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N-acetylglutamate synthetase deficiency - literature review
Summary

Introduction and purpose: N-Acetylglutamate Synthetase Deficiency (NAGSD, #237310) is
a rare urea cycle disorder, primarily caused by autosomal recessive genetic mutations. Most
affected individuals are homozygous for the disease-causing allele. Symptoms typically appear
in the neonatal period. The NAGS enzyme is essential for catalyzing the synthesis of N-
acetylglutamate, an allosteric activator of carbamoylphosphate synthetase 1 (CPS1), crucial for
the urea cycle. Key biochemical markers include elevated ammonia, glutamine, and alanine;
decreased citrulline; and respiratory alkalosis. Hyperammonemia is the main clinical feature,
manifesting as nausea, vomiting, cognitive impairment, seizures, and, in severe cases, coma or
death. Genetic testing remains the cornerstone of diagnosis, enabling identification of specific
mutations. Treatment involves carbamylglutamate, an NAG analog that activates CPS1. The
aim of this publication is to discuss various aspects of N-acetylglutamate synthetase deficiency

based on the latest literature.

Material and methods: The PubMed database was searched to find scientific articles in which
the terms "N-acetylglutamate synthetase,” "NAGS deficiency,” or "N-acetylglutamate

synthetase deficiency" appear in the title, abstract, or keywords.

Conclusions: Expanding research aims to explore novel treatments, dietary strategies, and the

safety of current therapies during pregnancy.


https://orcid.org/0000-0002-3848-2186
https://orcid.org/0009-0005-6346-4878
https://orcid.org/0009-0005-6346-4878
mailto:nataliaszymkowiak4@gmail.com
https://orcid.org/0009-0007-9973-8089
https://orcid.org/0009-0005-2677-915X

Key words: N-acetylglutamate synthetase, NAGS deficiency, N-acetylglutamate synthetase

deficiency

Introduction

N-Acetylglutamate Synthetase Deficiency (NAGSD, #237310) is an extremely rare genetic
disorder of the urea cycle (UCD) [1,2]. Among all UCDs, NAGSD is the least common and
was first described in 1981 [1]. NAGS is a mitochondrial enzyme responsible for synthesizing
N-acetylglutamate, an allosteric activator of carbamoylphosphate synthetase 1 (CPS1).
Consequently, CPS1 deficiency and NAGSD are nearly indistinguishable in clinical and
biochemical presentations [1,2,3]. However, differential diagnosis is crucial, as NAGSD is the
only UCD currently amenable to effective treatment [4]. NAGSD can be classified as primary
(genetically determined) or secondary (resulting from defects in organic and fatty acid

metabolism) [4].

The primary biochemical feature of NAGSD is hyperammonemia, which manifests as a range
of clinical symptoms, including nausea, vomiting, cognitive impairment, seizures, and, in
severe cases, coma or death [1,2,4]. NAGSD is most commonly diagnosed in the early years of
life. However, milder forms with partial NAGS activity have been reported in adults, with

episodic headaches being the primary symptom [2].
Objective

This publication aims to provide an overview of various aspects of N-acetylglutamate

synthetase deficiency based on the latest literature.



Methods

A PubMed search was conducted for scientific articles featuring the terms “N-acetylglutamate
synthetase,” “NAGS deficiency,” or “N-acetylglutamate synthetase deficiency” in the title,
abstract, or keywords. Articles discussing the etiology, epidemiology, symptomatology,
diagnostics, and treatment of this disorder were selected. The search was limited to English-
language articles published between 2015 and 2024 with free full-text access.

Etiology and pathophysiology

Ammonia is the primary toxic metabolite of nitrogen compounds in the human body. In the
liver, it undergoes a series of metabolic transformations, converting into the less toxic urea (urea
cycle) [5]. Urea cycle disorders (UCDs) lead to episodes of hyperammonemia, with varying
severity and frequency depending on the specific enzyme deficiency and its extent [2].
Hyperammonemia can manifest with symptoms ranging from nausea, vomiting, and cognitive

changes to seizures, coma, and death [1,2,4].

The human NAGS gene is located on chromosome 17 (17g21.31) and spans approximately 8.5
kb, comprising seven exons, six introns, a promoter, and an enhancer located about 3 kb
upstream of the transcription start site [4,6]. The NAGS promoter regulates transcription
through binding with specificity protein 1 (Spl) and cAMP response element binding protein
(CREB), while the enhancer interacts with hepatic nuclear factor 1 (HNF1) and nuclear factor

Y (NF-Y), regulating liver-specific transcription of the gene [4].

Human NAGS is a mitochondrial enzyme structured into an N-terminal amino acid kinase
(AAK) domain (residues 95-372) containing the L-arginine binding site and a C-terminal N-
acetyltransferase (NAT) domain [7]. Its biological function is to catalyze the synthesis of N-
acetylglutamate, an essential allosteric activator of carbamoylphosphate synthetase 1 (CPS1)
[1]. As a result, the biochemical symptoms of NAGSD and CPS1 deficiency are identical,

including elevated glutamine, reduced citrulline, normal orotic acid, and elevated ammonia [1].

Primary NAGSD is a genetically determined, autosomal recessive disorder [1,2,4]. Most
affected individuals are homozygous for the disease-causing allele [8]. While the majority of
NAGSD cases arise from mutations in coding or splicing regions, mutations in the enhancer
region of the gene, which reduce its expression by impairing HNF1 binding, have also been



reported [4,8,9]. To date, approximately 50 mutations associated with NAGSD have been

identified, over 60% of which are missense mutations [2].

Secondary NAGSD results from the administration of specific drugs or other metabolic
disorders [4]. There have been cases of NAGSD induced by valproic acid treatment, where the
drug metabolite (valproyl-CoA) inhibits NAGS activity [10,11]. Other disorders associated
with secondary NAGSD include propionic acidemia (PA) and methylmalonic acidemia (MMA)
[12,13]. Both conditions, inherited in an autosomal recessive manner, cause the accumulation
of acyl-CoA, which inhibits NAGS activity [12,14].

Epidemiology

NAGSD is an extremely rare condition and the least common UCD [1]. Its estimated prevalence
ranges from 1 in 2,000,000 to 1 in 7,000,000 live births [6,15]. Only around 100 cases of
NAGSD have been reported in the literature to date [1].

Symptomatology

For many years, there was limited data regarding the typical age at which symptoms of N-
Acetylglutamate Synthetase Deficiency (NAGSD) manifest [1]. A detailed analysis by
Kenneson et al. [1] indicated that symptoms most commonly appear during the neonatal period,
accounting for 58% of cases, while late-onset presentations are exceedingly rare, comprising
only a few percent of cases [1]. The longest interval from birth to the onset of symptoms
documented in the literature is 59 years [1].

Neonatal symptoms predominantly include poor feeding or feeding intolerance, vomiting,
lethargy, hypertonia and/or hypotonia, seizures, and tachypnea [1]. In cases of later onset,
symptoms typically involve vomiting, confusion or disorientation, ataxia, lethargy, decreased
level of consciousness, seizures, and hypotonia [1]. An intriguing feature in some late-onset

patients is a tendency to avoid protein-rich foods [1].

In certain individuals, the only symptom is recurrent headaches [2]. To date, three headache
types associated with hyperammonemia have been described: migraine-associated cyclic
vomiting syndrome, sporadic hemiplegic migraine, and tension-type headache [2,16]. The
pathophysiology of these headaches remains poorly understood. It is hypothesized that they
result from increased intracranial pressure due to intracellular glutamine accumulation,

triggered by high ammonia levels [2]. Additionally, some researchers suggest that disrupted



arginine metabolism, a feature of certain UCDs, may impair nitric oxide (NO) synthesis.
Reduced NO levels could hinder intracranial pressure regulation by limiting cerebral

vasodilation [17].

Recently, a case was reported in which 3-methylglutaconic aciduria (3-MGA) was attributed to
NAGSD [18]. The authors speculate that this reflects severe metabolic decompensation,
proposing 3-MGA as a potential marker of severe NAGSD, although further studies are needed
[18].

Common biochemical and clinical markers of NAGSD include elevated ammonia, elevated
glutamine and alanine, decreased citrulline, normal (or occasionally reduced) orotic acid, and

respiratory alkalosis [1].

Symptoms of NAGSD are frequently triggered by specific factors, including high-fever
ilinesses [4], high-protein meals [1], the introduction of cow's milk into the diet [1], insufficient
food intake and dehydration [2], upper respiratory infections [1], traffic accidents [1], bone

fractures [9], pregnancy, and the postpartum period [14].
Diagnostics

Due to the nearly identical clinical and biochemical presentations of N-Acetylglutamate
Synthetase Deficiency (NAGSD) and carbamoylphosphate synthetase 1 (CPS1) deficiency,

additional testing is essential to establish an accurate diagnosis [1].

Historically, measuring NAGS activity in liver biopsies was a common diagnostic procedure.
However, NAGS activity levels were highly variable among patients, with some exhibiting
normal enzyme activity despite the disease, and reduced levels being observed in healthy

individuals [1]. This test was often combined with arginine stimulation testing [1].

Currently, genetic testing remains the gold standard for diagnosing NAGSD, enabling the
identification of mutations characteristic of the disease [1,3]. Researchers have highlighted the
need to expand genetic testing panels due to the discovery of novel mutations, including those

in the enhancer region of the gene [4].

A widely used diagnostic approach is a therapeutic trial with carbamylglutamate, combined
with ammonia level measurements. This method often confirms or excludes NAGSD in
ambiguous cases [1]. However, there is debate regarding whether other treatments for



hyperammonemia should be discontinued during the trial [1,19]. It is important to note that
clinical improvement after carbamylglutamate administration is not entirely specific to NAGSD,

as it can also occur in some other urea cycle disorders (UCDs) [1,20].

Liquid chromatography-tandem mass spectrometry has been reported as a diagnostic tool for

NAGSD in a single study, but its clinical utility requires further validation [21].

Newborn screening for UCDs is performed in some countries [1,22]. The rationale for these
screenings lies in the poor prognosis associated with delayed treatment—10% of affected
infants die within the first year, and 30% experience intellectual disability [23]. According to
Vasquez-Loarte et al. [22], including UCDs in newborn screening could detect at least two-

thirds of affected individuals.

In summary, many researchers recommend an optimized diagnostic strategy combining a

therapeutic trial with carbamylglutamate and simultaneous genetic testing [1,3,24].
Treatment

Most urea cycle disorders (UCDs) are conventionally treated using ammonia-scavenging agents
(e.g., sodium benzoate and sodium phenylacetate), arginine supplementation to enhance urea

cycle efficiency, and hemodiafiltration [3,24].

N-Acetylglutamate Synthetase Deficiency (NAGSD) remains the only UCD with a specific
treatment [1]. The standard therapy for NAGSD involves carbamylglutamate (a NAG analog
that activates CPS1), administered in maintenance doses ranging from 15 to 320 mg/kg/day, as
reported in the literature [1,25-28]. Currently, there are no definitive guidelines regarding
dietary protein restriction during carbamylglutamate therapy. However, some researchers
suggest further investigation is warranted, as neurological symptoms have been reported in
patients consuming more than 3.5 g/kg of protein daily [1,29]. There is limited data on the
safety of carbamylglutamate use during pregnancy and lactation. Animal studies in rats indicate
potential adverse effects on fetal and neonatal growth and development, although no
abnormalities have been reported in the limited human cases where pregnant or lactating
women with NAGSD continued carbamylglutamate therapy [14].

When NAGSD arises during valproic acid therapy, it is crucial to determine whether the patient
has an asymptomatic primary form of the disease [10]. In cases of secondary NAGSD,

discontinuation of valproic acid is recommended where possible. If discontinuation is not



feasible, dose reduction or the addition of carbamylglutamate to the treatment regimen should
be considered [10]. There is also emerging evidence suggesting carbamylglutamate may have
a role in managing propionic acidemia (PA) and methylmalonic acidemia (MMA), although
further studies are needed [12,13].

Although carbamylglutamate therapy is the gold standard for NAGSD, cases have been
reported where treatment involved ammonia-scavenging agents combined with protein
restriction, with or without arginine and/or citrulline supplementation [1,8]. These approaches
have yielded varying outcomes, ranging from full recovery to the development of intellectual
disabilities [1].

Liver transplantation has been reported in two cases of children with NAGSD. The success of
this intervention appears to depend on the timing of the operation. A child who underwent
transplantation at six weeks of age developed normally, while another child transplanted at

eight months later experienced intellectual disability [1,30].

A study by Sonaimuthu et al. [31] suggests that NAGSD could potentially be treated using gene
therapy. However, human studies are currently lacking, and further research is necessary to

evaluate its clinical application.
Summary

N-Acetylglutamate Synthetase Deficiency (NAGSD, #237310) is an extremely rare urea cycle
disorder, primarily of genetic origin. It manifests as a primary condition due to autosomal
recessive inheritance, with most affected individuals being homozygous for the pathogenic
allele. Secondary NAGSD arises from specific drug exposures or other metabolic disturbances.
Symptoms of the disorder typically emerge during the neonatal period, accounting for 58% of

cases.

The biological role of N-acetylglutamate synthetase (NAGS) is to catalyze the synthesis of N-
acetylglutamate, a critical allosteric activator of carbamoylphosphate synthetase 1 (CPS1), an
enzyme essential for the proper function of the urea cycle. Common biochemical and clinical
markers of NAGSD include elevated ammonia, glutamine, and alanine; decreased citrulline;
normal or occasionally reduced orotic acid; and respiratory alkalosis. The hallmark biochemical
feature is hyperammonemia, which can lead to a range of clinical symptoms, including nausea,

vomiting, cognitive changes, seizures, and, in severe cases, coma or death.



The diagnostic cornerstone for NAGSD is genetic testing, which identifies mutations
characteristic of this disorder. Standard treatment involves the use of carbamylglutamate, an
NAG analog that stimulates CPS1 activity and mitigates the effects of the enzymatic deficiency.

Despite its rarity, expanding research on NAGSD is warranted due to the limited number of
studies available. Further investigations are necessary to confirm the safety of treatments such
as carbamylglutamate during pregnancy and to explore novel therapies, including gene therapy.
Preliminary mentions of carbamylglutamate's potential application in treating propionic
acidemia (PA) and methylmalonic acidemia (MMA) also require validation. Moreover,
examining the role of dietary modifications and specific amino acid supplementation could

provide additional insights into managing the disorder effectively.
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