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Summary

Due to the inadequate effectiveness of pharmacological methods currently being utilized in
the treatment of depression, there is an ongoing need to find newer and safer treatment stra-
tegies. Studies undertaken to date aimed at finding more effective methods for the treatment
of affective disorders have been widened to incorporate other neurotransmission systems.

Experiments with compounds that modify the function of the glutamatergic system highlight
anew direction in the study of affective disorder treatment methods. It has been shown that
one of the key mechanisms in achieving an antidepressant effect is by weakening the function
of the NMDA receptor. Pre-clinical as well as clinical trials have revealed that compounds that
modulate the activity of the NMDA receptor are characterized by a significant antidepressant
effect which identifies them as potential antidepressant medications.

In this study an attempt was made at identifying the role of the NMDA receptor in the pa-
thogenesis and therapy of depressive disorders as well as the influence of ligands (especially
antagonist) of this receptor on the function of classical antidepressant medications. Results
shown in the attached studies by numerous scientists will in the future potentially add to the
development of more effective and safer therapies for patients with affective disorders as
well as offering a potential alternative in the treatment of drug resistant forms of depression.
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INTRODUCTION

Depression is one of the most commonly occurring
affective disorders, and its principal symptom is the
long-term reduction in a patient’s sense of wellbeing.
It is a disorder which is not uncommonly prolonged in
nature with a tendency to reoccur in a patient, leading
to a reduction in the normal functioning of a person
and a marked decrease in the persons quality of life.
The most significant clinical problem associated with
depression is suicide, attempted by 15-20% of persons
with severe depression [52]. A worrying factor is also the
rise in the number young people suffering from this ill-
ness, as well as the continuing rise in cases of drug resi-
stant depression [20].

Antidepressant treatment incorporates pharmacothe-
rapy as well as non-pharmacological forms of therapy.
The aim of treatment therapy in cases of depression is
to eliminate symptoms, achieve full remission as quic-
kly as possible as well as to prevent the reoccurrence of
the illness [44]. However, it needs to be noted that the-
rapy utilizing currently available pharmacological treat-
ment methods is not foolproof and is linked with many
side effects; accordingly, there is an ongoing search for
newer and more effective treatment strategies. One
of the new directions of research concentrates on the
glutamatergic system, with new antidepressant medi-
cations being explored among compounds that are glu-
tamatergic receptor ligands. This study shows the role
of the NMDA receptor in the pathology of depression as
well as looks at various ligands that effect the expression
and function of the NMDA receptor and as such brings
to attention other possibilities in the therapeutic treat-
ment of affective disorders.

DEPRESSION

Due to a relatively limited understanding within the
community as well as the lack of clearly definable cau-
sative factors, depression has until quite recently been
marginalized; however, in the last decade or so there has
been an increase in all developed European countries in
the number of cases of affective disorders reaching epi-
demic proportions, which has resulted in this problem
being noticed. Currently, depression is considered as
being one of four most important health problems in
the world with the prognosis for the next decade of the
21% century indicating that it will be the second most
important (after coronary heart disease) in limiting
work ability and causing disability within the commu-
nity [13]. Its negative health impact as well as the lin-
ked effects on the community and the economy were
recognized as a priority health problem in all develo-
ped countries. Depression as understood by psychiatry
is not treated as a singular form of illness but rather a
heterogenic collection of disorders with various clini-
cal pictures and various etiology [5]. It is thought that
a significant role in the pathogenesis of affective disor-
ders is played by genetic factors (40-50% of cases). The

cumulative and variable nature of symptoms of depres-
sion reveals the complex nature of the pathogenesis of
the illness and its linkage with various neurotransmit-
ter systems. It is commonly thought that the onset of
affective disorders is linked with changes in the meta-
bolism of biogenic amines (noradrenaline, seroto-
nin, dopamine) as well as weakening of the function of
noradrenergic and serotonergic neurons in the central
nervous system [5]. A significant role in the etiology of
depression is played by the hormonal system: the hypo-
thalamic-pituitary-adrenal axis which is responsible for
the overall stress response [9]. Depression also causes
neurodegenerative changes. Depression is a type of pro-
longed stress, leading to chronic hipercortisolemia and
decreases in the production of neurotrophins, which
play a significant role in the brain derived neurotrophic
factor (BDNF) [28]. In patients suffering from depression
there is an observed increase in the rate of various infec-
tions, which has brought to the attention of scientists
the role of the immune system. The immune system the-
ory of depression asserts that the incorrect functioning
of the immune system can cause changes in the mono-
amine neurotransmitter, neuroendocrine changes as
well as disruptions in the process of neurogenesis [27].
The above theories linked to the incidence of depression
do not exhaust the subject relating to pathomechanisms
responsible for its occurrence as characterized by mul-
tiple causative agents of this disorder. It also needs to be
noted that these theories are not mutually exclusive but
rather complementary.

ANTIDEPRESSANT THERAPIES — BASIS FOR TAKING ACTION,
TREATMENT AIM

The most popular method of treatmenting affec-
tive disorders is the administration of antidepressant
medications. Their application has revolutionized the
treatment of depression, limited the application of elec-
troshock therapy, significantly improved prognosis in
the short term, shortened the treatment period and,
most importantly, allowed for treatment without the
need for patient hospitalization [43]. However, the the-
rapeutic effectiveness of currently used medications,
estimated at 60-70%, is not satisfactory and the therapy
is linked with many unwanted side effects, which limits
its application. A very significant limitation in the cur-
rent pharmacotherapy of depression is the lag time of
2-4 weeks (following the commencement of therapy)
before an observable effect can be ascertained [15].
The lack of a clearly perceivable effect over such a long
period of time contributes to the cessation of therapy
by patients as well as increasing the risk of suicide [52].
The aim of effective treatment of depression is to pre-
vent the development of drug resistance, curing the
illness as quickly as possible and achieving permanent
remission. By obtaining only a partial and incomplete
remission we are faced with an increased risk of reoc-
currence of the illness, increased number and frequency
of episodes, increased severity of symptoms as well as a
reduction in the potential for achieving a complete and
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lasting cure. Chronic depression and drug resistance
worsen the quality of life and the somatic condition of
the sufferer and increases the risk of suicide [33]. Obta-
ining full remission in cases of drug resistant depres-
sion is a lot harder than obtaining it following the initial
application of antidepressant medications [20]. Resi-
stance to treatment increases with each following the-
rapy and, at the same time, the chances of obtaining
a full and permanent cure are reduced. Amongst the
many concepts related to episodes of pharmaceutical
resistant depression special attention needs to be paid
to the potentiation of antidepressant therapy. This is
defined as the combined application of antidepressant
medication with a substance that potentiates its antide-
pressant effects. The most commonly used potentiating
agents include: lithium, carbamazapine, lamotrygine,
valproinian acid, thyroid hormones, gonadotropic hor-
mones, buspiron, pindolol, olanzapine, risperidon [23].
Potentiating agents may in the future also include some
activity modulators of the NMDA receptor.

THE GLUTAMATERGIC SYSTEM AND THE NMDA RECEPTOR

The glutamatergic system also known as the amino acid
stimulating system is one of the principal neurotransmi-
ter systems of the brain and glutamic acid is the main
stimulating neurotransmiter; it is an agonist of all types
of glutamatergic receptors, both iono- (AMPA, NMDA,
KA) as well as metabotropic [51]. The term NMDA recep-
tor derives from a compound that is its selective agonist
N-methylo-D-asparagine acid. It is a complex protein,
its four subunits comprise the ion channel permeable
to potassium, sodium and calcium ions. The complex
structure of NMDA receptors means that they contain
many modulating sites involved in regulating the fre-
quency of the ion channel opening, which are poten-
tial pharmaceutical action sites [53]. NMDA receptors
play a significant role in brain physiology. They take
part in rapid synaptic transmission, in the development
and maturation of the central nervous system, and in
synaptic process adaptation. They also play an impor-
tant role in brain plasticity, recognition processes, for-
mation of anxiety and associated reactions, transfer of
optic signals, control of the breathing function, as well
as the transmission of pain signals [38].

High concentrations of agonists may lead to the disrup-
tion of glutamatergic neurotransmission. This pheno-
menon, also termed excitotoxicity, takes place when
there is long-term exposure of nerve cells to glutamine
resulting in excessive activation of the NMDA receptors,
causing a large increase in the intercellular concentra-
tion of calcium and in effect cell death. This is of special
significance in cases of hemorrhage and brain hypoxia.
Blockage of the NMDA receptor can minimize the uncon-
trolled rise in calcium ion concentration in the neu-
rons and associated necrosis [22]. Excessive activation
of NMDA receptors most probably is one of the factors
responsible for the development of many psychological
and neurological illnesses such as: depression, schizoph-

renia, anxiety disorders, Alzheimer’s disease, Parkinsons
disease, Huntington’s disease, stroke, addiction to alco-
hol [ex. 35, 36, 56]. It also seems to be the cause of neu-
ron degeneration as well as slowing neurogenesis in the
hippocampus, resulting from hiperstimulation of the
HPA axis, which can be seen in depression and reaction
to stress [9]. This is why reducing the activity of NMDA
receptors may be one of the options of treating illnesses
resulting from excessive activation of the glutamatergic
system.

THE NMDA RECEPTOR IN PATHOPHYSIOLOGY, THERAPY
OF DEPRESSION AND MECHANISM OF ACTION OF
ANTIDEPRESSANT MEDICATIONS

As indicated by research undertaken in the last few
years, excessive activity of the glutamatergic system
plays a significant role in the pathophysiology of depres-
sive disorders [ex. 4, 10, 47, 51]. It has been shown that
the glutamine levels are at a higher concentration in the
blood plasma as well as cerebrospinal fluid in patients
suffering from depression in comparison with heal-
thy individuals, and a post mortem analysis has shown
a higher level of glutamic acid in the prefrontal cor-
tex of the brain in patients with affective disorders as
well as a markedly reduced number of NMDA receptors
in the hippocampus [11, 37]. However, in patients with
uni- and bipolar affective disorders there was a confir-
med reduction in the presence of the NR1 subunit of the
NMDA receptor in the temporal cortex [32].

There exists a lot of data indicating that the glutama-
tergic system, including the NMDA receptor, may play
a significant role in the pathogenesis of psychic, neu-
rodegenerative and neurological disturbances as well
as addiction. As a result of genetic-molecular research,
many genes have been identified that may increase the
risk of affective disorders. A correlation has been shown
to exist between the polymorphism of the gene of the
NMDA receptor (GRIN1 and GRIN2B) and bipolar affec-
tive disorder [25].

In recent years much evidence has been gathered with
respect to the influence of the glutamatergic system on
the function of antidepressant and normotimic medi-
cations. Information found in literature indicates that
antidepressant medications slow the activity of the
glutamatergic system via reducing the release of glu-
tamic acid by nerve cells in the prefrontal cortex, as
well as in the hippocampus [37]. It is probable that the
most important mechanism of action of antidepressant
medications on the glutamatergic system is through
their influence on the NMDA receptors, resulting in the
weakening of the function of these receptors [10].

Research shows that TCA -tricyclic antidepressants (imi-
pramine), SSRI- selective serotonin reuptake inhibitors
(fluoxetin), SNRI- selective noradrenaline reuptake inhi-
bitors (reboxetin) and MAO inhibitors - monoamine oxi-
dase inhibitors (moclobemid) inhibit the expression and
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function of the NMDA receptors [30]. A similar effect
was noted following the application of electroconvul-
sive therapy [26]. It was noted during research under-
taken on animal subjects that the sudden cessation in
the administration of imipramine results in a significant
increase in glutamatergic transmission [39].

The NMDA receptor is also subject to regulation via a
neurotrophic factor such as BDNF. Mechanisms linked
with this activity may be significant in being a predispo-
sing factor to the bipolar affective disorder. It has been
shown that the level of BDNF in blood increases with
the use of antidepressant medications. It has also been
shown that BDNF has a reducing effect on the release
of mRNA subunit GluN2A and 2B of the NMDA receptor,
which causes a reduction in the activity of this recep-
tor [6].

The regulation of the glutamatergic system through
the use of antidepressant medications may also be lin-
ked with the increased release and activity of the glu-
tamate transporter. Research has shown a weakening in
the release of some transporter proteins in the brain of
patients suffering from depression [58]. It needs to be
noted that an increase in the release of the EAAT1 trans-
porter in the neurons of the brain cortex may be a mar-
ker of the activity of antidepressant medications [29].

Research related to the influence of normotimic medi-
cations on the activity of the glutamatergic system has
revealed that in the case of healthy individuals taking
lithium there exists a double-sided reduction of glu-
tamine acid level in the basal ganglia; however, expe-
rimental studies have shown that long-term lithium
therapy has a neuroprotective effect. This prevents neu-
rotoxicity caused by excessive glutamine and is linked
with a weakening in the activity of the NMDA recep-
tors [49].

To date, much data has been published, both preclinical
as well as clinical, which indicates the role of the gluta-
matergic system in the development of depressive disor-
ders as well as antidepressant characteristics of NMDA
receptor antagonists. Unfortunately, the clinical appli-
cation of most of the studied NMDA receptor ligands is
linked with a large number of undesirable side effects
(psychotomimetic effects, ataxia, increased locomotor
activity, neurodegenerative changes), which handicaps
their use in people; accordingly, there is a continuing
effort being made to find new compounds that influence
the modulation of the NMDA receptor, safe, effective and
quick acting.

Preclinical studies reveal that ligands of specific sites
modulating the NMDA receptor show an antidepres-
sant activity in tests as well as models of depression
in animals, e.g. MK-801 - blocker of the NMDA recep-
tor channel, possesses both an antidepressant as well as
antianxiety effect, as well as strengthening the action
of antidepressant medications - imipramine, citolo-

pram and flouxetine [34]. The significant antidepressant
potential of MK-801 can be further shown through the
fact that the long-term application of this compound
causes B-down regulation, this being characteristic in
cases of prolonged administration of the majority of cur-
rently used antidepressant medications [16].

An antidepressant effect was also noted following the
administration of L-701, 324 (an antagonist of the gly-
cine site GLY,). This compound decreased the inactivity
time of mice in the forced swim test as well as streng-
thening the action of imipramine, fluoxetine and tianep-
tine [39, 55]. Antidepressant activity was also shown in
the case of other ligands of the glycine site: D-cyclose-
rine and ACPC. Its use in people has shown its effective-
ness in treating endogenic depression [12]. Glycine site
antagonists show relatively few side effects; however,
their clinical usefulness is handicapped by the develop-
ment of tolerance as shown by the Porsolt test, following
long-term application [21].

Many preclinical studies have also shown an antidepres-
sant action by competitive NMDA receptor antagonists
(CGP 37849 and CGP 39551), which was comparable to
that of imipramine [34, 39]. Amongst antagonists bin-
ding polyamine sites, most studied have been: ifenpro-
dil and eliprodil, which are characterized by their high
affinity for subunit NR2B. It has been shown that these
ligands possess an antidepressant action, with ifenpro-
dil strengthening the action of some antidepressant
medications (imipramine and fluoxetine) [40]. Another
ligand - traxoprodil (CP-101, 606) - is an antagonist of
the NMDA receptor with a selective form of action with

respect to subunit NR2B. It is a derivative of ifenpro-
dil [1].

Its action is based on reducing the activity of the NR1/
NR2B channel by shortening the time and frequency of
its opening. This mechanism prevents the damaging
effects of calcium ions entering the neurons following
the release of large amounts of glutamic acid [2]. This
medication has found use in neuroprotection in cases
of head trauma, damage and insufficient blood supply
to the brain following stroke [17, 56]. Due to good per-
meability through the blood-brain barrier, it reduces
oedema, reestablishes circulation in the brain and pre-
vents neuron damage. Results obtained from treatment
of patients with trauma related brain injury or stroke
related hemorrhage uniformly show a positive action by
the medication as well as the reduction in the rate of
patient death by 7% as compared with placebo [56].

The main action site of traxoprodil is the hippocam-
pus as well as the external layers of the brain cortex,
which is why its protection effect is linked with these
specific structures [1]. Recently, there have been enco-
uraging results obtained from the assessment of traxo-
prodil in the treatment of depression, which showed its
rapid antidepressant effect in comparison with keta-
mine. Traxoprodil showed a greater reduction in the
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number of depression related symptoms in compari-
son with placebo and caused a rapid improvement in
patients not responding to treatment with SSRI, and
remission related characteristics lasted for up to a
week following medication infusion [42]. It was also
shown that it is well tolerated by patients and has a
good safety profile [56]. There were only a few, mild
unwanted side effects noted such as: dizziness, feeling
unwell, sleepiness and dryness of the mouth. There
were no observable hematologic changes or psycholo-
gical disturbances [42]. Only in the case of administring
large doses was there a noted increase in the level of
psychomotor activity, and in tests with an EKG a leng-
thening of the QT interval, which normalized itself fol-
lowing completion of medication infusion [56]. Most
recent research undertaken on mice has shown that
ifenprodil and traxoprodil have an antidepressant
action and allow for a reduction in the dosage of anti-
depressant medications from the SSRI group [40, 41].

An antidepressant action is also shown by biometals,
having properties which are antagonistic to the NMDA
receptor (zinc and magnesium). These are important
glutamatergic transfer modulators and the lack of
these is linked with many symptoms typical of depres-
sive disorders. Research to date has shown a reduced
ion level of these in blood plasma of patients with
depression, which normalized themselves following
antidepressant therapy [7, 54]. It was also shown that
ions of zinc and magnesium strengthen the antide-
pressant action of antidepressant medications (imi-
pramine, fluoxetine, citolopram, tianeptine) [3, 50].
Clinical studies have shown that the addition of zinc to
antidepressant medications potentiates the treatment
in patients being treated with clomipramine, amitryp-
tyline, citalopram and fluoxetine [31, 50]. Most recen-
tly, it has been stated that supplements of this element
cause a potentiation of the therapeutic effect of imi-
pramine in the treatment of drug resistant forms of
depression [48].

Clinical studies have also revealed the antidepressant
action of ketamine, amantadine and memantine [4, 57].
They showed that the application of ketamine causes
rapid and significant improvement in the psychologi-
cal condition of patients with drug resistant depres-
sion [4, 8, 24]. Ketamine is a drug registered for use in
Poland and is used as a pain relief agent during short
diagnostic and surgical procedures as well as an agent
used to commence the process of full sedation prior to
the administration of other sedative substances. Hypo-
thesis explaining the occurrence of a rapid reaction
and reduction in side effects of depression following
the administration of ketamine relate to its reducing
effect on the activity on the function of NMDA recep-
tors, induction of the CREB transcription agent (c-AMP
response element-binding) as well as strengthening
the AMPA receptor activity [8, 24]. An increasing amo-
unt of results confirm that the administration of keta-
mine reduces the severity of symptoms associated with

“depression syndrome” [4, 8]. Zarate et al. show that a
single injection of ketamine at a dose of 0.5 mg/kg of
body mass causes a rapid antidepressant effect lasting
for up to a week [57]. Subsequent studies have shown
areduction in suicidal thought and suicidal tendencies
following the intravenous administration of ketamine
at a dose of 0.2 mg/kg [18]. Other studies involving
the infusion of ketamine as an addition to normoti-
mic medications in patients with depressive symp-
toms linked with the bipolar affective disorder also
revealed an observable positive therapeutic effect [4].
It was also shown that patients who after 7 days from
infusion with ketamine were in remission exhibited a
significant increase in the level of BDNF in blood pla-
sma [18]. In the antidepressant action of ketamine, a
large role may be played by the activation of neuronal
connections between the frontal cingulate cortex and
amygdala [46], instead on the cellular level a signifi-
cant activation of the mTOR kinase (mammalian target
of rapamycin (kinase)), leading to an increase in the
synaptic signal level, as well as an increase in the num-
ber and function of new synapse in the prefrontal cor-
tex [19].

Amantadine also shows an antidepressant action
in people. This compound, apart from blocking the
function of the NMDA receptor, possesses an antivi-
ral action as well as partially dopaminergic activity.
In the case of patients with drug resistant depression,
the addition of amantadine to the treatment regime
resulted in potentiating the action of imipramine [45].
Memantine, an amantadine derivative, was shown to
be effective in patients with symptoms of depression
as well mania [14, 57].

CONCLUSIONS

An increase in the level of interest in the role played by
glutamatergic transmission in the pathophysiology of
depressive disorders is a result of the potential thera-
peutic applications which may form an interesting alter-
native to currently used antidepressant medications.
The NMDA receptor has a strong position in the patho-
physiology of depression and is the subject of intensive
research, both preclinical as well as clinical. Results from
the undertaken research indicate that the NMDA recep-
tor antagonists show an antidepressant activity as well
as influence the activity of the majority of the studied
antidepressant medications. The observed synergism is
probably a result of their influence on neurotransmit-
ter systems involved in the development of depressive
disorders. The application of NMDA receptor ligands
allows for a reduction in the dose of conventionally
utilized antidepressant medications and is much more
beneficial than monotherapy, which may be of speci-
fic benefit in the case of patients with drug resistant
depression. Attempts at influencing the NMDA receptor
may in the future lead to the development of new types
of medications as well as safer and more effective thera-
pies for many illnesses including depressive disorders.
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