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Abstract

Background and objectives: Alterations in the molecular mechanisms of specific amino acids

(AAs) may be implicated in the pathophysiology of schizophrenia (SZ). However, little is known

about antipsychotic drugs influence on levels of AAs. This study aimed to further explore antipsy-

chotics’ effects on AAs and serum lipid levels in first-episode SZ.

Methods: Eighty subjects with the International Classification of Diseases, Tenth Edition (ICD-10)

criteria-defined SZ were enrolled. The levels of 31 AAs were measured in plasma samples using

ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).

Results: Ten AAs (i.e., citrulline, sarcosine, tyrosine, leucine, proline, hydroxyproline, kynure-

nine, tryptophan, valine and isoleucine) were observed to be higher and three AAs (i.e., GABA,

aminobutyric acid and asparaginic acid) were lower in 80 patients with first-episode SZ after var-

ious antipsychotics treatment. In addition, there were 1 out of 31 AAs altered after olanzapine

treatment and there were only 2 out of 31 AAs altered after risperidone treatment. Further-

more, serum triglyceride (TG) was markedly upregulated after olanzapine treatment, while Apo-

lipoprotein A1 (ApoA1) was generally upregulated after risperidone treatment in patients with

first-episode SZ.

Conclusions: Taken together, antipsychotic treatment can affect the plasma levels of AAs in

patients with first-episode SZ, and olanzapine and risperidone have differential effects on the

levels of AAs.

© 2023 Sociedad Española de Psiquiatría y Salud Mental. Published by Elsevier España, S.L.U. All

rights reserved.
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Introduction

Schizophrenia (SZ) is a group of systemic mental diseases with
complex pathogenesis and unknown cause. It has a variety of
mental disorders such as emotion, will, behavior and percep-
tion, and is mainly characterized by inconsistency between
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mental performance and the real environment.1,2 Amino
acids (AAs) are extremely abundant in the human body, and
they are the most basic units for the human body to perform
life activities. They can participate in a series of glycolipid
biotransformation processes of the body, and play a crucial
role in metabolic activities such as energy metabolism, neuro-
transmission and lipid transport.3,4 Accumulating evidence
suggests that disturbance in AAs levels is linked to pathophysi-
ology of SZ.5-8 One study showed that 11 AAs and their deriva-
tives were significantly altered in the schizophrenic group
compared to the healthy control group, which may represent
underlying pathophysiology, including but not limited to
changes in excitatory and inhibitory neurotransmission, dys-
regulated protein-production processes, urea cycle and
ammonia metabolism. This suggests that AAs hold promise as
potential biomarkers for SZ.7 Antipsychotic drugs can inhibit
the progression of the disease, but long-term use of antipsy-
chotic drugs can lead to varying degrees of weight gain, and
at the same time prone to abnormal glucose and lipid metab-
olism, hyperlipidemia, coronary heart disease, hypertension,
and increase in the proportion of type 2 diabetes.9-11 In
recent years, the focus of most studies exploring antipsy-
chotics’metabolic side effects has been on changes in glucose
levels and lipid metabolism syndrome, but antipsychotics’
influence on AAs levels is little understood. Our research
sought clarification regarding antipsychotics’ effects on AAs
levels in first-episode SZ. It also compared the AAs and serum
lipid levels before and after olanzapine treatment and risperi-
done treatment, respectively. These results provide further
important insight into the metabolic effects of use of antipsy-
chotics in patients with first-episode SZ.

Materials and methods

Participants

Eighty schizophrenic patients aged 16 to 65 years who were
first admitted to the Third People’s Hospital of Huai’an,
Jiangsu province were collected. The study was performed
between February 2019 and November 2019. The patients
were diagnosed as first-episode SZ according to the Interna-
tional Classification of Diseases, Tenth Edition (ICD-10) crite-
ria and had no history of antipsychotic treatment. Patients
who met the following criteria were excluded from the
study: co-existing psychiatric disorders, major physical ill-
ness (cardiovascular disease, encephalopathy), and prior
treatment with antipsychotic drugs. The initiation of anti-
psychotics is a part of patient’s treatment protocol and duly
approved by the hospital. This study was approved by the
Medical Ethics Committee of the Third People’s Hospital of
Huai’an with the approval number of 2021−35. All subjects
gave informed consent and signed informed consent.

Plasma samples

All blood samples (�4 mL) were collected from subjects in
the first days of hospitalization before initiation of antipsy-
chotic treatment and the day of discharge after at least 3
weeks of treatment, respectively. The maximum period of
time between blood collections was 107 days and the aver-
age time was 42.05 days. Sample extraction was also

associated with part of their treatment. Peripheral blood
was drawn by venous puncture from all subjects during the
day and collected into 5 mL EDTA-coated tubes. Blood sam-
ples were centrifuged for 10 min at 3500 £ g at 4 °C to iso-
late the plasma; the plasma was stored at �80 °C until
undergoing liquid chromatography analysis.

Instruments and reagents

Waters XEVO-TQD Mass Spectrometer was purchased from
Waters Corporation (Milford, MA, USA). ST16R Table Top High
Speed Refrigerated Centrifuge was purchased from Thermo
Fisher Scientifc (Waltham, MA, USA). G560E vortex mixer was
purchased from Scientific Industries (Bohemia, NY, USA). MTN-
2800 W Nitrogen Blow Concentrator was purchased from Otter-
sines Instrument Co., Ltd. (Tianjin, China). High Performance
Liquid Chromatography (HPLC)-grade formic acid and acetoni-
trile were supplied by Merck KGaA (Darmstadt, Germany).
Pure water was purchased from A.S. Watson Group Ltd. (Hong
Kong, China). AAs release agent were obtained from Baichen
Medical Inspection Institute Co., Ltd (Hangzhou, China).

UPLC and MS parameters

Chromatographic separation was performed on Waters HSS T3
column (2.1 mm £ 50 mm, 1.8 mm particle size). The column
temperature was set for 40 °C. Mobile phase A consisted of
0.1% formic acid (FA) in liquid chromatography-tandem mass
spectrometry (LC−MS) water and mobile phase B was 0.1%
formic acid (FA) in acetonitrile. The gradient program was as
follows: 1% B (0−2.5 min), increased to 3% B (2.5−3.2 min),
to 13% B (3.2−4 min), to 18% B (4−4.8 min), to 33% B (4.8
−5.7), to 35.5% B (5.7−7.7), to 50% B (7.7−8.1), returning to
1% B (8.1−9.8 min) and re-equilibrating (9.8−10.5 min). Total
run time was 10.5 min. The flow rate was 0.5 mL min�1, and
the injection volume was 5 mL. The mass spectrum parame-
ters are set as follows: the ion source was electrospray ioniza-
tion ion source (ESI, positive ion mode) and the capillary
voltage was 3.2 kV. The solvent removal temperature was
400 °C, the flow rate of solvent removal was 800 L¢h-1, the
reverse blowing velocity of the taper hole was 50 L¢h-1 and
the source temperature was 150 °C. The solvent removing
gas and taper hole back blowing gas were nitrogen (purity
99.9%) and the collision gas was argon (purity 99.999%). The
scanning mode was multiple reactive ion monitoring (MRM).

Statistical analysis

IBM SPSS 13.0 statistical software was used for analysis. Dif-
ferences in levels of AAs between the groups were tested
using Wilcoxon tests, and serum lipid were tested using
paired-samples T tests. P-values less than 0.05 were
regarded as statistically significant.

Results

Effects of various antipsychotics on AAs levels in 80

patients with first-episode SZ

Clinical and demographic features of all the participants
included in the study are summarized in Table 1. The
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average age of the participants was 36.9 § 10.8. Drug use
after admission: 23 cases of olanzapine, 19 cases of risperi-
done, 5 cases of amsulapride, 2 cases of quetiapine, 1 case

of aripiprazole, 1 case of paliperidone, 29 cases of combina-
tion drug use. The concentration of 31 AAs obtained from
plasma of subjects with first-episode SZ before and after
antipsychotic treatment are presented in Table 2. There
were 13 out of 31 AAs altered after antipsychotic treatment.
Ten AAs displayed a higher concentration in subjects, includ-
ing citrulline, sarcosine, tyrosine, leucine, proline, hydroxy-
proline, kynurenine, tryptophan, valine and isoleucine.
Conversely, three AAs were demonstrably lower in concen-
tration, including GABA, aminobutyric acid and asparaginic
acid.

Effects of olanzapine treatmentand risperidone

treatment respectiely on levels of AAs in patients

with first-episode SZ

The concentration of 31 AAs obtained from plasma of sub-
jects with first-episode SZ before and after olanzapine treat-
ment and risperidone treatment are respectively presented
in Tables 3 and 4. We found that there were 10 out of 31 AAs
altered after olanzapine treatment and there were 2 out of
31 AAs altered after risperidone treatment. Our results
showed that citrulline, tyrosine, leucine, proline, hydroxy-
proline, kynurenine, tryptophan, valine and isoleucine were
significantly increased and aminobutyric acid were remark-
ably decreased after olanzapine treatment. However, only

Table 1 Demographic and clinical features of study partic-

ipants.

Charicteristics Statistics

Age, year, mean (SD) 36.9 (10.8)

Course, month, mean (SD) 45 (67)

Sex, N (%)

Male 38 (47.5)

Female 42 (52.5)

Family history, N (%)

No 60 (76.9)

Yes 18 (23.1)

Missing 2

Treatment, N (%)

Olanzapine 23 (28.8)

Risperidone 19 (23.8)

Amsulapride 5 (6.3)

Quetiapine 2 (2.5)

Aripiprazole 1 (1.3)

Paliperidone 1 (1.3)

Drug combination 29 (36.3)

Table 2 Levels of AAs in patients with first-episode SZ before and after antipsychotic treatment.

Variables Before treatment (N = 80) After treatment (N = 80) Z P

AAs (mmol/L); median (IQR)

1-Methylhistidine 2.64 (2.00»3.46) 2.75 (1.93»3.61) �0.264 0.792

3-Aminoisobutyric acid 1.54 (0.75»2.58) 1.21 (0.62»2.75) �1.480 0.139

b-Alanine 3.57 (2.80»5.24) 3.30 (2.40»4.55) �1.615 0.106

GABA 0.24 (0.19»0.33) 0.20 (0.14»0.29) �2.576 0.010

Aminobutyric acid 17.62 (12.64»24.94) 11.27 (8.38»14.14) �6.298 <0.001

Aminoadipic acid 1.16 (0.82»1.82) 1.09 (0.73»1.50) �1.180 0.238

Phenylalanine 63.77 (49.77»76.88) 59.83 (48.40»75.12) �0.393 0.694

Alanine 403.91 (302.40»537.47) 446.12 (363.22»564.19) �1.727 0.084

Glycine 237.44 (186.81»296.2) 233.87 (190.21»296.28) �0.235 0.814

Glutamate 199.22 (148.63»260.86) 180.94 (139.17»244.50) �1.813 0.070

Citrulline 26.08 (20.83»32.03) 30.83 (24.08»38.57) �3.914 <0.001

Sarcosine 1.63 (1.25»2.01) 1.75 (1.44»2.08) �2.190 0.029

Methionine 19.08 (14.48»27.11) 20.94 (16.09»25.99) �1.007 0.314

Lysine 144.30 (117.78»193.19) 151.14 (119.77»191.18) �0.940 0.347

Tyrosine 53.60 (42.04»67.94) 59.41 (48.91»80.36) �2.590 0.010

Leucine 117.12 (90.46»147.70) 133.89 (103.17»159.19) �3.372 0.001

Ornithine 122.60 (91.76»156.26) 129.81 (103.17»156.06) �1.616 0.106

Proline 183.43 (141.94»232.78) 218.05 (172.22»272.87) �3.794 <0.001

Hydroxyproline 9.44 (6.21»13.88) 13.56 (9.49»18.76) �3.528 <0.001

Kynurenine 1.16 (0.91»1.62) 1.54 (1.17»2.04) �4.672 <0.001

Tryptophan 40.64 (30.00»59.93) 50.06 (34.75»70.08) �3.851 <0.001

Serine 117.44 (93.22»139.08) 110.20 (91.52»138.38) �0.945 0.345

Threonine 144.29 (114.05»183.22) 137.26 (106.84»169.49) �1.060 0.289

Aspartate 11.59 (8.75»13.37) 10.13 (8.03»11.80) �2.638 0.008

Asparagine 41.90 (31.36»53.07) 42.66 (34.35»55.39) �0.987 0.324

Isotype arginine 1.09 (0.70»1.47) 1.08 (0.77»1.54) �0.677 0.498

Homoproline 0.96 (0.67»1.29) 1.01 (0.70»1.48) �1.483 0.138

Valine 190.64 (151.41»230.28) 229.93 (187.67»267.11) �4.696 <0.001

Isoleucine 76.99 (60.34»90.88) 84.87 (64.90»119.19) �3.602 <0.001

Histidine 89.68 (76.11»105.78) 91.09 (78.19»110.44) �1.046 0.296
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two AAs (aminobutyric acid and arginine) displayed a lower
concentration after risperidone treatment. There was no
significant difference in age and sex between these two
groups (Supplementary Table S1).

Effects of olanzapine treatment and risperidone

treatment respectively on serum lipid levels in

patients with first-episode SZ

The levels of 7 serum lipid acquired from subjects with first-
episode SZ before and after olanzapine treatment and ris-
peridone treatment are respectively presented in Supple-
mentary Table S2 and S3. We noticed that TG was markedly
upregulated after olanzapine treatment, while ApoA1 was
generally upregulated after risperidone treatment.

Discussion

A large number of studies have shown that AAs can be involved
in the protein synthesis, glucose and lipid metabolism, excit-
atory and inhibitory neurotransmitter transport/biosynthesis,
ammonia metabolism and urea cycle of mental diseases,
resulting in a wide range of metabolic disorders.12-14 That

means the occurrence and development of SZ is not only
related to a single AAs defect, and may be associated with a
variety of AAs metabolism imbalance. It has been reported
that elevations of GABA levels in both the medial prefrontal
cortex and in the dorsal caudate of first-episode psychosis
(FEP) patients can be normalized in both regions following 4
weeks of oral risperidone treatment.15 The evidence is consis-
tent with our findings. Previously, comparison of AAs levels
before and after antipsychotic treatment revealed that the
levels of four AAs (i.e., alanine, proline, tyrosine and valine)
were significantly increased after 7-month treatment. Only
the level of aspartate was lower.12 Moreover, significantly
decreased level of aspartate was observed in the FEP patients
after 5.1-year antipsychotic treatment.16 These trends are
consistent with our findings. Evidence suggests that citrulline,
leucine, tryptophan, and isoleucine did not change significantly
after antipsychotics treatment, while these four AAs were
apparently increased in our findings.16 This may be due to dif-
ferences in study cohort size and follow-up duration. The cur-
rent study found after the antipsychotic treatment, plasma
hydroxyproline level was significantly increased, which is con-
sistent with our study.17 New research shows that sarcosine
was associated with significant reductions of symptom severity
in the subgroups of people with chronic SZ after six weeks of

Table 3 Levels of AAs in patients with first-episode SZ before and after olanzapine treatment.

Variables Before treatment (N = 23) After treatment (N = 23) Z P

AAs(mmol/L); median(IQR)

1-Methylhistidine 2.57 (1.78»3.48) 2.80 (1.83»3.65) �1.262 0.207

3-Aminoisobutyric acid 1.86 (0.80»3.29) 1.81 (0.73»3.58) �0.227 0.820

b-Alanine 3.55 (2.78»5.22) 3.39 (2.43»4.55) �1.065 0.287

GABA 0.24 (0.17»0.36) 0.19 (0.14»0.32) �1.781 0.075

Aminobutyric acid 16.25 (14.82»20.98) 10.47 (8.36»13.18) �3.802 <0.001

Aminoadipic acid 1.04 (0.66»2.19) 1.11 (0.91»1.41) �0.35 0.726

Phenylalanine 56.98 (48.60»72.83) 59.8 (49.98»74.41) �0.852 0.394

Alanine 366.06 (260.84»533.68) 442.84 (366.10»677.16) �1.46 0.144

Glycine 224.58 (183.08»326.71) 236.51 (187.80»328.41) �0.274 0.784

Glutamate 161.58 (109.30»247.05) 181.64 (139.2»242.02) �0.487 0.627

Citrulline 24.89 (20.17»33.59) 33.91 (23.48»46.06) �2.342 0.019

Sarcosine 1.52 (1.19»2.18) 1.97 (1.44»2.21) �1.673 0.094

Methionine 20.37 (13.9»26.23) 20.45 (14.08»27.82) �0.76 0.447

Arginine 41.71 (22.74 50.92) 30.19 (22.90»46.18) �0.547 0.584

Lysine 131.33 (110.23»193.30) 147.92 (121.24»192.45) �0.335 0.738

Tyrosine 47.16 (38.19»61.6) 61.42 (53.75»82.28) �2.22 0.026

Leucine 115.79 (84.63»135.79) 135.96 (105.55»182.40) �2.464 0.014

Ornithine 110.71 (91.17»156.52) 130.23 (94.01»179.94) �0.73 0.465

Proline 163.59 (124.05»232.00) 225.47 (179.61»319.73) �2.95 0.003

Hydroxyproline 7.95 (5.57»11.76) 13.52 (8.90»29.88) �3.133 0.002

Kynurenine 1.00 (0.79»1.63) 1.70 (1.22»2.28) �3.068 0.002

Tryptophan 34.18 (23.94»43.16) 49.35 (33.99»66.56) �2.616 0.009

Serine 119.93 (102.53»138.43) 98.70 (84.34»140.91) �1.095 0.274

Threonine 139.44 (114.02»170.49) 127.76 (97.06»144.15) �1.125 0.260

Aspartate 11.71 (9.04»13.39) 9.40 (7.54»13.00) �1.582 0.114

Asparagine 44.83 (35.64»50.99) 43.55 (31.45»61.54) �0.152 0.879

Isotype arginine 0.86 (0.56»1.64) 1.08 (0.67»1.52) �0.828 0.408

Homoproline 0.96 (0.61»1.31) 1.04 (0.71»1.50) �1.414 0.157

Valine 183.21 (144.37»213.65) 234.13 (196.29»292.55) �3.041 0.002

Isoleucine 71.34 (52.39»90.62) 85.36 (64.03»131.70) �2.433 0.015

Histidine 88.60 (74.82»112.36) 93.80 (74.52»129.42) �0.73 0.465
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oral treatment at a dose of 2 g of sarcosine per day.18 This find-
ing may indicate that sarcosine therapy has a positive effect
on the treatment of patients with SZ. Herein, we identifed sar-
cosine level was significantly elevated after antipsychotic
treatment, which may provide a basis for the follow-up mecha-
nism exploration of sarcosine in the treatment of SZ. The
kynurenine pathway is postulated to play various roles in
immune system dysregulation of SZ. A meta-analysis showed
that the kynurenine levels were higher in subjects with SZ after
antipsychotic treatment when compared with baseline, which
is consistently observed in our study.19 The evidence provides
valuable insight of the potential underlying involvement of the
kynurenine pathway in the pathogenesis of SZ.

Antipsychotics form the mainstay of treatment for
patients with SZ, but many are associated with weight gain,
lipid disturbance, and glucose dysregulation, thereby con-
tributing to the development of metabolic syndrome.20

Studies in children have shown that antipsychotic drugs can
increase susceptibility to weight gain. In addition, it can
cause central obesity, insulin resistance, dyslipidemia and
systemic inflammation.21 A recent meta-analysis showed
that olanzapine was more likely to cause metabolic syn-
drome than risperidone.22 Furthermore, insulin resistance
index (IRI), fasting blood glucose (FBG) and fasting insulin

(FINS) levels were significantly increased in Chinese patients
treated with olanzapine compared with those treated with
risperidone.23 In our study, for the first time, we compared
the changes of AAs caused by olanzapine and risperidone
treatment. The results show that olanzapine caused more
changes in AAs types, which may also indicate that olanza-
pine treatment leads to greater metabolic side effects
related to AAs. In addition, we also explored the changes of
seven blood lipids after treatment with these two antipsy-
chotic drugs.

In a previous meta-analysis of the effect of olanzapine on
lipid profile in SZ patients, the researchers found that TG,
total cholesterol (TC), and low-density lipoprotein choles-
terol (LDL-C) increased, while in this study, TG also
increased after olanzapine treatment.24 Besides that, our
results indicated that ApoA1 was elevated obviously in
patients with first-episode SZ treated with risperidone,
which provide a basis for further study on the relationship
between antipsychotic drugs and apolipoprotein (APO).

The study has several limitations. The sample size of this
study was too small to fully elaborate the effects of antipsy-
chotic medication on AA levels in SZ patients. In future stud-
ies, large sample studies will be conducted to investigate
the mechanisms of these treatments. In addition, AA levels

Table 4 Levels of AAs in patients with first-episode SZ before and after risperidone treatment.

Variables Before treatment (N = 19) After treatment (N = 19) Z P

AAs(mmol/L); median(IQR)

1-Methylhistidine 2.42 (2.18»3.11) 2.38 (1.91»2.92) �0.825 0.409

3-Aminoisobutyric acid 0.76 (0.47»1.66) 0.62 (0.36»1.42) �1.444 0.149

b-Alanine 3.70 (2.50»6.00) 2.93 (2.35»3.81) �1.372 0.170

GABA 0.23 (0.19»0.33) 0.18 (0.15»0.21) �1.772 0.076

Aminobutyric acid 16.65 (11.71»23.28) 11.56 (8.76»13.5) �2.254 0.024

Aminoadipic acid 0.99 (0.86»1.46) 1.10 (0.73»1.49) �0.865 0.387

Phenylalanine 67.47 (51.19»86.73) 58.57 (45.08»67.97) �1.851 0.064

Alanine 470.67 (327.90»564.48) 427.73 (331.96»488.24) �0.885 0.376

Glycine 237.84 (189.65»298.85) 225.51 (162.70»243.84) �1.851 0.064

Glutamate 211.37 (157.11»287.08) 185.85 (120.37»239.12) �1.891 0.059

Citrulline 26.01 (21.37»32.33) 29.11 (22.75»35.71) �1.207 0.227

Sarcosine 1.64 (1.29»1.93) 1.59 (1.42»1.79) �0.765 0.444

Methionine 19.48 (12.68»28.40) 19.63 (16.72»23.53) �0.785 0.433

Arginine 33.63 (21.72»52.96) 27.91 (20.64»41.35) �2.052 0.040

Lysine 163.22 (124.51»192.86) 158.57 (131.52»196.82) �0.121 0.904

Tyrosine 50.05 (43.95»72.11) 55.80 (46.71»61.54) �0.362 0.717

Leucine 125.97 (89.89»168.08) 120.01 (93.59»147.46) �0.322 0.748

Ornithine 124.38 (101.27»149.75) 125.03 (109.93»146.05) �0.161 0.872

Proline 195.62 (162.02»254.10) 196.5 (167.73»234.85) �0.523 0.601

Hydroxyproline 8.97 (5.67»14.10) 11.54 (8.69»15.88) �0.604 0.546

Kynurenine 1.24 (0.87»1.62) 1.51 (0.94»2.05) �1.248 0.212

Tryptophan 46.72 (30.57»79.11) 47.19 (29.56»66.29) �0.402 0.687

Serine 113.17 (94.19»132.2) 104.35 (96.14»123.38) �1.006 0.314

Threonine 145.32 (116.20»199.58) 154.92 (112.06»170.25) �1.207 0.227

Aspartate 11.17 (8.74»12.77) 10.50 (8.40»11.22) �1.328 0.184

Asparagine 39.52 (34.11»53.06) 42.71 (34.27»47.38) �0.022 0.983

Isotype arginine 1.08 (0.63»1.31) 1.02 (0.85»1.25) �0.785 0.433

Homoproline 0.95 (0.66»1.29) 0.92 (0.62»1.48) �0.523 0.601

Valine 180.36 (152.32»257.61) 209.90 (154.24»252.07) �0.644 0.520

Isoleucine 77.41 (62.95»89.26) 80.47 (62.74»95.04) �0.523 0.601

Histidine 95.05 (75.93»106.58) 87.72 (68.35»104.26) �0.845 0.398
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in healthy controls were missing. The comparison of AA lev-
els in patients with SZ before and after antipsychotic treat-
ment with healthy controls can more accurately
demonstrate the implication of AAs in the pathophysiology
of SZ.

Conclusions

Antipsychotic treatment has differential effects on the
plasma levels of AAs in patients with first-episode SZ. The
serum AAs pattern might be an interesting tool to monitor
metabolic side effects. The evidence provides valuable
insight of the potential underlying involvement of AAs
related pathway in the pathogenesis of SZ.
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