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The previous experiments have demonstrated that NMDA receptor an-
tagonists and nitric oxide synthase (NOS) inhibitors have antidepressant-
and anxiolytic-like activities in rodents. Moreover, chronic treatments with
these agents result in down-regulation of �-adrenoceptors in the brain cortex
with a magnitude comparable to clinically effective antidepressants. How-
ever, still little is known about the effect of NOS inhibitors on the regulation
of neurotransmitter utilization in vivo. The aim of present study was to eluci-
date the effect of NOS inhibitor at doses active in forced swim test (FST) on
dopamine and serotonin turnover in the mouse brain structures. Mice were
treated with imipramine (15 mg/kg ip), electroconvulsive shock (ECS) and
NOS inhibitor, N�-nitro-L-arginine (L-NA) acutely (at doses of 1, 3, 10
mg/kg ip) and chronically (0.3, 1, 3 mg/kg ip). Experiments were carried out
1 h after single and 3 h after chronic (21 days) administration. Metabolism of
dopamine and serotonin was investigated using high pressure liquid chroma-
tography (HPLC) with electrochemical detection. The metabolism rate was
calculated as a ratio of a metabolite to the parent amine. FST was performed
using protocol described previously by Porsolt et al. Now we report that
L-NA decreases the level of immobility with potency similar to imipramine.
The effect of L-NA was reversed by NOS substrate, L-arginine. L-NA given
acutely at doses active in FST did not change the dopamine metabolism rate
but it did decrease the serotonin turnover rate in the frontal cortex in a man-
ner similar to imipramine. Thus, it appears that under basal conditions en-
dogenous NO may influence the serotonin turnover, and the acute inhibition
of NOS can mimic the effect of imipramine what may result in the anti-
depressant-like effect in FST. Imipramine given acutely produced massive
increase in the level of serotonin in the frontal cortex as well as in the hypo-
thalamus (by 40%, p < 0.01) what was reflected in significant decreases in
the metabolism rate. Contrary to acute effect, chronic treatment of L-NA
(the most effective dose was 1 mg/kg) produced increase in the dopamine
metabolism rate within all investigated structures. In the present study, we
demonstrated for the first time that L-NA may alter the neurotransmitter
utilization in vivo and the observed effect may be due to adaptational
changes in neuronal function.

Key words: mice, forced swim test, dopamine, serotonin, N�-nitro-L-ar-
ginine, L-arginine, imipramine, ECS, frontal cortex, hypothalamus, striatum
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INTRODUCTION

Nitric oxide (NO) plays an important role in the
central nervous system (CNS) and pharmacological
manipulation of the NO signaling pathway may con-
stitute a novel approach to therapeutic applications
in the future. NO is synthesized from L-arginine
(L-Arg) by nitric oxide synthase (NOS), in response
to activation of N-methyl-D-aspartate (NMDA) re-
ceptors by excitatory amino acids. NO has been
suggested to have multiple possible targets among
which the soluble guanylyl cyclase (GC) is the most
extensively characterized. Recent studies have arous-
ed the hypothesis that interruption of the NMDA/
Ca�2/NOS/GC signaling pathway will produce po-
tential antidepressant activity in animals. To date it
has been demonstrated that NMDA receptor anta-
gonists and NOS inhibitors exerted antidepressant-
-like effects in forced swim test (FST) and tail sus-
pension test (TST) in rodents, and after chronic ad-
ministration they produced �-adrenoceptor down-
-regulation in the cortex with magnitude similar to
that caused by the classical antidepressants [7, 8,
15, 25]. Moreover, the ligand binding characteris-
tics of the NMDA receptor in the frontal cortical
samples from suicide victims differ from those of
accidental death controls [14]. FST is non-escapa-
ble stressful situation [19, 21] and is wildly used
for screening substances with a potential antide-
pressant effect. Briefly, when mice are forced to
swim they tend to become immobile after vigorous
activity. This immobility was qualified as a symp-
tom of “behavioral despair” and that test has been
suggested as a preclinical screen with predictive
value for antidepressants. Antidepressant drugs mo-
dify the balance between activity and immobility in
these paradigms in favor of activity and the ex-

pense of energy [18, 19, 21]. NO via activation of
GC and production of cyclic guanosine-3’,5’-mo-

nophosphate (cGMP) activates the cGMP-depen-

dent protein kinase and also alters the activity of
phosphodiesterases, finally there are a number of
ion channels whose activity is regulated by cGMP
although both activation and inhibition of cGMP-
-gated channels have been reported [12]. Thus, NO
plays both stimulatory or inhibitory role in the CNS
and peripheral nervous system. It was previously
reported that NO served different roles in regulat-

ing transmitter levels in distinct brain areas. It ap-

pears that in different systems NO may be able to
modulate the vesicular release of neurotransmitters

or not, all depending on the coincident level of pre-
synaptic activity and NO concentration. NO may
function to modulate [�H]dopamine (�H DA) up-
take in vitro [16] it would tend to enhance dopa-
minergic transmission by inhibition of DA removal
from the synapse or by its increased release. Recent
evidence have suggested that 5-HT release in sev-
eral brain regions is partly regulated by glutamater-
gic receptors, especially the NMDA receptor [27]
and NO has been implicated in the modulation of
NMDA-evoked release of various neurotransmit-
ters within the brain. It was also demonstrated that
NOS inhibitors increased extracellular levels of
5-HT and DA in the rat ventral hippocampus after
local or systemic administration, whereas the NO
precursor L-Arg had the opposite effect [26].

This data indicate that NO maintains a regula-
tory role over neurotransmission in CNS, and inter-
ruption of NO synthesis by inhibition of NOS acti-
vity may exhibit antidepressant-like activity in ani-
mals. The aim of present study was to investigate
the effect of N3-nitro-L-arginine (L-NA) given
acutely and chronically on neurotransmitter utiliza-
tion in vivo in the mouse brain structures. These
study will advance our understanding of the me-
chanism of the potential antidepressant activity ob-
served in the behavioral screening procedures.

MATERIALS and METHODS

Animals and drugs

The study was carried out on male Swiss-Web-
ster mice weighing 20–25 g on arrival. The animals
were housed for 1 week after arrival in groups of
5 per cage under standard colony conditions with
a 12 h light :dark cycle (lights on at 07:00) with
free access to food and water. On the day of testing,
mice were removed from the colony and allowed to
acclimate to a sound-attenuated behavioral testing
room for 2–3 h prior to testing. All testing was con-
ducted between 12:00 and 17:00 h. Imipramine,
L-NA, and L-Arg were obtained from Research
Biochemicals, Inc. (Natic, MA, USA) and their so-
lution were prepared fresh on the day of testing in
saline (0.9% NaCl). All experiments were carried
out according to the National Institutes of Health
Guide for Care and Use of Laboratory Animals
(publication No. 85–23, revised 1985) and were ap-
proved by the internal Bioethics Commission.
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Forced swim test

Imipramine (15 mg/kg), L-NA (0.5, 1, 3, 5
mg/kg) and L-Arg (300 mg/kg) solutions were pre-
pared fresh on the day of FST in saline (0.9%
NaCl) and given (ip) in volume of 0.2 ml/mouse.
Imipramine and L-NA were given 60 min prior to
testing, L-Arg 10 min prior testing. The test was
conducted using the method described by Porsolt et
al. [19]. Briefly, mice were individually placed in
10 cm of ambient temperature water (~22°C) in
2000 ml glass beakers. Mice were allowed to swim
for 6 min and their activity was videotaped. Subse-
quently, the videotaped behavior was analyzed by
1–2 raters. Duration of immobility defined as the
absence of active, escape-oriented behaviors such
as swimming, jumping, rearing, sniffing or diving
was recorded during the last 240 s of the test using
the Porsolt data collection program (Infallible Soft-
ware, Res. Tri. Pk., NC, USA).

Experimental schedule and preparation

of samples for chromatographic assay

The effect of acute treatment with L-NA (1, 3,
10 mg/kg), imipramine (15 mg/kg) and electrocon-
vulsive shock (ECS) on neurotransmitter utilization
was carried out 1 h after administration in mouse
frontal cortex (FC) and hypothalamus (HTH). The
effect of chronic (21 days) L-NA (0.3, 1, 3 mg/kg)
and imipramine (15 mg/kg) administration was in-
vestigated 3 h after the last dose in FC, HTH and
striatum (STR). ECS (140 V, 22 mA, 100 ms, 55 Hz,
AC) was delivered via ear clip electrodes once
daily for 1 (acute) or 8 days (chronic). Ear clips were
attached to sham-treated mice but no current was
passed. One hour after acute and 3 h after the last
chronic treatment the animals were decapitated.
The brains were removed, dissected and immedia-
tely frozen over solid CO�, and stored at –70°C
until used. DA, 5-HT and its metabolites, DOPAC
and 5-HIAA, were assayed by means of high-per-
formance liquid chromatography (HPLC). The tis-
sue samples were weighed and homogenized in
ice-cold 0.1 M trichloroacetic acid containing 0.05
mM ascorbic acid. After centrifugation (10 000 × g,
5 min) the supernatants were filtered through RC
58 0.2 �m cellulose membranes (Bioanalytical Sys-
tems Inc. West Lafayette, IN, USA). Concentra-
tions of DA, 5-HT and their metabolites were de-
termined by HPLC with electrochemical detection.
A Bioanalytical Systems Inc. (BAS) liquid chroma-

tograph was equipped with a 7 �m ODS guard co-
lumn and 3 �m Phase-2 ODS cartridge column (100
× 3.2 mm). The mobile phase consisted of 0.05 M
citrate-phosphate buffer, pH 3.5, 0.1 mM EDTA,
1 mM sodium octyl sulfonate and 3.5% methanol.
The flow rate was maintained at 1 ml/min. DA,
5-HT and their metabolites were quantified by peak
height comparison with standards run on the day of
analysis with a sensitivity of 10–100 pg.

Statistical analysis

The levels of neurotransmitters and their me-
tabolites, and the immobility times are presented as
means ± SEM of the 6–10 animals per group. The
results were analyzed by means of one-way analysis
of variance followed with Fisher’s least significant
difference test. In addition, the ratios of [DOPAC/
DA] × 100 and [5-HIAA/5-HT] × 100 as an indexes
of metabolic activation were calculated.

RESULTS

Behavior in forced swim test

FST was performed using protocol described
previously by Porsolt et al. [17, 18]. L-NA resulted
in a U-shape reduction in the duration of immobil-
ity in the FST with a maximum reduction at doses
of 1 and 3 mg/kg compared to control (Fig. 1). The
similar U-shaped dose-response curves were ob-
served by others [7, 28]. At 0.5 mg/kg and 5 mg/kg,
the duration of immobility of L-NA-treated mice
did not differ from the control. The efficacy of
L-NA at 1 mg/kg was comparable to that of a maxi-
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Fig. 1. The effect of N�-nitro-L-arginine (0.5, 1, 3, 5 mg/kg) on
the duration of immobility in the forced swim test. Data re-
present the mean ± SEM of 10 mice per group. * p < 0.05,
** p < 0.01 versus control (saline), Fisher’s LSD test



mally effective dose of imipramine (15 mg/kg)
(Fig. 1). Pre-treatment of mice with the NOS sub-
strate, L-Arg (300 mg/kg) alone was without sig-
nificant effect on the duration of immobility in the
FST. However, L-Arg pre-treatment antagonized
the ability of L-NA (1, 3 mg/kg) to reduce immo-
bility in the FST what indicates that NO is involved
in the mechanism of activity in FST (Fig. 2).

Neurotransmitters turnover

In order to obtain some index of the rate of
usage of the neurotransmitters, we calculated the
ratio of metabolite/transmitter: [DOPAC/DA] × 100
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Fig. 2. L-Arginine (300 mg/kg)-induced reversal of the effect
of N�-nitro-L-arginine (L-NA, 1 and 3 mg/kg) in the forced
swim test. Data represent the mean ± SEM of 10 mice per group.
* p < 0.05, ** p < 0.01, versus control (saline), Fisher’s LSD test
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Fig. 3. The effect of acute treatment with N�-nitro-L-arginine (L-NA, 1, 3, 10 mg/kg), imipramine (IMI, 15 mg/kg) and ECS on
[DOPAC/DA] × 100 and [5-HIAA/5-HT] × 100 ratios in the frontal cortex (A, B) and hypothalamus (C, D). Data represent the mean
± SEM of 6 mice per group. � p < 0.05, �� p < 0.01 versus control (saline), Fisher’s LSD test



and [5-HIAA/5-HT] × 100 which reflect the intra-
neuronal catabolism (mainly by MAO). Changes in
metabolite concentrations or metabolite/transmitter
ratios are thought to reflect altered turnover. Turn-
over may refer to the rate of transmitter synthesis,
catabolism and release.

Dopamine turnover

L-NA (10 mg/kg) given acutely produced a de-
crease in DA and DOPAC concentrations in FC
(Tab. 1) but it did not reflect on turnover rate
(Fig. 3). While acute L-NA did not change the rate
of DA metabolism, the effect of chronic L-NA
(1 mg/kg) was more remarkable and produced sig-
nificant increase in the DOPAC/DA ratio in all in-
vestigated structures: FC, HTH and STR (Fig. 4).
These changes observed in DA turnover were pre-
dominantly due to alterations in the concentrations
of the DA metabolite DOPAC as opposed to any
net change in the concentration of the parent amine.

Serotonin turnover

Various methods are used to estimate 5-HT turn-
over. We employed the measurement of primary
metabolite 5-HIAA to 5-HT ratio. The effect of
a single dose of imipramine (15 mg/kg) decreased
the immobility time in the FST (Fig. 1) and was
able to produce massive increase in the level of
5-HT concentration in FC as well as in HTH (by
40%, p < 0.01) (Tab. 1) what is reflected in signifi-
cant decrease in the 5-HT metabolism rate index
(Fig. 3). The same effect was observed after L-NA
(1 mg/kg), i.e. 35% increase in the level of 5-HT
indicating significant reduction of metabolism rate
index, however, this effect was limited only to FC.
Chronic treatment with imipramine and L-NA did
not alter the 5-HT metabolism rate in FC and HTH.
There was only significant increase in the 5-HIAA/
5-HT ratio produced by L-NA (1 mg/kg) in the
STR what resembles the effect observed after
chronic ECS.
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Table 1. The effect of acute administration of imipramine (IMI), N�-nitro-L-arginine (L-NA) and electroconvulsive shock (ECS) on
the concentration of dopamine (DA), serotonin (5-HT) and their metabolites DOPAC and 5-HIAA, respectively, in the mouse brain

Treatment

FRONTAL CORTEX

DA DOPAC 5-HT 5-HIAA

Control 1332 ± 62 220 ± 13 447 ± 44 161 ± 20

IMI�� 1185 ± 123 199 ± 16 629 ± 97�� 135 ± 23

L-NA� 1052 ± 69� 193 ± 4 603 ± 74� 164 ± 21

L-NA� 1208 ± 129 215 ± 22 495 ± 23 156 ± 19

L-NA�� 955 ± 108� 166 ± 12� 523 ± 12 156 ± 16

ECS 1265 ± 110 221 ± 17 536 ± 45 211 ± 20

HYPOTHALAMUS

DA DOPAC 5-HT 5-HIAA

Control 414 ± 48 150 ± 9 798 ± 73 395 ± 33

IMI�� 352 ± 37 130 ± 9 1123 ± 60� 368 ± 39

L-NA� 344 ± 25 177 ± 15 831 ± 73 513 ± 57

L-NA� 432 ± 91 169 ± 20 833 ± 27 404 ± 25

L-NA�� 338 ± 72 146 ± 17 771 ± 67 524 ± 55�

ECS 404 ± 56 177 ± 17 918 ± 116 556 ± 51�

DA, 5-HT and their metabolites were measured by means of HPLC. Tissue samples for chromatographic assay were taken 1 h after
drug/ECS administration. Concentrations (ng/g of tissue) are means ± SEM of 6 samples per group. � p < 0.05, �� p < 0.01, versus con-
trol, Fisher’s LSD test



DISCUSSION

The main finding of the present study is that
acute administration of NOS inhibitor, L-NA, de-
creases the immobility time in FST with the po-
tency comparable to that of imipramine. The effect

of L-NA was reversed by NOS substrate, L-Arg,
which indicates that NO is involved in the mecha-
nism of antidepressant-like effect of L-NA in FST.
These findings are congruent with previous obser-
vations [7, 28]. Moreover, L-NA given acutely at
doses effective in FST decreases the 5-HT metabo-
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Table 2. The effect of chronic treatment with imipramine (IMI), N�-nitro-L-arginine (L-NA) and electroconvulsive shock (ECS) on
the concentration of DA, 5-HT and their metabolites DOPAC and 5-HIAA, respectively, in the mouse brain

Treatment

FRONTAL CORTEX

DA DOPAC 5-HT 5-HIAA

Saline 1211 ± 55 248 ± 30 690 ± 68 182 ± 28

IMI�� 1347 ± 162 256 ± 18 624 ± 76 135 ± 14

L-NA�� 1575 ± 171� 234 ± 23 650 ± 43 143 ± 19

L-NA� 1360 ± 84 356 ± 57�� 585 ± 34 168 ± 18

L-NA� 1490 ± 144 280 ± 23 690 ± 35 181 ± 19

Sham 1241 ± 157 198 ± 25 562 ± 56 149 ± 15

ECS 1551 ± 117* 325 ± 49** 763 ± 57** 235 ± 15**

HYPOTHALAMUS

DA DOPAC 5-HT 5-HIAA

Saline 658 ± 80 170 ± 17 1303 ± 100 521 ± 62

IMI�� 463 ± 50�� 137 ± 12 1287 ± 51 460 ± 10

L-NA�� 509 ± 63� 184 ± 15 1244 ± 66 496 ± 40

L-NA� 449 ± 58�� 231 ± 46� 1041 ± 142� 511 ± 40

L-NA� 461 ± 28�� 177 ± 10 1321 ± 79 495 ± 50

Sham 535 ± 30 165 ± 22 1227 ± 34 520 ± 62

ECS 682 ± 33* 243 ± 10* 1448 ± 70* 563 ± 48

STRIATUM

DA DOPAC 5-HT 5-HIAA

Saline 7943 ± 416 650 ± 67 680 ± 50 335 ± 39

IMI�� 8254 ± 813 703 ± 127 685 ± 34 288 ± 21

L-NA�� 6758 ± 752 578 ± 53 630 ± 43 342 ± 32

L-NA� 7495 ± 649 690 ± 40 634 ± 54 376 ± 23

L-NA� 8048 ± 696 610 ± 56 639 ± 35 343 ± 35

Sham 8155 ± 490 621 ± 43 640 ± 10 319 ± 18

ECS 8763 ± 449 614 ± 60 696 ± 33 431 ± 25*

DA, 5-HT and their metabolites were measured by means of HPLC. Tissue samples for chromatographic assay were taken 3 h after
last drug/ECS administration. Concentrations (ng/g of tissue) are means ± SEM of 6 samples per group. � p < 0.05, �� p < 0.01 versus
control (saline), * p < 0.05, ** p < 0.01, versus control (sham), Fisher’s LSD test



���- ���,�1,,� 593

4554(6 75 -7� �-8���679 7- 579(4� �:�' 64�6 �-� (494�9�� -4%9769�-�'�6649� 6%9-7;49

C IMI15 0.3 1 3 Sham ECS
0

10

20

30

40

+

FC

L-NA

[D
O

P
A

C
/D

A
]

x
1

0
0

C IMI15 0.3 1 3 Sham ECS
0

25

50

75 ++

HTH

L-NA

[D
O

P
A

C
/D

A
]

x
1

0
0

C IMI15 0.3 1 3 Sham ECS
0

5

10

15

+

STR

L-NA

[D
O

P
A

C
/D

A
]

x
1

0
0

B

C

A

Fig. 4. The effect of chronic treatment with N�-nitro-L-arginine
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lism rate in FC in a manner similar to imipramine.
The observed suppression of 5-HT metabolism rate
in FC is due to increases in 5-HT concentration.
These findings indicate that NOS inhibitor given
acutely can mimic the behavioral and biochemical
effects observed after classical antidepressant, imi-
pramine. The main neurochemical action of imi-
pramine is to inhibit re-uptake of noradrenaline and
5-HT into the presynaptic neurons. Imipramine pro-
duced significant reduction in immobility time what
is in accordance with many previous observations
[17, 20], and given to nonstressed animals it de-
creased the 5-HIAA/5-HT ratio, both effects were
observed 60 min after drug administration. These
data are consistent with previous reports concern-
ing the ability of 5-HT re-uptake inhibitors to re-
duce 5-HT turnover in the rodent brain [1–3]. Turn-
over studies are usually aimed at providing a bio-
chemical index of synaptic activity. Blockade of
synaptic re-uptake increases extracellular concen-
trations of 5-HT and, via activation of the auto-
receptors, can exert negative feedback on the sero-
tonergic neurons. Consequently, uptake inhibitors
such as imipramine suppress serotonergic neuronal
firing and decrease 5-HT synthesis and turnover.
A recent study has indicated that NO may inhibit
the uptake of 5-HT, DA and glutamate but not
noradrenaline [5]. If so, L-NA would not display
antidepressant activity in FST. But it was not the
case and this needs to be further clarified.

In order to obtain some index of the rate of us-
age of the neurotransmitters, we calculated the ratio
of metabolite/transmitter which reflects the intra-
neuronal catabolism as a consequence of intracellu-
lar action of MAO. Changes in intraneuronal meta-
bolite concentrations or metabolite/transmitter ratios
are thought to reflect altered turnover what may re-
fer to the rate of transmitter synthesis, release and
synaptic activity. DOPAC level is considered to be
an index of intraneuronal DA catabolism. It was es-
timated that in the rodents STR about 90% of DA
catabolism begins with oxidative deamination by
MAO.

The time course of the effectiveness of antide-
pressants has suggested that the acute changes in
the neurochemistry induced by therapeutic antide-
pressants are alone not enough to provide relief, but
must be followed by adaptational changes in neu-
ronal function. Since clinical effectiveness of antide-
pressants requires several weeks of administration,
it is clear that clinical efficacy cannot be related to

amine levels, but must be due to subsequent neu-

ronal adaptations. In an attempt to further contribu-

te to the understanding of the involvement of NO in

the modulation of depression, the present study ex-

amined the effect of the prolonged L-NA admini-

stration on neurotransmitters turnover measured by

ratio of metabolite to its parent amine. Now we re-

port that chronic regimen of L-NA treatment pro-

duces adaptation of neuronal activity reflected in

acceleration of DA metabolism rate measured 3 h

after chronic administration as DOPAC/DA ratio in

the FC, HTH and STR. These changes in DA turn-

over were due to a combination of changes in both

DA and DOPAC, however, increases in DOPAC

concentration seemed to be more consistent across

the investigated structures.
It was reported that NO may modulate the neu-

rotransmitter concentrations both elevating and re-

ducing their levels. In vivo microdialysis studies

have revealed that NO can both inhibit concentra-

tion of DA through peroxynitrite (ONOO<) forma-

tion and increase them through inducing cGMP

formation via soluble GC [24]. Similarly it may

help to explain why NOS inhibitors increase stri-

atal DA efflux [23] or decrease them [30].
We can speculate that our results might be due

to close interaction between NMDA receptors and

NOS. Stimulation of NMDA receptors increases

the synthesis of NO [13]. Thus, blockade of NO

synthesis might produce the effect similar to that

evoked by NMDA receptor antagonists. In both be-

havioral and biochemical screening procedures, an-

tagonists of the NMDA receptor complex behave

in a manner comparable to clinically active antide-

pressants [15, 25]. Therefore, NOS inhibition may

have effect similar to NMDA receptors antagonists

and to clinically active antidepressants [7, 8].
It was demonstrated that CGP 37849, a com-

petitive NMDA receptor antagonist, administered

repeatedly to male Wistar rats produced increases

in DOPAC concentration in the nucleus accumbens

[10]. Moreover, the administration of non-competi-

tive NMDA receptor antagonist, MK-801, neona-

tally in rats elevated DOPAC concentration in the

cortex and STR, determined 5 months after the

treatment [6]. These results demonstrate that the

long-lasting effects of chronic neonatal MK-801

treatment are not restricted to glutamate transmis-

sion, but include monoamine transmission as well.

Current study demonstrates that NOS inhibition
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may have similar effects on dopaminergic trans-

mission as NMDA receptor antagonists.
Recent evidence suggested that 5-HT release in

several brain regions is partly regulated by gluta-

matergic receptors, especially the NMDA receptor

[27]. NO has been implicated in the regulation of

both basal and NMDA-evoked release of various

neurotransmitters within the brain.
NO regulates NMDA receptor activity in a bi-

phasic manner playing a positive (via activation

of GC) and negative (via feedback effects on the

NMDA receptor resulting in decreased NMDA re-

ceptor and NOS activity) modulatory role in NMDA

receptor-mediated events [9, 11]. Regulation of con-

stitutive, Ca�2-dependent NOS by NO was also pre-

viously reported [22]. These authors observed that

NO, formed during the NOS reaction, causes a re-

versible inhibition of NOS activity, which suggests

that NO may act as a negative feedback modulator

of its own synthesis. It appears that, in different

systems, NO may be able to modulate the vesicular

release of neurotransmitters or not, all depending

on the coincident level of presynaptic activity and

NO concentration. Such opposing effects of NO

might explain why NOS inhibitors exert a biphasic

(U-shaped) dose-response curve [7, 28, 29] show-

ing the facilitatory and inhibitory effect of NO on

the NMDA receptor. Hence, it can be speculated

that the level of NOS inhibition elicited by certain

range of doses of L-NA leads to critical NO con-

centration which in turn alters the vesicular release

involved in depression.
NO has been postulated to function in two ways.

First, it is generated postsynaptically as a result of

a rise in cytosolic [Ca�2] concentration that follows

activation of NMDA receptors, it then diffuses out

and acts on neighboring neuronal structures and

glial cells. Secondly, it is generated presynaptically

following activation of voltage-operated [Ca�2] in-

flux and may have a similar variety of targets [4].

NOS exists in two major forms: constitutive (neu-

ronal I/nNOS, endothelial III/eNOS), which is con-

stitutively expressed in various cells including neu-

rons, and inducible (II/iNOS), that is expressed only

after gene induction. The constitutive forms of NOS

(nNOS, eNOS) become activated in the presence of

calmodulin and increased intracellular [Ca�2], which

is associated with the function of NMDA receptors.

Therefore, activation of NOS is a part of the cas-

cade of subcellular events leading from activation

of NMDA receptor to stimulation of GC and post-
synaptic activation.

The present study seems to confirm the hypo-
thesis that interruption of the NMDA/Ca�2/NOS/NO
signaling pathway at any point will produce com-
parable effect in behavioral and biochemical screen-
ing procedures. Additionally we have demonstrated
for the first time that acute administration of L-NA
can mimic the effect of imipramine on 5-HT meta-
bolism rate in the FC, and contrary to acute, chronic
regimen of L-NA treatment it leads to increases in
DA metabolism rate in the mouse brain due to
adaptational changes in neuronal function.
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