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A B S T R A C T

N-acetyl group metabolites are a general class of endogenous compounds characterized by a conjugated system
consisting of an acetyl group and nitrogen moiety. The aim of our exploratory pilot case-control study is to
compare the levels of five N-acetyl derivatives (i.e., N-acetyl-glutamine, N-acetyl-ornithine, N6-acetyl-L-lysine, N-
acetyl-putrescine, and N-acetyl-galactosamine) in serum samples between individuals with first-episode schi-
zophrenia and healthy controls (HC). A 1:2 age- and sex- matched pilot case-control study was performed,
involving 30 cases of first-episode schizophrenia and 60 HC aged between 18 and 40 years old. The serum
samples containing these N-acetyl derivatives from (first-episode patients with schizophrenia and HC were
measured using liquid chromatography-tandem mass spectrometry (LC-MS). Results indicated that higher levels
of N-acetyl-glutamine and lower levels of N6-acetyl-L-lysine may have a significant association with schizo-
phrenia after adjusting for age, sex and BMI. N-acetyl-putrescine was elevated among subjects with first-episode
schizophrenia when compared to HC, suggesting it as a predictor for schizophrenia onset. Further exploration of
the mechanisms of N-acetyl group metabolites with respect to schizophrenia is warranted and may be useful for
identifying novel disease markers and/or drug target molecules in schizophrenia.

1. Introduction

Schizophrenia is a complex mental illness that has been associated
with elevated rates of chronicity, comorbidity, and premature mortality
(Owen et al., 2016). It affects approximately 1% of the world's popu-
lation and represents one of the leading causes of global health burden
(Shi et al., 2009). Despite decades of research, the etiology and pa-
thophysiology of schizophrenia is not fully understood, stagnating the
discovery of disease-modifying treatments (Prabakaran et al., 2004). At

present, diagnosis of schizophrenia is mainly based on criteria from the
Diagnostic and Statistical Manual of Mental Disorders 5th Edition
(DSM-5) and the International Classification of Diseases 10th Revision
(ICD-10); severity evaluation is primarily dependent on the psychia-
trists’ subjective evaluations of symptom clusters with the Positive and
Negative Syndrome Scale (PANSS) (Tamminga and Holcomb, 2005).
The expansion of metabolic analysis provides an opportunity to explore
metabolic determinants of schizophrenia with respect to its etiology,
pathogenesis, disease progression, and treatment response.

N-acetyl group metabolites are the acetylated variant of amino acids
and organic acids, which are a general class of endogenous compounds
characterized by a conjugated system consisting of an acetyl group and
nitrogen moiety. Two of our previous studies have already confirmed
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that some of the amino acids and organic acids might be associated with
the pathogenesis and progression of schizophrenia (Cao et al., 2018a,b).
Also, N-acetyl-glucosamine has been shown to act as a nutrient sensor
and mediator of insulin resistance (Wells et al., 2003). For example,
preclinical studies have reported that N-acetyl-L-tryptophan exposure
results in a significant increase in acetylcholinesterase activity and
glutathione levels in the hippocampus (Fernandes et al., 2018); simi-
larly, N-acetyl lysyltyrosylcysteine amide has been demonstrated to
effectively reduce brain damage following a stroke (Yu et al., 2016). In
addition, N-acetyl-aspartate concentrations are observed to be mark-
edly decreased in the frontal cortex of male patients with chronic
schizophrenia and bipolar disorder (Molina et al., 2007). Replicated
evidence from randomized controlled trials (RCTs) has also demon-
strated that supplementation of N-acetyl-cysteine is associated with
improvements in negative symptoms and reduction of antipsychotic
side effects in patients with longstanding schizophrenia (Berk et al.,
2008; Carmeli et al., 2012). N-acetyl-cysteine inhibits inflammatory
responses (Beloosesky et al., 2006). Inflammation plays a key role in the
pathophysiology for major psychiatric disorders such as schizophrenia
(Khandaker et al., 2015) and depression (Liu et al., 2012).Therefore, N-
acetyl-cysteine represents an appropriate candidate for investigation in
the etiology and pathogenesis of schizophrenia.

Despite growing evidence highlighting an association between N-
acetyl-cysteine and schizophrenia, there is a paucity of data in-
vestigating the role of N-acetyl-cysteine in the pathogenesis and pro-
gression of schizophrenia. Liquid chromatography column (i.e., HILIC)
in combination with liquid chromatography-mass spectrometry (LC-
MS) were used to minimize sample loss during extraction, chemical
derivatization to enhance ionization, and sample clean-up (Pitt, 2009).
By using the HILIC LC-MS approach, the current study quantified five
N-acetyl derivatives in serum samples amongst individuals with schi-
zophrenia and healthy controls (HC). For the five N-acetyl group me-
tabolites: N-acetyl-glutamine, N-acetyl-ornithine and N6-acetyl -L-lysine
are acetylated amino acids, whereas N-acetyl-putrescine and N-acetyl-
galactosamine are acetylated organic acids. Although few evidence has
indicated the relationship among the five N-acetyl group metabolites, it
is still worth studying due to all of them including an acetyl group and
nitrogen moiety. Herein, our pilot case-control study aimed to establish
an association between N-acetyl derivatives and schizophrenia in order
to enhance our understanding of the pathogenesis and progression of
schizophrenia, as well as identify potential novel therapeutic targets.

2. Methods

The study protocol was reviewed and approved by the Ethics
Review Committee of the Health Science Center, Peking University
(IRB00001052-14071). All the subjects provided written informed
consent prior to enrolment.

2.1. Study design and participants

The study was a 1:2 age- and sex- matched case-control study
conducted from September 2015 to September 2016 in the Weifang
Psychiatric Hospital, Shandong Province, China. Thirty drug-naïve
subjects (n=30) between the ages of 18–40 years’ old who met the
Diagnostic and Statistical Manual of Mental Disorders 4th Edition
(DSM-IV) criteria for first-episode schizophrenia were recruited as
cases. Sixty age-, sex-, and ethnicity-matched, antipsychotic medica-
tion- naïve individuals (n=60) without any known psychiatric history
were also recruited from the same district as the schizophrenia patients.
All subjects (i.e., cases and HC) met the following criteria: (1) no dia-
betes mellitus type I/II, hyperlipidemia, cardiovascular disease, or
other severe medical conditions; (2) no comorbid psychiatric mental
disorders, alcohol use disorder, or other substance use disorders; (3) no
pregnancy (suspected or confirmed), postpartum, and/or breastfeeding.

2.2. Reagent

The standard chemical references were used for quality assurance of
N-acetyl group metabolites (i.e., N-acetyl-glutamine, N-acetyl-or-
nithine, N6-acetyl-L-lysine, N-acetyl-putrescine, and N-acetyl-galacto-
samine) (Sigma-Aldrich, Co., St. Louis, MO, USA); HPLC-grade formic
acid and acetonitrile were purchased from Thermo Fisher Scientific
(Waltham, MA, USA); pure water was purchased from Wahaha Co., Ltd.
(Hangzhou, China).

2.3. Serum samples preparation

All fasting venous blood samples (∼5mL) for cases and controls
were collected after 12 h of overnight fasting (i.e., collected between 7
and 9 am) from the forearm vein and were drawn in serum separation
hoses for analyses. Serum samples were stored at− 80 °C until use.
Prior to analysis, all serum samples were thawed in ice, vortexed and
centrifuged at 12,000 rpm for 10min. 100 μl of each serum sample was
aliquoted for LC-MS analysis. For protein precipitation and metabolite
extraction, 300 μl of cold acetonitrile was added to a labeled 1.5ml
microcentrifuge tube with 100 μl of each sample. Samples were vor-
texed and maintained at 4 °C for 10min, centrifuged at 4 °C 12,000 rpm
for 10min, and then 100 μl of supernatant was transferred to a 200 μl
vial insert for analysis. Equal volumes of supernatant from all samples
were pooled to prepare quality control samples, which were used to
monitor the stability and repeatability of the actual samples (i.e., these
were analyzed once for every 10–15 study samples).

2.4. HILIC mode and UPLC-MS analysis

The UPLC separation was performed using the Thermo Scientific™
Dionex™ UltiMate™ 3000 Rapid Separation LC (RSLC) system with
HILIC using the gradient conditions. Both chromatographic separations
were performed using a BEH Amide column (2.1×100mm, 1.7 μm,
Waters, Milford, MA, USA) at 40 °C. The analysis was carried out using
ESI+mode. Flow rate was 300 μL/min, autosampler temperature was
4 °C, and injection volume was 1 μL. The gradient was optimized to
obtain maximum separation (0–1 min: 5% B, 1–10 min: 5–50% B,
10–12 min: 50% B, 12–12.1 min: 50–5% B, 12.1–16 min: 5% B). For
HILIC separation, mobile phase A was acetonitrile and mobile phase B
was water; both A and B contained 0.1% formic acid and 10mmol/L
ammonium acetate.

After the chromatographic separation, MS ionization and data ac-
quisition were performed using a Thermo Scientific™ Q Exactive™ hy-
brid quadrupole Orbitrap mass spectrometer equipped with a HESI-II
probe. Positive HESI-II spray voltages were 3.7 kV, heated capillary
temperature was 320 °C, sheath gas pressure was 30 psi, auxiliary gas
setting was 10 psi, and heated vaporizer temperature was 300 °C. Both
the sheath gas and auxiliary gas were nitrogen. The nitrogen collision
gas was set to a pressure of 1.5 mTorr. The parameters for the full mass
scan were: resolution 7× 104, auto gain control target< 1.0×106,
and m/z range 100–1500. The calibration was customized for the
analysis of Q Exactive to keep the mass tolerance<5 ppm. The para-
meters for MS/MS experiments were: resolution 17,500, auto gain
control target< 1.0× 105, maximum isolation time of 50ms, loop
count of top 10 peaks, isolation window of m/z, and normalized col-
lision energy of 30 V. The LC-MS system was controlled, collected and
processed using Xcalibur 2.2 SP 1.48 software (Thermo Fisher
Scientific). The Skyline (64-bit, 3.5.0.9319, MacCoss Lab, UW, USA)
was used to create metabolite transitions, visualize results, integrate
observed signals, and quantify all metabolites using the data detected
by MS.

2.5. Statistical analysis

All statistical analyses were completed using SPSS ver. 22.0 (SPSS
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Inc., Chicago, IL, USA). Body Mass Index (BMI) was calculated by the
formula weight (kg) divided by the square of height (m) (kg/m2). Each
data set of N-acetyl group metabolites detected by LC-MS was log
transformed (decimal base) prior to analysis. Descriptive statistics were
performed, with continuous variables summarized as means and stan-
dard deviations (SDs) or medians and interquartile ranges (IQRs), and
categorical variables summarized as frequencies and proportions.
Statistical significance between various groups was tested using the χ2

test or Fisher's exact test for categorical variables, and the t-test or
Mann-Whitney U test for continuous variables. Generalized linear
models (GLMs) were used to explore the association between schizo-
phrenia and the logarithm values of N-acetyl group metabolites. The
variables of age, sex and BMI were adjusted in the GLM models. β-
values and their 95% confidence intervals (CIs) were estimated using
maximum likelihood methods. Partial correlation analysis on ranks
(Spearman Correlation) was used to calculate correlation coefficients
among N-acetyl group metabolites. A two-tailed p value<0.05 was
considered to indicate statistical significance.

3. Results

3.1. Demographic and clinical characteristics of subjects

In total, 30 cases with DSM-IV-defined schizophrenia and 60 age-
and sex-matched HC participated in the study, with an age range of
18–40 years old. The mean (SD) age in years of cases and controls were
26.8 (7.4) years and 27.1 (3.4) years, respectively. Of the total parti-
cipants enrolled in the study, 43.3% of cases (M/F= 13/17) and con-
trols (M/F= 26/34) were male. No statistically significant differences
in BMI, fasting blood glucose (FBG), triglyceride (TG) and serum total
cholesterol (TC) were detected between cases and HC (all p>0.05).
Table 1 depicts the demographic characteristics of cases and HC.

3.2. The comparison of N-acetyl group between cases and controls

Five types of N-acetyl derivatives were identified in our study. After
log transforming the raw data to approximate normal distribution, the
results were analyzed by GLMs. Fig. 1 depicts the distribution of the five
types of N-acetyl group metabolites. The separate analyses using GLMs,
controlling for age, sex, and BMI, revealed statistically significant dif-
ferences in serum N-acetyl group metabolites between cases and HC for
N-acetyl-glutamine (β=0.611, 95% CI: 0.226, 0.996, p=0.002) and
N6-acetyl-L-lysine (β=−1.723, 95% CI: −3.118, −0.328, p=0.016).
The association between cases and HC with respect to N-acetyl-

putrescine was no longer statistically significant after age, sex, and BMI
adjustments. All details are shown in Table 2.

3.3. The correlation between serum levels of N-acetyl group metabolites in
cases and HC, and between N-acetyl group metabolites and PANSS scores in
cases

Correlation analyses of the five N-acetyl group metabolites were
calculated with the log transformed data by using Spearman correla-
tions for all subjects, cases and controls (Table 3). N-acetyl-galactosa-
mine was significantly correlated with N-acetyl-ornithine (r=−0.307,
p=0.003); N-acetyl-putrescine was significantly correlated with N-
acetyl-ornithine (r=0.259, p=0.014), N6-acetyl-L-lysine (r=0.317,
p=0.002) and N-acetyl-glutamine (r=0.208, p=0.049); and N-
acetyl-ornithine was significantly correlated with N6-acetyl-L-lysine
(r=0.244, p=0.021). Spearman correlations were also calculated for
the different groups (i.e., cases and HC). Details are shown in Table 3.
In the case group, significant correlations were found between: N-
acetyl-galactosamine and N-acetyl-ornithine (r=−0.382, p=0.037);
N-acetyl-putrescine and N-acetyl-ornithine (r=0. 442, p=0.015), N-
acetyl-putrescine and N6-acetyl-L-lysine (r=0.628, p<0.001). In the
control group, there were significant correlations between N-acetyl-
galactosamine and N-acetyl-ornithine (r=−0.283, p=0.029), N-
acetyl-putrescine and N6-acetyl-L-lysine (r=0. 259, p=0.045), N-
acetyl-ornithine and N-acetyl-glutamine (r=0.280, p=0.030), N6-
acetyl-L-lysine and N-acetyl-glutamine (r=0.257, p=0.047). The
Spearman correlation analysis was also performed to examine the
correlation between the psychopathology (i.e., PANSS scores) with the
level of N-acetyl group metabolites (Supplemental Table 1), significant
correlations were only found between N-acetyl-galactosamine with
general psychopathology (r= - 0.465, p=0.019), as well as N6-acetyl-
L-lysine with general psychopathology (r=0.425, p=0.034).

4. Discussion

The present pilot case-control study evaluated the association be-
tween five N-acetyl group metabolites in serum and first-episode schi-
zophrenia. No significant differences in BMI, FBG, TG and TC were
found between cases and HC (p>0.05). The results indicated that
elevated N-acetyl-glutamine and lower levels of N6-acetyl-L-lysine may
be associated with first episode schizophrenia after adjusting for age,
sex and BMI. N-acetyl-putrescine was found to be elevated in cases
compared to HC (p < 0.05) before adjusting for age, sex and BMI. No
differences in levels of N-acetyl-ornithine and N-acetyl-galactosamine
were found between cases and HC. The correlations between specific N-
acetyl group metabolites were found in both cases and HC.

As an acetylated analogue of glutamine, N-acetyl-glutamine can
decompose into N-acetyl-L-glutamic acid, N-(2,6-dioxo-3-piperidinyl)
acetamide, pyroglutamic acid, glutamic acid, and glutamine. Due to the
stability of N-acetyl-glutamine, it is often used as a source of glutamine
for parenteral nutrition (Bergana et al., 2000). Glutamic acid and glu-
tamine are presumed to be involved in the dysfunction of excitatory
neurotransmission, plasticity, and excitotoxicity in patients with schi-
zophrenia (Natsubori et al., 2014). Previous research has reported ab-
normalities in the glutamine-glutamate-GABA cycle, which may be in-
volved in the manifestation of schizophrenia (Hashimoto, 2014). For
example, a meta-analysis found a significant increase in medial frontal
glutamine and a significant decrease in glutamic acid in patients with
schizophrenia compared to HC (Marsman et al., 2013). In addition, a
1H-MRS analysis revealed elevated glutamine and/or total glutamic
acid+ glutamine in unmedicated patient groups compared to controls
(Goldstein et al., 2015). The results from these studies are consistent
with our observation of higher N-acetyl -glutamine levels in first-epi-
sode patients with schizophrenia compared to HC. Of note, high
amounts of N-acetyl amino acids were significantly associated with
screened aminoacylase I deficiency-an inborn error of metabolism in

Table 1
Demographic and clinical characteristics of subjects at the case-control study.

Variables Case (n=30) HC (n=60) p -value

Age (year); mean (SD) 26.8 (7.4) 27.1 (3.4) 0.837a

Gender; n (%)
Male 13 (43.33) 26 (43.33) 1.000b

Female 17 (56.66) 34 (56.66)
BMI (kg/m2); mean (SD) 22.3 (3.3) 23.4 (3.6) 0.155a

FBG>6.1mmol/L; n (%) 0 (0.0) 4 (6.7) 0.191c

TG>1.71mmol/L; n (%) 3 (10.0) 9 (15.0) 0.382c

TC>5.7mmol/L; n (%) 2 (6.7) 3 (5.0) 0.543c

PANSS score; mean (SD)
Total score 89.3(22.4) —— ——
Positive symptoms 22.9 (9.3) —— ——
Negative symptoms 18.9 (7.6) —— ——
General psychopathology 44.6 (15.0) —— ——

a p values were calculated by two-tailed independent samples tests.
b p values were calculated by chi-square tests.
c p values were calculated by Fisher's exact test. BMI, body mass index; FBG,

fasting blood glucose; TG, triglyceride; TC, total cholesterol; SD, standard de-
viation.
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patients caused by gene mutation (Engelke et al., 2008), indicating
these metabolites have the potential as biomarkers of specific diseases.

Our study found decreased N6-acetyl-L-lysine in first-episode pa-
tients with schizophrenia compared to HC. Research indicates that N6-
acetyl-L-lysine plays an essential role in regulating gene transcription,
cell-cycle progression, apoptosis, DNA repair, and cytoskeletal organi-
zation (i.e., which is increasingly being recognized as an intracellular
signalling mechanism). To our knowledge, no previous studies have

reported on the association between N6-acetyl-L-lysine and schizo-
phrenia. L-lysine interferes with the brain's nitric oxide (NO) signalling
system and may represent a novel therapeutic target in schizophrenia.
Two clinical trials indicated that L-lysine could act as an adjunctive
treatment in patients with schizophrenia (Wass et al., 2011; Zeinoddini
et al., 2014). Under normal circumstances, the histone acetyltransferase
(HAT) enzyme transfers an acetyl group from acetyl-coenzyme A
(acetyl-CoA) to the amino group of lysine side chains in the basic N-

Fig. 1. The boxplots of N-acetyl group in cases and HCs.

Table 2
The comparison of N-acetyl group between cases and HCs.

Variables Crude Adjusted*
β (95% CI) p β (95% CI) p

N-acetyl-glutamine 0.538 (0.176, 0.900) 0.004 0.611 (0.226, 0.996) 0.002
N-acetyl-ornithine −0.308 (−0.707, 0.090) 0.129 −0.329 (−0.751, 0.094) 0.127
N6-acetyl-L-lysine −1.530 (−2.927, −0.134) 0.032 −1.723 (−3.118, −0.328) 0.016
N-acetyl-putrescine 0.739 (0.074, 1.405) 0.030 0.665 (−0.002, 1.333) 0.051
N-acetyl-galactosamine −0.130 (−0.310, 0.050) 0.156 −0.176 (−0.362, 0.010) 0.063

⁎ Adjusted β and 95% CI were calculated by adjusting age, sex and BMI.

Table 3
Spearman correlations of N-acetyl group metabolites in cases and HCs.

N-acetyl-galactosamine N-acetyl-putrescine N-acetyl-ornithine N6-acetyl-L-lysine N-acetyl-glutamine

Total
N-acetyl-galactosamine 1.000 −0.160 −0.307⁎⁎ −0.146 0.028
N-acetyl-putrescine 1.000 0.259* 0.317⁎⁎ 0.208*
N-acetyl-ornithine 1.000 0.244* 0.207
N6-acetyl-L-lysine 1.000 0.178
N-acetyl-glutamine 1.000
Cases
N-acetyl-galactosamine 1.000 −0.273 −0.382* −0.176 0.141
N-acetyl-putrescine 1.000 0.442* 0.628⁎⁎ 0.313
N-acetyl-ornithine 1.000 0.317 0.233
N6-acetyl-L-lysine 1.000 0.298
N-acetyl-glutamine 1.000
Controls
N-acetyl-galactosamine 1.000 −0.069 −0.283* −0.108 −0.062
N-acetyl-putrescine 1.000 0.181 0.259* 0.072
N-acetyl-ornithine 1.000 0.172 0.280*
N6-acetyl-L-lysine 1.000 0.257*
N-acetyl-glutamine 1.000

⁎ Correlation is significant at the 0.05 level (2-tailed).
⁎⁎ Correlation is significant at the 0.01 level (2-tailed).

N. Huang et al. Psychiatry Research 272 (2019) 36–41

39



terminal tail region of histones. The abnormal N6-acetyl-L-lysine levels
in patients with first-episode schizophrenia may be indicative of dys-
functional enzymes associated with energy metabolism.

N-acetyl -putrescine is the most abundant polyamine (Lee et al.,
1998) and is produced by the breakdown of amino acids. Considerable
evidence has reported that the polyamine system plays important roles
in disparate biological processes, including apoptosis and inflammation
(Chen et al., 2011). Mounting evidence suggests that the polyamine
system may also participate in the etiology and pathology of mental
disorders (Fiori and Turecki, 2008), including schizophrenia. Higher
levels of N-acetyl-putrescine was found in first-episode patients with
schizophrenia compared to HC in our study. Notably, large doses of N-
acetyl-putrescine have been demonstrated to be toxic. Spermidine/
spermine-N¹-acetyltransferase is the key enzyme in the polyamine
catabolic pathway, and is down-regulated in the brains of patients with
depressive symptoms such as suicidal ideation (Gross and
Turecki, 2013). Therefore, abnormalities in N-acetyl-putrescine in first-
episode patients with schizophrenia may be associated with a dysre-
gulation of enzymatic function.

Correlation analyses revealed an association between N-acetyl
groups and mental health status (i.e., case vs. HC), indicating that the
normal induction effect between cytokine networks may be damaged in
individuals with schizophrenia. Other psychotropic medications such as
antidepressants have demonstrated strong effect in reduction of pro-
inflammatory cytokines over a period of time (Lu et al., 2017). Pre-
liminary studies have shown that antipsychotic drug such as risper-
idone reduce pro-inflammatory cytokines over the course of treatment
(Song et al., 2014). Further research is required to evaluate the long-
itudinal relationship between of N-acetyl groups and pro-inflammatory
cytokines. No statistically significant differences were observed be-
tween cases and controls for N-acetyl-ornithine or N-acetyl-galactosa-
mine. The examination of the correlations between the psycho-
pathology with the level of N-acetyl group metabolites in cases
indicated that low N-acetyl-galactosamine and high N6-acetyl-L-lysine
levels may be related to general psychopathology, which needs to be
verified in future pathway analyses.

4.1. Limitations

There are some limitations to consider when interpreting these re-
sults. Firstly, due to the naturalistic nature and case-control design of
the study, no conclusions can be made regarding causality between N-
acetyl group metabolites and schizophrenia. Secondly, despite con-
trolling for potential confounds such as age, sex and BMI, the impact of
unmeasured factors cannot be disregarded (e.g., cigarette smoking and
alcohol use may influence N-acetyl group metabolites levels). In addi-
tion, the small sample size of the pilot study design may limit the ex-
trapolation of the current research results; further larger studies are
required to confirm these results (Thabane et al., 2010). Finally, the
presentation and characterization of schizophrenia is highly hetero-
geneous, which limits the generalizability of our findings. While the
exact role of N-acetyl derivatives in serum metabolic pathways remains
unclear, our findings provide a rationale for exploring N-acetyl group
metabolites in other schizophrenia populations and conducting longer
studies in larger sample cohorts.

4.2. Conclusions

Using the HILIC UPLC-MS platform, the association between serum
levels of five N-acetyl group metabolites (i.e., N-acetyl-glutamine, N-
acetyl-ornithine, N6-acetyl-L-lysine, N-acetyl-putrescine, and N-acetyl-
galactosamine) in serum samples and first-episode schizophrenia was
investigated. The current study found that higher levels of N-acetyl-
glutamine and lower levels of N6-acetyl-L-lysine may be associated with
schizophrenia, which indicates that there is an association between N-
acetyl derivatives and schizophrenia. Based on the results reported

herein, further exploration of the mechanisms of N-acetyl group me-
tabolites and schizophrenia is warranted.
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