirmi tane  c57bl/6 erkek fare kullanıldı. D 

vitamini testleri yapıldı. Buna göre Alzheimer modelinde D vitamininin hipokampus ve 

serebral korteksteki morfolojik değişimlerini histolojik analizle incelemeyi amaçladık ve 
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tahminimiz bu modelde D vitamininin korunan bir alana sahip olmasını hedefliyoruz. 

VDR'nin beyincik, hipotalamus, bazal düğümler ve hipokampus gibi beynin geniş 

alanlarında meydana geldiği bilinmektedir. D vitamininin nöronal hücre ölümü ve 

işlevselliği üzerindeki etkisinin, nöronların iyileşmesini kolaylaştırmak veya nöron 

hasarından sonra beynin önceki işlevine geri dönüşünü kolaylaştırmak için L tipi 

kalsiyum kanallarının ekspresyonunu azaltarak veya VDR seviyesini artırarak 

gösterilebileceği öne sürülmüştür. Buna dayanarak, yüksek doz D vitamininin 

hipokampustaki VDR seviyesini arttırdığını ve nörodejeneratif süreçlere karşı hareket 

edebileceğini ve Alzheimer hastalığının en önemli patolojisi olan amiloid plakların 

ortadan kaldırılması üzerinde nöroprotektif bir etkiye sahip olduğunu düşünüyoruz. iNOS 

Amiloid-Beta immünohistokimya boyamasında H skoru hesaplandı ve skopolamin ve 

kontrol grubu sonuçları arasında anlamlı fark vardı. Amiloid-Beta immünohistokimya 

boyaması, skopolamin hücrelerinde yoğun amiloid plak oluşumu gösterdi. 

Anahtar kelimeler: Alzheimer hastalığı , Vitamin D, Scopolamine, Demans, Amyloid 

plak.  
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1. INTRODUCTION AND PURPOSE 

Alzheimer's disease is a rapidly spreading neurodegenerative disease today. 

Alzheimer's disease is known as memory, memory problems and loss of thinking and 

speech and daily life and results in irreversible neuronal losses. In most people with 

Alzheimer's, symptoms first appear at a later age. Although estimates vary, experts 

suggest that more than 6 million people, most of whom are 65 years of age or older, may 

have dementia caused by Alzheimer's It is known that this disease, which greatly 

adversely affects the quality of life of the person, occurs as a result of damage to one or 

more parts of the brain responsible for memory, learning, spatial memory and cognitive 

functions (1).  It is known that this disease, which greatly adversely affects the quality of 

life of the person, occurs as a result of damage to one or more parts of the brain 

responsible for memory, learning, spatial memory and cognitive functions. There are two 

basic pathological structures in the basis of the disease. The first of these is amyloid 

plaques that accumulate outside the cell, and the second is neurofibrillary tangles that 

form inside the cell (1). 

These proteins, accumulating inside and outside the cell, cause disruption of 

axonal transport, interneuron transmission, neurotrophic factor synthesis, intracellular 

calcium balance, and increase in oxidative stress (2).Although Alzheimer's is a very 

common public health problem, there is no definitive treatment for the disease and only 

drugs that delay its progression are available (2, 3). In AD, the disease begins with atrophy 

of the entorhinal cortex and hippocampus and spreads to most parts of the cortex except 

the occipital lobes as clinical symptoms worsen (3).Apart from being a vitamin, vitamin 

D is actually a hormone. It is an antiproliferative and immunomodulatory secosteroid 

hormone. Its main role in the human body is to provide calcium metabolism and 

participate in the regulation of bone structure. It also plays an important role in the growth 

of bone and the regulation of the balance of production and destruction. In the last decade, 

the effects of vitamin D on the brain have been investigated, arguing that vitamin D may 

have important effects on the brain and that it is classified as a neurosteroid (4). 
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Vitamin D receptor (VDR) has been shown to be found in more than 50 tissues. 

The presence of VDR has been detected in the cerebellum, thalamus, hypothalamus, basal 

ganglia, hippocampus, olfactory system, temporal and orbital regions (5, 6).It has been 

thought that the neuroprotective effect of vitamin D may be exerted by decreasing the 

expression of L-type calcium channels or increasing the level of VDR. Therefore, vitamin 

D deficiency can be considered as a serious factor that increases the risk of neurological 

diseases (7). In addition, it has been shown in various studies that age-related cognitive 

functions are also associated with VDR polymorphisms, and that vitamin D levels 

decrease in Alzheimer's patients and the elderly with cognitive impairment. Studies show 

that vitamin D-related mechanisms may play a role in Alzheimer's disease and 

neurodegeneration (8).We think that vitamin D may be an important key molecule that 

can regulate the mechanisms that control oxidative stress, control immune response and 

neurotrophic factor synthesis, alleviate the effects of neurodegeneration mechanisms, and 

regulate the changing expressions of various proteins in neurodegenerative diseases, 

especially Alzheimer's. In the scopolamine-induced AD mouse model, it is hypothesized 

that high-dose vitamin D can reduce pathological effects in neurons. This study aims to 

investigate the effect of high-dose vitamin d on morphological changes in hippocampus 

and cerebral cortex neurons in a scopolamine-induced Alzheimer's Disease model. We 

aimed to contribute to the knowledge on the molecular pathogenesis of AD and to lay the 

groundwork for new approaches for new treatment possibilities. (9)  
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2. LITERATURE REVIEW 

 

2.1. Anatomies of the Hippocampus and Cerebral Cortex 

 

The external shell of the brain is called the cortex. The forebrain region is 

separated into two hemispheres by a line of lines running through the middle. It covers 

almost all the structures of the brain. It is the most developed part of the human brain. 

Accountable for functions such as thinking, perception, and language Each hemisphere is 

separated into four lobes: occipital, temporal, parietal and frontal (10).The cerebral cortex 

is the  typically 2- 3 mm thick, covering the gyri and sulci. The slit in the sagittal position, 

which separates the hemispheres from each other, is called the fissura longitudinalis. The 

hemispheres are attached by a bundle of nerve fibers called the corpus callosum. The 

corpus callosum allows your two hemispheres to communicate with each other.The cortex 

is grey because the nerves in this area lack the isolation (myelin) that makes most other 

parts of the white brain appear (11).Mostly the cerebral cortex is the neocortex. It contains 

10 to 14 billion neurons. It is called “neo” because it is the “newer” part of the brain. All 

your perceptions, awareness, and motor skills are managed here. It is also the most 

developed and complex part of our nervous system (12).   

 

 

                                     

Figure 1: Location of the hippocampus and cerebral cortex.( Cornu Ammonis 1  

(CA1), Cornu Ammonis 2 (CA2), Cornu Ammonis 3 (CA3), Dentat Girus DG) (13) 
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The hippocampus is considered to be C in the coronal sections of the brain. It is 

called the "hippocampus" because of its resemblance to a seahorse. It is located in the 

median portion of the temporal lobe and is closely related to the temporal horn of the 

lateral ventricle. The hippocampus is a layer of gray matter. It is about 5-8 cm long. The 

hippocampus region has an important role in memory and navigation. It is an extension 

to the neocortex through a large passage called the enthorinal cortex. It is where different 

neuronal structures are properly organized (14) 

 

 

Figure 2. Anatomy of the anterior hippocampus (12). 

 

2.2. The Histology of Hippocampus and Cerebral Cortex  

The cerebral cortex is covered with meninges and is often referred to as pale 

matter. The cortex is pale because the nerves in this area are deficient in myelin (15). The 

cells of the cerebral cortex are arranged in diapers. They are 2-3mm in thickness. Gray 

matter contains a molecular layer, Purkinje cell layer and granular cell layer. While the 

molecular Layer contains Stellate cells and Basket cells; Purkinje cell Layer; contains 

Purkinje cells and Granule cell Layer; Contains Granule cells, Golgi cells, Lugaro cells 

and Unipolar Bushy cells (16). 
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Figure 3. A photomicrograph of a section in the cerebral cortex of control adult  

rat showing the general histological structure of the cerebral cortex (H&E 

200X) (17). 

 

        The hippocampus consists of two main regions; Dentate Gyrus (DG) and Cornu 

Ammonis (CA) The hippocampus is morphologically arched and sagittally located as a 

dilated anterior segment and a narrow posterior segment, about 4-5 cm in length and 1cm 

in width. Due to the constructional features of the different cell types it has, CA is 

reviewed by splitting into sub-areas termed cornu ammonias 1, 2, 3 and 4 (CA1, CA2, 

CA3 and CA4) (18).This difference is found in the basic structure of the morphology of 

cortical neural networks. It is known that the CA1 area is toward the understory and the 

CA4 area is toward the dental gyrus in terms of ease of orientation in the hippocampus. 

The hippocampus is histologically composed of many thin and interconnected layers. 

Although these layers vary from author to author in the literature, there are generally 6 

layers. Histologically; Starting from the ventricular surface outward, the layers of the 

hippocampus are arranged as follows (19). 

I. Alveus 

II. Stratum oriens 

III. Stratum pyramidale  

IV. Stratum radiatum 

V. Stratum lacunosum and Stratum moleculare. 
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    The nerve extensions of the fornix overlying the ventricular surface of the hippocampus 

appear in the form of a thin white strip called elves. The hippocampus receives the major 

part of its contribution of excitation of the entorhinal cortex. 

 

Figure 4. Hippocampus histology.H&E staining of coronal hippocampus 

sections. A section from control showing the different areas of the hippocampal 

formation where the hippocampus proper is formed of the Cornu Ammonis (CA) 

as CA1, CA2 & CA3 regions, and Dentate Gyrus (DG) is seen surrounding hilar 

region by its upper & lower limbs (20). 

 

2.3. Description and history of Alzheimer’s Disease 

       Alois Alzheimer was born on 14 June 1864 in the small neighbourhood of Marktbreit 

in Bavaria. Tübingen studied at the University of Aschaffenburg, Berlin, where he 

obtained his doctorate in 1887.  He and renowned neurologist Franz Nissl have studied 

the normal and pathological anatomy of the cerebral cortex. As a meticulous laboratory 

worker, Alzheimer provided detailed information about the microscopic structure of 

tissue. In 1903, he started working with the famous psychiatrist Emil Kraeplin at the 

Psychiatric Clinic of the University of Munich (21). When he was admitted to the 

hospital, his examination revealed disorientation and memory impairment, as well as 
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difficulty writing and reading. Symptoms progressed over time, hallucinations and other 

cognitive dysfunctions were added to the table. In 1906, Agust D. died. Alzheimer's 

demanded the brain from his old clinic in Frankfurt to autopsy his clinical records. In the 

microscopic investigation of the patients' brains, the cortex was thinner than ordinary and 

there were two abnormal findings in the brain (22). One of other was the senile plaques, 

formerly detected in the brains of the elderly, and neurofibrillary tangles stained with 

silver paint, which was used for the first time at that time. Neurofibrillary tangles had 

never been described before, and the finding made new sense (21). 

       Alzheimer's presented this phenomenon in 1906 at the "South-West German 

Congress of Mental Illnesses" as "a peculiar disease of the cerebral cortex". The person 

who named the disease, Alzheimer's, Dr. Alzheimer's clinical chief is Dr. Emil Kraepelin. 

Page 627 of the 8th edition of Kraepelin's 1910 book Clinical Psychiatry uses the term 

"Alzheimer's Disease" after the title "Senile Brain Injury." (23). AD can be categorized 

as a function of family and age. It is divided into two according to whether there is a first-

degree relative with dementia in the family or not, that is, hereditary or sporadic 

Alzheimer's, whichever is the most common form of Alzheimer's disease and occurs after 

the age of 65. At the same time, according to age, it can be divided into under 65 years 

old, which we call the early stage, and 65 years and over, whichever we call the late stage 

(24). 

 

2.4. Alzheimer's Epidemiology 

Alzheimer's disease is the most common cause of neuron-degenerative dementia. 

It is responsible for 2/3 of all dementias. The prevalence of AD in persons over the age 

of 65 is approximately 10%. The prevalence increases with rising age and reaches 45% 

in those over 85 years of age (25). In the study of the pervasiveness of Alzheimer's disease 

in Turkey conducted in Kadıköy, Istanbul, the pervasiveness of AD was found to be 11% 

among people over 70 years of age. In line to this prevalence value, it is assumed that 

there are 250-300 thousand patients with AD in Turkey (26). It is anticipated that the 

number of AD patients will gradually increase with increasing average life expectancy. 

It is predicted that 50 million AD patients will be in the USA in 2050. It is thought that 

approximately 35 million people in the world have Alzheimer's disease in 2010. One case 

emerges every 7 seconds, and if a new treatment approach is not found in the AD, it is 

expected to double in 20 years (27). The prevalence of Alzheimer's disease in Turkey is 
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nearly similar to that of western countries. The prevalence of Alzheimer's disease is 11% 

among people older than 70 years. According to the 2008 census of the population over 

65 years of age in our country, it is estimated that there are over 450,000 Alzheimer's 

patients in Turkey (28). 

 2.5. Alzheimer's Disease Risk Factors 

2.5.1.  The Age Factor 

Age is a major risk factor in Alzheimer's disease.As a result, in the normal brain, 

there is an age-related decrease in brain volume and weight, enlarged ventricles, and loss 

of synapses and dendrites in the selected areas (29). According to the global Alzheimer's 

statistics from 2016, there are currently approximately 46.8 million Alzheimer's patients 

worldwide. 

The aging of the world's population is estimated to aggravate this problem .The 

number of AD patients is estimated to double almost every 20 years. Thus, the population 

of AD should reach 74.7 million in 2030 and 131.5 million in 2050 (30).  

2.5.2. Gene Factor 

Following age, the most important risk component is genetic. The genes you 

inherit from our forefathers can contribute to your risk of AD development. Mutations in 

these genes Presenilin 1 (chromosome 14), presenilin 2 (chromosome 1) and amyloid 

precursor protein (chromosome 21) genes are responsible for the predominant 

transmission of the disease. The common feature of mutations in these genes is a 

significant increase in the level of amyloid beta (Aβ), the main ingredient of senile 

plaques formed by the peptide secretes enzyme of Amyloid-beta precursor protein (APP). 

The functions of these three proteins are little known and entirely unknown (31). It was 

resolved that the ε4 allele of apolipoprotein E, a protein involved in cholesterol 

transportation, develops more frequently in patients with AD. The common allele of 

APOE ε4 is responsible for an important proportion of Alzheimer's disease, but how it 

affects its heritability is unclear (32).  

2.5.3. Down Syndrome Factor 

 People with Down syndrome have a top risk of developing Alzheimer's disease. 

This is forasmuch the genetic customization that cause Down syndrome can cause 
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amyloid plaques to accumulate in the brain over time. According to the 2002 report from 

Kanad, a public health agency, 1 in 800 newborns have Down syndrome. The average 

lifespan of people with Down syndrome is 49 years. These people have an extra copy of 

the gene that produces the Regulator Of Calcineurin 1 (RCAN) protein; this leads to the 

excessive making of RCAN1 protein. As a result of overproduction, neuronal death 

occurs and the life expectancy of patients is abbreviated (33). 

 Also found that some people with Alzheimer's disease also had high levels of 

RCAN1 protein. Down-regulation of the gene is thought to be resulted of stroke, 

hypertension, or the presence of beta-amyloid protein. A 2011 analysis suggested that 

RCAN1 protein functions as a mediator of stress and Aβ-induced neuronal death, and an 

extra copy of the RCAN1 protein on chromosome 21 and they said that overexpression 

of RCAN1 interacts with down syndrome and the pathogenesis of AD (34). 

In another study, beta-amyloid plaques and tau tangles, which are regarded to be 

the differentiating features of Alzheimer's, were observed in the brains of almost all 

individuals as a result of the autopsy performed on individuals with Down syndrome at 

the age of 40. But we can't say that every person with Down syndrome has Alzheimer's 

disease (35, 36).  

2.5.4. Head Trauma 

We do not know the biological mechanism through which head trauma causes 

AD. It has been shown in animal and human studies that trauma causes neuronal damage, 

which increases the accumulation of amyloid Aβ and becomes amyloid plaques. 

According to the study published in the German journal Bild der Wissenschaft, GGA1 

and GGA3 bearer proteins in brain nerve cells decline in brain or skull traumas. In 

Alzheimer's disease, plaques developed because of this accumulation to the detriment 

nerve cells (37). 

 2.6. Alzheimer's Disease Pathophysiolog 

AD is a cognitively impaired synaptic dysfunction. AD is a very complex 

procedure involving numerous mechanisms and associated with neuronal  

personalization. Extracellular Aβ plaques and intracellular agglomerated neurofibrillary 

tangles (NFT) were the first pathological structures that drew attention when the brain 

was examined in AD cases (38).NFTs are double filament helices formed by 
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hyperphosphorylation of tau protein. There is a pathology of AD, pathological findings 

that can be observed through microscopy, one of which is neurofibrillar entanglements 

containing tau and the other is plaques containing Aβ (39). Additionally, anatomically, 

atrophy of the hippocampus and cerebral cortex, enlargement of the sulci and ventricles, 

and shrinkage of the gyri is among the macroscopic pathological findings of AD (40). 

 2.6.1.  Genetic Mechanisms  

One of the most usual causes of Alzheimer's disease seen in the ageing period is 

the genetic factor. 

Genetic risk factors involved in AD are mutations in genes encoding the APP, 

presenilin 1 (PSEN1) and presenilin 2 (PSEN2). AD can be classified into two groups 

early-onset and late-onset Alzheimer's disease (41). 

Mutations in the APP, PSEN1 and PSEN2 genes cause early-onset Alzheimer's 

disease. Advancements in the early onset of Alzheimer's disease are spreading over long 

years. The genetic risk factor responsible for late-onset Alzheimer's disease is the ɛ-4 

allele of the gene encoding apolipoprotein E (APOE). The number of cases is higher than 

in early-onset AD. The average life expectancy for Alzheimer's disease is 8 to 10 years 

(42). 

The ɛ-4 allele of ApoE is an important serum protein involved in the transport of 

cholesterol and its metabolism and is an important factor for AD since it is present in 

approximately 20% of the population (43). APP is degraded by secretases, pathogenic 

mutations in these genes cause APP methanolysis to be disturbed, and therefore, APP 

secretases cannot perform the degradation process. Too much beta 42 peptide is produced, 

resulting in the accumulation of neurotoxic Aβ in the brain of patients with Alzheimer's 

disease (44). ApoE exhibits an affinity Aβ peptide and its ratio in amyloid plaques is very 

high. 
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Figure 5. ApoE4 in AD Pathogenesis and Related Therapeutic Strategies. 

 (A)ApoE4 probably has both Aβ-dependent and Aβ-independent roles in AD 

pathogenesis. ApoE4 impairs Aβ clearance and promotes Aβ deposition (left). (B) The 

apoE proteolysis hypothesis suggests that, in response to stresses or injuries, neuronal 

apoE expression is triggered to facilitate neuronal repair. (C) Neuronal expression of apoE 

and apoE proteolysis-related neurotoxicity represent targets for the development of novel 

therapeutics. Inhibiting apoE4 expression in neurons should reduce the level of toxic 

apoE4 fragments and their downstream detrimental effects (45). 

2.6.2. Processing of Amyloid Precursor Protein  

The fundamental structure of AP is the Aβ peptide. While Aβ is produced from 

its precursor protein throughout life, it is best known as the major component of amyloid 

plates, the neuropathological characteristic of AD (46). Members of the membrane-

related APP family interact in cis or trans, allowing them to function as cell adhesion 

molecules. Many extracellular and intracellular attachment partners have been identified 

(47).APP is transmitted to axon following dissociation in the endoplasmic reticulum and 

Golgi, where it is transported to synaptic terminals by fast axonal transport (48) APP 

belongs to a family of proteins that includes amyloid beta precursors like protein 1 

(APLP1) and amyloid beta precursors like protein 2 (APLP2) in mammals (48). 

While APP has been studied extensively since its definition, its physiological 

function has not yet been fully resolved. APP is thought to affect neurite growth and 
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synaptogenesis, transmembrane signal transduction, cellular adhesion and calcium 

metabolism, but further studies are needed for these (48, 49). 

 

Figure 6. A schematic representation of beta-amyloid pathway that leads to AD 

pathology. The cleavage of APP β-secretase and subsequently by γ -secretase results  in 

the production of an amyloid plaque. The nonpathogenic (nonamyloidogenic pathway) 

is initiated by α-secretase releasing sAPPα into the intracellular space. The resulting 

CTF-α fragment is cleaved by γ -secretase in the intermembrane space resulting in both 

the AICD and p3 fragments that are both non-plaque forming elements (50). 

2.6.3. Neurofibrillary Tangles  

       NFT was first described as "neurofibrils" that form thick bundles near the cell surface 

of affected neurons. The major component of Lewy's bodies, neurofibrillar deposits, is α-

synuclein, a presynaptic protein.  The main component of neurofibrillar entanglements is 

the tau protein, which is involved in the corporation and stabilisation of microtubules, and 

the tau protein builds up within neurons, resulting in abnormal aggregation (51).  

       Healthy neurons are supported by structures called microtubules that help guide 

molecules in the cellular body toward the axon and dendrites (52).  

 In healthy neurons, tau typically binds to microtubules and stabilizes them, but AD 

chemical changes consequence in abnormal accumulation of tau protein in neurons. By 

causing tau to separate from microtubules and attach to other tau molecules, thread-like 

structures are formed that eventually join together to form knots inside neurons (53). 
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Figure 7. The formation of neurofibrillary tangles through the process of tau protein 

Hyperphosphorylation (54). 

 

2.6.4. Mitochondrial Dysfunction in Alzheimer's Disease 

Genetic, oxidative stress, inflammation, Aβ, mitochondrial malfunction is 

effective in the formation and progression of AD. The most common form of 

neurodegenerative cell death is the intrinsic mitochondrial apoptotic pathway (55). This 

pathway controls the activation of caspase-9 by regulating the release of cytochrome c 

from the mitochondrial inter-membrane space. Mitochondrial dysfunction falls into two 

categories; The first type (primary dysfunction) refers to the dysfunction caused by a 

mutation in a gene associated with the ATP-producing pathway (56).The second type 

(secondary dysfunction) refers to dysfunction caused by other genetic or metabolic 

abnormalities and deficiencies that may interfere with mitochondrial synthesis of 

ATP(57).  Reactive oxygen species (ROS) are a by-product of mitochondrial respiratory 
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chain activity. ROS focusing is mediated by mitochondrial antioxidants such as 

manganese superoxide dismutase (SOD2) and glutathione peroxides. 

Excessive production of ROS is a central feature of all neurodegenerative 

disorders. In addition to the specified neuropathological symptoms of AD, disturbance of 

Ca homeostasis, accumulation of Aβ in secretory pathways, presence of Aβ in 

mitochondria, which cause for mitochondrial dysfunction and is thought to be associated 

with intracellular lesions such as increased reactive oxygen species (58). 

     

 

Figure 8: Role of mitochondria in apoptosis.  Several intermembrane space (IMS) 

 proteins are pro-apoptotic if released into the cytosol. Cytochrome c (C) activates 

 caspase-9. SMAC (second mitochondrial activator of caspases) and HTRA2 inhibit 

 cytosolic inhibitor of apoptosis proteins (IAPs) (59). 

 

Neurons communicate with their target tissues through synapses, where they 

release chemicals known as neurotransmitters. The brain needs a lot of energy for 

neurotransmission. This is why mitochondria are abundant with synapses. Decreased 
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mitochondrial numbers and decreased energy metabolism are also the first detected 

impairments in the AD brain (59). 

2.6.5. Oxidative Stress  

           Oxidative stress ( OS ) plays an important role in the pathogenesis of AD, which 

is currently the most devastating (60).It is a lipophilic gas that is synthesized 

endogenously by various cell types and is involved in multiple bioregulatory roles in a 

explicit area of inflammation, the nervous and cardiovascular systems, and bone 

resorption. In physiological structures, ROS produced from mitochondria, NADPH- 

oxidase (Nox) and xanthin oxidase (XO) are maintained at low levels of endogenous 

antioxidants. The pathogenesis of various neurodegenerative disorders such as AD and 

Parkinson's disease (PD) is associated with the accumulation of misfolded proteins. And 

the aggregation of engineered proteins can trigger the inflammatory response in the brain, 

triggering the significant release of ROS followed by the OS (61).There is an equilibrium 

between the production of ROS and the antioxidant defense mechanism. However, in AD, 

the activity of antioxidant enzymes changes, resulting in the accumulation of oxidative 

damage (62). In addition, when the brains of individuals with AD were examined at 

autopsy, high levels of oxidized proteins, glycosylated products, aldehydes, ketones, 

cholesterol, and oxidative modifications in RNA and nuclear and mitochondrial DNA 

were build in brain tissue (63). For this reason, an increase in ROS manufacture may be 

sufficient to spread ROS damage to other mitochondria eventually touching the whole 

cell, and ROS levels may affect multiple cellular functions, including loss of synaptic 

activity. As a result, impaired mitochondria can trigger the discharge of cytochrome c, 

which activates apoptosis (64)(65). 
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Figure 9. Oxidative stress and mitochondrial dysfunction in Alzheimer's diseases (66). 
 

2.6.6. İnflammation and Alzheimer's 

Inflammation occurs in pathologically vulnerable areas of the AD brain. The 

accumulating of degenerating tissue and highly accumulating abnormal materials in the 

circumference is classic manifestations of inflammation (67).Likewise, neurons and 

neuritis and highly insoluble amyloid β-damaged peptide deposits and neurofibrillary 

tangles in the AD brain are strictly stimuli for inflammation. Many studies now suggest 

that neuroinflammation plays a fundamental role in the neuropathologic changes 

observed in AD (68).We know that non-steroidal anti-inflammatory drugs selectively 

reduce the amyloid β42. Although some cross-sectional and retrospective studies have 

shown that nonsteroidal anti-inflammatory drugs reduce the risk of Alzheimer's and slow 

the progression of the disease, prospective studies could not support these findings. 

Studies of amyloid beta-immunization, TNF-α and complement factor inhibitors are 

under way (69).Brain inflammation appears to have a dual role that plays a significant 
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role during the acute phase response, but becomes harmful when a persistent response 

occurs. Microglia are chronically active and releases a variety of proinflammatory and 

toxic products, including ROS, NO, and cytokines. In patients with recent head injury and 

death, there is an increase in cerebral Aβ deposits 1-3 weeks after injury, and high levels 

of interleukin 1 (IL-1) have been shown to be responsible for APP production and Aβ 

load (70).  

Neuroinflammation observed in AD comes first in triggering Aβ burden and tau 

hyperphosphorylation; This suggests that there may be a leading link between AD 

pathologies. Microglia have a major place in AD research. 

 

Figure 10. Schematic Representation of Late Central Nervous System (CNS) 

Inflammation in Alzheimer Disease (AD) Pathology, Representing an Active  

Inflammatory/Immune Response Centered Around Amyloid Plaques(70). 
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3. Alzheimer's Animal Models 

Conclusive diagnosis of the disease is undertaken by histopathological diagnosis 

of the presence of amyloid plaque, the intraneuronal neurofibrillary tangle formation 

around neurons in brain tissues and corresponding amyloid angiopathy, granulovacuolar 

degeneration and Hirano authorities in an autopsy of patients with typical clinical 

features. Animal models are central to the study of disease pathology and the evaluation 

of the potential of new therapeutic approaches. 

3.1.   Transgenic Alzheimer's Models 

Transgenic animals are recombinant animals that carry a gene called recombinant 

their own genome, which is not potential to occur spontaneously in nature from some 

other organism, mostly formed by cutting DNA molecules obtained from different 

biological species and combining different DNA fragments obtained. The first genetically 

engineered mouse produced by microinjection and developed mainly for disease 

modelling was published in 1980. Experimental designs involving transgenic animals are 

also referred to as transgenic designs. Among transgenic animals, mice are the most 

commonly used species since 90% of their genomes are known. Suited to the desired 

pathological process to create. Animals carrying the transgene are used (71).  

3.1.1. Aβ Models  

            Aβ directly stimulates neuron-toxicity, leading to basal prophylaxis. This is the 

factor responsible for the cholinergic destruction of the brain. AD has a very complicated 

structure and bears all the pathological characteristics of AD. It is very difficult to 

construct a transgenic model. As such, most models targeted the most important 

pathological features of AD, not all features. While the first models concentrated on 

amyloid deposition, after the discovery of the APP, AD family. Models for the 

overproduction of transgenes carrying mutations have come into use (72). At the 

extremity of the Aβ gene, the mutation is directly related to the formation of plaques in 

the models. Mutations in terminal N increase production of Aβ40 and Aβ42, whereas 

mutations in terminal C increase production of Aβ1-42. Many of these models are 

genetically engineered. 

It has been reported that APP is produced much more than endogenous APP (73). 
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3.1.2. Tau Models  

IT is known that the overproduction of the human Tau protein causes both the formation 

of  hyperphosphoryl Tau and neurofibrillar degradation. Dystrophies neuritis caused by 

pathological hyperphosphorylated Tau deposition surrounding aged plaques have been 

demonstrated in models with high plaque burden.  

• JNPL3: It is the first model to show NFT formation and related cell loss, it is 

created by the P301L mutation.  

• TAPP: It is a hybrid model. It arose by crossing Tg2576 and JNPL3. This model 

reveals MAPT pathology in the forebrain more clearly than JNPL3  

• Mutant APP/PS1: The first mice used in this model were reported to express 

mutant APP/PS1 but not overproduce Tau. 

 In these mice, excessive production of Aβ stimulates hyperphosphorylation in the 

endogenous mouse Tau but does not induce NFT formation. The reason for this is the low 

NFT ability of the endogenous mouse Tau (74). 

 

3.2.Non-Transgenic Mouse Model  

       Non-transgenic models were used to test the 'cholinergic damage' hypothesis, 

which argues that cognitive impairment in elderly dementia patients is due to 

cholinergic deficiency. Chemical applications (scopolamine, colchicine, 

aluminum and p75NTR) or the formation of iatrogenic lesions are used to 

stimulate cortical cholinergic neuron loss observed in AD. Of the stimulant 

compounds used, scopolamine, colchicine and although aluminium is non-

specific, p75NTR is cholinergic specifically for nerves. 

4. Vitamin D  

      First identified as a vitamin at the beginning of the 20th century, vitamin D is now 

considered a prohormone. It has been reported that humankind was aware of the 

substance defined as vitamin D, even in antiquity. A unique characteristic of vitamin 

D is that besides dietary intake, it can also be synthesized by the human body under 

the influence of sunlight. In the time since the uncovering of vitamin D, it has been 

known that vitamin D is not only in bone, but also has its own explicit mechanism 

composed of transport proteins, metabolic enzymes and the vitamin D receptor (VDR) 

to arbitrate the actions of vitamin D (75).The presence of vitamins was first 
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demonstrated by McCollum and Davis (1913) work at the University of Wisconsin 

(1913) that developed an eye disease, xerophthalmia, which can be treated with butter, 

oil or cod liver oil, in mice fed a highly purified diet. He observed that it prevents 

neuritis, called inflammation of the optic nerve, the nerve that provides vision. He 

described it as "vitamin B". Sir Edward Mellanby, without knowing it, kept the dogs 

in closed kennels and deprived them of the light of the sun. Mellanby was aware of 

McCollum, Osborne, and Mendel's experiments and, as a result, he used cod liver oil 

to process his animals. However, unbeknownst to Mellanby, cod liver oil not only 

contained vitamin A. It was discovered by McCollum but also contained vitamin D. 

Mellanby speculated that this was another property of vitamin A, namely the 

prevention of skeletal rachitic symptoms (76). This revelation ended the quandary that 

cod liver oil equates to ultraviolet light in curing rickets; sunshine resulted a alteration 

in the unsaponifiable fraction of the lipid component of the diet to become the 

antirachitic factor. 

4.1.Vitamin D Uncovering  

              Vitamin D was first discovered during the industrial revolution of the late 1800s, 

when Britain was confronted with an unprecedented epidemic of rickets. In 1918, Sir 

Edward Mellanby demonstrated that the disease was caused by nutritional deficiency, and 

soon young, lean patients were successfully treated with cod liver oil (76).Vitamin D; is 

one of the fat-soluble vitamins that can be stored in the body for an extended period of 

time. It is also regarded as a hormone because it is a steroid of endogenous synthesis (77). 

          Vitamin D, which has been produced since the beginning of life on earth, is called 

the sun vitamin because most of it (90-95%) is synthesized under the influence of the sun 

(Akkoyun et al., 2014). 7-dehydrocholesterol (7-DHK), which is the provitamin D3 in the 

skin, absorbs Ultraviolet B (UVB) rays when exposed to sunlight and converts to 

previtamin D3 and to vitamin D3 as a result of its thermal photo-isomerization (≥25) °C) 

(78). There is a great deal of research demonstrating that vitamin D has important health 

benefits. Vitamin D lowers the risk and severity of autoimmune diseases, cardiovascular 

diseases, cancer, dementia, type 1 and 2 diabetes, and respiratory tract infections (78). 

More recently, experimental and preclinical evidence suggests an association between 

vitamin D status and cognitive function. Human studies strongly support an association 
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between low circulating levels of 25-hydroxyvitamin D (25 (OH) D) and cognitive 

disorders or dementia among aging populations. 

At the same time, animal studies suggest that vitamin D supplementation protects against 

biological processes associated with AD and enhances learning and memory in various 

animal models of aging and AD (79). Regarding vitamin D metabolism in the brain, it has 

been shown that the hydroxylation active metabolite 1,25 (OH) 2 D3 is synthesized in 

glial cells by CY P24A1, a mitochondrial monooxygenase that catalyzes reactions 

including the hydroxylation of vitamin D3, one of the cytochrome P450 enzyme systems. 

4.2. Vitamin D Metabolism  

        Vitamin D is a secosteroid hormone that exists in two main forms according to the 

source, vitamin D2 (ergocalciferol) of plant origin and vitamin D3 of animal origin 

(cholecalciferol) are known in two forms. Vitamin D3 can be absorbed photochemically 

or produced in the epidermis through the effect of UVB on 7-dehydrocholesterol (80).  

For its activation, it needs to first be processed to 25hydroxycholecalciferol [25 (OH) D] 

in the liver by the enzyme 25-hydroxylase. The second stage is the conversion of the 

enzyme 1,25 1α-hydroxylase into dihydroxycholecalciferol [1,25 (OH) 2D] through the 

kidneys. It's the active part of vitamin D (81). 
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Figure 11. Vitamin D and Calcium, Phosphorus and Bone Metabolism (82).  
 

Vitamin D acts like a hormone and subsidizing serum calcium and phosphate 

metabolic process through endocrine activity, regulation of internecine assimilation 

Vitamin D also acts as an autocrine and paracrine agent regulating cell distinction, cell 

maturation and the innate immune system (83). In target tissues, calcitriol binds to VDR, 

a member of the nuclear receptor family of ligand-activated transcription factors, 

inducing both genomic and non-genomic regulation of downstream targets involving a 

variety of biological functions. 

Recently, an alternative pathway for vitamin D metabolism has been reported 

through CYP11A1, also known as cytochrome side-chain cleavage enzyme P450 (84). 

 The occupation of the hydroxylase enzyme, which is synthesized from the distal   

tubules in the kidney, is responsible for the regulation of the balance of parathyroid 

hormone (PTH), calcium and phosphorus in the blood and body fluids. This also enables 

calcium to move from bone to blood. PTH induces a decrease in the reabsorption of 

phosphate in the kidneys, resulting in a decrease in the level of phosphorus in the blood. 

This. the effect causes an insufficient calcium-phosphor problem in the extracellular 

space, causing a mineralizing disorder in the newly formed collagen matrix (85).Vitamin 

D and its metabolites are transported from where they are produced to the target tissues. 
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The protein binding vitamin D (BPD), which binds to ~85% of the circulating 25OHD 

and 1.25 (OH) 2D, is mainly responsible for this type of transport (86). 

4.2.Vitamin D Receptor 

VDR, which is a vitamin D receptor, is within the nuclear receptor family of 

intracellular steroid receptors. Consequently, only free vitamin D which can enter the cell 

can bind to the receptor and demonstrate biological activity. VDR regulates the 

expression of many genes implicated in calcium/phosphate homeostasis, cell proliferation 

and differentiation, and immune response (87). Accurate identification of VDR in tissues 

is of swell significance to understand the physiopathological significance of vitamin D. 

It is known that calcitriol triggers numerous metabolic belongings in the body with 

intracellular VDR. Studies have demonstrated that the VDR is present in many target cells 

of the body and that it performs its functions with the enzyme 1α-hydroxylase (88). 

Calcitriol produces metabolic effects in the organism through intracellular VDR. Studies 

have demonstrated that the VDR is present in many target cells of t he organism and 

performs its functions with the enzyme 1α-hydroxylase. VDR is a transcription factor that 

has a strong affinity with calcitriol and belongs to the family of nuclear receptors of 

intracellular steroid receptors (89).It is also a proseous nuclear receptor found in the 

prostate, ovaries, breast and skin, as well as in the brain, heart, pancreas, kidney, intestine 

and colon. VDR mediates the biological effects of its ligand by regulating the 

transcription of target genes (90). Since the expression levels of VDR in various cells and 

tissues are greatly variable in the research transported out, the idea that it can change with 

the differentiation of the cell is still being investigated. 
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Figure 12 . Regulation of vitamin D receptor (VDR) and 25-hydroxyvitamin D3 1- 

-hydroxylase (CYP27B1) synthesis during maturation of antigen presenting cells 

 (APC) (91). 

 

4.3.D vitamin and Alzheimer   

         The evidence demonstrates the role of vitamin D in regulating the development and 

function of nerve cells and, in this regard, the potential impacts of vitamin D deficiency. 

The participation of vitamin D in central nervous system reception is supported by the 

presence of the vitamin as well as the enzyme 25 (OH) D3-1a-hydroxylase, which is 

responsible for the formation of the active form of vitamin D. VDR receptors in the brain 

appear mainly in the hypothalamus and dopaminergic neurons of the substantia nigra. 

Vitamin D has been described as having varying roles in cell proliferation, differentiation, 

neurotransmission and neuroplasticity in the neurological system. In the last decade, it 

has been argued that vitamin D is classified as a neurosteroid termed steroid hormones 

synthesized in the brain or nervous system, and the effects of its different functions in the 

brain have been started to be investigated(92). Concerning vitamin D metabolism in the 

brain, it has been shown that the active metabolite 1,25 (OH) 2 D3 is synthesized in glial 
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cells by the hydroxylation process, which is one of the cytochrome P450 enzyme systems, 

CY P24A1. Studies have shown that the expression of VDR is high in pyramidal cells 

located in the CA1 and CA2 regions of the hippocampus, which are important in cognitive 

functions(93). 25-hydroxyvitamin D (25OHD), a metabolite of vitamin D, is a serum 

biomarker of vitamin D. In particular, this predisposition to lower 25OHD levels in the 

elderly has been associated with a higher risk for numerous age-related disorders, 

including cancer and metabolic and vascular diseases(94).Vitamin D deficiency has been 

inferred as a higher risk of cognitive decline in older people, and a normal level of vitamin 

D may support healthy brain aging. The protective action of vitamin D on the nervous 

system catches the eye. Specifically, the synthesis of nerve growth factor (NFG), a 

neuropeptide that is primarily involved in the regulating of growth, advancement, 

proliferation, and survival of explicit target neurons, is regulated by Vitamin D. In 

addition to all these, Vitamin D also plays a role in the regulation of the synthesis of some 

other neurotrophins (95). 

         Vitamin D also interferes with the synthesis of inducible nitric oxide synthase 

(iNOS). When iNOS is expressed at elevated levels, nitric oxide is generated, damaging 

neurons and oligodendrocytes. It is worth noting that the increase in the level of iNOS in 

neurodegenerative diseases such as Alzheimer's disease, Parkinson's disease and multiple 

sclerosis is an important factor in this context(96).  A shortage of vitamin D can be a risk 

factor for AD. A meta-analysis from 2019 found that vitamin D deficiency (<10 ng/mL) 

was positively correlated with AD risk, and each 10 ng/mL vitamin D supplementation 

could reduce AD risk by 17% (97).  
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 Figure 13. Neuroprotective actions of vitamin D in brain. (97) 
 

       The presence of 25 (OH) D3 and 1.25 (OH) 2D3, which are metabolites of vitamin 

D, has been detected in adult spinal fluid (98). In a consideration conducted on rats, an 

increase in the number of VDRs in the subventricular region was observed in vitamin D 

intake and it was found that vitamin D has a regulatory function in cell proliferation. In a 

study conducted on rats, an increase in the number of VDRs in the subventricular region 

was ascertained in vitamin D intake and it was determined that vitamin D has a regulatory 

role in cell proliferation. In some other study in rats, vitamin D intake augmented the 

diameter of the axon and enhanced neural sensor responses. It was pointed out that 

vitamin D in particular can be used as a therapeutic agent in nerve lesions, as it has a 

potential effect on axonal regeneration (99, 100). Our study is based on the fact that 

vitamin D may have a protective effect in the Alzheimer-like dementia model and reduce 

pathological symptoms. 
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5. MATERIAL and METHODS 

5.1. Materials  

5.1.1. Chemicals and Reagents  

• Solution (37 %) (Merck)  

•  Cresyl violet acetate (Santa Cruz Biotechnology)  

•  DAB Chromogen (Thermo Fisher Scientific)  

• DAB Substrate Buffer (Thermo Fisher Scientific)  

• Di-sodium hydrogen phosphate (Merck)  

• Entellan mounting medium (BioMount)  

• Hydrogen peroxide solution 30 % (Sigma)  

•  Mayer's Hematoxylin (Thermo Fisher Scientific)  

• Phosphate buffered saline tablets (Sigma)  

•  Saline (Isotonic 9 % NaCl) (Polifarma)  

•  Sodium chloride (Sigma)  

• Sodium dihydrogen phosphate (Sigma)  

• Congo Red (Merck) 

•  Tri-sodium citrate dihydrate (Merck)  

•  Triton X-100 (Roche)  

• Xylene (Sigma)  

 

5.1.2. Antibodies 

• iNOS (Abcam iNOS,2977S) 
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5.1.3. Commercial Kits 

• In situ cell death detection kit, POD, Roche (Terminal deoxynucleotidyl 

transferase enzyme solution, Nucleotide mixture in reaction buffer, Anti-

fluorescein antibody conjugated with horse-radish peroxidase)  

• Vectastin Universal Quick Kit, Vectastin (Normal Horse Serum, Biotinylated 

Universal Secondary antibody, Streptavidin/Peroxidase preformed complex)  

 

5.1.4.  Laboratory Equipments 

• M-polylysin slides (25*75*1,0 mm) (Thermo Scientific)  

• Propylen centrifuge tubes; 50 mL, 15 mL, 2 mL,0.5 mL (Isolab)  

5.1.5. Laboratory Technical Instruments 

• Automatic Glass Cover slipper (Leica)  

• Stereological workstation and light microscope (Leica)  

• Incubator (Memmert)  

• Locomotor activity cage (Commat, MAY)  

• Microscope (Leica)  

• pH meter (Hanna instruments PH21)  

• Staining Automat (Leica)  

• Microtome  

• Tissue embedding automat  

• Tissue Processing automat  
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5.2.Methods 

5.2.1. Experimental Setup and Groups 

     10 week old male C57BL/6 albino rats (17-20g) were obtained from Yeditepe 

University. Experimental Research Center (YUDETAM). All of the experiments were 

approved by the. Ethics Committee of  Yeditepe University Experimental Research 

Center and the use of animals was in observance with the US National Institutes of Health 

Guide for Care and Use of Laboratory Animals. The animals were kept in standard 

accommodation weather conditions with constant temperature, humidity, 12-hour 

light/dark cycles and free access to food and water. 220 mice, 5 in each group, were 

randomly divided into 4 experimental groups as follows (101); 

 

1. Control group (K) (n=5) IP 1.5 mg/kg/day, injected with saline intraperitoneally 

(IP), 

2. IP as scopolamine injected group (SC) to Alzheimer's dementia model (n=5), IP 

1 mg/kg/day, 

3. Vitamin D injected group (Dvit) IP as 10,000IU/day and 

Vitamin D and scopolamine injected (n=5), 10,000IU/day scopolamine and 1 mg/kg/day 

scopolamine injected IP as the 

Table 1. The experimental groups and number of animals. 

 

All substances were injected for 21 days and on the last day of injections locomotor 

activity test is conducted for all rats. At the end of 21 days of injections all animals were 

dissected, and brain tissues were dissected. 
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5.2.2. Drug Treatment 

          Drug administration groups; Intraperitoneal saline in group C, scopolamine 1.5 

mg/kg/day intraperitoneally for mice in group AD, 10,000 IU/day vitamin D 

intraperitoneally for the vitamin D group, 1.5 mg/kg/day intraperitoneal Scopolamine and 

10,000 IU/day for AD + DVIT group Vitamin D were injected. This drug administration 

was injected for 21 days (101). Scopolamine was dissolved in saline. Vitamin D was 

delivered directly via the intraperitoneal route. 

 

Figure 14. Experiment Plan  
 

5.2.3. Sacrification of the Animals 

      Subsequently the locomotor activity test, the animals were decapitated, their brains 

were dissected, the hippocampus and cerebral cortex regions were separated and placed 

in 10% neutral formaldehyde solution for histological analysis (102). 

5.2.4. Spontaneous Locomotor Activity 

       Before the animals were beheaded, the animal activity monitoring system (MAY - 

Activity Monitoring System - Commat Ltd., TR) was used to record measurements of 

motor activity (Figure 15). Infra-red light sources found on each side of the rectangular 
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frame (45x45x30 cm) in the locomotor activity cage. Electric mechanical meter placed 

on the floor of the cage. Moves of animals disrupt the infrared beams and 

electromechanical counters count them as locomotor activity. Each mouse was 

individually placed in the cage and locomotor activity was recorded for 5 minutes. All 

records were performed between 10 a.m. and 4 p.m. The cage was cleaned using a wet 

towel prior to each registration. Stereotypical, ambulatory, vertical, horizontal motor 

activities and distance traveled by the animals were measured (103). 

 

Figure 15.  Spontaneous locomotor activity 
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5.3. Histological Techniques          

5.3.1. Tissue processing                        

All brain tissue was put into cassettes and placed in the tissue processor and followed the 

steps below which are outlined in(Table 2); 

Table 2. Steps of Tissue Processing      

 

 

 

 

 

Tissue 
Processing      

  
       Tissue Processing      

      
    Time   

 

 

Fixation  
 

-Neutral formaldehyde 

solution I 

 

-Neutral formaldehyde 

solution II 

 

-2 Hours   
 

 

-2Hours  

Dehydration  

 

     

       

1. 70% Alcohol   

  

2. 80% Alcohol   

  

3. 90% Alcohol  

                   

4. 96% Alcohol  

  

5. 96% Alcohol  

  

6. 100% Alcohol 

 

-2 Hours 

 

-2 Hours 

 

-2 Hours 

 

-2 Hours 

 

-2 Hours 

 

-2 Hours 

 

Clearing  
 

 

-Xylene I 

-Xylene II 

 

 

-1.5 Hours  

-1.5 Hours  

 

 

 

Paraffin 

Impregnation  
 

 

-Paraffin I 

-Paraffin II 
 

 

-3 Hours  

-3 Hours 
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Fixation with 
Formalin 

Dehydration with 
Alchohol

Clearing with 
Xylene

Embedding by 
Paraffin Wax 

Sectioning by 
Miktotome 

Staining

%90          %96        %100                               %70, %80

X
yl

e
n

e

 

Figure 16 . Tissue Processing.      
 

5.3.1.1.A. Fixation  

The fixative solution (10% neutral buffered formalin (pH 7.4) was preprepared. 4g 

monobasic sodium phosphate (NaH2PO4) and 6.5g dibasic sodium phosphate 

(Na2HPO4) were weighed and dissolved in 900 ml of distilled water. 100 mL 

formaldehyde (37%) was added to the solution to have a final volume of 1000 mL. The 

tissues were secured for 4 hours in a neutral formaldehyde solution (104). 

5.3.1.1.B. Dehydration 

The tissues were dehydrated in ascending alcohol series (70%, 80%, 90%, 96%, 96%, 

and 100%) for 2 hours each. 

5.3.1.1.C. Clearing  

The tissues were cleared in xylene I and II for 1.5 hours each. 
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5.3.1.1..D. Paraffin Impregnation 

All tissues were placed in paraffin for 3 hours. In the end, they are embedded in paraffin 

blocks with the aid of a tissue embedding device. 

5.3.1.1.E. Sectioning 

    All paraffin blocks were placed in a microtome and 5 micrometer sections were 

acquired on the slides. 

5.3.2. Hematoxylin Eosin Staining 

   Hematoxylin and eosin staining is one of the most elemental types of tissue staining 

used in histology. Hematoxylin is dark blue-purple and stains nucleic acids in a poorly 

understood reaction. Eosin is pink, staining the proteins in a non-specific way. In a typical 

tissue, the nuclei are blue-black, and the cytoplasm and extracellular substance are 

coloured in various shades of pink (105). Hematoxylin is a positively charged basic dye, 

in contrast, eosin dye is negatively charged. The staining machine for Hematoxylin Eosin 

Staining was followed by the protocol described below; 

1) The sections were dried in an incubator at 75oC for 20 minutes. 

2) Then the sections were cleared in xylene I and II for 1 minute each. 

3) The slides were hydrated in descending alcohol series (100%, 96%, 96% ,90%) 

for 2 minutes each. 

4) All sections were washed with distilled water.  

5) The sections were stained with Mayer’s hematoxylin solution for 5 minutes and 

rinsed in water for 2 minutes. 

6) The slides were decolorized in acid alcohol (396 mL 70% ethanol was mixed with 

4 mL glacial acetic acid) for 1 minute. 

7) The slides were washed in tap water for 1 minute. 

8) The sections were subjected to 80% ethanol for 2 minutes. 

9) Then the sections were counterstained with Eosin for 3 minutes.  

10) The sections were dehydrated in ascending alcohol series (90%, 96%, 96%, 96%, 

and 100% )  for 1 minute each. 

11) Finally, the slides were cleared in xylene I and II for 2 minutes each. 

12) The slides were coverslipped in entellan mounting medium using an automatic 

glass coverslipper. 
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5.3.3.   Cresyl Violet Staining 

          Cresyl violet is commonly used to show the Nissl substance in neurons and cellular 

nuclei. It shows the specific structure of neurons. Due to its RNA content, Nissl substance 

is very basophilic and stains very strongly with basic aniline dyes. Cresyl violet is a base 

dye and colours the Nissl substance in the cytoplasm of dark blue neurons. Preparation of 

solution A with sodium acetate dissolved in distilled water. For solution B, glacial acetic 

acid dissolved in distilled water. The two solutions were then mixed and the pH adjusted 

to 3.8-4.0 with acetic acid. Cresyl violet acetate was dissolved in this solution and left 

overnight on a magnetic stirrer in the dark. Before staining the sections, the staining 

solution was filtered with filter paper. All solutions were placed in copulin jars, and the 

protocol described below was followed (106); 

1) The sections were dried in an incubator at 75°C for 20 minutes. 

2) The sections were placed in xylene solution for 20 minutes at room temperature. 

3) Then the slides were washed with distilled water for 1 minute. 

4) The sections were stained with Cresyl Violet for 20 minutes. 

5) The slides were washed with distilled water. 

6) The sections were then dehydrated in ascending alcohol series (70%, 80%, 90%, 96%, 

96%, and 100%) for 1 minute each. 

7) Finally, the slides were cleared in xylene I and II for 2 minutes each. 

8) The slides were coverslipped in entellan mounting medium using an automatic glass 

coverslipper. 

5.3.4.  Congo Red Staining 

       Congo red is an organic component which is the sodium salt of 3,3'-bis. It's an azoic 

stain. Congo red can be dissolved in water. Staining with Congo Red (CR) is a qualitative 

method used for the identification of amyloids in vitro and in tissue sections. It is a highly 

selective dye of Congo red dye for amyloid   (107). Due to their small molecular size and 

penetration through the blood-brain barrier, Congo red may be used for ante-mortem and 

in vivo visualization and quantification of amyloid in the brain. It is the result of the 

binding affinity of Congo red with enriched fibril proteins in the β-sheet conformation. 
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In our study, we used Congo Red stain, which has higher affinity for amyloid (108). All 

solutions were placed in copulin jars, and the protocol described below was followed ; 

1. Congo Red solution; 

i. Sodium chloride 2 g 

ii. Dissolved in deionized water 32 ml  

2. Congo Red powder 0.5 g ; 

i. Suspended in 100 % absolute alcohol 68 ml 

3. Combine the two solutions (Store at room temperature for months) 

4. II. Alcohol 50 % 

i. reagent alcohol ~50ml 

ii. deionized water ~50ml 

5. III. Alcohol 70 % 

i. reagent alcohol ~70ml 

ii. deionized water ~30ml 

6. IV. Alcohol 80 % 

i. reagent alcohol ~80ml 

ii. deionized water ~20ml 

7. Alcohol 95 % 

i. reagent alcohol ~95ml 

ii. deionized water ~ 5ml 

 

Staining Procedure ; 

1. Place the coverslip with section in a ceramic staining rack . 

2. Immerse sections in Harris Hematoxylin for 3 – 4 dips. 

3. Wash with tap water until the water is clear. 

4. Filter the Congo Red solution into a Columbia staining dish 

5. Place coverslips with sections in the Columbia staining dish with the filtered Congo 

 Red solution for 3 minutes at room temperature. 

6. Wash with several exchanges of deionized H2O.  
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5.3.5. Immunohistochemistry for iNOS 

         Nitrous oxide is an inorganic compound that plays a major role in neurotransmission 

and cytotoxicity. Nitric oxide syntheses constitute a family of enzymes that catalyze the 

production of nitric oxide from L-arginine. Overproduction of reactive species, 

particularly reactive oxygen (ROS) and nitrogen (RNS) species, and the imbalance of the 

body's antioxidant enzyme systems cause the destruction of cellular structures, lipids, 

proteins, and genetic material such as DNA and RNA. Moreover, the effects of reactive 

species on mitochondria and their metabolic processes lead to the oxidation of 

mitochondrial proteins, lipids and DNA, ultimately leading to an increase in ROS/RNS 

levels (109). NO is a significant cell signaling molecule. Inducible nitric oxide synthase 

(iNOS) is one of these syntheses, but the abnormal amount of its induction can cause 

damage to cells and advance the pathology of diseases such as Alzheimer's Disease. Five 

solutions were prepared in advance. At first, 3% hydrogen peroxide solution was prepared 

with 1ml 30% Hydrogen peroxide stock solution and 99 ml PBS. After that, 0,1 g tri–Na 

Citrate x 2H2O and 0,1 ml Triton X-100 were dissolved in 100 ml distilled water in order 

to prepare 100 ml 0.5 M permeabilization solution. Next, 5.88 g tri–Na Citrate x 2H2O 

was dissolved in 200 ml distilled water, and pH was adjusted to 6 with HCL titration 

resulting in 200 ml 0,1 M citrate buffer (retrieval solution). Furthermore, to have a 

washing solution, one phosphate-buffered saline (PBS) tablet (Sigma) was dissolved in 

100 mL distilled water. Finally, 10 μl DAB was added to the 200 μl substrate and kept on 

ice. 

All the solutions were put into copulin jars, and the protocol explained below was 

followed: 

1. The sections were dried in an incubator at 75°C for 20 minutes. 

2. The sections were placed in xylene solution for 20 minutes at room temperature. 

3. The slides were then rehydrated in descending alcohol series (100%, 96%, 90%, 80%, 

and 70%) for 3 minutes each. 

4. Then the slides were washed with PBS for 3 minutes at room temperature. 

5. The slides were incubated in permeabilization solution for 8 mins in ice. 

6. Then the slides were washed with PBS for 3 minutes at room temperature. 
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7. The slides were placed in citrate buffer solution (pH 6.0) in a 750-watt microwave for 

1 min for antigen unmasking. 

8. Then the slides were washed with cold PBS for 5 minutes. 

9. Then the slides were washed with PBS for 5 minutes at room temperature. 

10. The slides were placed in 3% hydrogen peroxide solution for 30 minutes in order to 

quench endogenous peroxidase activity. 

11. Then the slides were washed with PBS for 5 minutes. 

12. All specimens were incubated in blocking solution (2.5% RTU Normal Horse Serum 

VECTASTAIN KIT) for 30 min in a humidified chamber. 

13. Blocking solution was removed from slides and slides washed with PBS for 5 min. 

14. Primary diluted (1:200) antibody (iNOS) was dropped on all sections and incubated 

at 4 °C overnight in a humidified chamber 

15. Then the slides were washed with PBS for 5 minutes. 

16. Secondary antibody (RTU Biotynlated Universal Antibody Anti-Rabbit/mouse IgG) 

was dropped on all sections and incubated at room temperature for 30 min in a humidified 

chamber. 

17. Then the slides were washed with PBS for 5 minutes. 

18. Vectastain RTU ABC Reagent was dropped on all sections and incubated at room 

temperature for 30 min in a humidified chamber. 

19. Then the slides were washed with PBS for 5 minutes. 

20. All slides were incubated in DAB chromogen & peroxidase substrate mixture for 3 

min. 

21. Then the slides were washed with PBS for 5 minutes. 

22. Each specimen was counterstained with Gill's hematoxylin for 4 min, then rinsed in 

tap water. 

23. Sections were dehydrated at in 100 % for 2 min and cleared in xylene for 2 min. 
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24. The slides were coverslipped in entellan mounting medium with the aid of an 

automatic glass cover slipper. 

5.3.6. TUNEL Assay: (In situ Cell Detection Kit, Pod) Roche 

       TUNEL assay is a reliable method to detect apoptotic neuron death. DNA double-

strand breaks which occur during apoptosis are precisely labeled and visualized with 

TUNEL assay. In this technique, the terminal deoxynucleotidyl transferase (TdT) enzyme 

adds fluorescein-labeled nucleotides to the free 3'-OH DNA ends which are then 

visualized with an anti-fluorescein antibody labeled with POD and substrate reaction . 

The TUNEL test makes it possible to detect apoptosis in tissue sections in situ(110). 

TUNEL is the abbreviation for the final labelling of deoxynucleotidyl transferase biotin-

dUTP. The protocol explained below was followed ; 

1) The sections were dried in an incubator at 75°C for 20 minutes. 

2) The sections were placed in xylene solution for 20 minutes at room temperature. 

3) The slides were then rehydrated in descending alcohol series (100%, 96%, 90%, 80%, 

and 70%) for 3 minutes each. 

4) Then the slides were washed with PBS for 1 minute at room temperature. 

5) The slides were placed in a citrate buffer solution in a 750-watt microwave for 1 min. 

6) Then the slides were washed with cold PBS for 1 minute. 

7) Then the slides were washed with PBS for 1 minute at room temperature. 

8) A hydrophobic barrier was made around the tissue with a barrier pen. The slides were 

incubated in a blocking solution (normal horse serum) in a humidified chamber at room 

temperature for 30 minutes. 

9) Then the slides were washed with PBS for 1 minute at room temperature. 

10) TUNEL reaction mixture (45 μl label solution was mixed with 5 μl enzyme solution 

for one section) was prepared. The sections were incubated in a TUNEL reaction mixture 

in dark, 37°C humidified chambers for 60 minutes. 

11) Then the slides were washed with 1X PBS three times for 5 minutes each. 
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12) Converter-POD was added to the sections and incubated in dark, 37°C humidified 

chambers for 30 minutes. 

13) Then the slides were washed with 1X PBS three times for 5 minutes each. 

14) The reaction was visualized by using DAB (1000 μl DAB substrate buffer was mixed 

with 50 μl DAB chromogen) solution as a chromogen. 

15) Then the slides were washed with 1X PBS three times for 5 minutes each. 

16) The sections were counterstained with Mayer’s hematoxylin and rinsed in tap water. 

17) Sections were dehydrated in ascending alcohol concentrations, cleared in xylene. 

18) The slides were coverslipped in entellan mounting medium 

5.3.Analysis by Light Microscopy  

        Each section was examined under a light microscope (Leica DM 4000B, Wetzlar, 

Germany) and photographed with a CCD digital camera (Optronics Microfire 

1600x1200P, Goleta, CA, USA) with the help of LAS Version 4.1.0 program. Sections 

stained with hematoxylin and eosin, silver and cresyl purple were evaluated 

histopathologically. H-score analysis was performed on iNOS stained sections. Finally, 

the apoptotic index was calculated based on the analysis of the Tunnel assayed sections. 

5.4.H-score Analysis for iNOS,  

        The H score ("histo" score) is obtained by multiplying the coloration ratio by an 

ordinal value corresponding to the intensity level. Three sections of each animal were 

noted as percentages of coloration intensity from 0 to 3 grades (0 = absent, 1 = mild, 2 = 

moderate, 3 = severe) to calculate the H score. The percentage of cells at each dye strength 

level is calculated. Percentages and degrees are multiplied by the following formula;       

                            [1 × (% cell 1+) + 2 × (% cell 2+) + 3 × (% cell 3+)] 

A final score between 0 and 200 gives more relative numbers to indicate the intensity of 

coloration in a sample tissue. Then, the average of all partitions is taken (111). 
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5.5.Apoptotic Index Calculation for TUNEL Assay  

          To calculate the apoptotic index, each part of each animal was subdivided into five 

fields and apoptotic cells and normal cells were enumerated in each field. Subsequently, 

apoptotic cells are divided into apoptotic normal cells to obtain the apoptotic index (112). 

5.6.Statistics 

        GraphPad Prism®6 was used as a statistical analysis software. All data were 

analyzed as mean ± SEM. The Shapiro-Wilk normalcy test was used to determine the 

normal distribution of the data. The data were considered meaningful if the P values were 

less than 0.05. The Tukey Multiple Compare test was used to compare all data in the 

group. 
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                                                   6. RESULT  

6.1. Spontaneous Locomotor Activity  

      To examine the effects of vitamin D on animal motor activity, animal locomotor 

activities were measured using a motor activity surveillance system. Stereotyped, 

ambulatory, vertical and horizontal motor activities and distance traveled by the animal 

were measured. 

  6.1.1.  Distance Travelled  

      In this test, which was performed to measure the distance covered, the distance 

traveled by the animals in the AD group was considerably reduced compared to the C 

group, as expected in the examinations of the animals before decapitation (p<0.01). 

Similarly, animals in the AD + DVIT groups also experienced a decrease in locomotor 

activity, ie compared to group C. The distance traveled by the animals in the DVIT and 

C groups was significantly closer, in fact, the distance traveled by the animals in the DVIT 

group was higher. Considering the last measurements of the animals before decapitation, 

it is seen that the distance traveled by the animals is the lowest in the AD group compared 

to the DVIT, AD+DVIT and C groups. In other words, animals in the AD DVIT group 

experienced an increase in locomotor activity when they received DVIT supplementation 

over the AD group, though statistically non-significant. Based on the control group, there 

is significance in the AD and AD + DVIT groups. 
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Figure 17.  Charts comparing distance traveled by animals. 

Saline administered control group (C), vitamin D injected (DVIT), scopolamine injected 

(AD), scopolamine and vitamin D injected (DVIT+AD) groups (****p<0.0001 

Compared with the control group.)  

 

6.1.2. Stereotypic Activity  

        As expected, animals in Group AD had the lowest stereotypical activity compared 

to Groups C, DVIT and AD+DVIT (p<0.001, p<0.0001 and p<0.05, respectively). 

However, after DVIT supplementation, it was observed that the stereotypical activities of 

the animals in the AD+DVIT group increased compared to the AD group (p<0.05). 

Although not statistically significant, the stereotypical activity of animals in the 
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AD+DVIT group was lower than that of group C. In addition, after DVIT 

supplementation alone, stereotypical activity was observed in animals compared with 

Group C, without any statistical significance. 

 

      

Figure 18 : Charts comparing stereotypical movements of animals. 

Saline administered control group (C), vitamin D injected (DVIT), scopolamine injected 

(SC), scopolamine and vitamin D injected (AD + DVIT) groups. Data are presented as 

the number of stereotypical movements in 5 minutes. ( ****p<0.0001 Compared with the 

control group.) 

 

6.1.3. Ambulatory Activity  

    Ambulatory activity in the AD group decreased significantly relative to Group C 

(p<0.01). Ambulatory activities of DVIT and AD+DVIT animals also declined slightly 

compared to Group C, but statistical significance was not calculated for both groups. 

Animals in the AD group had lower rates of outpatient activity compared to the DVIT 
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and AD DVIT groups (p<0.01, p<0.05, respectively). However, following DVIT 

supplementation, outpatient activity in the AD DVIT group increased significantly 

relative to the AD group (p<0.05). 

 

        

Figure 19. Charts comparing Ambulatory movements of animals. 

Saline administered control group (C), vitamin D injected (DVIT), scopolamine injected 

(AD), scopolamine and vitamin D injected (AD + DVIT) groups.(***p<0.001,  **p<0,01 

Compared with the control group.) 

6.1.4. Horizontal Activity  

      Based on pre-decapitation measurements, horizontal activity in the AD group 

decreased as needed compared to group C (p<0.0001). Similarly, there was a slight 

decrease in horizontal activities of the DVIT and AD DVIT animals relative to Group C 

(NS, p<0.01, respectively). The AD DVIT group was less horizontal than the DVIT group 

(p<0.05). On the other hand, treatment after DVIT supplementation increased horizontal 
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activity in the AD+DVIT group, resulting in a higher horizontal activity rate than the AD 

group, but statistical significance was not calculated. 

 

            

Figure 20.Graphs comparing horizontal movement of animals.  

Saline administered control group (C), vitamin D injected (DVIT), scopolamine injected 

(AD), scopolamine and vitamin D injected (AD + DVIT) groups (****p<0.0001 

Compared with the control group.) 

6.1.5. Vertical Activity  

     As expected, the AD group had the lowest level of vertical activity relative to Group 

C, DVIT and AD DVIT . No significant differences were found between Group C and 

DVIT, and statistical significance was not calculated. However, when the DVIT group 

and the AD+DVIT group are compared, it is seen that the animals in the AD+DVIT group 

have lower vertical activity than the animals in the DVIT group (p<0.05). While adding 
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DVIT slightly increased the vertical activity ratio of AD group DVIT comparisons, the 

calculated statistical significance was not significant. 

 

              

Figure 21.Graphs comparing Vertical movement of animals.     

Saline administered control group (C), vitamin D injected (DVIT), scopolamine injected 

(AD), scopolamine and vitamin D injected (AD + DVIT) groups.(  **p<0.01 Compared 

with the control group ) 
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6.2.  Histology  

     Amyloid beta and TUNEL positive neurons were counted in the cerebral cortex and 

hippocampus. Additionally, iNOS positive neurons are shown in the 10x, 20x, 40x lens. 

Finally, stains of haematoxylin and eosin, Congo red and cresyl violet were carried out to 

observe general histopathological changes. 

 

6.2.1. Hematoxylin Eosin Staining  

      The Hematoxylin&Eosin staining was performed for histopathologic examination of 

the tissues. According to the evaluation of the sections stained with H&E; As expected, 

amyloid plaques and neurofibrillary tangles were determined in the sections of the AD 

and AD+ DVIT groups according to the C and DVIT groups. Although these anomalies 

were observed most intensely in the AD group, they were observed less frequently in the 

AD+DVIT group. Anomalies were not observed in groups C and DVIT. 
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Figure 22. Photomicrographs demonstrate Hematoxylin&Eosin staining in the  

cerebral cortex and hippocampus. Scale bar represents, 50 μm in x40.Arrowheads 

 indicates neurofibrillary tangles while arrows indicate amyloid plaques, The triangle 

 represents the normal neuron and the star represents the capillary vessel. 
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6.2.2. Cresyl Violet Staining   

      Cresyl Violet was performed to examine the tissues histopathologically. In the 

evaluation of the sections stained with Cresyl Violet, amyloid plaques and neurofibrillary 

tangles were determined in the sections of the AD and AD+ DVIT groups according to 

the C and DVIT groups. While these abnormalities were most intensely observed in the 

AD group, they were observed less frequently in the AD+ DVIT group. No abnormality 

was observed in C and DVIT groups. 
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Figure 23: Photomicrographs demonstrate Cresyl Violet staining in the cerebralcortex 

 and  hippocampus. Scale bar represents, 50 μm in x40 Arrowheads indicates 

neurofibrillary tangles, The triangle represents the normal neuron and the arrow  

represents the apoptotic neuron. 
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6.2.4. Congo red  

      Congo Red was performed to examine the tissues histopathologically. In the 

evaluation of the sections stained with Congo Red, amyloid plaques were determined in 

the sections in the AD and AD+DVIT groups according to the C and DVIT groups. While 

these abnormalities were most intensely observed in the AD group, they were observed 

less frequently in the AD+DVIT group. No abnormality was observed in the C and DVIT 

groups.  
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Figure 24. Photomicrographs demonstrate Congo red  staining in the cerebral 

cortex and  hippocampus. Scale bar represents, 50 μm in x40 triangle represents 

normal neuron and arrow represents amyloid plaque.  
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6.2.5. TUNEL Assay 

      Coronal sections from all groups were analyzed for TUNEL positive neurons. The 

TUNEL test gives reliable data on the number of apoptotic neurons. Photomicrographs 

show sections from the cerebral cortex and hippocampus. Apoptotic Index (P<0.05) was 

calculated for all groups.  
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Figure 25. Photomicrographs demonstrate TUNEL positive cells in the cerebral 

cortex and  hippocampus  Scale bar represents, 50 μm in triangle represents normal 

 neuron and arrow represents apoptotic neuron. 
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6.2.5.1. Tunel  Cortex AP Index 

                

Figure 26. Graph of Apoptotic Index for Cerebral Cortex (P<0.05) When the apoptotic 

 index of the cerebral cortex is compared, it can be said that the AD Group and AD+DVIT 

 Group have a higher apoptotic index than Group C (p<0.0001, p<0.0001, respectively). 

For cerebral cortex, the AD+DVIT Group has a lower apoptotic index than the AD Group 

 (p<0.0001). According to the Tukey Multiple Comparison Test, the AD Group in the 

 cerebralcortex region has a higher apoptotic index than the DVIT Group of the  

 hippocampus (****p<0.0001). 
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6.2.5.2. Tunel  Hippocampus AP Index 

               

Figure 27. Graph of Apoptotic Index for Hippocampus(P<0.05).Considering the 

 apoptotic index of the hippocampus, it can be said that AD Group and AD+DVIT Group 

 have higher apoptotic index than Group C (p<0.0001, p<0.0001, respectively). The 

 AD+DVIT Group has a lower apoptotic index for the hippocampus than the AD Group 

 (p<0.0001). According to the Tukey Multiple Comparison Test, the AD Group in the 

 hippocampus region has a higher apoptotic index than the DVIT Group of the 

 hippocampus (****p<0.0001). 
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6.2.7. Immunohistochemistry for iNOS; 
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Figure 28.  Photomicrographs demonstrate iNOS immunoreactivity in the cerebral cortex 

and Scale bar represents, 50 μm in x40 Photomicrographs demonstrate iNOS 

immunoreactivity in the cerebral cortex. triangle represents normal neuron and arrow 

represents apoptotic neuron. 
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6.2.7.1.Cerebral Cortex iNOS H-Score   

 

                

 

Figüre 29.  Graph of iNOS H-score Cerebral Cortex (P<0.05) When the cerebral cortex 

iNOS H-Scores are compared, it is seen that the AD Group and AD+DVIT Group 

have a higher H-Score for iNOS than Group C, while the DVIT Group has a slightly 

lower H-Score for iNOS (p<0.0001, p, respectively). The AD Group has a higher H-

Score for iNOS than the DVIT Group (p<0.0001). The AD+DVIT Group has a lower 

H-Score forthe  cerebral cortex for iNOS immunochemistry than the AD Group 

(p=0.0248). 
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6.2.7.2.Hippocampus iNOS H-Score   

   

      

Figure 30. Graph of iNOS H-score Hippocampus(P<0.05) Considering the hippocampus 

 iNOS H-Scores, it is seen that the iNOS H-Score of the AD Group and AD+DVIT Group 

 is higher than that of Group C (p<0.0001, p, <0.001 respectively). Group AD has a higher 

 H-Score for iNOS than Group DVIT (p<0.0001). Group AD+DVIT has a lower H-Score 

 for iNOS immunochemistry than Group AD for hippocampus (p=0.0099). The AD 

 Group in the hippocampus region has a higher H-Score for iNOS immunochemistry than 

 the AD Group of the hippocampus (p<0.0001, p<0.0001). 
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6.2.7.3. D vitamin serum   

    For vitamin D level, all blood was drawn from the heart before all animals died. 

Vitamin D serum levels were measured and the resulting statistics are; 

 

 

Figure 31. D vitamin serum  (****p<0.0001). When the vitamin D levels were examined, 

 it was determined that the DVIT Group and AD+DVIT group were found to be higher  

than the AD and C groups (p<0.0001). It was also found that the vitamin D levels were 

lower in the AD and C groups as an estimate (p=0.8114). 
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7. DISCUSSION 

           AD is the most common and progressive illness nowadays. Losing the ability to 

think over time with continuous progress creates severe consequences such as an 

individual's inability to do their daily work. The most remarkable pathological features of 

AD are tau and neurofibrillary tangle. Scopolamine is a muscarinic cholinergic receptor 

antagonist. The effect of emotional memory and its forgetting has not been fully 

elucidated yet (9). Scopolamine is a neurotoxin that reproduces the effects of Alzheimer's 

disease when administered appropriately. This is why it is one of the most commonly 

used neurotoxins for modeling Alzheimer's disease. So when we look at current disease 

studies, we focus on early diagnosis, preventative treatment, and forms of treatment that 

will reduce the time the patient needs care. The impact of scopolamine on memory and 

forgetfulness has yet to be fully understood. Scopolamine is a neurotoxin that reproduces 

the effects of Alzheimer's disease when administered correctly, making it one of the most 

commonly used neurotoxins for modeling Alzheimer's disease. Scopolamine temporarily 

impairs attention retention, treatment, and information acquisition in rodents and humans. 

Because of this effect, scopolamine was an appropriate pharmacological tool in the 

modelling of learning and memory disabilities (113). Vitamin D promotes intestinal 

absorption of calcium and maintains appropriate serum calcium and phosphate levels to 

restore normal bone mineralization and prevent tetanus hypocalcemia (113). 

       In recent years, attempts have been made to understand the relationship between 

vitamin D and brain health, as well as several studies showing the effect of vitamin D 

deficiency on the brain. Not enough vitamin D is recognized as a serious risk factor for 

dementia and AD. They found that vitamin D is found in brain tissue, and those who have 

higher levels of vitamin D in their brain also reported higher cognitive function before 

dying (114). 

      A 2017 meta-analysis assumes that 25 (OH) D concentrations lower than 25 nmol/L 

increase the risk of dementia, particularly in adults and patients over the age of 65. He 

conducted a study that showed that vitamin D regulates the release of NGF, the small 

protein-like structure responsible for cortical as well as hippocampal neurons, 
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neurogenesis, or the development of new neurons, and the health and protection of mature 

ones (92). 

       In this study, scopolamine, a nerve agent, was used to stimulate behavioural and 

cognitive malfunctions in Alzheimer's disease. Effect of vitamin D in model created; 

behavioural and cognitive disorders, as well as motor activity, groups enriched with 

vitamin D were formed and compared (115). Thus, the distance covered by the animals, 

the As a result, the distance traveled by the animals, stereotypical activity (p<0.001), the 

ambulatory activity (p<0.001), the horizontal activity (p<0.0001), the horizontal activity 

(p<0.0001), the vertical activity (p<0.001). It was the lowest in the AD group. The AD 

group was the group where scopolamine and expected cognitive loss were applied. As we 

have observed, we show that the data causes cognitive data loss. Since the cerebral cortex 

is the area where the feedback and connections between the sensory and motor parts take 

place, and therefore contains the region responsible for motor activities, we think that 

these results may be due to intense neuronal loss and thus trigger cognitive disorders 

(116). Animals in the AD+ DVIT group showed an increase in stereotypic activity 

(p<0.05) and ambulatory activity (p<0.05) when supplemented with Dvit compared to the 

AD group. Also, horizontal activity, distance traveled by the animals, and vertical activity 

were also increased in the AD+ DVIT group compared to the AD group. Increased but 

not statistically significant. We believe Dvit supplementation has proven to be successful. 

In summary, the administration of DVIT in the scopolamine model has the potential to 

improve cognitive states. However, further studies must be carried out to determine the 

specific effects of DVIT on cognitive impairment (117).  

       Afterwards, amyloid plaques and neurofibrillary tangles were observed in AD and 

AD+DVIT group sections in the sections of Hematoxylin Eosin, Cresyl Violet, Congo 

red stainings we performed to examine the morphology of neurons. While these 

abnormalities were most intensely observed in the AD group as we expected, they were 

observed in the AD + DVIT group, although not as intensely as in the AD group. As 

expected, no pathology of AD was found in Groups C and DVIT. Therefore, in the 

scopolamine model, amyloid plaque and neurofibrillary tangle with AD pathology can be 

observed with individual histological stainings in the scopolamine model, and that Dvit 

supplementation in the AD + DVIT group has a protective effect on the cerebral cortex 

and hippocampus with Dvit, and we characteristic it to this circumstances (118). It was 
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then analyzed by iNOS staining and calculating the H-score. iNOS is known to be 

involved in the development of nitric oxide, a molecule with multiple biological activities 

(119). INOS may be found in brains affected by dementia because it plays a role in 

balancing brain damage and repair. Comparing iNOS H-Scores for cerebral cortex, AD 

Group and AD + DVIT Group seem to have higher H-Scores for iNOS than Group C 

(p<0.000 ). For the hippocampus, the situation with the H-Scores of iNOS was similar as 

we expected. The H scores of iNOS immunochemistry in the hippocampus region of the 

AD group and the AD + DVIT group were even higher than those of the C group ( 

p<0.0001) (120). In one study, mice administered scopolomine showed characteristic 

delusional behavioural models, biochemical results consistent with neuroinflammatory 

changes and inflammation activation. 

       As expected, the AD + DVIT Group had a lower H-Score for iNOS 

immunochemistry for both cerebral cortex and hippocampus than the AD Group, 

indicating a positive result for Dvit supplementation (121) .The H-Score for Group AD 

iNOS in the cerebral cortex region is comparatively higher than the H-Score for Group 

DVIT for iNOS, meaning that dvit complementarity and scopolamine injections work as 

expected (p<0.0001) (122). Vitamin D while oxidative stress brings about the formation 

of AD. 

       Low levels of antioxidants and an increased risk of illness were also reported. 

Vitamin D whereas oxidative stress leads to the formation of AD.Low levels of anti-

oxidant capacity and increased risk of disease have been reported (122). It is known that 

vitamin 1.25 (OH) 2 D3 is a free radical and inhibits the synthesis of Inos. Vitamin D 

while oxidative stress brings about the formation of AD. Low levels of anti-oxidant 

capacity and increased risk of disease have been reported. 

        It is known that vitamin 1.25 (OH) 2 D3 is a free radical and inhibits the synthesis 

of Inos. As a result, it is suggested that 1.25 (OH) 2 D3 can control the process of brain 

detoxification because it is effective in this cycle. We believe that vitamin D reduces 

oxidative stress and thus regulates inflammation, which is why we attribute the decline 

of the experimental group to this situation (123).In conclusion, there was a significant 

difference in iNOS immunohistochemical staining between the scopolamine and 

monitoring groups. Scopolamine can cause neurons to die in brain tissue, and we believe 

that vitamin D can help reduce neuroinflammation in the cerebral cortex and 



64 
 

hippocampus (124). The apoptotic index was calculated by the TUNEL experiment, and 

the highest values were obtained in the AD group, the second highest values in the AD + 

DVIT group, and the lowest values in the control and DVİT groups (125). Cerebral cortex 

was found to have a higher apoptotic index for AD Group and AD + DVIT Group than 

Group C. The situation is similar in terms of the apoptotic index of the hippocampus. The 

apoptotic index of the hippocampal region of the AD group and the AD + DVIT group 

was even higher than that of the C group (126) . AD + DVIT group had a relatively lower 

apoptotic score compared to the AD group, indicating a positive result for DVIT 

supplementation. In conclusion, it is promising to see the protective effect of vitamin D 

supplements. We think scopolamine could be a good substitute for Alzheimer's disease. 

In addition, the findings of this study show that vitamin D has morphologically promising 

effects on the modelled pathology of scopolamine-induced Alzheimer's disease. We hope 

that in this way it can at least have a protective effect for irreversible AD and therefore 

slow down this progressive disease. Consequently, this study can serve as a guide for the 

development of studies to prevent Alzheimer's disease with vitamin D supplementation 

in the future. 
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