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Abstract: Glutamate is the main excitatory neurotransmitter in the central nervous system. 

Dysfunction of the glutamatergic system plays an important and well-established role in 

the pathogenesis of schizophrenia. Agents with glutamatergic properties such as N-methyl-

D-aspartate receptor coagonists (ie, glycine, D-cycloserine) and glycine transporter type 1 

inhibitors (eg, sarcosine, bitopertin) are investigated in schizophrenia with special focus on 

negative and cognitive symptomatology. In this article, we describe a case of a 34-year-old 

woman with diagnosis of schizophrenia with persistent moderate negative and cognitive symp-

toms, a participant of the Polish Sarcosine Study (PULSAR) treated with olanzapine (25 mg 

per day) and venlafaxine (75 mg per day). During ten weeks of sarcosine administration (2 g 

per day) the patient’s activity and mood improved, but in the following 2 weeks, the patient 

reported decreased need for sleep, elevated mood, libido and general activity. We diagnosed 

drug-induced hypomania and recommended decreasing the daily dose of venlafaxine to  

37.5 mg per day, which resulted in normalization of mood and activity in about 1 week. After 

this change, activity and mood remained stable and better than before adding sarcosine, and 

subsequent depressive symptoms were not noted. We describe here the second case report where 

sarcosine induced important affect changes when added to antidepressive and antipsychotic treat-

ment, which supports the hypothesis of clinically important glutamate–serotonin interaction.
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Introduction
Glutamate is the main excitatory neurotransmitter of the brain. Dysfunctional 

glutamatergic transmission leads to important neuropsychiatric consequences play-

ing a primary role in the pathogenesis of numerous disorders, such as schizophrenia, 

addictions, or Alzheimer’s dementia.1–5 Currently investigated possibilities of phar-

macological intervention in schizophrenia are focused on enhancing the N-methyl-D-

aspartate (NMDA) receptor activity according to the hypo-NMDA receptor hypothesis 

of that psychosis. NMDA receptor is one of the glutamatergic ionotropic receptors of 

crucial importance for cognition (eg, attention and memory dependent on long-term 

potentiation process) which is probably also related to negative symptoms present in 

schizophrenia.6–8 In literature, there are two pharmacological opportunities described 

for enhancing function of the NMDA receptor. The direct method relies on admin-

istration of glycine (natural coagonist of the NMDA receptor) or other coagonists 

(D-cycloserine and D-serine), and the indirect method relies on inhibiting the glycine 

transporter type I (GlyT-1) with sarcosine, bitopertin (RG1678), or ALX-5407.9–12 

Sarcosine (N-methylglycine) has been used in several small studies and the results seem 

to be promising in ameliorating cognitive and negative symptoms where efficacy of 
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using known antipsychotics is rather limited.13,14 Previously 

published studies also indicate positive changes in affective 

symptomatology during the use of NMDA coagonists or 

sarcosine,15–20 but interestingly, NMDA receptor antagonists 

such as ketamine and memantine also have antidepressive 

effects.21–23

Addition of sarcosine – a natural, widespread amino 

acid – is currently considered as a beneficial and safe aug-

mentation method of neuroleptic treatment in schizophrenia. 

In the available literature, significant improvement in both 

negative symptoms subscale and total symptomatology 

scores in the Positive and Negative Syndrome Scale after 

sarcosine use was described.14,15 In these projects, patients 

received a dose of 2 g of sarcosine per day.

We present a case of a woman with diagnosis of schizo-

phrenia in a stable mental condition treated with olanzapine 

and venlafaxine (started due to negative and affective symp-

toms) who started taking 2 g of sarcosine or placebo per day 

as a participant of the Polish Sarcosine Study (PULSAR; 

NLM identifier: NCT01503359),24 a 6-month random-

ized double-blind placebo controlled trial. After an initial 

improvement in the first 10 weeks, the patient developed 

hypomanic symptoms in the next 2 weeks and it was neces-

sary to decrease the dose of venlafaxine or sarcosine/placebo. 

Initially, information on whether the patient was in a study 

or a control group was concealed. Therefore, we decided to 

decrease the dose of antidepressant. We reduced the dose 

of venlafaxine by half, and after 7–10 days we observed 

mood stabilization without secondary depressive episode. 

The patient continued participation in the trial. Standard 

unblinding procedure revealed that the patient had been tak-

ing sarcosine throughout the course of the study. This case 

with recently published observations indicates the need for 

revision of the recommended dosage of sarcosine or con-

comitant drugs in patients with schizophrenia, as well as the 

need to take the risk of serotonin–glutamate interaction into 

consideration. In a previously reported case, we decreased 

the dose of sarcosine; here we decided to reduce the dose of 

antidepressant with similarly good effect. 25

Case report
The patient was a 34-year-old female, suffering from schizo-

phrenia for 14 years (diagnosed according to the 10th revi-

sion of International Statistical Classification of Diseases 

and Related Health Problems criteria) who had previously 

been psychiatrically hospitalized four times, with the last 

time being 5 years ago. The first episode and three follow-

ing exacerbations were typical paranoid syndromes with 

delusions, auditory hallucinations, and disorganization. In a 

stable period, the patient presented moderate severity of nega-

tive symptoms (blunted and inappropriate affect, social with-

drawal, decreased overall activity) and anxiety, and moderate 

cognitive problems (attention and memory difficulties), which 

were the main indication for participation in the study. In 

positive symptomatology, the patient described only transient 

mild delusions of reference. Improvement in affective symp-

toms was achieved earlier by the use of venlafaxine and for 

this reason the drug was continued. no manic or hypomanic 

episodes in the patient were noted in the past.

After receiving information about sarcosine, the patient 

signed an informed consent form and started receiving the 

augmentation. Laboratory tests were performed (complete 

blood count, electrolytes, liver and renal parameters, lipids, 

prolactin and thyroid-stimulating hormone levels) which 

showed no deviations from the reference values. The patient 

had no neurological, endocrine, or other chronic comorbidities 

at the time of our treatment. On enrollment visit, we excluded 

changes in the treatment in the last 3 months, ongoing alco-

hol, and drug dependence or use in last 6 months. The patient 

was currently unemployed and on disability living allow-

ance. Before adding sarcosine, olanzapine (25 mg per day)  

and venlafaxine (75 g per day) had been prescribed for sev-

eral months without any significant mental state changes. 

Olanzapine was started over 3 years ago and venlafaxine a 

year ago due to depressive and negative symptoms.

During the first 10 weeks of sarcosine administration 

at 2 g per day, the patient reported a gradual improvement 

of overall activity, concentration, and mood. After the next 

2 weeks, the patient reported moderately increased mood, 

drive, and libido, excessive activity with talkativity, and 

decreased need for sleep (to 2–4 hours). The patient found 

these symptoms “strange” and asked for the modification of 

the treatment. She described the overall impact of sarcosine 

as positive, and therefore it was decided to maintain the 

sarcosine supplementation, but the dose of venlafaxine was 

been reduced by half to 37.5 mg per day. The patient declared 

adherence to the medication regimen.

After this change, the intensity of excitation and mood 

elation decreased in about 1 week (for details, see Table 1) 

without secondary depressive episode. There were no exter-

nal circumstances to explain hypomanic symptoms.

Discussion
Glutamatergic agents have recently been a focus of great inter-

est to neuropharmacologists and clinicians.26,27 The efficacy 

of sarcosine and other GlyT-1 inhibitors, such as RG1678 in 
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the treatment of schizophrenia, has been under investigation 

in recent years.28,29 It is considered that these compounds may 

have beneficial effects on the negative, affective, and cognitive 

symptomatology in schizophrenia. In the described patient, 

the hypomanic state occurred, which had not been previously 

noted and described in any patient taking sarcosine. Besides 

the direct excitatory effect of sarcosine, possible reasons for 

these symptoms may be related to the amino acid-induced 

potentiation of serotonergic transmission that was previously 

increased with venlafaxine, a selective serotonin and nora-

drenaline reuptake inhibitor (but at 75 mg per day acting as 

a selective serotonin reuptake inhibitor only) and olanzapine 

(which also has serotoninergic potential). We hypothesize 

that sarcosine may increase serotonergic and dopaminergic 

transmission in prefrontal lobes and also in the hippocampus, 

which are areas of key importance for negative, cognitive, 

and affective symptomatology and where NMDA receptor is 

present in high density. Hypomania presented here could be 

a result of the synergistic effect of sarcosine, venlafaxine, and 

olanzapine on serotonergic transmission. There is no data about 

interaction of sarcosine with other drugs (with the exception 

of our previous case) or drug metabolism changes.25

Symptoms of induced hypomania appeared later than 

those associated typically with the beginning of antidepres-

sive treatment, but occurrence of hypomania or mania during 

antidepressive treatment is possible at different times. Because 

a hypomanic state was not present with stable venlafaxine 

and olanzapine doses, we assume that adding the sarcosine 

was of crucial importance. Mechanisms of the glutamatergic 

impact on serotoninergic functions are actually not clear; 

we cannot clearly explain the 10-week delay of discomfort 

appearance after sarcosine starting, and this period is longer 

than the delay of selective serotonin reuptake inhibitors’ and 

other antidepressants’ effect (usually 2–4 weeks). Based on 

both this report and previous observations, we perceive that 

proper simultaneous use of substances with glutamatergic and 

serotoninergic properties may generate a synergistic effect, 

which can also be used in refractory cases.25,30

The described clinical problem indicates the necessity of 

determining the range of sarcosine or antidepressant doses 

used in concomitant treatment of schizophrenia. We suggest 

considering a flexible use of antidepressant dose, particularly 

when complicated by hypomania or irritability (also when 

these were present in the past). In our previous case study, 

we successfully proposed to adjust sarcosine daily dosing to 

between 1 and 2 g per day, particularly in combination with 

serotonergic substances.25 The symptoms hypothetically 

induced by sarcosine described in our earlier article had some 

features of hypomania but did not meet all of its criteria. 

Summarizing the results of the two works, we come to the 

conclusion that the normalization of mood can be achieved by 

adjusting the dose of sarcosine as well as antidepressants.

Due to the methodological limitations of single case 

reports, conclusions should be formulated carefully. The 

patient described in this article was included in the PULSAR 

study – a 6-month randomized double-blind placebo controlled 

trial – which evaluated the efficacy and safety of sarcosine in 

patients with schizophrenia. The PULSAR study has been 

reviewed by the Ethics Committee of Medical University of 

Łódź and was therefore performed in accordance with the ethi-

cal standards laid down in the 1975 Declaration of Helsinki.
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Table 1 Psychiatric assessment scores

Before sarcosine
Week 0

Sarcosine 2 g plus  
venlafaxine 75 mg
Week 4

Sarcosine 2 g plus  
venlafaxine 75 mg
Week 12 (hypomania)

Sarcosine 2 g plus  
venlafaxine 37.5 mg
Week 16

PANSS_P 13 10 10 9
PANSS_N 25 20 14 16
PANSS_G 29 28 25 20
PANSS_T 67 58 49 45
Calgary 0 0 0 0
HAMA 8 9 9 3
YMRS 0 0 15 0

Notes: The first visit was before the start of sarcosine. The second visit was after 4 weeks of taking the 2 g dose of amino acid. On the third visit after a further 8 weeks, due 
to hypomania, the daily dose of venlafaxine was reduced to 37.5 mg. After a further 4 weeks, the patient was taking 2 g of sarcosine and 37.5 mg venlafaxine daily. The dose 
of olanzapine was 25 mg per day during the study.
Abbreviations: PANSS, Positive and Negative Syndrome Scale for Schizophrenia; P, positive symptoms; N, negative symptoms; G, general psychopathology; T, total score; 
Calgary, Calgary Depression Scale for Schizophrenia; HAMA, Hamilton Anxiety Rating Scale for Schizophrenia; YMRS, Young Mania Rating Scale.
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