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ABSTRACT 
Canavan disease (CD), a rare recessive autosomal 

genetic disorder, is distinguished by an early onset 

and a progressive spongy degeneration of the brain 

characterised by loss of the axon's myelin sheath. 

Following a relatively normal birth, homozygous 

individuals typically develop clinical symptoms 

within months and die within several years of the 

disease's onset. A biochemical defect associated 

with this disease reduces the activity of the enzyme 

N-acetyl-L-aspartate amidohydrolase 

(aspartoacylase), and affected individuals have a 

reduced ability to hydrolyze NAA in brain and 

other tissues. Children with neonatal/infantile-onset 

Canavan disease frequently become irritable and 

have sleep disturbances, seizures, and feeding 

difficulties as they grow older. Swallowing 

becomes increasingly difficult, and some children 

require nasogastric feeding or permanent feeding 

gastrostomies. Joint stiffness worsens, and these 

children resemble people with cerebral palsy. The 

present review article take a overview on the basic 

information along with the Etiology, 

Pathophysiology,Diagnosis and Treatment which is 

available for the canavan disease. 

Key Words: Canavan Disease, Etiology, 

Pathophysiology, Diagnosis, Treatment. 

 

I. INTRODUCTION 
A childhood leukodystrophy known as 

Canavan illness frequently results in infant 

mortality. Its origin can be traced to Myrtelle M. 

Canavan, who in 1931 wrote a case study about a 

young infant with a greatly enlarged head, 

neurological symptoms like nystagmus, and 

psychomotor impairment (1). It is rare, fatal 

neurological hereditary condition, also known as 

Canavan-Van Bogaert-Bertrand disease, first 

manifests in infancy. It belongs to a class of 

hereditary disorders known as leukodystrophies. It 

is linked to a lack of a key enzyme that causes the 

loss of white matter in the brain, which then results 

in poor nerve signal transmission. (2)(3) 

The newborn variety is the most prevalent 

and frequently has the most serious symptoms. 

Most newborns seem healthy right away, but by 

two to six months, gross motor development 

impairments become clear. It's possible that the 

baby won't be able to move, turn over, control its 

head, or stand up by itself. A common symptom 

that is frequently linked to macrocephaly is 

hypotonia. Most babies struggle to eat and start 

having seizures. (4)(5). 

White matter dysmyelination, which is 

characterised as spongy degenerations, is the main 

symptom of Canavan’s disease, which is a deadly 

condition that first manifests in early infancy. 

Canavan’s illness is notable for its failure to meet 

neurodevelopmental milestones, unusually low 

muscle tone, enlarged head size, seizures, atrophy 

of the optic nerve, and early death. (6)(7)(8)(9). 

A spongiform leukodystrophy with an 

autosomal recessive inheritance is Canavan disease. 

(10)(11). The Ashkenazi Jewish population is more 

likely to contract this disease, but cases in non-

Jews are also becoming more common. However, 

the disease's frequency and presentation in India 

are largely unknown; for this reason, we are 

reporting this series. (12)(13) 

 

ETIOLOGY 

Aspartoacylase (ASPA) gene disruptions 

or modification (mutations) are responsible for 

Canavan disease. This mutation is inherited as an 

autosomal recessive condition. Canavan disease is 

also referred as spongy degenerate because it 

causes a spongy degeneration of the white matter in 

the brain to victims. Mutation in the ASPA gene 

lead to a deficiency in aspartoacylase 

(aminoacylase 2), which catalyses the hydrolysis of 

N-acetylaspartate, and are the cause of Canavan 

disease, an autosomal recessive trait of inheritance 

(NAA). (14) 
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Figure 1: Aspartoacylase (ASPA) catalyses the hydrolysis of N-acetyl aspartic acid. 

 

The interaction of the genes of the genes 

for a specific trait that are on the chromosomes 

received from the mother and father determines the 

presence of genetic illnesses. When person receive 

the same defective gene for the same trait from 

both parents, recessive genetic diseases develop. A 

person will be a carrier for the disease if they have 

one normal gene and one sick gene, although they 

won’t exhibit any symptoms. With each pregnancy 

there is a 25 % chance that two carriers may carry 

the faulty gene to their offspring and cause them to 

be ill. With each pregnancy, there is a 50% chance 

that the child chid will carry the same gene as one 

of the parents. A child has a 25% probability of 

inheriting normal genes from both parents and 

being genetically normal for that specific trait. Both 

men and women are at the same level of danger. 

On chromosome 17, a faulty gene that cause 

Canavan illness has been identified. Human cells 

contain chromosomes, which house the genetic 

material that makes each person unique. 46 

chromosomes typically make up human body cells. 

The sex chromosomes pairs are numbered from 1 

to 22. Females have 2 X chromosomes and one Y 

chromosomes, while males have one X and one Y 

chromosomes. The short arm of each chromosome 

is denoted P and the long arm is designated q. 

Chromosomes are further separated into numerous 

numbered bands. Band 13 on the short arm of 

chromosome 11, for instance, it is referred as 

chromosome 11p13. The numbered band indicate 

where the hundreds of genes found on the. An 

enzyme that degrades (metabolises) N-

acetylaspartic acid is called aspartoacylase, and the 

ASPA carries instructions for creating (encoding) it 

(NAA). NAA is a substance that scientists think 

essential for preserving the white matter of the 

brain. NAA builds up in the brain tissue as a result 

of insufficient or inactive aspartoacylase. Canavan 

disease symptoms are caused by brought on by 

excessively high NAA levels. (15)(16) It is brought 

on by a mutation in the aspartoacylase-encoding 

ASPA gene. As a result of this mutation, 

aspartoacylase is deficient and N-acetyl aspartic 

acid (NAA) builds up in the brain. In the 

phospholipid layer of axons, myelin degradation 

and oligodendrocyte dysfunction are thought to be 

caused by NAA (17).N-acetylaspartate (NAA), 

despite having an unclear physiological role, is 

frequently utilised in magnetic resonance 

spectroscopy as a diagnostic of neuronal integrity 

(18).In fact, NAA is one of the most prevalent 

organic metabolites in the mammalian brain and 

exhibits a remarkable degree of segmental 

metabolism, with CNS concentrations in the 

millimolar range. In neurons, N-acetyltransferase 

8-like (NAT8L) synthesises NAA from acetyl-CoA 

and aspartate, whereas in oligodendrocytes, 

aspartoacylase (ASPA) hydrolyzes NAA into 

aspartate and acetate (19). 

According to clinical data, modifications 

to NAA metabolism are not well tolerated. NAA 

production is abolished when NAT8L activity is 

lost, and this has been associated with the 

neurodevelopmental condition. Hypoacetylaspartia 

with seizures, ataxia, and microcephaly as 

symptom (20). Conversely, leukodystrophy 

Canavan disease (CD), characterised by an 

accumulation of NAA in the brain, blood, and 

urine, is brought on by a lack of NAA catabolism 

brought on by missense mutations in the ASPA 

gene. Patients with CD, a fatal neurodegenerative 

condition in which they do not meet developmental 

milestones, exhibit macrocephaly, seizures, 

widespread CNS vacuolization, and 

hypomyelination. (21)(22). Due to its catastrophic 
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effects and lack of available treatments As an 

experimental treatment for CD patients, ASPA 

gene substitution therapy has been tried. (23). 

 Although the first-generation viral vectors 

used in the experimental clinical treatment were 

safe, the therapeutic results were only moderate. 

Recombinant adeno-associated virus (AAV) 

vectors with cell type-specific tropism or the 

capacity to cross the blood-brain barrier have been 

used in ASPA gene replacement studies. Novel 

gene therapy options that meet the needs for 

treating CD are now becoming available. (24). 

 Up to three months of age, CD can be 

avoided by delivering the ASPA gene directly to 

the neonatal mouse brain using an 

oligodendrotropic AAV vector. (25) 

 Additionally, a CD mouse model has 

demonstrated the value of ectopic NAA sinks in 

neurons or astrocytes created using cell type-

specific AAV-ASPA vectors. (26)(27).These 

studies suggest that ASPA expression in any of the 

major CNS cell types can result in neurological 

improvements, at least in mice, a species with a 

comparable short lifespan. It will be possible to 

better understand the pathophysiology of CD and 

determine the best target tissues for gene therapy 

by determining the function of ASPA cell types and 

tissues. There is no doubt that ASPA is abundantly 

expressed in the CNS’s oligodendroglia, but rats 

have also shown that it is also expressed in neurons 

and microglia. (28)(29)(30) 

A recent study found CD mice had 

impaired immune function and that ASPA is 

widely expressed in peripheral organs (31). 

Demonstrating the need for a deeper 

comprehension of extra-cerebral ASPA’s role in 

determining the main target tissue for treatment. 

Preclinical gene therapy research and findings from 

ASPA double-knockout mice show that excess 

NAA causes toxicity rather than a deficiency in 

NAA-derived acetate that results in 

hypomyelination as the aetiology of CD. 

(32)(33)(34)(35).N-acetyl-aspartate, a highly 

concentrated brain neurotransmitter, is broken 

down by the aspartoacylase enzyme, which is 

responsible for Canavan disease.the gene causing 

Canavan’s disease, a condition that causes the 

white matters of the brain to be destroyed, has been 

discovered, adding to our understanding of genetic 

problems involving myelin (36). Aspartoacylase 

deficiency and N-acetyl aspartic acid build up in 

the brain are the cause of Canavan disease, an 

autosomal recessive leukodystrophy (37). 

Unexpected mutation in the ASPA gene is the root 

cause of Canavan illness. This gene is in charge of 

producing the aspartoacylase enzyme. N-acetyl-L-

aspartic acid, which is mostly present in the brain, 

is broken down by aspartoacylase (NAA). Because 

of mutation in the ASPA gene, aspartoacylase is 

less able to degrade NAA, which result in the 

molecule accumulating in the brain, notable in 

brain cells (neurons). NAA builds up in nerve cells 

when enzyme activity is diminished or absent 

(ineffective), which damage both the individual 

nerve cells and the surrounding nerve tissue. For 

myelin to grow and stay healthy, NAA is thought to 

be crucial. The sheath or covering known as myelin 

coast, shields, and insulates nerve fibres. The 

nerves are unable to function properly when myelin 

is destroyed, a process know as demyelination. 

Nerves are used by the brain to communicate with 

the body. Demyelination impairs the brain’s ability 

to efficiently communicate with other parts of the 

body. This causes a steady decline in neurological 

function. (38) 
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PATHOPHYSIOLOGY 

NAA is derived from aspartic acid and 

acetyl-CoA. The second-most prevalent free amino 

acid in the brain, according to some estimates, is 

this one. It is present in neurons where it is 

produced by mitochondria and then transferred to 

oligodendrocytes via axo-glial contact zones. 

Between the innermost oligodendrocytes plasma 

membrane and the axonal membrane, these axo-

glial contact zones are connected. N-

acetylaspartylglutamate (NAAG) is produced by 

the conversion of NAA inside neurons. Following 

its transit, it is hydrolysed into NAA and glutamate 

by astrocytes. By oligodendrocytes, which are 

where aspartoacylase is primary found, the NAA is 

finally absorbed. 

When NAA is converted to aspartate 

(aspartic acid) and acetate, the aspartoacylase 

enzyme is responsible. Because of this, NAA 

builds up in the brain when this catalyst is lacking. 

The patient’s plasma, urine and CSF fluid 

all have noticeable higher levels of NAA. 

Aspartoacylase deficiency is fundamentally 

characterised by abnormal myelination and the 

accompanying conspicuous swelling and 

vacuolated astrocytes. The term spongiform 

leukodystrophy refers to these outcomes. To what 

extend accumulated NAA contributes to the 

aetiology of this spongiform degeneration is still 

unknown. (39) 

 

Possible pathological mechanism responsible for 

CD 

It has been discovered that N-

acetylaspartic acid is only generated in neurons and 

has been isolated from mitochondrial and 

microsomal fractions.(40) Transporters move NAA 

and its associated dipeptide N-acetyl-aspartyl-

glutamate (NAAG) from the cytoplasm to the 

extracellular space. Additionally, oligodendrocytes 

take up NAA through a dicarboxylic acid 

transporter before it is degraded by ASPA. 

 

As a clinical indicator of the brain’s 

neuronal metabolic integrity, N-acetylaspartic acid 

is used. Because CD is associated with elevated 

NAA levels in the brain, it differs from many other 

neurodegenerative disorders in which a drop in 

NAA has been recorded. Additionally, patients 

with a Pelizaeus-Merzbacher-like condition, which 

is characterised by the loss of myelin, have shown a 

notable increase in NAAG concentration.(41)The 

specific role of NAA in the development of the 

central nervous system (CNS) is still understood, 

but it is crucial to understand why increases in 

NAA or NAAG cause white matter degradation or 

dysmyelination. 

To explain the pathophysiology of CD in 

the CNS, various theories have been put forth. 

First, demyelination might be a result of 

NAA's direct interaction with oligodendrocyte 

NMDA receptors. However, in a rat research, NAA 

did not induce any current in oligodendrocytes. 

Therefore, it is doubtful that the action of NAA or 

NAAG on oligodendrocyte NMDA receptors will 

play a significant role in the development of white 

matter injury.(42) The second possibility is that 

NAA can be hydrolyzed by ASPA into acetate and 

aspartate, acting as a molecular water pump to 

remove metabolic water from mitochondria and 

neurons. According to this theory, NAA buildup 

causes CD to experience astrocytic edoema and the 

development of vacuoles.(43)But according to a 

prior study, NAA was safe even at high 

concentrations.(44)despite NAA levels falling due 

to the production of a normal ASPA gene that was 

inserted, CD mice showed no signs of improved 

functionality.(45) Aquaporin 4 (AQP4) was found 

everywhere over the cytoplasm of CD animals, 

while it was only found in the astrocytic end-feet of 
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control mice, according to an 

immunohistochemistry investigation using the 

Nur7 mouse model of CD. This suggests that 

AQP4 may be a potential CD therapeutic target and 

that the management of water homeostasis by 

astroglia may contribute to the partial prevention of 

spongy degeneration.(46) 

Thirdly, during the process of postnatal 

myelination in the CNS, NAA may be crucial for 

lipid production and myelination.(47) Increases in 

NAA and a decrease in acetate and aspartate are 

two characteristics of CD.(48)(49) Thus the loss of 

ASPA function may be associated with a decrease 

in the amount of free acetate available for the 

synthesis of lipids. Spongiform degeneration has 

been linked to NAA’s inability to transport acetate 

from the mitochondria to the cytosol in CD brains, 

which impairs lipogenesis.(50)(51) A reduction in 

acetyl groups in the absence of ASPA activity may 

therefore be one of the primary causes of CD. 

While other lipids were not significantly changed, 

non-polar and polar lipid levels, which are essential 

for the formation of myelin, were discovered to be 

significantly lower (21-38%) in ASPA knockout 

mice than in wild type.(50) Additionally, both in 

the rat CD model and in human CD patients, a 

reduction of cerebroside and sulfatide, component 

glycolipids of myelin in the white matter, was 

noted. The clinical severity of the condition may 

not have directly connected with the observed fall 

in lipid levels, though. These findings imply that 

acetate shortage is not the only factor contributing 

to CD aetiology. 

Fourth, NAA might be crucial in 

preserving the metabolic stability of 

oligodendrocytes. It has been demonstrated that an 

increase in oxidative stress markers occurs before 

oligodendrocyte loss and demyelination in the early 

postnatal period.(52) Despite the fact that NAA is 

largely generated and concentrated in neurons.(53) 

In addition, young oligodendrocytes have been 

found to have elevated NAA concentrations. But 

neither mature oligodendrocytes nor astrocytes 

were found to contain NAA, suggesting that ASPA 

serves a critical role in immature oligodendrocyte 

development.(54) Non-myelinated 

oligodendrocytes have been shown to express 

ASPA mRNA and protein in rat cortical cells, as 

well as to exhibit ASPA activity.(55)(56) Even 

though oligodendrocytes have not yet been shown 

to directly absorb NAA, axonal transport of NAA 

has been proven.(57) According to these results, 

myelin maintenance is compromised when NAA-

derived acetate is not present. In addition to being 

demonstrated to contribute to the pathogenesis of 

CD, ASPA is essential for the maturation of 

oligodendrocytes.(58) Additionally, in a mouse 

model of adult ASPA deficiency, changes in the 

control of the cell cycle, the acetylated status of 

nuclear histones, ongoing neurogenesis in neural 

cell progenitors, and a significant decrease in 

certain myelin proteins have been noted.(59) 

 

Hypotheses on the pathogenesis of CD 

Due to our ignorance of the precise 

pathophysiological pathways connecting the 

documented ASPA mutations to the diverse clinical 

presentation of CD, a number of ideas have been 

made in an effort to explain how the absence of 

ASPA activity causes the neurodegeneration and 

oedema seen in CD. One of them, the "Ac-

lipidmyelin" theory, states that a lack of NAA-

derived Ac prevents the production of myelin 

lipid.(60)Despite the fact that acetyl moieties from 

NAA have been shown incorporated into myelin 

lipids(61) 

It is thought to be involved in myelination 

but is not required for it, according to evidence of 

rare cases of CD in which ASPA is dysfunctional 

but myelination still continues normally.(62)(63)It 

is important to keep in mind, though, that 

experimental data indicates that oligodendrocytes 

are the primary cell type in which ASPA is 

expressed.(64) indicating that myelination in the 

central nervous system closely coincides with the 

development of the ASPA gene's expression pattern 

in the postnatal rat brain.(65) 

Another theory, known as the “osmotic-

hydrostatic” hypothesis, contends that the 

movement of NAA between brain cells functions as 

a molecular water pump, drawing metabolic water 

out of neurons.(66)A cation and 32 water 

molecules form a compound with NAA when it is 

generated.(67)This NAA complex has been 

demonstrated to be released by depolarized neurons 

in grey matter into the extracellular fluid (ECF), 

carrying water against its gradient.(68)This 

complex quickly diffuses into the oligodendrocytes 

in a healthy person, where it passes through 

hydrolysis and releases water molecules.(69)Then, 

when its concentration gradient decreases, this free 

water diffuses into the vascular system.(70)On 

neuronal depolarization, the NAAwater complex is 

still produced in CD patients, but it is not removed 

from the ECF and instead diffuses into the 

vasculature (which has restricted permeability to 

hydrophilic molecules)(71)Local osmotic pressure 

adjustments may result from the NAA-water 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 8, Issue 2 Mar-Apr 2023, pp: 802-820 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0802802820       | Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 807 

complex accumulation in the ECF. The ensuing 

alterations in osmotic pressure could explain the 

osmotic diseases associated with CD if a 

comparable NAA cycle disturbance takes place in 

white matter.(60)Although the release of NAA into 

the ECF as a result of depolarization of white 

matter neurons has not been shown, it has been 

proposed that N-acetylaspartylglutamic acid 

(NAAG) produced by neurons may act as a source 

of NAA in this situation.(60)It is thought that white 

matter oligodendrocytes obtain NAA from 

NAAGpeptidase, which is found in the astrocyte 

end foot at the nodes of Ranvier and hydrolyzes 

NAAG to create NAA.The limited extracellular 

space at nodes in white matter, on the other hand, 

means that any potential failure of oligodendrocyte 

removal of NAA and its subsequent accumulation 

will probably have severe osmotic consequences, 

which could account for vacuole formation and the 

observed splitting between myelin sheath 

layers.(60) 

A third theory that was just recently put up 

by Francis et al.(72)oxidative stress in myelinating 

oligodendrocytes as a result of disruption to NAA 

catabolism during crucial myelination phases in 

early development leads to dysmyelination and 

other CD-related diseases. In this "oxidative stress" 

concept, NAA is proposed to lessen oxidative stress 

by avoiding the linkage of fatty acid production to 

oxidative energy metabolism through the 

availability of Ac. The latter can be changed by the 

enzyme acetyl-coenzyme A synthetase into acetyl-

coenzyme A (Acetyl-CoA). In nur7 mouse models, 

oxidative stress was demonstrated to occur before 

dysmyelination.(72)And even more recently, 

Francis et al. corroborated this theory by 

demonstrating that injection of triheptanoin (which 

raises Krebs cycle intermediates) reduces oxidative 

stress and alleviates CD-related diseases.(73) 

 

Table 1 : Overview of the three current ideas for Canavan disease’s (CD) pathophysiology, their 

underlying mechanism(s), and potential neuroprotective measures for each. 

Hypothesis  

 

 

Outline of the mechanism(s) and 

potentialneuroprotectant(s)  

 

Ac-lipid-myelin  NAA-derived compounds are lacking in CD 

patients. Ac prevents oligodendrocytes from synthesising 

myelin lipids. 

 Possible therapy strategy: CA, GTA 

 

osmotic-hydrostatic  NAA cycling serves as a molecular water pump 

in brain cells. 

 Patients with CD have variations in local 

osmotic pressure as a result of the NAA-water complex 

building up in the ECF. 

 A potential failure of oligodendrocyte removal 

of NAA (and its subsequent build up) in the white matter 

of CD patients may have severe osmotic consequences 

because of the limited extracellular space at nodes, which 

could account for vacuole formation and the observed 

splitting between myelin sheath layers. 

 Pyrazole and its derivatives, sodium valproate, 

topiramate, ethanol, LiCl, Li3C6H5O7, and NAA are 

examples of possible treatment agents. 

 

oxidative stress  When NAA catabolism is disrupted in CD 

patients, it leads to oxidative stress in myelinating 

oligodendrocytes, which leads to dysmyelination and 

other CD-related diseases. 

 Lipoic acid and triheptanoin are two potential 

treatment options. 
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DIAGNOSIS 

The first 3 to 6 months of infancy are often when 

symptoms first show, and they progress quickly. 

These signs may manifest as – 

1) Poor head control  

2) Abnormally large head 

3) Lack of motor development 

4) Hypotonia – decreased muscle tone  

5) Blindness  

6) Seizures  

7) Difficulty swallowing  

8) Unresponsiveness 

9) Lethargy  

10) Irritability  

11) Feeding difficulties  

12) Paralysis  

13) Hearing loss 

14) Sleep disturbance 

15) Hyperextension of legs 

16) Flexion of the arms  

17) Megalocephaly 

18) Nasal regurgitation 

19) Reflux with vomiting  

20) Mental retardation 

 

There is wide range of Canavan illness 

severity. All are wont experience all of symptoms 

due to the varying Degree and symptoms. 

Neuroimaging and clinical characteristics are 

particularly useful and specific for Canavan disease 

(74). The white matter of the cerebral hemispheres 

and the cerebellum frequently exhibits diffuse 

hypodensity on a CT scan, with the globus pallidus 

typically involved and the caudate nucleus and 

putamen spared. The leukodystrophy visible on a 

cranial MRI progresses centripetally, involving 

subcortical U-shaped white matter fibres first and 

then central regions. Usually, just the thalamus and 

globus pallidus are affected, sparing the putamen 

and caudate nucleus (75).Later stages entail diffuse, 

extensive white matter involvement and lateral 

ventricle enlargement. Traditionally, cultivated skin 

fibroblasts are used in an enzyme assay 

(Aspartoacylase enzyme) to diagnose Canavan 

disease (76). The diagnosis is made when there are 

elevated levels of urine NAA in babies who have 

symptoms, consistent clinical characteristics, and 

neuroimaging results that indicate aspartoacylase 

deficiency. Clinical traits such hypotonia, weak 

head control, and macrocephaly are compatible. 

Defective aspartoacylase activity in cultivated skin 

fibroblasts can be used to make a more precise 

determination. Genetic testing is only requested for 

genetic counselling if increased urine NAA and 

skin fibroblast testing are diagnostic. (77)(78)(79). 

A devastating condition known as CD affects both 

the white and grey matter of the central nervous 

system. (80). The pathognomonic biochemical 

indicator of CD is the build-up of NAA in the 

blood, urine, CSF, and amniotic fluid. Numerous 

studies and hypotheses have addressed the part that 

NAA accumulation plays in the pathogenesis of 

progressive myelin degeneration in CD 

(81)(82)(83).The molecular efflux water pump 

mechanism, which obeys a transport gradient 

between two juxtaposed anabolic (neurons) and 

catabolic (oligodendrocytes) compartments, is 

thought to involve NAA and, particular in, ASPA. 

Absence of ASPA activity results in the vascular 

spongiform degradation of grey matter and existing 

myelin, as well as excessively high osmolar levels 

in the peri axonal region. The white matter has a 

significantly higher water content. (84). 

This explains why macrocephaly with CD 

is caused by megalencephalic with elevated 

cerebral weight and volume, which explains why 

the spongiform degeneration of the brain is 

ongoing with gradual enlargement of the head 

circumference.When the disease is more advanced, 

the initial oedematous swelling of the white matter 

will transform into brain atrophy with 

ventriculomegaly. 

According to the 

demyelination/demyelination theory of CD, an 

acetate deficit causes myelin layers to be loosely 

bound and incomplete, which results in vacuoles in 

the interstitial space. 

High NAA levels in the brain are also 

believed to be hazardous (oxidative stress theory), 

particularly when associated with concomitant 

ASPA deficiency as demonstrated in animal 

research. The intersection of grey and white matter 

(subcortical arcuate “U”-fibres) exhibits the severe 

effects of myelin degradation in imaging and 

histological investigations. The results of 

neuroimaging studies develop over time and 

demonstrate a centripetal spread to the core white 

matter. Unlike the white matter of the brain stem 

and cerebellum, the corpus callosum and internal 

capsules are unaffected; instead, the thalamus and 

globus pallidus are frequently affected 

(85)(86).Lack of motor development, eating issues, 

unusual muscle tone (weakness or stiffness), and an 

unusually huge, uncontrollably moving head are 

among symptoms. There's also a chance of losing 

your hearing or being paralysed. The usual 

behaviour of children is meekness and passivity. 

Macrocephaly, seizures, CNS vacuolation, and 
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hypomyelination are all symptoms of Canavan 

disease, a rare neurometabolic disorder of the white 

matter that is linked to toxic accumulation of N-

acetyl aspartate (NAA). N-acetyl aspartate 

synthesis generates NAA, which ASPA catabolizes 

in Canavan disease, missenses mutation renders 

ASPA ineffective, causing NAA to build up in the 

body. Clinical goals for gene therapy to correct the 

defective ASPA gene in patient with Canavan 

disease have not been met to yet (87). 

When new-borns display the defining 

symptoms of the condition, Canavan illness may be 

suspected (e.g.- poor head control, macrocephaly, 

etc.) A comprehensive clinical assessment, a 

thorough patient history, and several specialist tests 

may be used to confirm a diagnosis. Gas 

chromatography mass spectrometry, a tool that may 

identify high amount of NAA in the urine, may be 

used in this examination. Additionally, elevated 

NAA concentrations have been found in the blood 

and cerebrospinal fluid (CSF). The absence of the 

enzyme aspartoacylase. 

Can be detected by testing certain 

connective tissue cells (cultured fibroblasts) from 

the skin. Additionally lacking in white blood cells 

is aspartoacylase activity. 

By measuring the concentration of NAA 

in the fluid around the growing foetus (amniotic 

fluid) between 16 to 18 weeks of gestation, 

amniocentesis can be used to diagnose Canavan 

illness in utero. Chorionic villus sampling (CVS), 

which involves removing a sample of placental 

cells at 10- 12 weeks gestation for mutation 

screening is a prenatal diagnosis option if both 

parents have known ASPA gene mutation (88)(89). 

 

TREATMENT  

Therapeutic approaches to CD 
Treatment is typically supportive because 

there is currently no effective cure for the 

condition, which results in death at 2 to 5 years. 

(90). Nevertheless, genetic therapies are being 

tested and appear to lower the level of NAA in the 

brain. (91). There isn’t a precise course of action. 

To lessen the effects of the condition, supportive 

treatment is crucial. Research is being done on 

lithium and gene therapy. (92).The focus of 

supportive care is on protecting the airway, treating 

infectious illnesses, and ensuring enough 

nourishment and hydration. 

The family of those who are suffering 

from the disease can access hospice care (93). 

Children benefit from early intervention and special 

education programmes, other therapies to improve 

communication skills (particularly in those with a 

more gradual clinical course), and physical therapy 

to reduce contractures and maximise capacities and 

seated posture. (94). The use of anti-seizure 

medicine is an option for treating seizures. 

When swallowing problems are present, a 

feeding gastrostomy may be necessary to maintain 

a sufficient intake of fluids.To reduce spasticity, 

Botox® injections may be utilised. By exercising 

and switching positions, contractures and decubiti 

can be avoided.Aspiration risk is increased by 

feeding issues and seizures;however, it can be 

decreased by using a G-tube (95). It Is advised that 

a paediatric neurologist perform follow-up exams 

every six months to assess the child’s 

developmental condition and look for any signs of 

new issues (96). 

In order to evaluate the treatments long 

term safety and effectiveness, a trial of AAV2 gene 

therapy was carried out in a few Canavan Disease 

patients. There were little side effects from utilising 

these medications, according to long term findings 

(at least five years after treatment). Furthermore, 

the patients NAA levels fell, which halted the 

course of brain cell death. Overall, the patient’s 

clinical conditions did improve a little. Early 

administration of this therapy would be necessary 

for it to be most effective (possibly less than four 

months.) Thus, more study into early diagnosis is 

important. 

 

Table 2 : The Different Types Of Therapies Used For Canavan Diseases 

NAME OF THE THERAPY RESULT 

ACETALZOMIDE Over the course of five months, lower the water 

concentration and NAA level in the white matter, 

Despite not lowering either of these, this drug 

decreased intracranial pressure. 

KETOGENIC DIET Increased beta hydroxybutyrate levels in the brain 

but had no effect on NAA levels 

ACETATE SUPPLEMENT Acetate supplementation can restore normal 

myelin formation and maintenance, which 

prevents the myelin breakdown seen in Canavan. 
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However, this does not address the building of 

NAA 

LITHIUM However, muscular tone and spastic dysplasia did 

not improve, brain and urine NAA levels fell, 

alertness and visual tracking both improved. 

ENZYME REPLACEMENT THERAPY Because molecular must be able to penetrate the 

blood brain barrier, enzyme replacement therapy 

is difficult in Canavan disease. Patients quality of 

life has not improved as a result of several 

interventions designed to aid with this. 

STEM CELL THERAPY  Experts in the field stem cells are investigating 

the possible therapeutics use of stem cells in the 

case of Canavan sickness. Since stem cell therapy 

is still in its infancy, there aren’t any urgent plans 

to  use it for treatment or clinical trials. 

(97)(98)(99)(100) 

 

Clinical Outcome In Canavan Disease Patients 

After Gene Therapy 

A validated measure of gross motor 

function in people with cerebral palsy and brain 

injury, the gross motor function measure is a 

typical tool for tracking changes in gross motor 

function over time in the general population (101). 

because Canavan disease is characterised by severe 

truncal hypotonia and instability, lack of head 

support, and limb spasticity, it is intended to 

measure how much of an activity a child can 

complete rather than the quality of their motor 

performance across five dimensions while lying 

down, sitting, crawling, standing and walking. By 

concentrating on the three functional categories 

with the lowest priority as the main objective areas. 

The child’s capacity to roll from prone posture, as 

well as aspects of head control, which is severely 

compromised in Canavan illness, are characteristics 

considered in this examination. 

After therapy, there was a small but 

statistically significant improvement in the lying 

subscale of the GMFM using the generalised linear 

mixed model technique as measured by the pre/post 

difference (102)(103). 

 

Non-Genetic Therapeutic Approaches To CD 

Most non-genetic CD therapy methods up 

to this point have concentrated on either reducing 

NAA buildup in the CNS or treating the metabolite 

imbalance brought on by poor NAA hydrolysis. 

Dysmyelination and osmotic-mediated diseases 

have both been linked to the pathological profile of 

CD. 

 

 

 

1. Reduction of CNS NAA levels 

Those who believe that NAA 

accumulation in the CNS through mechanisms like 

disrupted osmoregulation is the primary cause of 

CD pathogenesis have searched for drugs that 

could reverse the pathology associated with CD by 

reducing CNS NAA levels, as measured by high-

performance liquid chromatography (HPLC) 

analysis. Although experiments have shown that 

ethanol (104)(105) sodium valproate (106) 

additionally to pyrazole and some of its 

derivatives(104)When these compounds were 

examined in a CD animal model, no substantial 

decreases were seen, despite the fact that their 

capacity to lower NAA levels in animal brains 

without disease made them seem to be promising 

candidates.(107)The CD-like tremor rat, which has 

a CD-like condition due to a naturally occurring 

deletion of the ASPA gene, was the animal model 

employed in this instance to simulate CD.(108) 

According to O'Donnell et al., Li in the forms of Li 

citrate (Li3C6H5O7) and Li chloride (LiCl) are the 

only compounds that have consistently reduced 

CNS NAA levels in both animals and people, both 

with and without sickness.(106)have demonstrated 

that giving rats LiCl at a daily dose of 170 mg/kg 

of body weight for 2 weeks reduced brain NAA 

levels by 9%, while Baslow et al.(107)that 

evaluated it on CD-like tremor rat models and 

emphasised its potential therapeutic efficacy in CD. 

Following the daily treatment of LiCl at a dose of 

300 mg/kg of body weight for four days, brain 

NAA levels in CD-like tremor rat CNS samples 

were shown to have decreased by 13%.(107) It's 

interesting to note that Li3C6H5O7 was later tested 

on a patient with CD.(109)however, NAA levels 

decreased in all studied CNS regions in both the 
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white and the grey matter, as measured by proton 

magnetic resonance spectroscopy (MRS) studies. 

and only one of the four CNS regions studied 

achieved statistically significant reduction of NAA 

levels. The 18-month-old female CD patient was 

given Li3C6H5O7 up to 45 mg/kg of body weight 

per day for four months, and her magnetic 

resonance imaging (MRI) scans revealed that T1 

weighted image changes in white matter were more 

similar to age-matched values for healthy human 

subjects (than they were theoretically for CD 

patients), indicating that myelination was more 

normal as a result of the Li-treatment.(109)Her 

clinical symptoms also looked to have slightly 

improved, as the patient had enhanced alertness, 

heightened awareness of her environment, and 

slight gains in verbal and gross motor 

skills.(109)Another human trial, this time involving 

six patients and lasting 60 days(110) grey matter 

(from MRI T1 relaxation times). Additionally, 

increased social interactions and attentiveness were 

noticed, but tests of gross motor ability revealed no 

statistically significant improvement.(110)In a 

more recent case report, Li3C6H5O7 was once 

more reported to lower CNS NAA levels when 

given to a 3-month-old female CD patient for a 

year at a dosage of 45 mg/kg per day. A 20% 

reduction in CNS NAA levels was attained, and the 

drug was once more well-tolerated. Additionally, 

although hypotonia and spasticity continued, 

attentiveness and visual tracking were observed to 

have improved.(111)Symptomatic benefits after Li 

treatment were moderate in every instance, but 

outcomes were reliable and there were no side 

effects observed for up to a year after intake. 

Studies on the safety of higher Li dosages in 

animals may be a useful requirement before 

making any clinical attempts because it is probable 

that higher dosages may be needed to observe 

better therapeutic efficacy. Unknown 4 is the 

mechanism by which Li reduces CNS NAA levels. 

It has been proposed that altering blood-brain 

barrier (BBB) permeability can inhibit NAA 

release from neurons or accelerate expulsion from 

the central nervous system (CNS)(109). Inhibition 

of the NAA synthesis pathways is a different 

method that might be targeted(112)This could 

either be done by inhibiting aspartate N-

acetyltransferase (AspNAT; the enzyme that 

synthesises NAA from Asp and Acetyl-CoA) 

competitively or irreversibly, or it could be done by 

inhibiting NAAG-peptidase to stop NAA synthesis 

from NAAG hydrolysis; the latter is covered in 

more detail below. 

2. Water removal 

Baslow and Guilfoyle(115) have recently 

suggested that maintaining a sustained rise in 

plasma NAA levels in CD patients with oral NAA 

administration may be therapeutic in order to lessen 

oedema and other osmotic effects of the brain 

parenchyma found in the condition. They assert 

that because NAA is assumed to be unable to cross 

the blood-brain barrier, NAA buildup in plasma 

would increase plasma oncotic pressure and could 

lead to the establishment of an outward water 

gradient from the CNS ECF to the vasculature, 

allowing water to leave the brain(115).Studies to 

test this theory have not yet been done, though. 

 

3. Accumulation of NAA and oxidative stress  

Due to data that suggests CNS NAA 

buildup may cause harm by sparking oxidative 

stress (116)(117)(118) Antioxidants have been 

proposed as a possible CD therapy. When given 

before acute NAA administration (40 mg/kg of 

body weight, intraperitoneally, two days prior to 

NAA), all signs of oxidative stress induced by 

NAA were prevented. Lipoic acid, which is known 

to cross the BBB and to have a high potency, was 

tested for its ability to reduce signs of NAA-

induced oxidative stress in 14-day-old Wistar rats. 

Rats pre-treated with lipoic acid did not experience 

any of the negative consequences that were 

observed in rats given NAA alone, including 

increased lipid peroxidation, protein oxidation, and 

DNA damage, as well as diminished enzymatic and 

nonenzymatic defences.(119)These findings imply 

that dietary supplementation with lipoic acid might 

be an effective strategy for treating CD, but more 

research must first demonstrate clinical relief in 

more suitable CD animal models.  

 

4. Supplementation of Ac 

Other research have sought to restore 

myelination by Ac-supplementation by 

concentrating on the “Ac-myelin-lipid” 

concept.(120-124)To this goal, the ability of 

glyceryl triacetate (GTA) and calcium acetate (CA) 

to transport ac to the CNS has been examined 

[67,68]. Even though both substances were proven 

to be generally safe, intragastric injection of similar 

doses of GTA or CA to 21-day-old C57BL/6 mice 

revealed that GTA significantly increased CNS Ac 

levels and did so with fewer side effects than 

CA(122)(123). 

A few years later, GTA was demonstrated 

to be safe when given orally in high doses to tremor 

rat pups and modest doses to CD newborn patients, 
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albeit it was ineffective in treating the CD-related 

symptomatology in the human experiment(114). A 

further investigation [65] on tremor rats revealed 

that high-dose injection of GTA resulted in 

enhanced CNS galactocerebroside 6levels, 

decreased spongy vacuolation, and better motor 

function. Furthermore, the medication was well-

tolerated once more because no harmful side 

effects were reported(120).Given that GTA was 

successfully tolerated at high doses in rats, high-

dose tests (4.5 g/kg of body weight per day) were 

conducted on 8-month-old CD infants and 1-year-

old CD infants over the course of 4.5 and 6 months, 

respectively. During this time, neither toxicity nor 

motor improvements were noticed. The latter was 

linked to the treatment’s delayed start(124) 

Additionally, it should be highlighted that GTA has 

demonstrated modest efficacy in humans at its 

greatest dosage to date, although treatment at a 

younger age may alleviate symptoms (as was the 

case in tremor rats), and should be taken into 

account when planning future research. 

 

5. Energetic substrates 

The anaplerotic triglyceride “triheptanoin” 

is another dietary supplement suggested for use as a 

non-genetic treatment approach to CD. By 

strengthening the connection between fatty acid 

production and oxidative energy metabolism, it is 

possible to expand on the finding that insufficient 

NAA hydrolysis results in acute oxidative 

stress(125).Francis et al. made an effort to restore 

oxidative integrity by offering substitute substrates 

for generating energy. In that study, 3-week-old 

nur7 pups and last week of pregnancy nur7 mice 

mutants were given chow that contained 35% 

triheptanoin (as caloric composition) until 12-

weeks of age. Analysis of the animals’ brains at 12 

weeks revealed significantly decreased levels of 

oxidative stress, oligodendrocyte degeneration, and 

dysmyelination, whereas accelerated rotarod testing 

results at this time suggested enhanced motor 

function. Notably, mice that had previously 

received treatment displayed the biggest 

improvements in all specified 

criteria(126).Triheptanoin was chosen because it 

can both make TCA cycle intermediates and 

provide substrates for lipogenesis. Its exact 

mechanism of how it gives substrates to 

oligodendrocytes is still unknown, though. 

 

6. Cell therapy 

ASPA for the CNS is mostly produced by 

oligodendrocytes(127). maybe the most 

significant(128-130). Repopulating a CD patient's 

brain with functional oligodendrocytes may be able 

to reverse much of the disease's phenotype by 

restoring normal NAA metabolism. In the CD 

mouse model, neural stem cells have produced 

oligodendrocytes successfully(131). and although 

the clinical effects of such a treatment have not yet 

been examined, these oligodendrocytes exhibited a 

myelin-specific enzyme indicative of their capacity 

to produce myelin. Despite the fact that the juvenile 

treated mice's mice's neural progenitor cells (NPCs) 

survival rate was generally high(131).The limited 

migration of these cells indicates that there is still 

more work to be done before any effects (if found) 

are widespread enough to have an effect on the 

brain disease associated with this disorder. Along 

with the potential for migration, the 

stability(132).Moreover, the safety of differentiated 

and transplanted NPCs in the CNS of CD mice has 

not yet been established, and finding enough NPCs 

for human transplantation is probably going to be 

challenging(133). The NPCs employed in the 

aforementioned work were also evaluated for their 

potential to serve as ASPA gene therapy vectors. 

Juvenile CD mice were transplanted after 4 weeks, 

and enzyme activity testing revealed that ASPA 

activity was 16% of that observed in wild-type 

mice. But 5 weeks following the transplant, it was 

shown that this activity had decreased in adult 

mice, possibly as a result of the retroviral vector 

pLXIN's transient in vivo expression(131).It should 

be noted that using adeno-associated viral vectors 

has been hypothesised to improve treatment’s long-

term efficacy. If ASPA activity can be adequately 

elevated using this technique, more research should 

be done to determine whether CD animal models 

will exhibit any phenotypic improvements. Once 

again, it will be important to take into account the 

security, continuity, and movement of NPCs. 

 

7. Novel pharmaceutical approaches 

Topiramate, an anti-convulsant, was 

observed to reduce the rate of head growth in two 

CD patients after being administered for 7 and 15 

months, starting at age 6 months for both kids. The 

exact mechanisms causing this impact are 

unknown, however Topçu et al(134).suggested that 

CNS water buildup was decreased, possibly 

through the suppression of carbonic anhydrase. 

Even though topiramate has very little benefit for 

CD patients, understanding the processes by which 

it works could offer more light on the pathology of 

the illness and support the aforementioned 

"osmotic-hydrostatic" concept. 
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8. Blocking of NAAG catabolism 

Baslow and Guilfoyle considered the 

possibility that the significant amounts of NAA that 

build up in CD patients’ white matter could result 

from NAAG catabolism(112).have proposed that 

the process involves the use of NAAG-peptidase 

inhibitors or the metabotropic glutamate receptor 3 

(GRM3 or mGluR3; the natural astrocytic surface 

target for NAAG). Adversaries and agonists(135) 

potentially impede the progression of 

dysmyelination 

 

PHYSICAL EXAM 

A neurologist graded the clinical results of 

the Canavan physical examination and compares 

them to the clinical examinations conducted at 

earlier visits prior to gene transfer. As part of the 

quality-of-life assessment, the exam also includes 

caregivers’ narrative remarks. Result was broken 

down into levels of alertness, head lag, optic 

atrophy, cranial nerve exam, capacity to fixate on 

objects, visual tracking, truncal and extremity tone, 

spontaneous movement of extremities and fine 

motor function, sensory exam, and reflexes (136). 

 

II. CONCLUSION 
The ASPA gene can develop mutations 

that lead to Canavan disease, a hereditary 

neurological disorder. Development delay, head 

lag, hypotonia, and macrocephaly are significant 

clinical indicators. The level of NAA in the 

patient’s urine are high. There is growing evidence 

that there is a considerable variety in the clinical 

phenotype of Canavan illness, even though it is 

frequently assumed that kids with the condition 

will pass away in childhood. Even though it affects 

people of all races equally, there is relatively little 

known about its prevalence in groups of Jews who 

are not of Ashkenazi heritage. To lay the 

groundwork for fresh therapy modalities, ongoing 

research attempts to better understand Canavan 

illness and underlying causes. 
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