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Summary

The role of brain derived nitric oxide in the physiology and
behavior remains disputable. One of the reasons of the
controversies might be systemic side effects of nitric oxide
synthase inhibitors. Therefore, under nNOS inhibition by 7-
nitroindazole (7-NI) we carried out recordings of blood gasses,
blood pressure and spontaneous EEG in conscious adult rats.
Locomotion and spontaneous behavior were assessed in an open
field. In addition skilled walking and limb coordination were
evaluated using a ladder rung walking test. The blood gas
analysis revealed a significant increase in pCO2 180 min and
240 min after the application of 7-NI. The power and entropy
decreased simultaneously with a shift of the mean frequency of
the spontaneous EEG toward slow oscillations after 7-NI
treatment. The thresholds of evoked potentials underwent a
significant drop and a trend towards a slight increase in the I-O
curve slope was observed. 7-NI significantly suppressed open
field behavior expressed as distance moved, exploratory rearing
and grooming. As for the ladder rung walking test the 7-NI
treated animals had more errors in foot placement indicating
impairment in limb coordination. Therefore our findings suggest
that 7-NI increased cortical excitability and altered some
physiological and behavioral parameters.
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Introduction

Nitric oxide (NO) is a highly difusable gasseous
signaling molecule with a short half-life which is
involved in the regulation of many functions in the CNS
under physiological and pathophysiological states
(Brozickova and Otahal 2013, Kovacs et al. 2009). NO is
synthesized by a family of enzymes nitric oxide synthases
(NOS) present in several cell types of the organism.
Neuronal nitric oxide synthase (nNOS) is mainly
expressed in neurons of the brain, but has also been
identified by immunohistochemistry in various peripheral
organs (Forstermann et al. 1994). The omnipresent
localization of nNOS demonstrates its implication in a
wide range of physiological processes (Forstermann and
Sessa 2012).

The main NO cellular signaling pathway in the
brain is the activation of the guanylate cyclase (GC)
cascade with the final step leading to a reduction of
cytosolic calcium (Esplugues 2002). Other cellular action
of NO independent of soluble guanylate cyclase (sGC) is
the modulation of oxidative phosphorylation in the
mitochondria by inhibition of complexes of respiratory
chain (Brown 2001, Scatena et al. 2007). This suggests
an important role in regulation of energy generation in the
neurons. The action of NO is limited by its biologic half
life which is up to 1second in vivo and by a relative short
distance that this molecule can pass. The NO reacts with
other molecules forming highly reactive nitrogen and
oxygen species which have the potential to interact with
important cellular compartments and molecules leading
to irreversible alterations. NO is considered to play an
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important role in regulation of regional cerebral blood
flow (CBF) and its adjustment to fulfill metabolic
of the
activation. The hemodynamic response (neurovascular

demands surrounding brain tissue during
coupling) to brain activity is characterized by the
vasodilatation of brain arterioles which is mediated
mainly by NO and prostanoids with approximately same
magnitude (Hoffmeyer et al. 2007). Recently, we have
shown that systemic application of 7-NI, a specific
inhibitor of nNOS (Engelhardt et al. 2006, Hoffmeyer et
al. 2007), in urethane anesthetized rats significantly
increased systemic blood pressure (BP), however, basal
CBF remain unchanged (Brozi¢kova and Otéahal 2013).
Moreover, the selective inhibition of nNOS was reported
to diminish hemodynamic the brain
stimulation (Brozickova and Otahal 2013, Hoffmeyer et
al. 2007, Stefanovic et al. 2007). Besides vascular effects

of NO in the brain further regulatory processes have been

response to

attributed to the nitric oxide since its first recognition as a
signaling molecule in the central nervous system. NO is
considered to take part in the regulation of synaptic
transmission and plasticity (Bon and Garthwaite 2003,
Garthwaite ef al. 1988) or in inflammatory processes
(Bal-Price and Brown 2001). NO thus
influences various brain functions.

indirectly

We have shown recently that NO of neuronal
origin plays an important role in seizure generation
during SE induced by kainic acid in mice in vivo. Our
results suggest that NO may be responsible for some
neurobiological changes associated with the development
of chronic epilepsy (Beamer et al. 2012). In addition,
inhibition of nNOS delayed the initiation of epileptic
activity in low-Mg model of seizures in organotypic
hippocampal slice cultures and acute slices from nNOS
knockout mice (Kovacs et al. 2009). However, some in
vivo studies on the role of NO in the pathophysiology of
epilepsy have revealed contradictory results. The effects
of nNOS
proconvulsive (Del-Bel ef al. 1997, Itoh and Watanabe
2009) or from neuroprotective to toxic (Silverman 2009,
Calabrese et al. 2007). The opposite actions of nNOS
inhibition might not only be related to the model, dosage,

inhibition varies from anticonvulsive to

specificity and application protocol but also to other
of the nNOS
Furthermore, NO has been proposed to significantly

systemic effects inhibitor in vivo.
modulate motor and emotional behavior (Araki et al.
2001, West et al. 2002, Del Bel et al. 2005, Volke et al.
2003, Miguel and Nunes-de-Souza 2008). However,

molecular mechanisms of these actions are not well

understood. Since experimental seizures in vivo are often
detected by the appearance of clonic movements (Del-Bel
et al. 1997) the alterations of motor and emotional
behavior by nNOS
interpretation of results of such epileptological studies.

inhibition could influence the

In the present study we attempted to elucidate
effects of nNOS
physiological and behavioral parameters. Under nNOS

selective inhibition on some
inhibition by 7-NI we carried out recordings of blood
gasses, blood pressure and spontaneous EEG in adult
conscious rats. To assess locomotion and exploratory
behavior open field test (OF) was performed. Possible
motor and limb coordination deficit were evaluated in a

ladder rung walking test (Brima et al. 2013).

Methods

Animals

Eighty five adult male Wistar rats (280-350 g)
from the local breeding of the Institute of Physiology
(ASCR) were used to monitor arterial blood pressure
(n=10); to monitor blood gas levels (n=16), to measure
spontaneous brain activity and brain excitability (n=43)
and to assess changes in behavior (n=16). Rats were
housed in standard plastic cages in temperature-
controlled environment (22+1 °C), humidity 50-60 %
with a 12-h light/dark cycle (lights on at 6 am) with free
access to food and water. All experiments were
performed in agreement with the Animal Protection Law
of the Czech Republic (in compliance with EU
2010/63/EC), and the project was approved by the
Animal Care and Use Committee of the Institute of
Physiology of the Academy of Sciences of the Czech
Republic. All efforts were made to minimize animal
suffering and to reduce the number of animals used.

Drug treatment

7-NI was obtained from Sigma-Aldrich (Czech
Republic) and dissolved in dimethyl sulfoxide (DMSO).
The rats were injected intraperitoneally with either 7-NI
(25 mg/kg) or vehicle (DMSO) in a total volume of
1 ml/kg body weight. The dose of 7-NI was selected on
the basis of previous studies (Brozickova and Otéhal
2013). Solutions were freshly prepared at the beginning
of each experiment. Measurement times (10 min before,
30, 180 and 240 min after 7-NI treatment) were chosen
according to our experiences with the drug. Maximal
effect was

vascular achieved 20 min after i.p.

administration of the 7-NI.
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Continuous recording of blood pressure in conscious
animals and blood gas analysis

To monitor arterial blood pressure (BP) and to
obtain blood samples for blood gas analysis (BGA) a
catheter was implanted into the common carotid artery.
induced with 5% isoflurane and
further 1.5-2.5 %
isoflurane during the surgical procedure. From ventral

Anesthesia was
anesthesia was maintained with
midline neck incision a trigonum caroticum was carefully
exposed to avoid any damage to glomus caroticum and its
innervations. After arteriotomy a plastic catheter (PE50)
was inserted into the central portion of common carotid
artery and fixed with ligations. The catheter was then
passed under the skin and pulled out from a small nuchal
incision. After postsurgical recovery (one day for blood
gas analysis and 4 h for blood pressure recordings)
animals were placed into a transparent plastic box and the
catheter was washed with heparinized saline and
(BLPR2, WPI,
Germany) (Zicha et al. 2008). Blood pressure was

connected to the pressure sensor
recorded during three 5-min sessions. The first recording
session took place before drug administration, the second
and third session 30 min and 180 min respectively after
drug administration and mean arterial pressure was
calculated in Spike2 (CED, UK). To asses arterial blood
gasses samples of arterial blood (150 ul) were collected
into a glass capillary (10 min before, 30, 180 and 240 min
after drug application) and immediately analyzed by
ABLS5 Blood gas system (Radiometer, Denmark).

Measurements of spontaneous EEG and brain excitability

To monitor spontaneous and evoked cortical
EEG, four recording and two stimulation epidural
electrodes were implanted. Stimulation electrodes were
placed over the sensorimotor cortical area of the right
hemisphere at coordinates AP +1 and —1; L 2 mm,
recording electrodes over the
area (AP —1;
association area (AP 3; L 3 mm), occipital visual area

left hemisphere —
sensorimotor L 2.5 mm), parietal
(AP 6; L 4 mm) — and a parietal electrode also over the
right hemisphere. Reference and grounding electrodes
were inserted into the occipital bone over the cerebellum.
The electrodes were connected to a microconnector and
the whole assembly was fixed to the skull by means of
two screws and dental acrylic. After surgery animals were
allowed to recover for next 5 days.
Three of EEG
performed to assess the effect of 7-NI on spontaneous

sessions recordings were

brain activity and on brain excitability. Rats were placed

in a transparent box (18 x 28 x 35 cm) and connected to a
custom-made cable for EEG recordings. EEG data were
acquired at 2 kHz and filtered at 2-500 Hz (RA16PA
preamplifier and Pentusa Base Station; Tucker-Davis
Technologies, USA) (Tolner et al. 2011). Experiments
were performed at room temperature in freely moving
rats. First recording session were measured before drug
application, second and third 30 or 180 min after drug
application respectively. Each session consisted of
spontaneous EEG recording (5 min) and of a stimulation
protocol to obtain an input-output (I-O) curve. Evoked
responses were evoked with 0.5 ms biphasic pulses
ranging from 0.4-5 mA wusing a constant-current
stimulator (AM Systems, Australia).

Power spectra and Shanon entropy was
calculated offline from 30 s epochs of the EEG signal
using custom written scripts for MATLAB software
(Mathworks, Inc., USA). For analysis of single evoked
responses, the amplitude from the first negative wave

(N1) to the following positive wave (P2) was measured.

Behavioral measurement

On the experimental day the rats were brought to
the experimental room, marked, weighted and let to
acclimatize for one hour.

Open field test (OF)

The test was performed 30 min (session 1) and
240 min (session 2) after the drug/vehicle administration.
The duration of OF test was 5 min. Each rat was placed in
the left corner of the arena (45 x 45 x 30 cm). The
behavior was videotaped and subsequently evaluated off-
line using computerized behavioral analysis systems
EthoVision and (Noldus
Technology). The arena was carefully cleaned and wiped

Observer Information
after each animal. The following behavioral variables
were subsequently evaluated: locomotion (i.e. distance
travelled), thigmotaxic scanning (i.e. time spent in
locomotion along the walls of the OF), center time (i.e.
time spent in the central section of the OF, 29 x 29 cm,
see Fig. 3), rearing (upright posture both against and
away from the wall), self-grooming (including scratching,
fur licking and face washing).

Ladder rung walking test

The horizontal ladder rung walking test was
performed 90 min after the drug/vehicle administration.
The apparatus consisted of transparent side walls and
removable metal rungs (3 mm diameter, separation of
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1 cm), creating a floor allowing easy change of pattern
(regular/irregular gaps). The ladder was elevated 30 cm
above the ground with a empty starting cage and a refuge
(home cage with the littermates) at the end. The width of
the alley was adjusted to the size of the animal, to prevent
the animal from turning around. The time to cross the
entire length of the ladder was assessed in a session with
regular gaps and then in a second session with irregular
gaps. For the regular arrangements, the rungs were
spaced at 2 cm intervals. For the irregular pattern, the
distance of the rungs varied systematically from 1 to 5
cm. If the rat failed to cross the ladder, the time was set to
60 s. In addition, the mean number of errors in foot
placement was calculated; an error representing any kind
of foot slip was evaluated from video recordings.
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Statistical analysis
Data
statistically evaluated using ANOVA for repeated

from physiological recordings were
measures and t-test when appropriate. The OF data were
analyzed by a two-way repeated measure ANOVA with
one between-group factor (DMSO, 7-NI) and one within
subject factor (session 1, session 2). Degrees of freedom
(df) were always (1,13). The data from the ladder rung
walking test were analyzed with one-way ANOVA. As
for error of foot placement, the data were expressed as the
percentage of errors from the total number of steps. When
appropriate, subsequent comparisons were performed
The level of
significance was set at P<0.05. For statistical analysis the
Sigma Stat3.5®SPSS package was used. All data are
expressed as mean + standard error of the mean (S.E.M.).

with a Student-Newman-Keuls test.
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Fig. 1. Blood gas analysis before and after 7-NI and DMSO application (A-C). (A) Changes in blood pH in 7-NI and DMSO treated
animals. (B) These changes were accompanied by a significant increase of pCO, 180 min and 240 min after the application of 7-NI
compared to the measuring at rest. (C) 7-NI had no significant effect on pO, and sO,. (D) Procentual changes in blood pressure (BP)
after 7-NI and DMSO treatment. At 180 min after the drug application a statistically significant difference in the BP value was observed
between the 7-NI treated animals and DMSO treated animals. (* when compared to baseline values, # when compared to values
measured 30 min after drug treatment, t when compared to control animals = P<0.05)
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Fig. 2. (A-D) The effect of 7-NI on the power, entropy and frequency of the EEG. 7-NI induced significant changes in spontaneous EEG
and evoked EEG responses. (A) The power of the spontaneous EEG decreased after 7-NI injection with time. (B) A significant decrease
in EEG entropy occurred 30 and 180 min in 7-NI treated animals in comparison with basal values and also when compared to the DMSO
group at 180 min. (C, D) 7-NI induced a significant decrease shift of the mean frequency of the EEG to the left 30min after the
treatment. (E-F) Procentual changes in EPs thresholds and in the slope of the input-output curves (I-O curve). (E) Procentual changes
in EPs thresholds in comparison with their magnitudes before 7-NI or DMSO treatment. The thresholds of the EPs underwent a
significant drop in 7-NI treated animals. DMSO induced an increase over the cross of the experiment. This increase was not significant.
(F) Procentual changes in the slope of the input-output curves (I-O curve) in comparison with their magnitudes before 7-NI or DMSO
treatment. 7-NI induced an increase in slope of the I-O curve in comparison with the curve obtained from measuring before 7-NI
treatment. DMSO induced a non significant decrease in the slope of the I-O curve. However, 30 min after the drug application a
statistically significant difference in the value of procentual BP changes was observed between the 7-NI and DMSO treated animals.
(* when compared to baseline values, # when compared to values measured 30 min after drug treatment, T when compared to control
animals = P<0.05)
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Results

Effect of 7-NI on blood pressure in freely moving animals
and blood gases

Systemic blood pressure measured 10 min
before application of 7-NI or vehicle was 139.7+£3.9
mm Hg. Following the injection of 7-NI a non-significant
rise in BP occurred at both time points. To be precise,
30 min after the drug treatment the increase was
102.77£2.12 %
administration it reached 102.66+2.11 % when compared

and at 180 min after the drug
to baseline values (Fig. 1D). However, a statistically
significant difference (P=0.016) between 7-NI and
DMSO treated animals was detected 180 min after the
treatment only.

The blood gas analysis revealed significant
increase in pCO, at 180 min (114.42+6.87 %) and at
240 min (113.23+4.38 %) after the application of 7-NI
when compared to values obtained 10 min before and
30 min after the 7-NI injection (Fig. 1B). 7-NI had no
significant effect on pH or pO, at all-time intervals
(Fig. 1A,C). No significant alterations in blood gases
were found after vehicle treatment (Fig. 1B,C).

Effect of 7-NI on spontaneous EEG and brain excitability

7-NI induced significant changes in spontaneous
EEG and evoked EEG responses. The power of the
spontaneous EEG decreased in both 7-NI and DMSO
group with time and the power was significantly smaller
in 7-NI group 180 min when compared to the baseline
values (Fig. 2A). Accordingly, a significant decrease in

A Open field (45 x 45 cm)

Center zone
(29 x 29cm)

Thigmotactic zone (8cm)

7-NI

EEG entropy occurred 30 and 180 min in comparison
with basal values and when compared to the DMSO
group 180 min later (Fig. 2B). Compared to the baseline
values 7-NI at dose of 25 mg/kg induced a significant
decrease shift of the mean frequency of the EEG to the
left (toward slow oscillations) 30 min after the treatment
(Fig. 2C and D).

The evoked potentials (EPs) were composed of a
small positive peak which was followed by a negative
peak and by a second positive peak. Figures 2A and 2B
show percentage changes in EPs thresholds and in the
slope of the input-output curves (I-O curve) in
comparison with their magnitudes before 7-NI or vehicle
administration. Vehicle did not induce any significant
changes in threshold magnitude during the entire
experiment. The thresholds of the EPs underwent a
significant drop in 7-NI treated animals. Changes are
shown in Figure 2E. 180 min after 7-NI application, the
threshold decreased to (70.37+11.71 %) compared to
basal values and decreased to (90.46+4.04 %) compared
to values obtained 30 min after 7-NI administration.

In vehicle treated animals, there was no
significant decrease in the slope of the I-O curve. In 7-NI
treated animals, a trend towards a slight increase in the I-
O curve slope was observed 30 min and 180 min after 7-
NI administration compared to baseline values. A
statistically significant difference between the 7-NI and
DMSO treated animals (P=0.049) as for the changes in
the I-O curve slope was observed 30 min after the drug

administration (Fig. 2F).

DMSO

Fig. 3. (A) Open field arena. Open field track in a typical 7-NI (B) treated subject and in a typical control subject (C).

Effect of 7-NI in the OF test
A schematic representation of the OF test and
track moved are depicted in Figure 3. The analysis of the

distance moved in the OF did not show an overall
significant effect of treatment (F=3.92, P=0.07) but a
significant effect of session (F=11.55, P=0.005) and
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interaction (treatment x session) effect (F=20.71,
P<0.001). Post-hoc comparison revealed that the 7-NI
decreased significantly the distance moved in Session 1
compared to vehicle (DMSO) treated animals. No change
was observed in 7-NI treated rats in the Session 2
compared to Session 1. On the other hand, in DMSO
treated rats a significant decrease in distance moved was
found in Session 2 compared to Session 1 (Fig. 4A). The
analysis of the time spent in the arena centre revealed a
marginal significant differences of treatment (F=4.60,
P=0.05), but not of session (F£=0.71, P=0.41) and
interaction (F=0.21, P=0.65). As for rearing number,
ANOVA did not showed statistical differences of
treatment (F=3.50, P=0.08), session (F=1.88, P=0.19)
and interaction effect (F=2.98, P=0.11); although
according to t-test the decrease of the rearing number in
Session 1 in animals treated with 7-NI was significant
when compared to DMSO treated animals (Fig. 4C).
Finally, as for grooming there was a significant effect of
treatment (F=13.77, P=0.003) but neither significant
effect of session (F=3.19, P=0.09) or interaction (F=1.02,
P=0.33). The animals treated with 7-NI spent less time in
grooming in both sessions compared to DMSO treated
ones (Fig. 4D).

Effect of 7-NI on the ladder rung walking test

The overall analysis did not revealed difference
in the time spent crossing the entire length of the ladder
either in the session performed with regular patterns or
irregular patterns F(3,28)=2.88, P=0.053 (Fig. 4E). As
for errors in foot placement, there was a significant
difference between 7-NI and DMSO treated groups
(F(3,28)=4.020, P=0.017, Fig. 3F). The post-hoc test
showed that animals treated with 7NI reached a higher
percent of foot slipped off in both sessions.

Discussion

The goal of the experiment was to identify the
potential physiological and behavioral alterations induced
by the inhibition of nNOS by 7-NI in conscious adult
rats. Specifically we were interested in elucidating the
role of nNOS inhibition on systemic blood pressure,
arterial blood gases levels, spontaneous and evoked
neuronal activity as well as on behavioral parameters
such as locomotion, exploratory behavior and skilled
walking. Our study confirmed that 7-NI indeed widely
influences the parameters under investigation.

Firstly, we confirmed that 7-NI influences
systemic blood pressure. 7-NI induced an increase in
systemic blood pressure in comparison with vehicle
(DMSO) treated animals. This increase was significant
180 min after 7-NI administration. However, when
compared to baseline values, the slight rise observed in
blood pressure was not significant. A similar small
increase was also reported in other studies (Kurihara et
al. 1998). Inhibition of nNOS by 7-NI or other, more
selective nNOS inhibitors was reported to increase
(Zagvazdin et al. 1996), decrease (Kakoki et al. 2001) or
not to change blood pressure (Yoshida et al. 1994,
Zagvazdin et al. 1996). Because 7-NI is recognized to
rather specifically inhibit neuronal nitric oxide synthase
(Moore et al. 1993) the slight 7-NI increase in systemic
blood pressure could probably have been due to the
elimination of the neurally mediated vascular action of
nitric oxide derived from nNOS. In the past years, there
has been a dispute about 7-NI specificity for nNOS.
Results from different investigators indicate that 7-NI
does not inhibit endothelial NO synthase (Bryan and
Grisham 2007, Faraci and Breese 1993, Moore et al.
1993). However, there is evidence that 7-NI may inhibit
eNOS in vivo (Zagvazdin et al. 1996a). Thus the rise in
blood pressure could also be due to partial inhibition of
eNOS. Moreover, nNOS is thought to play an important
role in regulating BP via sympathetic nerve activity
(SNA). It was reported that nNOS inhibition in vivo
causes sympathetic activation and thus increases BP
(Young et al. 2009).

The blood gas analysis revealed that 7-NI
influences arterial blood gas levels. 7-NI produced a
statistically significant raise in pCO, three hours after the
drug application. This raise was significant not only in
comparison with the vehicle treated animals, but also
when compared to baseline values and values obtained
30 min after 7-NI administration. This increase was
accompanied by no significant change in blood pH.
Concomitantly with the rise in pCO, we observed a
decrease in pO,, which could indicate that these changes
may be of respiratory origin. Indeed, a reduction in
ventilation was reported in other studies after 7-NI
injection (Nakano et al. 2001). The mechanism of action
of NO on respiratory control is likely by enhancing the
excitability of the neurons involved in the generation of
central respiratory activity (Nakano et al. 2001) and/or by
affecting thermoregulation (Perotti e al. 1999).
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Fig. 4. Results from the openfield test (A-D) and Ladder test (E-F) in control and 7-NI treated animals. (A) 7-NI decreased significantly
the distance moved in Session 1 compared to vehicle (DMSO) treated animals. No change was observed in 7-NI treated rats in the
Session 2 compared to Session 1. (B) The analysis of the time spent in the arena centre revealed a marginal significant differences of
treatment (/~=4.60, P=0.05), but not of session (/=0.71, P=0.41) and interaction (/~=0.21, P=0.65). (C) A decrease of the rearing
number in Session 1 in animals treated with 7-NI was significant when compared to DMSO treated animals. (D) The animals treated
with 7-NI spent less time in grooming in both sessions compared to DMSO treated ones. (E) The overall analysis did not reveal a
difference in the time spent crossing the entire length of the ladder either in the session performed with regular patterns or irregular
patterns. (F) Animals treated with 7NI reached a higher percent of missteps in both sessions. (* when compared to baseline values,
# when compared to values measured 30 min after drug treatment, T when compared to control animals = P<0.05)



2014

645

Effect of 7-Nitroindazole on Behavior

Traditional behavioral tests, such as the OF test
measure an animal’s responsiveness to a novel
environment. The behavior in the OF is complex and may
include components of arousal, novelty seeking, fear
response and stereotypy (Kas et al. 2008). Administration
of 7-NI at the dose of 25 mg/kg ip. suppressed
locomotion, exploratory rearing and grooming behavior
30 min after drug administration. In the test performed at
240 min the drug failed to reveal a similar effect,
suggesting that 7-NI suppressed transiently the OF
behavior. Our data are in agreement with a previous study
showing that 7-NI (10 mg/kg) induced decrease in
locomotion in adult rats when tested 40 min after the
administration (Volke ef al. 1997). Similarilly, in mice
7-NI at the dose of 120 mg/kg reduced motor activity 1 h
following administration, but faded away 3 h later
(Dzoljic et al. 1997a). Finally, 7-NI suppressed time
spent in the center part of the arena as well as rearing and
grooming behavior at both intervals indicating an
increase in anxiety/fear emotionality. It is conceivable
that the suppression of behavioral profile actually indicate
a rather an anxiogenic-like effect. In this respect our
results are in contradiction with studies indicating that
7-NI possesses an anxiolytic-like effect in both rats and
mice (Dunn et al. 1998, Volke et al. 2003, Yildiz et al.
2000). Decrease in all behavioral parameters, except
grooming was observed in control animals, but not in
7-NI treated animals, which might indicate inability of
the 7-NI treated animals to adapt to novel environment
with repeated exposure to OF.

With respect to the ladder rung walking test, the
7-NI treated rats made more errors in foot placement than
the control animals. These findings indicate that the
inhibition of nNOS by 7-NI affects the stepping and
balance behavior on the ladder. Similarly, adult nNOS
knockout mice (nNOS -/-) were observed to present
balance and motor coordination alternations (Kriegsfeld
et al. 1999a, b, Weitzdoerfer et al. 2004). Furthermore,
7-NI induced motor deficit at the doses of 40-160 mg/kg
in mice in motor tests (Araki et al. 2001). In our
experiment the errors that occurred in foot placement did
not interrupt the walking as all the animals crossed the
ladder within 90 s. Surprisingly, although the locomotion
in the OF test was decreased all animals treated with 7-NI
successfully passed the ladder even if many missteps
occurred. Reaching home cage with littermates is likely a
strong motivation to overcome the obstacle. In this
respect the results are in agreement with the study of
Volke et al. (2003) and Dzoljic et al. (1997a) showing

that 7-NI decreased locomotion and produce motor
incoordination.

Many factors might account for this effect of
7-NI on motor behavior. Several in vivo studies have
demonstrated that NO may modulate several
neurotransmitter systems in the central nervous system
(Wegener et al. 2000). Following both local and systemic
administration of 7-NI an increase in dopamine and
serotonin levels in the ventral hippocampus of freely
moving rats was observed (Wegener et al. 2000). It is
assumed that serotonin plays a role in the regulation of
mood, cognition, motor behavior and a disruption of
serotoninergic transmission is implicated in several
pathophysiological states, including affective disorders
2007). Additionally,

characterized by muscular rigidity and fixity of posture

(Chanrion et al a condition
regardless of external stimuli, as well as decreased
sensitivity to pain, termed catalepsy, was also observed in
both NO-sGC and NOS inhibitors in adult mice that
lasted for at least 2 h (Echeverry et al. 2007).

In concert with the 7-NI induced alterations of
systemic parameters and motor behavior, the spontaneous
EEG power was suppressed. Following the i.p.
administration of 7-NI the EEG power was suppressed
relative to the pre-treatment values throughout the whole
experiment. A similar 7-NI induced reduction of the
power of the EEG signal was observed in other
electrophysiological studies performed in other brain
regions (Dzoljic et al. 1997b, Ferraro et al. 2004). Dzoljic
proved that in conscious rats, the power of EEG recorded
from parietal cortices was suppressed in each frequency
range by 7-NI. However, this effect was more prominent
in the high theta frequency band (7-9 Hz). High
frequency of theta rhythm in rats is associated with
locomotion and voluntary movements (Dzoljic et al.
1997b). This decrease of high theta rhythm is consistent
with the reduced locomotion, observed in this study. The
same study of Dzoljic showed that the administration of
7-NI was characterized by arousal-like EEG/EMG pattern
(low EEG amplitudes and high EMG amplitudes) and
reduced behavioral activity (decreased locomotion and
occasional loss of righting reflex and ptosis) (Dzoljic et
al. 1997b). The precise way of the observed central
modulatory action of 7-NI is still not known.

We have observed that the thresholds of the EPs
underwent a significant drop in 7-NI treated animals and
that 7-NI induced an increase in slope of the I-O curve in
comparison with the curve obtained from measuring
before 7-NI treatment. Therefore, we can assume that
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7-NI increased cortical excitability. Up to now, the role of
endogenous NO in modulation of the brain excitability in
vivo remains unclear. Additionally, number of studies
show an anticonvulsant action obtained with NOS
inhibitors (Del-Bel et al. 1997), other reports suggests
that inhibitors of nitric oxide synthase (NOS) are
proconvulsant (Dzoljic et al. 1997a,b, Moncada et al.
1992, Montecot et al. 1998). The effects of NOS
inhibitors vary with the model of seizure, the dose of
convulsant used, the selectivity of the inhibitor, and the
strain of rats used in experiments. Our results indicate
that this increase of brain excitability and controversial
results in epileptologic studies may be caused by the
systemic effects of 7-NI namely alteration of blood
gasses.

Conclusions

Our results show that in conscious rats 7-NI
induces a rise in arterial blood pressure and significantly
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