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Depression is a leading cause of disability globally, with a prevalence of 3.8% among the whole population, 5% of

the adult population, and 5.7% of the elderly population over 60 years of age. There is evidence that depression is

linked to certain neurodegenerative diseases, one being Alzheimer’s disease (AD). The efficacy of conventional

antidepressants to treat depression in AD is conflicting, especially regarding selective serotonin reuptake inhibitors

(SSRIs). However, ketamine, a nonselective N-methyl-D-aspartate (NMDA) receptor antagonist, can mediate a

wide range of pharmacological effects, including neuroprotection, anti-inflammatory and anticancer properties,

multimodal analgesia, and treatment of depression, suicidal attempts, and status epilepticus. Recent clinical

findings suggest that ketamine may provide neuroprotection and reduce neuropsychiatric symptoms associated

with AD. 
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1. Introduction

Depression is a leading cause of disability globally, with a prevalence of 3.8% among the whole population, 5% of

the adult population, and 5.7% of the elderly population above 60 years of age . It is characterized by a lack of

desire to engage in normal activities or previously desirable activities, persistent sadness, or irritation affecting

one’s social and professional life . There is evidence that depression is linked to some neurodegenerative

diseases; one is Alzheimer’s disease (AD) . AD is characterized by memory loss, decreased cognitive abilities,

decreased visuospatial skills, and personality change. These pathological features are attributed to the

accumulation of β-Amyloid (Aβ), which stimulates an inflammatory response causing neuronal damage .

Depression is reported in 30–40% of patients suffering from AD .

Ketamine, a nonselective N-methyl-D-aspartate (NMDA) receptor antagonist, can be used to treat depression . A

single sub-anesthetic dose of ketamine can be an alternative to electroconvulsive therapy in treatment-resistant

depression (TRD) given its rapid action . Moreover, ketamine has a rapid and prolonged antidepressant effect

compared to currently approved antidepressants . These studies suggest that ketamine may be an option in

treating AD-related depression . Esketamine, which is ketamine formulated as a nasal spray, was approved by

the Federal Drug Administration (FDA) in the United States in March 2019 as an adjuvant drug in the treatment of

TRD .
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The unclear role regarding the use of ketamine as a potential therapy for depression in AD is due to ketamine’s

side effects of dissociation, memory loss, confusion, and the likelihood of abuse. Additionally, the exact mechanism

by which ketamine can potentially benefit depression symptoms is largely unknown.

2. Alzheimer’s Disease

AD is a progressive neurodegenerative disease that mainly affects older adults.

2.1. Pathogenesis

Pathogenesis mainly involves the progressive loss of cortical neurons related to atrophy and classical positive

lesions formed by the accumulation of amyloid plaques, neurofibrillary tangles (NFT), dystrophic neuritis, neuropil

threads, and other deposits. Amyloid plaques are created by excess production and decreased clearance of Aβ

peptides. The major constituent of NFTs is hyperphosphorylated tau protein.

2.2. Causes and Risk Factors

The risk factors associated with AD include age, genetic predisposition, head injuries, vascular disease, infections,

hypertension, diabetes mellitus, dyslipidemia, medications, and environmental factors (e.g., air pollution, heavy

metals, pesticides, etc.). There is some evidence that impairment of cholinergic function is a critical risk factor, but

others believe that alteration in Aβ-protein production and processing is the main factor.

2.3. Clinical Features

AD is a progressive disease. Life expectancy after diagnosis is about 8–10 years but can vary greatly from 3–20

years . Impairment in memory, executive function, judgment, visuospatial ability, language and behavior, and

psychological symptoms (apathy, social disengagement, irritability, agitation, aggression, wandering, and

psychosis) are the cardinal symptoms of AD. Memory impairment, defined as the specific loss of the memory of a

recent event, is an initial and most common symptom .

2.4. Diagnosis

Clinically, AD is diagnosed with an insidious onset and progressive cognitive decline in one or more domains. The

Diagnostic and Statistical Manual of Mental Disorders 5 (DSM-5) defines these domains as learning and memory,

language, executive function, complex attention, perceptual-motor, and social cognition for neurocognitive

disorders in general . The scans and biomarkers discussed above help guide the diagnosis, but usually clinical

diagnoses. If this decline is seen gradually, AD is probably the cause of the neurocognitive disorder. Definitive

diagnosis is completed with histopathology obtained from a brain biopsy, which is rarely done.

3. Current Alzheimer’s Treatments and Shortcomings
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Evidence suggests that pathological changes can develop in AD decades before individuals begin experiencing

symptoms, making certain medications less successful by the point of later diagnosis . Another major challenge

exists with risk factor differences between men and women in clinical presentation . Preclinical studies have

suggested that menopausal changes may be a risk factor for AD in women . To date, no medications have

successfully cured individuals or slowed the progression of AD . All available treatments currently approved by

the FDA are designed for supportive care of symptomatic treatment in AD, including behavioral and cognitive

deficits .

Additionally, there are limited medications available to treat psychiatric symptoms in AD . There are no drugs

currently approved to treat psychosis, apathy, or depression in AD . However, the drug pimavanserin is a

serotonin receptor antagonist that may soon receive approval by the FDA to treat AD-related psychosis .

Standard therapies for major depression have mostly proved unsuccessful in treating depression . AD pathology

is very complex, and therefore many standard therapies for other neurological diseases are not effective in treating

this disease. The neurobiological basis for these symptoms is still an area of investigation, and if treated, can

prevent further decline and behavioral problems in many individuals .

Currently, acetylcholinesterase inhibitors and N-Methyl-D-aspartic acid (NMDA) antagonists are the only

medications approved for use in AD by the FDA . Acetylcholinesterase inhibitors reduce the breakdown of

acetylcholine by the enzyme acetylcholinesterase in the synaptic cleft . These medications are designed to slow

the decline in cognition and are most effective when started soon after the time of diagnosis . Galantamine, one

acetylcholinesterase inhibitor, is approved for treating mild to moderate AD, while rivastigmine and donepezil can

be used in any stage of treatment for AD . Individuals taking these medications may experience symptoms such

as nausea, vomiting, and diarrhea . Memantine is an approved medication for AD that works differently from

acetylcholinesterase inhibitors by blocking the NMDA receptor and affecting the action of glutamate, which plays a

role in memory . Memantine can be used for moderate to severe AD in combination with acetylcholinesterase

inhibitors, or on its own .

4. Evidence for Ketamine Treatment

Ketamine was developed in the 1960s as an anesthetic agent, and its neurobehavioral effects have been identified

over the last 50 years . Ketamine is a racemic mixture comprising equal parts of (R)-ketamine (or arketamine)

and (S)-ketamine (or esketamine). Ketamine, a nonselective N-methyl-D-aspartate (NMDA) receptor antagonist,

can mediate a wide range of pharmacological effects, including neuroprotection, anti-inflammatory and anticancer

properties, multimodal analgesia, and treatment of depression, suicidal attempts, and status epilepticus . One of

the non-competitive NMDA receptor antagonists, memantine, showed therapeutic benefits in AD . The theory

behind NMDA receptor antagonists in AD treatment lies in implementing NMDA receptor blocking agents in

offsetting Alzheimer-related pathological stimulation of these subtypes of glutamate receptors in the central

nervous system . The excitotoxic hypothesis is speculated in the pathogenesis of AD, where the overactivation

of glutamate, the primary excitatory amino acid, causes neurotoxicity . Comparing ketamine to memantine, the

latter exhibits lower affinity to the NMDA receptors with rapid relief of its block, which allows symptomatic

[17]

[17]

[17]

[17]

[18]

[18]

[18]

[18]

[18]

[18]

[19]

[19]

[19]

[19]

[19]

[20]

[20]

[21]

[22]

[23]

[24]

[25]



Application of Ketamine in Depression in Alzheimer’s Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/21147 4/7

improvement without affecting desirable functions such as memory and learning . However, ketamine showed

rapid relief of major depression symptoms in patients with AD . The US FDA and European Medicines Agency

recently approved intranasal S-ketamine for treatment-resistant depression in conjunction with an oral

antidepressant . At the same time, the data about the efficacy of the conventional antidepressant in AD are still

conflicting, especially with regard to the selective serotonin reuptake inhibitor (SSRI) .

5. Recent Clinical Findings

A pre-clinical study by Zhang Ke et al. conducted a pre-clinical trial to elucidate the difference between the

underlying molecular effects of ketamine and memantine that make the former one more susceptible to generating

antidepressant effects. The authors used rats and looked at slices of their hippocampus and analyzed antibody

staining of the studied protein via western blot. The study found that only ketamine induces the activation of mTOR

and GluA1 expression, thus enhancing the excitatory synaptic transmission and inducing an anti-depressant action

.

A 2021 randomized controlled trial investigated the efficacy of ketamine in patients suffering from chronic post-

traumatic stress disorder (PTSD). This trial was performed after the authors’ proof-of-concept trial, which showed a

reduction of PTSD symptoms after ketamine infusion after 24 h. In this study, 30 subjects with PTSD were

randomized in a 1:1 ratio to receive six infusions of ketamine (0.5 mg/kg) or midazolam (0.045 mg/kg), which was

used as a psychoactive control, over a two-week period. The authors found that 70% of individuals responded with

significant improvement in their symptoms during this period as measured by their clinician-administered PTSD

Scale for the DSM-5 from baseline .

6. Conclusions

Although there is currently no cure for AD, there are several approved medications and targets for drug therapy in

clinical trials for symptomatic treatment. The FDA-approved medications for AD are acetylcholinesterase inhibitors

and NMDA antagonists. Recent clinical findings in the last twenty years suggest that the nonselective NMDA

antagonist ketamine may be beneficial in providing both neuroprotection and reduction of the neuropsychiatric

symptoms in AD. Ketamine may prove to be more beneficial to patients than the standard treatments for AD

because it has fewer side effects than acetylcholinesterase inhibitors and more of a broad mechanism of action

than the NMDA antagonist, memantine. As a well-known analgesic and anti-inflammatory drug, it acts quickly, has

long-lasting effects, and improves psychiatric symptoms with a smaller therapeutic dose than other medications.

Ketamine has already proven successful in the treatment of psychiatric symptoms, specifically for treatment-

resistant depression. This is important because depression may occur prior to memory loss in AD. In addition,

ketamine is less likely to worsen cognition compared to other treatments like ECT for severe depression. Clinical

trials have demonstrated that periodic doses of ketamine reduce symptoms such as suicidal ideation and

psychosis. However, ketamine can also cause side effects such as dissociation, memory loss, and confusion.

Based on these known side effects, the effect on individuals with dementia and depression may simply be
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explained as a drug side effect rather than a definitive improvement in symptoms. Additionally, vitals should be

monitored closely when treating individuals with ketamine because individuals may experience an increase in

blood pressure. This is a factor to consider before treating individuals with ketamine, especially in older individuals

with cardiac comorbidities. Ketamine has been shown to act on the cellular level in opposing neurotoxins and

protecting glial and neuronal function from the deleterious effects of inflammatory cytokines. Based on present

information, it can be summarized that ketamine may have a role in neuroprotection and the improvement of

psychiatric symptoms in AD. Further research and clinical trials are warranted to prove or disprove this theory, but it

is well worth investigating for a potential chance at improving the quality of life for millions of individuals.
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