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Effects of sarcosine, a glycine transporter type 1
inhibitor, in two mouse seizure models
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Abstract:

Sarcosine, a natural amino acid found in muscles and other body tissues, is an endogenous glycine transporter type 1 inhibitor that in-
creases the glycine concentration, resulting in an indirect potentiation of the N-methyl-�-aspartate (NMDA) subtype of glutamate
receptors. Sarcosine, similar to other NMDA receptor-activating agents, is an effective adjuvant in the treatment of schizophrenia. It
is widely accepted that increased glutamatergic neurotransmission is involved in the initiation and propagation of seizures. Because
sarcosine facilitates NMDA receptor function, it may affect the seizure threshold. Therefore, we examined the effects of sarcosine on
the seizure threshold in two different mouse seizure models: the timed intravenous (iv) pentylenetetrazole (PTZ) infusion test and the
maximal electroshock seizure threshold test. In the iv PTZ test, sarcosine did not exert a significant effect on the seizure threshold at
any of the doses tested (100, 200, 400 and 800 mg/kg, ip). However, at doses of 400 and 800 mg/kg, sarcosine significantly raised the
threshold for electroconvulsions (p < 0.01). The present findings indicate that sarcosine did not lower the seizure threshold. Con-
versely, sarcosine showed weak anticonvulsant properties by increasing the threshold current for the induction of tonic seizures.
Therefore, sarcosine may be considered as a safe adjuvant treatment for schizophrenia without proconvulsant risk. In addition, the
compound may serve as an interesting addition to epilepsy treatment.
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Introduction

Altered glutamatergic transmission has been impli-
cated in the pathophysiology of many neuropsychiat-
ric disorders such as epilepsy, Alzheimer’s disease
and schizophrenia. The N-methyl-D-aspartate (NMDA)
subtype of glutamate receptors contains numerous
modulatory binding sites, including a strychnine-
insensitive glycine binding site, also termed the
glycineB receptor. Glycine acts as a co-agonist to-

gether with glutamate and is an absolute requirement
for NMDA channel activation [5]. Glycine plays an
important role as a major inhibitory neurotransmitter
in the central nervous system, mainly in the spinal
cord and brainstem, where it acts via the strychnine-
sensitive glycine receptor (GlyR) chloride channels to
control spinal reflexes and locomotor behavior [13].
Thus, glycine can affect both excitatory and inhibitory
neurotransmission. The concentration of glycine
within synapses is effectively regulated by a rapid re-
uptake mechanism consisting primarily of glycine
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transporters (GlyT). Two types of GlyTs have been iden-
tified, GlyT type 1 (GlyT1) and GlyT type 2 (GlyT2),
which differ in their pharmacological properties and
anatomical distribution [12]. GlyT1 co-localizes with
NMDA receptors and modulates their function [22].

Apart from the dopaminergic hypothesis of schizo-
phrenia, there is also a theory that focuses on the hy-
pofunction of glutamate NMDA receptors [6, 18]. Nu-
merous studies indicate that non-competitive antago-
nists of NMDA receptors (phencyclidine and keta-
mine) induce psychotomimetic effects, both in hu-
mans and in animals, which resemble symptoms of
schizophrenia [3, 4, 9]. Moreover, clinical data report
that enhancement of NMDA receptor function by
glycine site potentiation is beneficial in the treatment
of schizophrenic patients. Full agonists of the glycineB
site, glycine, D-serine and D-alanine, effectively improve
both positive and negative symptoms of schizophrenia if
administered in conjunction with antipsychotics.

Sarcosine is the N-methyl derivative of glycine. It
is metabolized to glycine by the enzyme sarcosine de-
hydrogenase, whereas glycine-N-methyl transferase
generates sarcosine from glycine. Sarcosine is a natu-
ral amino acid found in muscles and other body tis-
sues. Sarcosine is a naturally occurring selective
GlyT1 inhibitor that increases the concentration of
glycine within the synaptic cleft and potentiates
NMDA receptor function [12]. It is also a methyl do-
nor [7] and plays an important role as an intermediate
in one-carbon metabolism [25]. The use of sarcosine
in conjunction with conventional antipsychotics or
risperidone significantly improved the positive and
negative symptoms of schizophrenia and general psy-
chiatric condition [11, 24]. Sarcosine and potentially
more potent GlyT1 inhibitors may represent a novel
therapeutic approach in the treatment of schizophre-
nia [8, 21].

Because sarcosine can indirectly facilitate NMDA
receptor function, and a potential pro-convulsive role
of increased glutamatergic transmission has been pro-
posed in seizure phenomena, one could expect that
sarcosine may alter the seizure threshold. Modulation
of the extracellular glycine level assures the balance
between excitatory and inhibitory neuronal activity.
Sarcosine may enhance NMDA receptor function,
causing an antipsychotic effect while simultaneously
decreasing the seizure threshold. The accumulation of
glycine at inhibitory synapses by sarcosine may po-
tentiate inhibitory neurotransmission in some areas of
the brain.

Therefore, the present study investigated the influ-
ence of sarcosine on the seizure threshold in two dif-
ferent animal models: the timed intravenous pentyle-
netetrazole (iv PTZ) infusion test and the maximal
electroshock seizure threshold test in mice.

Materials and Methods

Animals

The experiments were carried out on male Albino Swiss
mice weighing 25–30 g. The animals were housed in
Makrolon cages under strictly controlled laboratory
conditions (ambient temperature 22–23°C, relative
humidity about 45–55%, 12/12-h light/dark cycle,
lights on at 6:00 a.m.; chow pellets and tap water pro-
vided ad libitum. After acclimatization, mice were
randomly divided into six experimental groups, each
consisting of 16–20 mice. The experimental protocol
was approved by the Local Ethics Committee of the
Medical University of Lublin (licence no. 10/2008), and
all the procedures were in strict compliance with the
European Communities Council Directive of November
24, 1986 (86/609/EEC).

Drugs

Sarcosine (Fluka, Sigma-Aldrich Sp. z o.o., Poznañ,
Poland) at doses of 100, 200, 400 and 800 mg/kg was
administered intraperitoneally (ip) in a volume of
10 ml/kg, 30 min before the respective test. The high-
est dose of sarcosine was dissolved in distilled water.
The osmolarity of the lower doses was equalized to
the osmolarity of the highest dose using NaCl. Con-
trol animals received NaCl solution, the osmolarity of
which was equal to that of the highest dose of sarco-
sine. PTZ (Sigma, Sigma-Aldrich Sp. z o.o., Poznañ,
Poland) was dissolved in normal saline.

The maximal electroshock seizure threshold

(MEST) test in mice

To determine the threshold for maximal electroshock
seizures, constant current stimuli (0.2 s, 50 Hz) were
applied via transcorneal electrodes. The current inten-
sity was established according to an ‘up-and-down’
method described by Kimball et al. [10]. In this
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method, the current intensity was lowered or raised by
0.06-log intervals, depending on whether the previ-
ously stimulated animal did or did not exert hindlimb
extension, respectively. The data obtained in groups
of 20 animals were used to determine the threshold
current causing an endpoint in 50% of mice (CC50
with confidence limits for 95% probability).

The timed iv PTZ infusion test in mice

Thirty minutes following ip administration of
sarcosine or its vehicle, the mice were placed in the
restrainer, and a needle (27G, 3/4 in., Sterican®, B.
Braun Melsungen, Melsungen, Germany) was in-
serted into the lateral tail vein [26]. The needle was
attached by polyethylene tubing (PE20RW, Plastics
One Inc., Roanoke, VA, USA) to a plastic syringe,
which was mounted in a syringe pump (model 351,
Sage Instruments, White Plains, NY, USA). The sy-
ringe contained 1% PTZ solution in saline and was
administered into the vein of unrestrained animals at
a constant rate of 0.2 ml/min. The time intervals from
the start of infusion of PTZ solution to the onset of
three separate endpoints, i.e., first myoclonic twitch,
generalized clonus with loss of righting reflex, and
forelimb tonus, were recorded. The threshold, in mg
of PTZ per kg of body weight, for each endpoint was
calculated according to the following formula:

Evaluation of motor deficit

Sarcosine-induced motor deficit was detected and
quantified using the chimney test [17]. In this test, the
inability of an animal to climb backward up through
a Plexiglas tube (3.2 cm [inner diameter] × 30 cm
[length]) within 60 s is an indication of motor impair-
ment.

Statistics

Data obtained from the MEST test were analyzed ac-
cording to Kimball et al. [10] and presented as CC50
values with 95% confidence limits. CC50 values of the
control group and groups treated with different doses

of sarcosine were analyzed by one-way analysis of
variance (ANOVA) followed by Dunnett’s post-hoc

test. All results obtained in the iv PTZ test are ex-
pressed as the means ± SEM (standard error of the
mean) and were analyzed by the one-way ANOVA
test; p < 0.05 was considered as a statistically signifi-
cant difference.

All calculations were carried out with SigmaStat
for Windows ver. 2.03 (Systat Software GmbH, Er-
krath, Germany).

Results

Effect of sarcosine on the seizure threshold in

the MEST test in mice

As shown in Figure 1, sarcosine significantly elevated
the seizure threshold in the MEST test in mice (one-
way ANOVA: F(4,41) = 5.711; p 0.01). Specifically,
sarcosine, at a dose of 100 mg/kg, raised the CC50
value from 9.92 (9.19–10.71) mA (control group) to
11.05 (10.33–11.82) mA, and at a dose of 200 mg/kg,
it raised the CC50 value to 11.02 (10.39–11.68) mA.
The highest doses of sarcosine, 400 and 800 mg/kg,
increased the threshold to 11.93 (11.50–12.38) and
11.93 (11.15–12.77) mA, respectively. Dunnett’s

post-hoc test revealed that these two differences were
statistically significant (p < 0.01).

Effects of sarcosine in the timed iv PTZ

infusion test in mice

The control value of the PTZ threshold for the onset
of myoclonic twitches was 33.84 ± 1.79 mg/kg. Figure
2A shows that sarcosine (dosage range 100–800 mg/kg)
slightly increased the seizure threshold at all doses
tested. However, the differences were not statistically sig-
nificant (one-way ANOVA: F(4,82) = 0.508; p = 0.730).

The effect of sarcosine on the seizure threshold in the on-
set of generalized clonus is shown in Figure 2B. The PTZ
threshold in the control group was 41.59 ± 1.52 mg/kg.
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There were no statistically significant changes in the
seizure threshold after sarcosine treatment (one-way
ANOVA: F(4,82) = 1.1170; p = 0.330).

The threshold for forelimbs tonus in the control
group was 107.07 ± 3.35 mg/kg. Sarcosine did not
significantly alter the threshold for the elicitation of
tonic extension of the forelimbs (Fig. 2C, one-way
ANOVA: F(4,77) = 1.007; p = 0.409).

Effects of sarcosine on motor performance

in mice

The observation of animals in the test cages showed
no grossly observable behavioral changes in the groups
that received sarcosine at doses of 100–800 mg/kg.
The chimney test did not indicate any neurotoxic ef-
fects of sarcosine in the dose range tested.

Discussion

The present findings indicate that sarcosine did not
lower the seizure threshold in animal seizure models.
In contrast, sarcosine had weak anticonvulsant prop-
erties, as evidenced by an increase in the threshold
current for the induction of tonic hindlimb extension
in the MEST test in mice, at doses that were well tol-
erated and that did not induce general CNS-
depressive effects. These data indicate that sarcosine,
if used as an adjuvant treatment of schizophrenia, is

devoid of the proconvulsant activity characteristic of
most antipsychotic drugs. Our results confirm previ-
ous reports demonstrating the anticonvulsant effects
of sarcosine in strychnine-induced seizures in mice
and clonic seizures induced by administration of PTZ
in rats [7, 31]. Strychnine is an antagonist of GlyRs
that evokes seizures by blocking neuronal inhibition
in the spinal cord. Freed [7] found that sarcosine ef-
fectively prevented convulsions and death caused by
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strychnine, whereas glycine was not active in this
model [7]. In our experiments, sarcosine was not ca-
pable of modifying the threshold for seizure induction
in the timed iv PTZ model in mice. However, in a dif-
ferent model, where seizures were induced by a sub-
cutaneous injection of PTZ, sarcosine increased the
latency to the onset of seizures in rats and decreased
the duration of seizures [31]. Inhibition of GlyT1 by
sarcosine and subsequent accumulation of glycine
were discussed as a mechanism not only for seizure
inhibition but also for tonic activation of GlyRs in the
hippocampus [31]. Those data suggest that GlyT1 in-
hibitors may be helpful for the treatment of disorders
associated with neuronal hyper-excitability, such as
epilepsy [31]. Recent studies showed that sarcosine
may act not only as a GlyT1 inhibitor but also may di-
rectly act as a co-agonist of NMDA receptors at the
glycine-binding site. The main difference between
glycine and sarcosine as co-agonists is a reduced
NMDA receptor desensitization with sarcosine com-
pared to glycine. In contrast to other co-agonists of
NMDA receptors, sarcosine may thus enhance
NMDA receptor function by more than one mecha-
nism [29]. Surprisingly, numerous studies have docu-
mented that D-cycloserine (a high-efficacy partial
agonist of the NMDA receptor) possesses anticonvul-
sant properties in different animal models of seizures
[2, 16, 19, 20, 27, 28]. Anticonvulsant activity was
also demonstrated by L-687,414, a partial agonist of
the glycineB binding site [23], and by a full agonist,
D-serine [16]. Whether sarcosine shares a common
mode of anticonvulsant action with the above-
mentioned agonists remains unclear. Zhang et al. [30]
showed that sarcosine evoked a dose-dependent,
strychnine-sensitive chloride current in cultured em-
bryonic mouse hippocampal neurons. They concluded
that sarcosine, in addition to being a GlyT1 inhibitor
and NMDA receptor co-agonist, also functions as
a GlyR agonist, although with lower affinity and less
intrinsic activity compared to glycine.

According to Long at el. [14], sarcosine exerts
a modulatory effect on the antiseizure properties of
MK-801 (a non-competitive NMDA receptor antago-
nist) in the genetically inbred BALB/c mouse strain,
which is more sensitive to the ability of MK-801 to
raise the threshold for electrically-induced tonic
hindlimb extension than other mouse strains. Sarco-
sine did not change the seizure threshold by itself, nor
did it modulate the antiseizure effect of MK-801 in
unstressed mice, whereas in stressed mice (after

a forced swim session) sarcosine reduced the ability
of MK-801 to raise the threshold voltage for tonic
hindlimb extension. Thus, interactions between
glycinergic and glutamate neurotransmission medi-
ated by NMDA receptors depend on genetic factors as
well as on environmental conditions [14].

In our study, sarcosine failed to prevent myoclonic,
clonic and tonic seizures in the iv PTZ test. Perhaps
the anticonvulsant activity of sarcosine depends on
specific brain areas. Tonic seizures originate from the
brainstem [15], and GlyT1 is expressed mainly in
those areas of the brain where glycine acts as an in-
hibitory neurotransmitter, e.g., the brainstem and spi-
nal cord [1]. Sarcosine may cause the accumulation of
glycine in brainstem areas and raise the threshold for
tonic hindlimb extension in the MEST test. Clonic
seizures originate from forebrain structures where the
presence of inhibitory glycinergic neurons is still
questionable [13]. The failure of sarcosine to exert
a significant action on the threshold for generalized
clonus in the iv PTZ test in our study may be because
glycine is likely not a major inhibitory neurotransmit-
ter in the forebrain. However, this theory does not ex-
plain the anticonvulsant properties of sarcosine on
clonic seizures induced by the administration of PTZ
in rats [31] and the lack of anticonvulsant action on
forelimb tonus in the iv PTZ test (our study).

In conclusion, it seems that the accumulation of
glycine in the synaptic cleft, resulting from inhibition
of GlyT1 by sarcosine, intensifies inhibitory transmission
and leads to the predomination of inhibitory over excita-
tory neurotransmission. The anticonvulsant properties
of sarcosine may arise from GlyT1 inhibition and re-
sult from direct GlyR activation. While the data show
that sarcosine, if used as an adjuvant therapy for
schizophrenia, is safe and devoid of the proconvulsant
activity of many antipsychotics, the anticonvulsant
activity and the potential use of sarcosine as a treat-
ment option for epilepsy deserve further investigation
in other animal models of epilepsy. Because sarcosine
is available for human use, it may serve as an interest-
ing addition to epilepsy treatment.
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