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Mechanisms

An NMDA antagonist

An NMDA antagonist

Mixed agonist/antagonist at NMDA
receptor/glycine binding site

An NMDA-glycine site agonist
A glycine reuptake inhibitor
D-cycloserine + lurasidone

A glutamate release inhibitor

An NMDA antagonist
An NMDA enhancer
Dextromethorphan-+quinidine
Dextromethorphan as an NMDA antagonist
Dextromethorphan-+bupropion
Dextromethorphan as an NMDA antagonist

An NMDA receptor subunit GIuN2B Antagonist
An NMDA antagonist

An NMDA enhancing agent (a glycine
transporter-l inhibitor)

An NMDA channel blocker
An NMDA GIuN2B antagonist

A selective NMDA GIUN2B antagonist

An NMDA partial agonist

An NMDA receptor enhancer

A non-opioid NMDA receptor antagonist

An NMDA GIuN2B antagonist

an AMPAKine as AMPA receptor potentiators

An AMPA receptor positive modulator

May restore glutamate to its correct levels in
the brain

Metabotropic glutamate 2/3 receptor
(mGIuR2/3R) agonist

mGIuR2 positive allosteric modulator

MGIUR2 positive alosteric modulator
GIuR2/3 negative allosteric modulator
mGIuRS negative allosteric modulator
Increases glutamate uptake from the synaptic
cleft

Decreasing the amount of extracellular
glutamate in brain

Target diseases

MDD in alcoholism

Bipolar depression
MDD (TRD)

Imminent suicide
risks

MDD (TRD)

Bipolar depression
Schizophrenia
Schizophrenia
Schizophrenia
Bipolar depression
MDD (TRD)
Bipolar depression
MDD (TRD)

MDD

MDD (TRD)

MDD (TRD)

MDD (TRD)
MDD
MDD

Schizophrenia
MDD (TRD)
MDD

MDD (TRD)
MDD

MDD (TRD)
MDD (TRD)
MDD (TRD)
MDD

Schizophrenia
Schizophrenia
Schizophrenia

MDD (TRD)
Schizophrenia

Schizophrenia
Schizophrenia

Schizophrenia
MDD
MDD
MDD

Schizophrenia

Examples of ClinicalTrials.gov
Identifier
(C: completed; T: terminated)

NCTO1551329 (phase 1) (C)

NCT01833897 (phase 4) (C)
NCT02782104 (phase 3)
NCT02133001 (phase 2) (C)

NCTO00408031 (phase 2) (C)

NCTO1838897 (phase 4) (C)
NCTO2769936 (phase 1) (C)
NCT00822023 (phase 2) (C)
NCTO1235585 (phase 3) (C)
NCT03395392 (phase 2)

NCTO00088699 (phase 2) (C)
NCT00054704 (phase 2) (T)
NCT02994433 (phase 1)

NCT03414931 (phase 2) (C)
NCTO1882829 (phase 2) (C)

NCTO02741791 (phase 3)

NCT00163059 (phase 2) (C)
NCT00040261 (phase 3) (C)
NCT00977353 (phase 2) (C)

NCTO1508359 (phase 2) (C)
NCTO00986479 (phase 2) (C)
NCT02459236 (phase 2) (C)
NCTO0472576 (phase 2) (C)
NCT02067793 (phase 2) (C)
NCTO1684163 (phase 2) (C)
NCT03051256 (phase 2)
NCTO1128452 (phase 2) (T)
NCT00262665 (withdrawn)

NCTO00425815 (withdrawn)
NCT00235352 (phase 3) (C)
NCTO02505477 (phase 4)

NCT02972398
NCTO0149292 (phase 2) (C)

NCTO1307800 (phase 3) (T)
NCTO1323205 (phase 2) (C)

NCT00921804 (phase 2) (C)
NCTO1733654 (withdrawn)

NCTO1437657 (phase 2) (C)
NCT02049385 (phase 1) (T)

NCTO0591318 (phase 1) (T)
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Schizophrenia Bipolar disorder MDD

MRS 1Glutamate (BG", ACC, THA) 1GIx (PFCY) 1Glx (PFC*, ACC)
Glutamine (THA®, PFC, ACC) Glutamate: no change” 1 Glutamate (ACC")
1Gix (BG", MTL", PFC, OC, PC)

PET INMDA receptor binding (HIPPO) Lack of direct evidence JmGIURS (ACC, OFC, BG, AMG, HIPPO)
+Dopamine uptakes (BG) 1Glucose uptakes (BG) after ketamine 1Glucose uptakes (PFC) after ketamine

+Glucose uptakes and blood flow (ACC) after ketamine
1Glucose uptakes (PFC) after ketamine
pp-TMS 1ICF (frst-episode patients) No reports on ICF and l-wave faciitation ICF: no difference; but
tl-wave faciltation +1CF in young MDD
BG, Basal ganglia;ACC, anterior cingulate cortex; MTL, medial temporal lobe; THA, thalamus; PFC, prefrontal cortex; OFC, orbital frontal cortex; HIPPO, hippocampus; AMG, amygdala;

PC, paristal cortex;0C, occipital cortex.
*Supported by at least one meta-analysis.
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PANSS
Total scores

Positive subscore
Negative subscore
General psychopathology
COGNITIVE FUNCTION
TMTA

BACS-SC

WMS-Il-SS

HVLT-R

BVMT-R

CPTIP

Stroop word score
Stroop color score
Stroop color-word score

Baseline

80.14 £ 821
23.10 £4.72
14.14 £5.13
43.90 £ 4.15

69.48 + 23.37
3152 £ 11.03
1392 +£2.86
2017 £6.72
21.41 £520
1.34 £ 088
52.79 + 13.98
31.24 £ 14.29
19.72 £ 11.14

Endpoint

36.14 £9.27
786 +£229
772£123

20,55 + 6.09

5183+ 17.06
4321 = 12.41
17.08 + 3.62
23.14 £ 11.13
23.66 + 8.01
1.87 £ 0.63
74.31 £ 12.65
44.28 + 12.48
2952 + 12.69

29.653
19.921

9.149
18517

5.324
—4.393
—5.566
—1.995
—1.641
—2.809
—7.098
-4.379
—4.937

<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
0.056
0.112

<0.001
<0.001
<0.001





OPS/images/fpsyt-09-00733/fpsyt-09-00733-t003.jpg
Risperidone (n =10)
Olanzapine (1 = 5)
Clozapine (1 = 7)
Aripiprazole (n = 7)
x2

p

Baseline ADMA
(mol/L)

2,08 +0.48
235+ 0.68
280+ 1.06
259 +1.03
3.102
0376

Endpoint ADMA
(tmol/L)

1.46 +£0.29
142 013
1.73 £ 0.57
1.61+0.01
4.255
0235

t

3.946
2857
3.965
2.571

0.003
0.046
0.007
0.042
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Model AUC  Sensitivity Specificity ~Number of

factors

(1) Using G72 protein, 09200 08567 08400 3
151421292, 152391191

(12) Using G72 protein, 09272 08576 08923 2
151421292

(13) Using G72 protein, 09107 08713 08607 2
152391191

(14) Using rs1421202, 04533 09619 00088 2
152391191

(15) Using G72 protein 09175 08765 0.8577 1
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G72rs1421292 AA ™ TA TT+TA P-value® P-value® P-value®
N 27 57 65 122

G72 protein level, mean (SD) 21371819 3.219:3.082 2.903+2.139 30512588 0.09 011 0084
G72rs2391191 AA GG AG GG +AG P-valued P-value® P-value
N 63 22 64 86

G72 protein level, mean (SD) 2.586::2.083 3570+3.356 2.943+2.499 3.104+2.736 0.11 038 021

%P value for comparing the subjects of the AA genotype with those of the TT genotype.

bP value for comparing the subjects of the AA genotype with those of the TA genotype.

°P value for comparing the subjects of the AA genotype with those of the TT or TA genotype.
9P value for comparing the subjects of the AA genotype with those of the GG genotype.

°P value for comparing the subjects of the AA genotype with those of the AG genotype.

1P value for comparing the subjects of the AA genotype with those of the GG or AG genotype.
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Parameter Healthy individuals Schizophrenia  P-value 2

patients
N 60 66
Gender 0783
Male 36 (61.9%) 38(57.6%)
Female 24.(38.1%) 28 (42.4%)
Age (year), mean (SD) 32899 38272 0820
Education (year) 15122 16£20 <0.0001
Age at onset (year) 21355
liness duration (m) 1411 £96.7
PANSS total score 959+ 19.3
G72 level (ng/nL) 1.147 £ 0574 41882772 <0.0001

PANSS: Positive and Negative Syndrome Scale.
aChi-square test for the categorical data; Student's t-test for continuous variables.
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Parameter Healthy individuals Schizophrenia P-value 2

patients
N 60 89
Gender 0825
Male 36(61.9%) 55 (70.4%)
Female 24.(38.1%) 34 (29.6%)
Age (year), mean (SD) 32899 37.8+105 0.004
Education (year) 151 £22 11.56£20 <0.0001
Age at onset (year) 229+ 6.1
liness duration (m) 169.3 + 109.3
PANSS total score 948+ 186
G72 level (ng/iul) 1.147 0574 4057£2504  <0.0001

PANSS: Positive and Negative Syndrome Scale.
2Chi-square test for the categorical data; Student's t-test for continuous variables.
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Model AUC  Sensitivity Specificity Number of

factors

(1) Using G72 protein, 09280 07945 09213 3
1$1421292, 52391191

(2) Using G72 protein, 0935 07969 09372 2
rs1421292

(8) Using G72 protein, 09244 07924 09320 2
rs2391191

(4) Using rs1421292, 04612 09704 00070 2
rs2391191

() Using G72 protein 09324 07941 09503 1
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Model AUC  Sensitivity Specificity Number of

factors
(6) Using G72 protein, 08515 08286 08772 3
151421292, 152391191

(7) Using G72 protein, 08525 08202 08843 2
151421292

(8) Using G72 protein, 08504 08275 08725 2
152391191

(9) Using rs1421292, 05000 1.0000 00000 2
152391191

(10) Using G72 protein 08506 08274 08725 1
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Smith et al. (10)
Participants
Interventions

Outcomes

Fan etal. (13)
Participants
Interventions

Outcomes

Fan etal. (12)
Participants
Interventions

Outcomes

Dong et al. (1)
Participants
Interventions

Outcomes

Chung etal. (33)
Participants
Interventions

Outcomes

7,104 adult men and women with depression

This Cochrane Review included 64 RCTs comparing acupuncture vs. control acupuncture (invasive, non-invasive sham controls), no
treatment/wait-lst, medication, psychological therapy, or standard care. Modes of treatment included acupuncture, EA and laser acupuncture.
Acupuncture may moderately reduce the severity of depression when compared with treatment as usual/no treatment. Use of acupuncture may
reduce the severity of depression in comparison with control acupuncture. The very low quality of evidence limits the interpretation of the effects of
acupuncture vs. medication and psychological therapy. Risks of adverse events with acupuncure are also unclear, as most trials did not report
adverse events.

Review paper

163 patients with depression.

Participants were randomized either to acupuncture plus moxibustion using a method that soothes the liver and regulates the mind (Group A;
= 54), to an acupoint shallow puncturing group with a shorter duration of moxibustion (Group B; n = 56), or to a non-acupoint shallow puncturing
group (Group C; n = 53). All participants received twice-weekly treatment for 12 weeks.

Group A received conventional acupuncture at the 4 gate points [Hegu [LI4); Taichong (LR3]; Baihui [GV20); Yintang [GV29)], with moxibustion
applied with a moxa cone directly to the 4 flower points (Geshu [BL17); Danshu [BL19)). Group A also received intradermal needling at Xinshu
(BL15) and Ganshu (BL18). For Group B, the same acupoints were used as those for Group A, but with a shallower needling depth and a shorter
duration of moxibustion. Group G received acupuncture at acupoints 10mm lateral to the acupoints used in Group A, with the same manipulation
method as in Group B.

At 1:and 3 months after treatment, several Symptom Checklist 90 (SCL-90) scores were improved from baseline by a significantly greater extent in
Group A compared with Group G (all p < 0.05). SCL-90 scores for depression, anxiety and hostilty were improved by a significantly greater extent
at 1 and 3 months in Group A compared with Group B (all p < 0.05).

163 patients with depression.
Acupuncture and moxibustion soothing liver and regulating mind treatment (Group A); acupoint shallow puncturing (Group B); and non-acupoint
shallow puncturing (Group C).

Acupoints used in Group A were bilateral Hegu (L14), bilateral Taichong (LR3), Baihui (GV20), and Yingtang (GV29). Needles were inserted vertically
to a depth of 10-12 mm for LI4 and LR3; the needles were inserted at an angle of 30° to a depth of 4-6mm for GV20 and GV29. After recording
the de gi needling sensation (e.g., numbness, soreness, distention, heaviness during acupuncture stimulation), acupuncture used the dao gi
technique at the acupoints, involving lifting, thrusting, and rotation of the neede. Needles remained in place for 30 min. Moxibustion involved the
four flower points (bilateral BL17 and BL19). A round moxa cone (1 cm diameter, 1 cm high) was placed and ignited on the selected points, which
were smeared evenly with Wanhua oil. Five cones were applied to each point. Bilateral BL15 Xinshu and BL18 Ganshu were selected for
intradermal needing. An intradermal needle was completely inserted at each point and retained for 2 days. Al treatments were given twice weekly
for 12 weeks, with intervals lasting more than 48 h between two treatments.

For Group B, the same acupoints were used as those in Group A, with a 2- to 3-mm needling depth. No lifting, thrusting, or rotating was
performed, and the neede sensation was not required. Moxibustion was done for a shorter duration and only 1-2 mm of the intradermal needle
body was inserted into the points.

Group C received acupuncture at points 10mm lateral to LI4 and LR3 and 10mm to the left side of GV20 and GV29 during the acupuncture
procedure, 10mm lateral to BL17 and BL19 during the moxibustion procedure, and 10mm lateral to BL15 and BL18 during the intradermal
needing procedure, with the same manipulation method as that in Group B.

At 1 and 3 months after treatment, SCL-90 and HAMD scores differed by sex between Group A and Group B; women were more sensitive to the
efficacy of the soothing liver and regulating mind treatment compared with other methods.

1,678 adults (aged 18-75 years) with depression-related insomnia.

11 RCTs compared acupuncture with Western medicine; 5 RCTs compared medication alone or in combination with acupuncture; 2 RCTs
compared acupuncture with sham or placebo acupuncture control,

A pooled analysis of 10 RCTs that reported PSQI scores demonstrated significant improvements with acupuncture over Western medicine. When
acupuncture was combined with Western medicine, sleep quality, and depression were both improved by a greater extent compared with Western
medicine alone. Improvements from baseline in HAMD scores did not differ significantly between acupuncture treatment and Western medicine.

Review paper

150 outpatients with residual insomnia associated with MDD.

Nine x 30-min sessions of acupuncture, given 3 times a week for 3 consecutive weeks. Participants were asked to continue the same type and
dosage of antidepressants throughout the study period. They were randomized to “Traditional acupuncture” based on TCM principles of
acupuncture treatment for insomnia, minimal acupuncture, or placebo acupuncture.

The traditional acupuncture group was needied at bilateral Ear Shenmen, Sishencong (EX-HN1), Anmian (EX), Neiguan (PC8), Shenmen (HT7),
Sanyinjiao (SP8), and unilateral Yintang (EX-HNS) and Baihui (GV20), using the TCM style of acupuncture. Acupoints on the head, hands and legs
were treated with 0.25 x 25-mm needles; ear acupoints on ears were treated with 0.20 x 25-mm needles; insertion depths varied between 2 and
25mm, depending on the points selected. De i was achieved if possible. All needles were connested to an electric stimulator that delivered a
constant current (0.4 ms, square-wave, brief-pulse stimulus of 4-Hz frequency). The neediles were left for 30min and then removed.

The minimal acupuncture group was needled at points that have no therapeutic effects according to TCM theory and superficially to avoid de g
Points on the limbs included bilateral *forearm,” 1 inch lateral to the middle point between Shaohai (HES) and Shenmen (HE7); “upper arm,” 1 inch
lateral to Tianfu (LU 3); and “lower leg,” 0.5 inch dorsal to Xuanzhong (GB39). Points on the head included bilateral “head,” the middie point
between Shuaigu (GB8) and Touwei (ST8); “forehead”, the middle point between Touwei (ST8) and Yangbai (GB14); “neck”, the middle point
between Tianyou (TB16) and Tianrong (SI17); and “ear.” a point on the heix, inferior to the apex. Other treatment conditions and electrostimulation
were the same as in the acupuncture group.

The placebo acupuncture group received Streitberger placebo needes placed at sites 1 inch beside the acupuncture points used in the
acupuncture group, with the aim of avoiding an acupressure effect. The needles were connected to an electric stimulator but with zero frequency
and ampltude.

Traditional acupuncture neediing produced only mild hypnotic effects that were similar to those of minimal acupuncture and placebo acupuncture.
A high proportion of patients in each treatment group remained ciinically significantly affected by insomnia after treatment.

British Acupuncture Council (34)

Participants
Interventions
Outcomes

Patients with anxiety disorders or depression.
Verum (regular) acupuncture compared with sham acupuncture and EA.

Sham-controlled studies indicated that anxiety improved with both regular acupuncture and EA treatments. Significant differences between the
protocols used in regular acupuncture and EA precluded any general beneficial or possible placebo effect. Moreover, although the findings from
most controlled studies indicated a general anxiety-reducing effect of acupuncture, these were regarded by the reviewers as inconclusive because
of study design problems, including the absence of standardized symptom rating scales in most studies, limited follow-up, and poorly defined
differences between protocols used in different studies.

Review book

Errington-Evans (14)

Participants Healthy volunteers, patients with anxiety disorders, and animal models of anxiety, from 32 English-language articles published between 2000 and
2010.

Interventions. TCM and non-TCM acupoints were used in patients, with a lack of detail provided by the studies as to point selection and treatment methodology.
Animal studies assessed treatment outcomes in rodents subjected to chronic mild stress (controls) vs. no stress (a “natural” group), acupuncture
vs. sham acupuncture.

Outcomes The poor quality of the methodology reporting prevents any treatment recommendation.

Review paper

Spence etal. (15)

Participants 18 adult volunteers reporting having symptoms of insomnia for =2 continuous years immediately prior to the study and with scores >50 (anxiety
range) on the Zung Anxiety Self Rating Scale. The study participants did not satisfy DSM-IV criteria for any particular anxiety disorder.

Interventions Acupuncture therapy was given for & weeks (2 sessions/week, 10 sessions i total). Each acupuncture session lasted ~1 h. Two consecutive
overnight polysomnographic studies were performed at baseline (before treatment) and at the end of the acupuncture treatment. Mood and
cognitive efficiency was tested by the Toronto Alexithymia Scale, the Stanford Sleepiness Scale (SSS), and a 7-item Fatigue Scale. Anxiety was
assessed by the State-Trait Anxiety Inventory and depressive symptoms by the Center for Epidemiological Studies Depression Scale (CES-D). On
the following morning, immeciately after waking, each subject completed a standard post-sleep questionnaire, the SSS, and the Fatigue Scale.
Approximately 20 min after awakening, subjects assessed their level of fatigue and sleepiness on the Fatigue Severity Scale, the Epworth
Sleepiness Scale, the Toronto Western Hospital Fatigue Questionnaire, the Fatigue Scale, and the FaST Adjective Checklist. They were also tested
for accuracy and time to complete a complex verbal reasoning task. During both test phases, urine samples were tested for changes in
endogenous levels of melatonin over 24 h.

Outcomes At 5 weeks, acupuncture treatment was associated with significant reductions in state and trait anxiety scores, significant improvements in
polysomnographic measures of sleep onset latency, arousal index, total sleep time, and sleep efficiency. Nocturnal endogenous melatonin secretion
was significantly increased.

Acupoints No mention of acupoints.

Wang and Kain (35)

Participants 55 patients with preoperative anxiety.

Interventions Participants were randomized to 1 of 3 groups: bilateral auricular acupuncture protocol at the Shenmen point (1 = 22); bilateral auricular
acupuncture at a “relaxation” point (a protocol believed to be effective against anxiety) (n = 15); or acupuncture at a sham acupuncture point
(7= 18). Press-acupuncture needles were inserted at the respective auricular areas and remained in place for 48h.

Outcomes The Relaxation group was significantly less anxious at 30 min and at 24 and 48 h compared with the other 2 groups.

Wu etal. (36)

Participants 35 healthy adult volunteers with preoperative anxiety.

Interventions Participants received either auricular acupuncture at the Shenmen point, to a depth of about 0.2cm (n = 18) or body acupuncture at 4 acupoints,
to a depth of nearly 0.5cm (1= 17).

The acupuncture needles were 25-40 mm long and 0.25-0.30mm in diameter. All subjects received twice-weekly treatments over 4 weeks (8
sessions in all. Each acupuncture session lasted approximately 30 min.

Outcomes Scores on the Zung Self-Rating Anxiety Scale were significantly reduced from baseline in both groups.

Agelink et al. (37)
Participants
Interventions

Outcomes

36 patients with mild depression or anxiety disorder
Nine acupuncture sessions involving classical acupuncture points (He7, Pe6, Du20, BI62, Ex6), or sham acupuncture (needles were applied
epidermally at non-acupuncture points),

Compared with sham acupuncture, verum acupuncture was associated with a significant decrease in the mean resting heart rate and a significant
decrease in the mean low LF:HF ratio.
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Ketamine use variables
Total years of ketamine use
Average daily dose in past 30 days (g/day)
Maximum daly dose in past 30 days (g/clay)
Using days in past 30 days (days)

vAs

SDS

BDI

BAI

cTa-SF
Total scores
Number of trauma types

—-0.209
0.081
0.023
0.084

—0.055

-0.253

—-0.159

-0.263
0.013
0.013

-0.025

P-value

0.110
0.632
0.861
0.621
0.673
0.058
0217
0.039
0.924
0.924
0.848

BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; CTQ-SF, Chidhood Trauma
Questionnaire-short form; SDS, Severity of Dependence Scale; VAS, Visual Analog Scale
for craving. Bold highlights statistically significant values (p < 0.05).
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Model AUC  Sensitivity Specificity Number of factors

(16) Naive Bayes with ~ 0.9396 ~ 0.7914  0.9660 1
G72 protein

(17)C4.5 decisiontree 0.8510  0.7871  0.9152 1
with G72 protein

(18) Logistic regression  0.9099  0.8483 0.9072 1

with G72 protein
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Age, years

Sex, male/female
Education, years

Disease duration, months
MMSE

IATI

HAM-D

Glutamate, wmoll
Glutamine, pmol/l
Glutamate/glutamine ratio

Control

70.7 6.8)
37
796.1)
NA.
27.1(13)
1.95 (0.40)
NA.
6.16(3.19)
359.3 (102.1)
00158 (0.0060)

AD

72.1(8.4)
o2
48(4.8)
44.8(28.2)
12.7 (627
0.74 (0.34)°
NA
17.28(1.99)°
534.0 (146.8)°
0.0334 (0.0079)

Major depression

69.8(5.8)
09
2726
NA.
24.4(2.2)
1.58 (0.62)
15.2 (2.0)
16.31 3.81)d
493.7 (151.8)
00325 (0.0082)°

Hydrocephalus

74.6(7.4)

54
76(6.7)

24.7 (13.6)

272(1.8)

1.67 (0.56)
NA.

9.05 (2.06)

350.6(108.2)
00260 (0.0043)

Statistics

0.71(0.55)
590 (0.01)"
266 (0.06)
NA.
39.66 (0.0001)"
18.29 (0.0001)"
NA.
50.83 (0.0001)"
593 (0.002)"
16.34 (0.0001)"

Values are presented as means (standard deviation). Statistical significance of differences between groups was assessed by one-way ANOVA, F (o-value), followed by Bonferroni
adjustment for multiple comparisons, except for sex distribution, which was assessed by the Chi-Square Test, X (p-value). Asterisks indicate statistically significant differences.

AD, Aizheimer's disease; MMSE, Mini Mentel State Examination; IAT], Innotest amyloid tau index; HAM-D, Hamilton Depression Scale; N.A., Not applicable or not available.

4 AD significantly diferent from control, hydrocephalus and depression (P = 0.0001).
b AD significantly different from control, hydrocephalus and depression (P = 0.0001).
© AD significantly diferent from control and hydrocephalus (P = 0.0001).

9 Depression significantly different from control and hydrocephalus (P =
© AD significantly different from control and hydrocephalus (P = 0.008 and P = 0.012, respectively).

1 AD significantly different from control (P = 0.0001).

9 Dapression significantly diferent from control (P = 0.0001).
 Hydrocephalus significantly different from control (¢

0.018).

.0001).
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Controls

KD patients  P-value

(N =685) (N =65)
Age, years, mean  SD 31396 809£67 077
Sex, N (%) 070
Male 44(67.7%) 46 (108%)
Female 21(323%  19(292%)
Current smoker, N (%) 5(7.7%)  57(950%) <0.001

Ketarmine use variables, mean & SD

Total years of ketamine use

Average daily dose in past 30 days
(g/day)

Maximum daiy dose in past 30 days
(g/day)

Using days in past 30 days (days)
VAS for craving (0-100), mean & SD
SDS scores, mean = SD
BDI scores, mean + SD
BAI scores, mean  SD
CTQ-SF

Number of trauma types

Total scores

79+43
35427

72x61

243 £ 109
42.4 £ 35.2
102 + 36

27.0 £ 128
16.7 + 13.0

19+15
612 £ 150

BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; CTQ-SF, Chidhood Trauma
Questionnaire-short form; SDS, Severity of Dependence Scale; VAS, Visual Analog Scale

for craving.
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Patients Controls Fix2 P

Age (years) 31.47+£819 3203+825 0162 0689
Gender (W/F) 14/15 16/14 0.151 0797
Education (years) 979490 1178£522 2163 0147
BMI (kg/m?) 2143+ 178 2093+ 187  1.110 0297
Duration of ilness (years) ~ 6.82  5.56 NA

PANSS

Total scores 80.14 £821 NA

Positive subscore 2310 £ 472 NA

Negative subscore 1414 £5.13 NA

General psychopathology ~ 43.90 =+ 4.15 NA

COGNITIVE FUNCTION

TMTA 60.48 +£23.87 4037 +10.83 7511 <0.001
BACS-SC 3152+ 1103 6563593 43.472 <0.001
WMS-II-SS 1392 +2.86 1762 +3.31 5311 <0.001
HVLT-R 2047 £672 2627 £537 8247 0012
BUMT-R 2141£520 2670929 2314 0066
CPTIP 134£088  846+£103 14175 <0001
Stroop word score 5279+1398 8587 £815 26982 <0.001
Stroop color score 3124+1420 5057893  7.633 <0.001

Stroop color-word score  19.72 + 11.14  37.10 £ 806  10.449 <0.001
Plasma ADMA (wmol/L) 242 +£084 141+014  10.008 <0.001

BMI, body mass index; PANSS, Positive and Negative Syndrome Scale; TMT-A, trail
making task pert A; BACS-SC, brief assessment of cognition in schizophrenia-symbol
coding; CPT-IR, continuous performance test-identical pairs; WMS-II-SS, Wechsler
memory scale-3rd edition-spatial span; HVLT-R, Hopkins verbal learning test-revised;
BVMT-R, brief visual-spatial memory test-revised. NA, not applicable.
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Amino acids

Glutamate, pmol/L

Glutamine, pmol/L

Glutamine/ glutamate ratio

C.1, confidence interval.

Diagnostic

Healthy Control
Chronic schizophrenia
Healthy Gontrol
Chronic schizophrenia
Healthy Gontrol
Chronic schizophrenia

Mean

264.5
470.0
4430
2423
i
1.02

Lower bound

191.8
399.2
4045
2048
1.89
071

95% C.I.

Upper bound

337.2
5408
481.4
279.8
264
134

Statistics

F =163, p =0.0001

F=5656,p=00001

F=27.0,p =0.0001
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Healthy controls

Sex, M/F 17/21
Age, years (range) 18.8 + 3.8 (12-25)
lliness duration, years (range) N/A
CPZ eqivalents (mg/day) NA
(range)

Antipsychotic in use NA
(typical/atypical/combination/no

medication)

‘Smoker/ Non-smoker 1/36
BPRS total score (range) NA
BPRS negative score (range) NA
BPRS positive score (range) NA

Recent onset
schizophrenia

25/7
21,037 (15-29)
1.82 + 1.68 (0.08-5)

243.3 + 133.9 (25.1-562.9)

1/24/1/5

208
42.5+9.2 (26-62)
16.5 % 6.4 (8-36)
13.7 £ 4.8 (7-22)

P

0.005
0.015
N/A
NA

NA

0.003
N/A
N/A
N/A

Healthy controls

105
44.9 + 11.2 (26-57)
NA
NA

NA

3/12
NA
N/A
NA

Chronic schizophrenia

40116
459 + 8.3 (26-59)
23,6 % 10.21 (6-41)

402.7 + 330.2 (0-1918.0)

7142/3/2

31/25
35.2.+ 9.2 (18-56)
17.6 + 6.3 (9-38)
18.4 5.5 (8-29)

0.72
0.75
N/A
N/A

N/A

0015
N/A
N/A
N/A

Comparisons between the two groups were performed using x? test for sex and smoking status, and t-test for age. Velues are shown as means = standerd deviation (range). BPRS,
Brief Psychiatric Rating Scale; CPZ, chlorpromazine; N/A, not applicable. Typical antipsychotics included flufenazine, clorpromezine, amoxapine, haloperidol, perphenazine, thioridezine,
and thiothixene. Atypical antipsychotics included clozapine, olanzapine, quetiapine, risperidone, ziprasidone, and aripiprazol.
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Amino acids

Glutamate, pmol/L.

Glutamine, pmol/L

Glutamine/ glutamate ratio

C.1, confidence interval.

Group

Healthy controls
Recent onset schizophrenia
Healthy controls
Recent onset schizophrenia
Healthy controls
Recent onset schizophrenia

Mean

201.5
131.2
506.3
370.4
273
3.99

Lower bound

177.3
102.9
459.0
316.3
1.99
3.14

95% C.l.

Upper bound

22658
159.6
5515
4245
3.46
4.85

Statistics

F=126,p=0001

F=128,p=0001

F=447,p=004
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Amino acids

Glutamate, pmol/L

Giutamine, pmol/L

Glutamine/ glutamate ratio

C.1, confidence interval.

Group

Healthy controls.
Chronic schizophrenia
Healthy controls.
Chronic schizophrenia
Healthy controls.
Chronic schizophrenia

Mean

180.3
254.6
472.8
250.1
413
1.62

95% C.I.

Lower bound

101.1
221.4
3771
219.0
326
1.25

Upper bound

2690.5
287.8
568.6
2993
5.02
1.99

Statistics

F=35,p=0.066

F=19.8,p =0.0001

F=32.0,p =0.0001
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Healthy controls

Sex, MIF 34/41
Age, years (range) 30.1 & 132 (20-72)
liness duration, years (range) /A
CPZ equivalents (mg/day) (range) A
Antipsychotic in use (typical/atypical/combination/no medication) NA
Smoker/Non-smoker /50
BPRS total score (range) A
BPRS negative score (range) /A
BPRS positive score (range) NA

Chronic schizophrenia

27/40
42.4 % 10.9 (25-68)
224+ 114 (6-54)

104.4 + 94.1 (0-430.2)
22/23/9/1

28/39

423 £7.7 (24-57)
16.0 £ 4.9 (6-27)

253+ 6.3 (10-39)

p-value

0.54
o1
NA
NA
N/A
0.0001
N/A
NA
NA

Comparisons between groups were performed using x? test for sex and smoking status, and t-test for age. Velues are shown as means = stenderd deviation (range). p-value in bold
indicates statistcaly significant difference. BPRS, Brief Psychiatric Rating Scale; CPZ, chlorpromazine; N/A, not applicable. Typical antipsychotics inluded flufenazine, clorpromazine,
amoxapine, haloperidol, perphenazine, thioridazine, and thiothixene. Atypical antipsychotics included clozapine, olanzapine, quetiapine, risperidone, ziprasidone, and aripiprazol.
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