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Abstract 

Introduction: The effects of spatial memory on Alzheimer’s disease (AD) pose a great hazard to the emotional and physical 

wellbeing of the patient and their families, affecting more than 60% of individuals with AD. This review explores the 

neuropathological and biological foundations of spatial memory with relation to AD.  

Methods: The results in the 11 papers (7 animal studies, 4 clinical studies) will be described, examined, and compared with 

each other, and attempt to pinpoint areas for future research. 

Results: Results from animal studies showed that neurotransmitter function, protein function, and calcium regulation are all 

impaired by AD, which lowers the spatial memory and cognition in animals. In clinical studies, it was found that the medial 

temporal lobe (MTL) regions, including the hippocampus, amygdala, and entorhinal cortex, are compromised by AD and 

relate to spatial memory performance. 

Discussion: This review concluded that more clinical research should be conducted around spatial memory, and animal 

research can explore the role of protein function given the relevance of neuropathology in AD. 

Conclusion: With the information collected in this review, future steps can be taken to explore the intricacies of spatial 

memory and AD. Moreover, this review also poses a useful reference for other researchers examining the relation between 

spatial memory and AD. 
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Introduction 

Alzheimer’s disease (AD) is a chronic neuro-

degenerative disease that usually formulates in individuals 

above the age of 65 and is known as the most common 

cause of dementia [1]. According to a study in 2017 

conducted by the Public Health Agency of Canada, over 

400,000 older adults are diagnosed with dementia, 

including Alzheimer’s disease [1]. Common impairments 

that individuals with AD experience include memory loss, 

inability to focus or reason, alterations in mood and social 

behaviour, and much more [2]. Given the large-scale 

prevalence of the disease, many studies have sought to 

understand the biological and neurological bases for AD, as 

well as prevention methods and possible cures. While the 

latter goals have yet to yield certified results, many 

different studies have explored the neuropathologic 

foundations for the disease. Two of the major determinants 

of AD are amyloid plaques composed of 42-amino acid β-

amyloid protein (Aβ42), and intraneuronal neurofibrillary 

tangles which are composed of the microtubule-associated 

protein tau [3]. The brain structures that are largely 

impacted by AD include the hippocampus found in the 

medial temporal lobe (MTL) and other temporal lobe 

regions [4]. However, studies that investigate the areas of 

the brain affected by AD also consider that certain brain 

structures undergo neurodegeneration due to other factors 

like aging. This is because these brain structures, such as 

the frontoparietal regions, may be equally damaged by both 

aging or AD [4]. It should also be considered that many 

workings of the brain are interconnected, relying on various 

structures of the brain for cognition and behaviour. 

While individuals with early AD may only experience 

mild symptoms, severe cases of the disease can prevent 

individuals from progressing through day-to-day life, thus 

requiring extensive care; in such instances, the situation can 

lead to a decline in quality of life of both these individuals 

and their families [2]. One particular symptom of AD is an 

impairment of spatial memory: The ability to remember 

information about a particular space, its layout, and 

locations, as well as their orientation [5]. Spatial memory 

impairment occurs in more than 60% of the AD population 

[6]. This cognitive ability can be measured by certain 

spatial-related tasks, such as memorizing object location, 

recognizing object rotation, and understanding perspective 

with maps that cannot be rotated [5]. One noteworthy 

example is the Corsi block-tapping test in which the 
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participant taps cubes on a screen based on a novel 

sequence of increasing length [7]. Spatial memory is largely 

supported by the hippocampal region, which plays a major 

role in memory; damage to the hippocampus structure is 

associated with memory impairment, such as declarative 

memory (recalling facts or information), episodic memory, 

and notably spatial memory [8]. Individuals with spatial 

memory impairment are seen to exhibit wandering 

behaviour, compromised spatial navigation abilities, and 

feeling lost in new and familiar environments [9]. Although 

commonly heralded as a major hallmark of the disease, 

research on the impact of AD on spatial memory is still 

developing.  

This review seeks to explore the biological and 

neurological foundations for the impact of AD on spatial 

memory, highlighting the main brain structures involved 

and affected in this situation. This review also sets out to 

evaluate the findings of current studies on spatial memory, 

comparing and contrasting conclusions when relevant. 

Evaluating the role of relevant areas of the brain on spatial 

memory can further new frontiers for directions in research. 

By understanding more about these correlations, steps can 

be taken to explore neurological contributions to AD and 

focus on prevention and treatment. Furthermore, evaluating 

information can provide a helpful reference for others 

pursuing research on similar topics. 

 

Methods 

To systematically determine the brain structures that 

contribute to spatial memory loss in AD, studies were 

collected using electronic databases, including the Western 

Libraries Database and Google Scholar. All papers included 

were published within the past two decades, peer-reviewed, 

and were independent studies. All clinical studies included 

both participants with healthy controls and patients with 

AD. The studies chosen were categorized into either 

animal-based studies (e.g., rat studies) or clinical studies. 

11 studies were reviewed in total, comprised of 7 animal 

studies and 4 clinical studies. Studies focusing on similar 

topics were compared and examined for supporting or 

contrasting conclusions. These fields of research will be 

separated in an attempt to standardize the information 

collected to be validly compared. 

 

Results 

Animal Studies 

Neurotransmitter Function 

Multiple studies have directed their attention towards 

neurotransmitter function and decreases in spatial memory 

due to AD. In 2017, Zhu and colleagues conducted a study 

on rats to determine the effects of AD on spatial memory 

with direct relation to the hippocampus and cholinergic 

synapses. The study posed different challenges to the mice, 

including a touch screen test (for spatial pattern separation) 

and the Morris water maze tests [10]. The study found that 

newly generated immature neurons (NGIs) in the dorsal 

hippocampus (dNGIs) are particularly associated with 

pattern-separation associated spatial memory [10]. It was 

also discovered that mice with AD had demonstrated a 

decrease of cholinergic synapses in dNGIs, which was also 

associated with the loss of spatial pattern separation in the 

mice. This was examined by staining mice with an antibody 

against the choline acetyltransferase (chAt) protein. It was 

found that the densities of the chAt-labelled terminals were 

49% lower in AD mice than in controls (p < 0.01) [10]. This 

suggests that acetylcholine (ACh), the neurotransmitter 

involved in cholinergic synapses, plays a role in maintaining 

spatial memory; therefore, impairment in cholinergic 

functioning may be a neurobiological mechanism 

underlying spatial memory deficits in AD [10]. Moreover, 

Mookherjee and colleagues studied the importance of 

glutamate on spatial memory with respect to AD, focusing 

specifically on the glutamate transporter GLT-1. Glutamate 

is another neurotransmitter that mediates cognition, 

emotions, sensory information, and other neural processes. 

Using the Morris water maze to test spatial memory, the 

study focused on mice with GLT-1 and mice lacking one 

allele for GLT-1; results noticed a significant reduction in 

the ability to progress through the maze which was constant 

between groups (p < 0.001) [11]. This points to the notion 

that glutamatergic signalling or function may also contribute 

to declines in spatial memory due to AD [11].  

 

Protein Function 

In addition to neurotransmitters, other studies in mice 

explored the importance of various protein functions on 

spatial memory. A study by Xing and colleagues focused 

on using two-dimensional fluorescence difference gel 

electrophoresis (2D-DIGE) and mass spectrophotometry, 

finding 23 differentially expressed proteins in the 

hippocampi of mice with a certain strain of AD, 3XTg-AD 

[12]. The study concluded that two particular memory-

associated proteins, complexin 2 and tubulin alpha-1B, may 

have an underlying connection to spatial memory loss [12]. 

Another study by Kitamura and colleagues studied the 

protein deglycase (DJ-1) which is a chaperone protein 

commonly associated with Parkinson’s disease. DJ-1’s 

chaperone activity relates to beta-amyloid (Aβ42) aggregate 

formation, which is a highly toxic version of Aβ that makes 

up amyloid beta plaques that are characteristic of AD [13]. 

The study tested for spatial memory through the Morris 

water maze both pre-treatment and post-treatment, 

concluding that DJ-1 modulators may help treat disorders 

like Parkinson’s disease and AD by preventing DJ-1 from 

promoting Aβ42 build-up [13]. Additionally, Burnham and 

colleagues noted the impact of luteinizing hormone (LH) in 

relation to the dorsal hippocampus through rat experiments. 

This experiment was predicated on the notion that LH 

increases during and after menopause, which has been 

correlated with an increased incidence of AD and decreased 

memory performance in humans and animal models [14]. In 

Burnham’s study, ovariectomized female rats were infused 
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with either the LH-homologue human chorionic 

gonadotropin (hCG) or the LH receptor antagonist 

deglycosylated-hCG (dg-hCG) [14]. Rats were either given 

estradiol capsules (E) which are said to maintain spatial 

memory retention, or blank control capsules (blk) 

containing no hormone. The rats were given a drug vehicle 

(veh) to help with administration of substances [14]. 

Moreover, to assess the spatial memory in rats, the Object 

Location Test (OLT) was used, where the rats were 

subjected to an exposure phase and retention phase 

separated by an intertrial interval. In the exposure phase, 

animals are introduced to the arena where two identical 

objects are present. After the intertrial interval, in the 

retention phase the rats are reintroduced to the arena, where 

one of the objects is moved in a different, novel location 

[14]. The OLT relies on the idea that a rat would explore 

the novel configuration longer than a familiar 

configuration, which suggests that the rat recognizes a 

novel configuration, implying that spatial memory is intact 

[14]. The main finding from the experiment showed that 

hippocampal infusion of an LH/CG-receptor antagonist 

enhanced spatial memory in rats (p = 0.0003) [14]. 

Therefore, the study concluded that higher serum LH levels 

are associated with decreased performance on cognitive 

tasks and specifically spatial memory in the rats tested. As a 

result of the findings, the study highlighted the possible 

importance of LH receptor antagonists in the dorsal 

hippocampus as a possible alleviator for decreased spatial 

memory [14]. 

These studies, which describe the connection between 

protein function and spatial memory, help provide a 

biological explanation for the decrease in spatial memory due 

to AD. Finally, another biological hallmark of AD is the 

accumulation of tau in the brain. A study conducted by Fu 

and colleagues investigated the impact of tau pathology with 

spatial memory deficiency in mice [15]. The findings showed 

a great accumulation of tau in the hippocampal and 

parahippocampal regions in comparison to controls, finding a 

significant difference in spatial memory performance 

between mice with and without the presence of tau in the 

entorhinal cortex. The relation between tau accumulation and 

memory deficits was examined using Morris water maze and 

T-maze tests. The studies suggest a connection between tau 

build-up in the entorhinal cortex and the resulting deficit in 

spatial memory, emphasizing the role of the entorhinal cortex 

in navigation and spatial cognition [15]. 

 

Calcium Regulation 

Finally, a study focusing on the 3xTg-AD mice model 

of AD facilitated a similar study to Zhu’s on synaptic 

plasticity and calcium. The study led by Clark and 

colleagues tested mice with AD in an 8-arm radial maze in 

order to assess spatial working memory, finding that mice 

with 3xTg-AD and non-Tg mice performed equally well in 

an 8-arm radial maze [16]. However, in another experiment 

where mice were tested in a different assay which depended 

on the mice’s long-term working memory, the spatial 

working memory in 3xTg-AD mice was impaired when 

they were also required to use long-term working memory 

[16]. To determine the significance of the results with 

related brain structures, electrophysiological recordings in 

hippocampal slices were taken. One phenomenon observed 

was paired-pulse facilitation (PPF), which refers to the 

short-term plasticity of the neurons; in other words, the 

ability for the neuron to help facilitate change in the 

neuronal network [17]. Changes in presynaptic calcium 

levels and calcium homeostasis are expected to affect PPF, 

given that calcium is a large actor in regulating neuron 

signalling. The results indicate a significant decrease in the 

PPF ratio within the hippocampus, which may indicate a 

relation between AD and dysregulation of calcium 

homeostasis [17]. This standalone study proposes that the 

biological basis for AD has roots in calcium homeostasis, 

which is fundamental to many biological systems across 

species. 

 

Clinical Studies 

A study conducted by Kessels and colleagues clinically 

measured spatial memory for object locations, highlighting 

the importance of the hippocampus in memory and 

cognition. The results showed that individuals with AD 

performed with more errors in relocating objects in a room 

than healthy controls (p < 0.03) [18]. Another study by 

Tuon and colleagues explored the impact of AD on the 

MTL regions, specifically the hippocampus, amygdala, and 

entorhinal cortex, with respect to spatial memory functions 

[19]. The study found that performance in a spatial 

orientation test was 46% lower in participants with AD than 

controls, comparing the results found with the incidence of 

lesions in the MTL [19]. The study suggests a connection 

between AD and MTL functioning.  

Other studies explored and compared spatial memory 

impairment in amnestic mild cognitive impairment (aMCI) 

and AD in patients. Lee and colleagues conducted a study 

to examine spatial memory impairments in patients with 

either aMCI or AD, using a virtual radial arm maze 

(VRAM) task [20]. The results over several trials indicated 

that spatial memory is more impaired in patients with AD 

than patients with aMCI. Lee and colleagues concluded that 

the VRAM results can be utilized as a marker of early AD 

development among patients with aMCI. Another study 

conducted by Moodley and colleagues applied the 4 

Mountains Test (4MT) as an examination of spatial 

memory in healthy controls, patients with mild cognitive 

impairment (MCI) and mild AD. The patients with MCI 

were either marked with a cerebrospinal fluid (CSF) 

biomarker which was as an indicator of underlying AD. 

Test performance greatly varied between biomarker-

positive and biomarker-negative subgroups (p = 0.001) 

[21]. The test results concluded that performance on the 

4MT is impaired in patients with MCI who also contain 

CSF biomarker evidence of underlying AD [21]. Therefore, 
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it was concluded that spatial memory was more impaired in 

patients with MCI and underlying AD biomarkers than 

MCI patients without AD biomarkers [21]. 

 

Discussion 

The mentioned studies on rodents mainly concentrated 

on the neurobiological factors of AD on spatial memory, 

including neurotransmitters, proteins, and other chemical 

substances. Studies have supported the relationship between 

inhibited neurotransmitter function and effect of 

deregulation of protein function, which both decrease 

spatial memory functions. Some studies also have related 

findings to current knowledge in the field concerning the 

prevalence of beta-amyloid plaques and accumulation of 

tau. While the aforementioned studies on rodents varied in 

the target of focus (neurotransmitters versus proteins), both 

are formed by amino acids. Provided that two separate 

studies both found considerable effects on spatial memory 

due to AD, future research can thus be benefited by 

directing attention to AD’s connection to amino acid 

sequences. Moreover, the clinical studies focused on the 

effect of AD on relevant brain regions. The main 

conclusions note the correlation between AD and MTL 

regions, most specifically the hippocampus and entorhinal 

cortex. However, there is still a lack of clinical studies 

specifically measuring spatial memory in AD with links to 

brain structure and function. The paper encourages more 

clinical studies, especially to focus on the temporal lobe or 

parahippocampal gyrus. The main conclusion from the 

review suggests that the effects of AD are vast and affect 

the neurological system on both macroscopic and 

microscopic scales. The review has also recognized the 

importance of more studies with larger samples in a better 

effort to generalize findings and detect other overlooked 

observations. Even so, current studies have provided an 

adequate biological and neurological basis for future 

research to build upon. 

 

Limitations 

One of limitations of this review is the quantity of 

papers reviewed; given that only 11 papers were reviewed, 

comparisons and contrasting evidence were difficult to 

conduct since each study focused on various topics. 

 

Conclusions 

The review set out to outline the biological and 

neurological factors affected by AD in relation to spatial 

memory. Relevant animal studies discovered the role of 

various neurotransmitters, proteins, and chemicals involved 

in spatial memory and how they are impacted by AD. The 

reviewed clinical studies highlighted pertinent brain regions 

involved in spatial memory and how they are impacted by 

AD. Based on the findings described in this review, later 

studies can be undertaken to explore prevention and 

treatment with consideration of the disease’s biological and 

neurological foundations.  This review highlights the vast 

findings of different studies in an attempt to shine light on 

novel directions for future research. 
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