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Abstract Status epilepticus (SE) is associated with a
significant risk of cognitive impairment, and the increase of
nitric oxide (NO) releasing has been reported during SE.
We investigated the effects of neuronal nitric oxide syn-
thase (nNOS) inhibitor, 7-nitroindazole (7-NI) and induc-
ible nitric oxide synthase (iNOS) inhibitor, aminoguanidine
(AG), on spatial performance of rats in the Morris water
maze. Treatment with 7-NI, but not with AG, improved the
performance of rats after SE not only in acquisition of the
task but also in probe test. Furthermore, the level of SE-
induced malondialdehyde (MDA), end product of lipid
peroxidation, was significantly decreased only in animals
receiving 7-NI injection. Taken together, the results of the
present study provided evidence that the NO pathway
contributed to oxidative stress after SE, and nNOS/NO
pathway may underlie one of the potential mechanisms
contributing to SE-induced spatial memory deficits.

Keywords Status epilepticus - Memory - Nitric oxide -
Oxide stress - Nitric oxide synthase
Introduction

Status epilepticus (SE) is associated with cognitive
impairment, cell loss and synaptic reorganization in the
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hippocampus. Animals can be used to evaluate memory,
learning, and behavioral changes after SE, because animal
models display many of the same anatomical and physio-
logical changes observed in human SE [1, 2].

Nitric oxide (NO) is formed from arginine by the action
of three kinds of different nitric oxide synthase (NOS)
isoforms, two calcium-dependent forms, neuronal (nNOS),
and endothelial (eNOS), and one calcium-independent
form (iNOS). The increase of NO releasing has been
reported during SE [3, 4]. NO has been viewed as a pos-
sible mediator of glutamate-induced neurotoxicity [5, 6].
The released NO appears to originate mainly from neurons
[7]. The role of NO in SE-induced excitotoxicity has been
studied in different experimental models, though the
reported results are far from unequivocal.

Oxidative stress means an alteration in the delicate
balance between free radicals and the scavenging capacity
of antioxidant enzymes in favor of free radicals in the body
systems. Brain tissue is particularly vulnerable to oxidative
damage, possibly because of its high consumption of
oxygen and the consequent generation of high quantities of
free radical [8]. Growing data from experimental models
and human brain suggest that oxidative stress and injury
may play an important role in pathophysiology following
acute neurological insults such as stroke and seizures.
Membrane lipid derangements, including malondialdehyde
(MDA), have been reported to contribute significantly to
paroxysmal membrane malfunction during epileptogenesis;
and enhanced free radical production and oxidative lipid
damage have been demonstrated during seizures and
seizure-mediated neuronal injury [9-12]. Further support
for a role of free radicals in seizures comes from the
successful use of exogenously administered antioxidants in
protecting the brain against seizure-induced brain damage
[13, 14].
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Nitric oxide reacts rapidly with superoxide anion and
produce speroxynitrite, which is a highly reactive free
radical that has been shown to mediate much of the toxicity
of NO [15]. Peroxynitrite can induce lipid peroxidation
then to result in oxide damage. The NO toxicity seems to
be produced by the direct effect of peroxynitrite [16].

The role of NO in SE-induced neurotoxicity remains
unclear and debatable. Pilocarpine-induced SE in rat is a
well-established model of temporal lobe epilepsy repro-
ducing main characteristics of the disease [17, 18] and
sensitive to pharmacological and environmental interven-
tions [19-21]. The current study was designed to elucidate
the role of NO in SE-induced spatial memory deficits and if
NO-related oxide damages were involved in pilocarpine-
treated rats.

Materials and methods
Animals and experimental procedures

Male Wistar rats (2 months old) weighing between 230 and
250 g were used in this study (Grade II, Certificate
No0.0068860, Experimental Animal Center, Chinese
Academy of Medical Sciences, China). The experiments
were conducted in accordance with the guidelines of the
Medical Experimental Animal Administrative Committee
of Nation. All efforts were made to minimize animal suf-
fering and to reduce the number of animals used. The rats
were housed under controlled temperature and light con-
ditions (12 h light:12 h dark cycle with lights on at 08:00
a.m.), with ad libitum access to food and water.

Induction of seizures

Rats were injected with lithium chloride (intraperitoneally,
3 mEqg/kg, Sigma, USA). About 20 h later, methylatropine
(i.p., 1 mg/kg) was administered to limit the peripheral
effects of the convulsant. SE was induced by injecting
pilocarpine hydrochloride (subcutaneously, 30 mg/kg,
Sigma) 30 min after methylatropine administration. The
injection of diazepam (DZP, intramuscularly, 4 mg/kg)
60 min after SE onset allowed to improve survival. Rats in
control group received the lithium- methylatropine, DZP
treatment and saline instead of pilocarpine. For each ani-
mal, clinical signs of seizure activity were recorded. Briefly,
within 5 min after pilocarpine injection, rats developed
diarrhea, piloerection and other signs of cholinergic stim-
ulation. During the following 15-20 min, rats exhibited
head bobbing, scratching, chewing and exploratory behav-
ior. Recurrent seizures started around 20-25 min after
pilocarpine administration. These seizures which associated
episodes of head and bilateral forelimb myoclonus with
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rearing and falling progressed to SE at approximately
3540 min after pilocarpine injection, as described previ-
ously [22-24]. Drugs were given i.p. in a volume of 1 ml/kg
body weight.

Drug treatments

Two different drugs, 7-nitroindazole (7-NI, Sigma) and
aminoguanidine (AG, Sigma), acting on NOS were used.
7-N1, an inhibitor of NOS, exhibits selectivity for the brain
enzyme [25] and has been described as potent selectivity
for the neuronal isozyme in vivo [26]. 7-NI was generally
used as a nNOS inhibitor in much study [27-29]). AG is an
inducible NOS inhibitor. 7-NI was injected i.p. 30 min
prior to pilocarpine treatment with a dose of 25 mg/kg and
the injection was repeated twice at 1-h intervals after SE.
AG, 100 mg/ml dissolved in physiological saline, was
administered at 100 mg/kg i.p. 0, 6 h after pilocarpine
treatment and then 50 mg/kg i.p for seven consecutive
days. 7-NI and AG were given in a volume of 1 ml/kg body
weight. The doses and injection schemes of NOS inhibitors
employed were close to those used in the previous similar
studies [10, 30, 31]. Only the rats showing SE were used
for the further studies.

Tissue sampling

Rats were killed at 6 h, 24 h, 3 days, 7 days, 14 days
after the onset of SE. Rats in 7-NI, AG and control groups
were killed on 7 days. Brains were quickly removed,
ice-cooled. Since numerous studies have identified an
essential role for the hippocampus in spatial learning [32]
and hippocampus is one of the most important brain
regions involved in pathological process of epilepsy [33],
the hippocampus was isolated, and stored at —70°C until
further processing. Protein in hippocampus was measured
using Coomassie brilliant blue with bovine serum album
as standard.

Assay for NO and NOS activity

Rat hippocampus was weighed, and homogenized.
Homogenization was carried either in saline (10% wt/vol)
or HEPES buffer (20% wt/vol). Saline homogenate was
used for estimation of NO contents, and NOS activity was
measured in the HEPES-buffered homogenate.

The activities of cNOS (constitutive nitric oxide syn-
thase, including the isoforms of nNOS and eNOS), iNOS as
well as the concentrations of NO in the supernatant were
determined by using commercially available kits (Jianch-
eng Bioengineering). All procedures completely complied
with the manufacture’s instructions. The activities of
enzymes were expressed as units per milligram protein.
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Nitric oxide is a kind of extremely active molecule and
turns rapidly to NO; and NOj in vivo. The assay of NO
level was based on nitrate reductase specifically hydroge-
nise NOj3 to NOj; and then was measured at a wavelength of
550 nm. NO is formed from L-arginine by the action of
NOS. The assay of NOS activity was based on that NO can
produce compounds with nucleophilic materials, which can
be measured at a wavelength of 530 nm. cNOS is calcium-
dependent and iNOS is calcium-independent, on which the
discrimination of two kind of isoforms was based.

Assay for antioxidant enzymes and MDA

Saline homogenate was used for estimation of MDA
contents, glutathione peroxidase (GSH-Px) and superoxide
dismutase (SOD) activities. The activities of SOD, GSH-Px
and the concentrations of the MDA in the supernatant were
determined by using commercially available kits (Jianch-
eng Bioengineering, NanlJing, China). All procedures
completely complied with the manufacture’s instructions.
The activities of enzymes were expressed as units per
milligram protein.

The assay of SOD activity was based on its ability of
inhibition the oxidation of oxymine by superoxide anion
produced from the Xanthine-Xanthineoxiase system. One
unit of SOD activity was defined as the amount that
reduced the absorbance at 550 nm by 50%. The assay for
GSH-Px activity was assayed by quantifying the rate of
oxidation of the reduced glutathione to the oxidized
glutathione by H,O, catalyzed by GSH-Px. One unit of
GSH-Px was defined as the amount that reduced the level
of GSH by 1 pmol I"' in 1 min/mg protein. Lipid peroxi-
dation (LPO) was assessed by measuring the concentration
of malondialdehyde, which can be measured at a wave-
length of 532 nm by reacting with thiobarbituric acid
(TBA) to form a stable chromophoric production. The level
of MDA was expressed as nmol per milligram protein.

Antibodies and chemicals

Anti-nNOS,  polyclonal-anti-rabbit  IgG, horseradish
peroxidase (HRP) conjugate, molecular weight marker,
4-Chloro-1 Naphthol, leupeptin, aprotinin,benzamidine,
ethylene glycol-bis (f-aminoethyl ether)-N,N,N’,N’-tetra-
acetic acid (EGTA) were purchased from Sigma (USA).
All reagents were analytical grade or the highest grade
available. Antibodies against nNOS was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Western blot analyses

The left hippocampi were homogenized (1/10, w/v) in
ice-cold buffer (50 m MTris-HCI (pH 7.5), 0.15 M NacCl,

1% Triton X-100, 1 mM EDTA, 1 mM EGTA, 25 pg/ml
leupeptin, 25 pg/ml aprotinin and 10 pM benzamidine).
Equal amounts of protein for each sample (20pg of
protein per lane) were separated by SDS/PAGE on 7.5%
gels, blotted electrophoretically to PVDF membrane
(Immobilon P), and incubated in Tris-buffered saline
with Tween 20 (TBST) (50 mM Tris HCl pH 7.5),
150 mM NaCl, and 0.1% Tween 20) containing 3% bo-
vine serum albumin for 30 min. Blots were incubated
overnight with anti-nNOS (1:500) in 1% BSA. Blots
were then subjected to three additional 10-min washings
in TBST. Blot were incubated with alkaline HRP-con-
jugated monoclonal anti-rabbit IgG (1:10 00) in 1% BSA
for 1 h at room temperature and three additional 10-min
washes carried out with TBST. The membrane was
incubated in 20 ml of fresh 0.05% 4-Chloro-1 Naphthol
with 0.015% hydrogen peroxide in 20% methanol in TBS
until color development. Images of immunoblots were
analyzed with a computerized image analysis soft
(Quantity One V4.31). We examined the changes on the
protein concentration of nNOS after SE at 6 h, 24 h,
3 days, 7 days and 14 days.

Water maze task

A period of 3 days after SE, behavioral testing was per-
formed on rats by the Morris water maze test. The water
maze was a circular pool (diameter 150 cm, height 60 cm)
filled with water (temperature 24°C) to a depth of 30 cm.
An escape platform, 10 cm in diameter was submerged
2 cm below the water surface and remained constant in the
northeast quadrant of the tank. The water had been made
opaque by adding ink.

Acquisition of the task

The rats were trained in the water maze to locate the
hidden platform using reference memory procedure. The
procedure for both experiments consisted of 4 days of
testing, with four trials, in which each animal was released
from each of four different start positions each day; and
order was determined in pseudorandom fashion. All ani-
mals were allowed to swim until the escape platform was
located or for a maximum of 120 s. If the rat failed to
navigate to each the platform within 120 s, it was gently
guided to the platform and allowed to remain there for
10-15 s before the start of next trial. Latency was recorded
using automated video tracking system. The inter-trial
interval between the four trials given each day was
approximately 5 min. Subjects who learn the task should
show a decrease in latency and distance swam to the
platform. They were given two trials per day with an
intertrial interval of 8 h.

@ Springer



1878

Neurochem Res (2007) 32:1875-1883

>

0.6 -

umol/gprot

Control ~ 6h 24h 3d 7d 14d

Fig. 1 Time course of nitric oxide (NO) level (A) and constitutive
nitric oxide synthase (cNOS), inducible nitric oxide synthase (iNOS)
activity (B) in hippocampus in different time after status epilepticus

Probe test

Following acquisition of water maze task, the platform was
removed from the tank, and the animal was allowed to
swim for 120 s. The amount of time spent in target quad-
rant was measured.

Statistical analysis

Data are expressed as mean + SEM. Two-way or one-way
analysis of variance (ANOVA) followed by Turkey’s test
was used to analyze the data. P-value less than 0.05 was
considered statistically significant.

Results

SE-induced alteration in NO and NOS levels in rat
hippocampus

An ANOVA revealed a significant group effect (F
(5,39) = 26.996, P < 0.001) in the time course of NO level.
NO significantly increased in SE group compared to con-
trols at 6 h and on days 3 and 7(P < 0.001, respectively)
according to post-hoc analysis (Fig. 1A.). We assayed the
activities of cNOS and also for calcium-independent,
iNOS. The time course in enzyme activity of both NOS
isoforms is shown in Fig. 1B. There was significant group
effect (F (5,39) = 12.596, P < 0.001) of cNOS activity,
which significantly increased compared to controls only at
6 h after SE (P = 0.003). An ANOVA revealed a signifi-
cant group effect (F(5,39) = 73.500, P < 0.001) of iNOS
activity, which significantly increased compared to controls
on days 3(P < 0.001) and 7(P < 0.001) after SE. The
activity of iNOS did not significantly differ from controls
during a period of 24 h (Fig. 1B). NOS activity assay did
not differentiate between contribution of nNOS and eNOS
to the total cNOS activity. To assess if SE induced changes
in the expression of specific NOS isoforms, brains samples
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were analyzed by immunoblotting using specific antibodies
to nNOS. ANOVA revealed a significant group effect (F
(5,30) = 8.835, P < 0.001) and a following post-hoc anal-
ysis revealed that density of corresponding band shows an
increased expression of nNOS protein at 6 h after seizures
(P < 0.001) (Figs. 2A, B).

SE-induced alteration in MDA levels in rat
hippocampus and SOD and GSH-Px activity

MDA, which is a measure of lipid peroxidation, was
measured spectrophotometrically. An ANOVA revealed a
significant group effect (F(5,39) = 106.435, P < 0.001).
Post-hoc analysis indicated that the level of MDA signifi-
cantly increased compared to controls at 6 h (P = 0.009)
and on days 1(P = 0.004), 3 (P < 0.001) and 7(P < 0.001),
while later on 14 day the levels were not different from
controls (Fig 3A).

A
155k — — - -
control ~ 6h 24h 3d 7d 14d
B 200 -

Band Density

control  6h 24h 3d 7d 14d

Fig. 2 Western blot showing the time course changes in neuronal
nitric oxide synthase (nNOS) protein expression; Columns represent
mean + SEM. #Values significantly different from controls
(P <0.05) (one way ANOVA followed by Turkey’s multiple
comparison test) (n = 6-9 rats in each group)
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Fig. 3 Time course of malondialdehyde (MDA) content (A) and
superoxide dismutase (SOD), glutathione peroxidase GSH-Px activ-
ities (B) (Mean + SEM) in hippocampus in different time after SE.

As enzymatic defense mechanisms, SOD and GSH-Px
play pivotal roles in preventing cellular damage. A low
steady-state level of intracellular superoxide is maintained
by SOD. As shown in Fig.3B, there was a significant group
effect in SOD activity (F (5,39) = 34.137, P < 0.001).
Post-hoc analysis of these data showed that SOD activity
significantly increased at 6 h (P < 0.001) and decreased on
days 3 (P =0.01) compared to controls. On the other
hand, ANOVA indicated significant group differences (F
(5,39) = 26.446, P < 0.001) in GSH-Px activity. Post-hoc
analysis of these data showed that the activity significantly
decreased on day 3(P < 0.001), 7 (P =0.001) and 14
(P < 0.001) compared to controls (Fig.3B).

Effects of 7-NI and AG on SOD and GSH-Px activity
and MDA levels

As shown in Fig. 4B, neither treatment with 7-NI nor AG
affected SOD activity according to ANOVA (F (3,
27) = 1.251, P =0.311). However, ANOVA revealed a
significant group effect (F (3,27) = 40.053, P < 0.001) in
GSH-Px activity. Post-hoc analysis revealed that GSH-Px
activity significantly increased on 7-NI group compared to
SE group (P =0.003).On the other hand, AG had no

nmol/mgprot

SE+AG SE+7-NI

Control

SE(7d)

Fig. 4 Effects of treatment with 7-NI and AG on SE-induced
changes in the content of malondialdehyde (MDA) (A) and the
activity of superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px) (B) in hippocampus. Columns represent mean + SEM.
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from controls (P < 0.05) (one way ANOVA followed by Turkey’s
multiple comparison test) (n = 6-9 rats in each group)

obvious effects (P = 0.123). In addition, ANOVA revealed
a significant group effect (F (3,27) = 40.053, P < 0.001) in
MDA level. Post-hoc analysis revealed that MDA signifi-
cantly decreased on 7-NI group compared to SE group
(P < 0.001). However, there were no obvious effects on
AG groups (P = 0.216) (Fig. 4A).

Effects of 7-NI and AG on the acquisition of the task

Statistical analyses (two way ANOVA) revealed a signifi-
cant main effect of treatment and a significant interaction
of treatment X times for latency to reach the platform (F
(3,33) = 47.110, P < 0.001; F(21,264) = 4.131, P < 0.001;
see Fig. 5A).

Post-hoc analysis revealed subjects in SE group had
longer latencies to the platform, as compared to control
group, on times 1 (P = 0.015), times 2(P = 0.005), times 4
(P <0.001), times 5 (P < 0.001), times 6 (P = 0.001),
times 7 (P < 0.001), times 8 (P = 0.02). Post-hoc analysis
revealed animals receiving 7-NI injection had shorter
latencies to the platform, as compared to SE, on times 2
(P =0.024), 4 (P =0.001), 5 (P =0.038). However, the
latencies in AG rats had no difference compared to SE
group at all times. A significant group effect between SE
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*Values significantly different from controls (P < 0.05) *Values
significantly different from SE group (P < 0.05) (one way ANOVA
followed by Turkey’s multiple comparison test) (n = 6-9 rats in each
group)
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and 7-NI + SE group was found (P = 0.011), but a non-
significant effect between SE (P = 0.98) and AG + SE
group. There were no speed differences among the differ-
ent groups (F (3, 33) = 1.095, P = 0.352) and interaction
of treatment X times (F (21,264) = 0.528, P = 0.958;
Fig. 5B).

Effects of 7-NI and AG on the probe test

During the probe test trial, statistical analyses (one way
ANOVA) revealed a significant main effect of treatment (F
(3,33) = 17.092), P < 0.001). Post-hoc analysis revealed
control rats spending a longer in the target quadrant than
did SE (P < 0.001) (see Fig. 6). No differences were found
for the time spent in the target quadrant between SE and
AG groups (P = 0.994). However, animals receiving 7-NI
injection spent longer than did SE rats (P = 0.009). There
were no speed differences among the different groups ((F
(3, 33) = 0.957, P = 0.425; Fig. 6B).

Discussion
Oxide damages after Pilocarpine-induced SE

In brain, SOD and GSH-Px are considered to be the
relatively more important antioxidant enzymes [34]. SOD
removes superoxide anion, a kind of main reactive oxygen
species, from the cell [35]. On the early state following SE,
an increase SOD activity was observed. At the same time,
the activity of GSH-Px was unchanged. The results of in-
creased SOD activity following seizures are consistent with
the report of Chavko et al. [36]. The increased SOD
activity maybe an early compensatory reaction in response
to increased MDA levels, since MDA increased in the same
time. The activity of GSH-Px was unaltered until 3 days
after SE, suggesting that the glutathione system may not be
the major free radical scavenging system in the early state.

The level of MDA, which is a measure of lipid perox-
idation, was found to be significantly raised after SE
from 6 h in hippocampus, while it returned to control level
on 14th day. The results implicated oxide damages were

involved in SE induced neurotoxicity. The results of
increased MDA level following SE are consistent with the
report of Rajasekaran [10].

In the present study, the increase of MDA level at 6 h
after SE corresponds to increases in NO levels. This
observation suggests that NOS-mediated elevation of NO
production could be potentially involved in the enhance-
ment of MDA during the development of SE induced by
polocarpine. NO reacts rapidly with superoxide anion and
produces speroxynitrite, which is a highly reactive free
radical that has been shown to mediate much of the toxicity
of NO [15]. Chavko et al. [36] have demonstrated that
seizures induce a significant increase in the production of
protein nitrotyrosine, which is considered a footprint of
peroxynitrite. The activity of iNOS did not change until
3 days while cNOS activity increased as early as at 6 h
after SE, and further results from immunoblotting reveal
nNOS maybe the mainly isoform resulting in the increased
cNOS activity, which suggests that following acute
increased NO is mainly produced through cNOS, espe-
cially nNOS.

Taken together, the results of the present study provide
evidence for the participation of the NO pathway contrib-
uting to oxidative stress after SE. The pathway of nNOS/
NO/peroxynitrite may underlie one of the potential mech-
anisms contributing to seizures-induced neurotoxicity.

Effects of 7-NI and AG on performance of SE rats in
Morris water maze related oxidative damages

In agreement with previous work [37], SE induced deficits
in spatial learning and memory. Experimentally induced
seizures can lead to postictal impairment of learning [38].
Compared with SE animals, rats treatment with 7-NI
improved the performance in a spatial maze task, which
suggests 7-NI can prevent the SE-induced spatial memory
impairment even though mechanisms still remain unclear.

In fact, several in vivo studies using 7-NI support a role
of neuron-deirved NO in the excitotoxicity-related activity
[39, 40].According to previous reports, 7-NI not only re-
duces NO generation but also prevents the delayed death of
hippocampal neurons [30, 41], while the effects produced

Fig. 5 Effect of treatment on A B 35
. - . 100
spatial learning (A) and swim o Contol %0
. Co ]
speed (B) in the rat. 80 4 e
Mean + SEM values are shown & —*— SEvAG g 25
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. .« . < -
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. o —
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Fig. 6 The changes of time
spent in target quadrant (A) and
swim speed (B) on retention of
the spatial learning task

(Mean + SEM) %P < 0.05
compared to control group;

#P < 0.05 compared with SE
group (one way ANOVA
followed by Turkey’s multiple
comparison test) (n = 10-11
rats in each group)
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by 7-NI can be attributed to its ability to inhibit nNOS
activity directly. According to Mackenzie et al. [42], 7-NI
produced the maximal effects at 0.5 h post-infection and
recovery at 24 h (i.p. administration). In this study, since
the significant increase of nNOS appeared as early as at 6 h
and recovered at 24 h after pilocarpin-induced SE, the rats
was administered 7-NI treatment on the day of SE.

In addition, in our study, treatment with 7-NI not only
prevented SE-induced increase in MDA level but decrease
in GSH-Px activity in hippocampus, suggesting that MDA
may be mainly derived from NO-related oxidative stress.
NO alone is a poorly reactive species; however, it is able to
undergo secondary reactions to form highly oxidizing and
nitrating species, NO,, N,O3, and peroxynitrite, which,
especial peroxynitrite, can lead to oxide damages, such as
lipid peroxidation [43]. These secondary reactive nitrogen
species are also capable of modifying a diversity of bio-
molecular structures in cell [44, 45], including antioxidant
enzymes. On the other report, 7-NI can retard seizures
accompanied by reduction of seizure induced increase in
nitrotyrosine levels [36], a mark of peroxynitrite.

We have demonstrated that 7-NI treatment significantly
prevented SE-induced decease of GSH-Px activity. Inter-
estingly, some in vitro studies have suggested that GSH-Px
alone offered greater protection from oxidative stress than
SOD in the brain [46]. NO in vitro and in cultured mac-
rophage cell line has been shown to inhibit GSH-Px
activity by interfering with seleno-cysteine residues [47].
According to another report [48], 7-NI can inhibit forma-
tion of H,O,. Both may account for its ability to increase in
hippocampal GSH-Px activity in SE rats.

Take together, the neuroprotective effects of 7-NI may
primarily relate to the inhibition of nNOS activity.
Reduction of peroxynitrite and then prevention oxide
damages may be another mechanism by which 7-NI
resulted in preservation of memory after SE.

However, there are conflicting reports on the effects of
7-NI in memory of seizure rats. In previous study [49],
pretreatment with 7-NI at 50 and 100 mg/kg, did not
produce significant changes in memory formation, but at
150 and 200 mg/kg resulted in memory impairment in
picrotoxin-induced convulsions. Since formation of NO

swin speed (cm/s)

SE SE+AG SE+7-NI

Control SE

SE+AG SE+7-NI

during long-term potentiation is suggestive of a significant
involvement of NO in learning and memory processes [50],
the difference may be based on dose of 7-NI and disparate
animal models, and the protective dose of 7-NI may be
narrow, which depend on further research.

In the nervous system, nNOS is largely responsible for
NO production, while iNOS has been implicated in some
important central processes [51]. Since the activity of iNOS
increased after seizure, which is accordant to the previous
reports [41, 52], it is valuable to examine the probable
contribution of iNOS in SE-induced memory deficits. In
this study, we used AG, which is an irreversible specific
inhibitor of iNOS [53]. According to the results, the
activity of iNOS had increased on 3d and till 7d after SE.
However, it seems to be necessary to pretreat with AG to
prevent the increasing iNOS, since iNOS is a high-output
isoform [54] and plays a potent neurotoxic role. However,
AG did not affect the performance of SE rats in Morris
water maze in our study. iNOS produces large amounts of
NO continuously for long periods, a feature that is
responsible for the cytotoxicity of NO, while iNOS may
play an important role during chronic stress in SE rats.

In conclusion, the present data provide evidence that NO
from nNOS but not iNOS related oxidative damage that
was involved in spatial memory deficits in the early state in
pilocarpin-induced SE rats.
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