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ARTICLE

Lipopolysaccharide-induced memory impairment
in rats is preventable using 7-nitroindazole
O déficit de memória induzido por lipossacarídeos em ratos é prevenido por nitroindazol
Akbar Anaeigoudari1, Mohammad Naser Shafei1, Mohammad Soukhtanloo2, Hamid Reza Sadeghnia3,
Parham Reisi4, Farimah Beheshti1,Reza Mohebbati5, Seyed Mojtaba Mousavi5, Mahmoud Hosseini5

Abstract
Inflammation and oxidative stress have important roles in memory impairment. The effect of 7-nitroindazole (7NI) on lipopolysaccharide
(LPS)-induced memory impairment was investigated. Rats were used, divided into four groups that were treated as follows: (1) control
(saline); (2) LPS; (3) 7NI-LPS; and (4) 7NI before passive avoidance (PA). In the LPS group, the latency for entering the dark compartment
was shorter than in the controls (p < 0.01 and p < 0.001); while in the 7NI-LPS group, it was longer than in the LPS group (p < 0.01 and
p < 0.001). Malondialdehyde (MDA) and nitric oxide (NO) metabolite concentrations in the brain tissues of the LPS group were higher than in
the controls (p < 0.001 and p < 0.05); while in the 7NI-LPS group, they were lower than in the LPS group (p < 0.001 and p < 0.05, respectively).
The thiol content in the brain of the LPS group was lower than in the controls (p < 0.001); while in the 7NI-LPS group, it was higher than in
the LPS group (p < 0.001). It is suggested that brain tissue oxidative damage and NO elevation have a role in the deleterious effects of LPS
on memory retention that are preventable using 7NI.

Keywords: learning, memory, lipopolysaccharide, 7NI.
Resumo
Inflamação e estresse oxidativo tem importante papel no déficit de memória. O efeito do 7-nitroindazol (7NI) no déficit de memória
induzido por lipossacarídeos (LPS) foi investigado. Foram utilizados ratos que foram divididos em quatro grupos e tratados da seguinte
maneira: (1) controles (solução salina); (2) LPS; (3) 7NI-LPS; e (4) 7NI antes da esquiva passiva (PA). No grupo LPS, a latência para entrar no
compartimento escuro foi mais curta que nos controles (p < 0,01 e p < 0,001); enquanto no grupo 7NI-LPS, a latência foi maior que aquela
do grupo LPS (p < 0,01 e p < 0,001). Concentrações de malondialdeído (MDA) e metabólitos do ácido nítrico (NO) no tecido cerebral do grupo
LPS foram maiores que aquelas dos controles (p < 0,001 e p < 0,05); enquanto no grupo 7NI-LPS, as concentrações foram menores do que
no grupo LPS (p < 0,001 e p < 0,05, respectivamente). O conteúdo cerebral de tiol no grupo LPS foi menos do que nos controles (p < 0,001);
enquanto no grupo 7NI-LPS, este conteúdo foi maior que no grupo LPS (p < 0,001). Sugere-se que o dano oxidativo cerebral e o aumento de
NO tenham um papel nos efeitos deteriorativos dos LPS na memória de retenção, e que isto possa ser prevenido com o uso de 7NI.

Palavras-chave: aprendizado, memória, lipopolissacarídeo, 7NI.

A large number of individuals in the world particularly
the elderly people suffer from different degrees of learning
and memory impairments. Although precise causes have
remained unknown until now, inflammation and oxidative
stress may at least in part be responsible for learning and
memory deficits1. Systemic inflammation promotes the production of various cytokines such as tumor necrosis factors-α
(TNF-α), interleukin-1β (IL-1β) and IL-6 in the brain. It is documented that TNF-α impairs spatial learning and memory,

when it is administrated intracerebroventricularly before water maze training. In addition, injection of TNF-α into the
hippocampus disrupted hippocampal-dependent working
memory which was indicated by an enhanced number of errors and longer latencies to perform the three-panel runway
task2. In human also inflammation is considered to contribute
in pathogenesis disorders including Alzheimer’s disease (AD),
Parkinson disease, multiple sclerosis3 and epilepsy4. In multiple animal models, exposure to immune system stimulating
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pathogens such as viral and bacterial or viral coat proteins
and bacterial endotoxins results in learning and memory deficits2. Lipopolysaccharide (LPS) obtained from the cell wall
of gram-negative bacteria has been shown that promotes
the production of inflammatory cytokines that in turn lead
to excessive production of free radicals and oxidative stress.
Intraperitoneal injection of LPS also leads to neuroinflammation, hippocampus apoptosis, cognitive deficits and learning
and memory impairments5.
Nitric oxide (NO) is a diffusible gaseous messenger which
synthesized from amino acid L-arginine by the three different isoforms of nitric oxide synthase (NOS) including; neuronal NOS (nNOS), inducible NOS (iNOS) and endothelial NOS
(eNOS). The nNOS is expressed in the neurons of the cerebellum, hypothalamus, striatum, cerebral cortex and hippocampus as well as in the astrocytes. In the brain of individuals
with AD, nNOS is aberrantly expressed in vulnerable pyramidal cells, astrocytes and nerve cells6,7. In physiological concentrations, NO plays a neuroprotective role in the nervous
system whereas, it promotes apoptosis and cell death in high
concentrations through stimulating of the superoxide anion
formation in the mitochondria8. It has been suggested that
overproductions of NO take place due to activation of nNOS
by the stimuli such as endotoxins and cytokines9. It has also
been reported that both nNOS and eNOS isoforms affect
learning and memory10.
7-nitroindazol (7NI) has been considered as a selective nNOS inhibitor as well as a nonselective NOS inhibitors
(nNOS/eNOS)10,11. It has been shown that 7NI induces learning and memory deficits in different behavioral experiments
such as, Morris water maze(MWM), radial maze, passive
avoidance (PA) and elevated plus maze tests12.
Researchers have reported that LPS increases the production of mediators such as NO, prostaglandin E2 (PGE2)
and reactive oxygen species (ROS) through stimulating the
macrophages13. LPS also increases the level of NO through
promoting the release of pro-inflammatory cytokines such
as TNF-α and IL-1β from macrophages and leucocytes14. It
has been reported that the direct intracerebral injection of
LPS increases the levels of NO metabolites in the brain which
is prevented by NOS inhibitors particularly iNOS inhibitors
such as aminoguanidine15. Despite these reports the aim
of this study was further evaluation of the effect of 7NI in
LPS-induced memory impairment.

METHOD
Animals and drugs
Thirty-six male Wistar rats (8 weeks old and 200-250g
weight) were kept in standard conditions (22 ± 2ºC temperature and 12 h light/dark cycle). Working with the animals
was conducted in accordance with procedures approved
by Mashhad Medical University Committee on Animal

Research (NO: A.H/1393/380). The animals were divided
into four groups: (1) control (2) LPS, (3) 7NI-LPS and (4) 7NI
(n = 9-10 in each group). LPS was dissolved in saline and
injected (1 mg/kg; i.p.) 2 h before retention trail. 7NI was
dissolved in saline supplemented with 3% dimethyl sulfoxide (DMSO) and injected (30 mg/kg; i.p.) 30 minutes before
LPS or saline in 7NI-LPS and 7NI groups respectively. In the
LPS group, the animals were injected by saline supplemented with 3% DMSO (2 mL/kg) instead of 7NI. The control
and 7NI groups received 2 mL/kg of saline instead of LPS.
LPS and 7NI were purchased from Sigma (Sigma Aldrich
Chemical Co.). Other chemicals such as DMSO and those
which were used for biochemical assessments were purchased from Merck Company.
Passive avoidance (PA) test
PA apparatus is included of light and dark compartments separated by a guillotine door. In pre-acquisition
trial, the animals were placed individually into the light
compartment, the door was opened and the animals were
allowed to explore the compartments for 300 s during two
consecutive days. In the training trail, the rats were placed
in the light compartment, the door was opened after 15 s
and the latencies to enter the dark compartment were recorded. When the animals were entered completely into the
dark compartment, the door was closed and an electrical
shock (2 mA, 2 s) was delivered to the floor of the compartment. At 3, 24, 48 and 72 h later, the animals were again located in the light compartment for 15 s, after opening the
guillotine door they gave access to the dark compartment
within a period of 300 s. Then the time latency to enter into
the dark room as well as the time spent by the animals in
the light and dark compartments were recorded and defined as retention trail16,17.
Biochemical assessment
The animals were sacrificed after a deep anesthesia, the
brains were removed, weighed, and submitted to determine
of total thiol (SH) content, malondialdehyde (MDA), and NO
metabolites (NO2 or NO3) concentrations and the activity of
superoxide dismutase (SOD).
MDA assessment
MDA level is as an index of lipid peroxidation. MDA reacts
with thiobarbituric acid (TBA) as a TBA reactive substance
(TBARS) and produces a red complex. Briefly, 1 mL of the
brain homogenates was added to 2 mL of a complex solution
containing TBA/trichloroacetic acid (TCA)/hydrochloric
acid (HCL) and it was then boiled in a water bath for 40 minutes. After reaching to the room temperature, the solution
was centrifuged at 1000 g for 10 minutes. The absorbance was
read at 535 nm. The MDA concentration was calculated according to follow equation18.
C (M) = Absorbance / 1.56 × 105
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Determination of NO metabolites (NO2/NO3)
The Griess reaction was used to assay NO metabolites.
Briefly, standard curves for nitrates (Sigma St. Louis, Missouri,
USA) were prepared, and the samples (100 µL the tissue suspension) were added to the Griess reagent. The proteins were
subsequently precipitated by addition of 50 µL of 10% TCA.
The contents were then vortex-mixed and centrifuged, and
the supernatants were transferred to a 96-well flat-bottomed
microplate. Absorbance was read at 520 nm using a microplate reader, and the final values were calculated from standard calibration plots19,20.
Determination of SOD activity
SOD activity was measured by the procedure described
by Madesh and Balasubramanian. A colorimetric assay involving generation of superoxide by pyrogallol auto-oxidation
and the inhibition of superoxide-dependent reduction of the
tetrazolium dye, MTT (3-(4, 5-dimethylthiazol-2-yl) 2,5-diphenyltetrazolium bromide) to its formazan by SOD was
measured at 570 nm. One unit of SOD activity was defined
as the amount of enzyme causing 50% inhibition in the MTT
reduction rate.
Statistical analysis
All data were expressed as means ± SEM. The data were
evaluated by two-way ANOVA. There were two groups
(control × LPS) and two treatments (Vehicle × 7NI). Differences
were considered statistically significant when p < 0.05.

dark compartment at all 3( f(1,35) = 336.166; p < 0.001),
24( f(1,30) = 43.51; p < 0.001), 48( f(1,35) = 37.58; p < 0.001)
and 72( f(1,35) = 19.66; p < 0.001) hours after receiving
shock. 7NI also significantly affected latency to enter
the dark compartment at all 3( f(1,35) = 336.166; p < 0.001),
24( f(1,35) = 22.66; p < 0.001), 48 ( f(1,35) = 18.207; p < 0.001)
and 72 ( f(1,35) = 18.76;p < 0.001) hours after receiving
shock. There was a significant interaction between 7NI
and LPS on latency to enter the dark compartment at
all 3( f(1,35) = 336.166;p < 0.001), 24( f(1,35) = 20.18; p < 0.001),
48( f(1,35) = 16.16; p < 0.001) and 72 ( f(1,35) = 8.13; p < 0.01)
hours after receiving shock. The results also showed that
the latency to enter the dark compartment in LPS group
was significantly lower control group at 3, 24, 48 and 72
hours after receiving shock (p < 0.001 and p < 0.01). The latencyin 7NI-LPS and 7NI groups was longer than LPS group
(p < 0.001 and p < 0.01). There was no significant difference
between control, 7NI and 7NI-LPS groups (Figure 1).
Using two way ANOVA, the results showed that there
was also a significant main effects for LPS on the total time
spent in dark compartment at all 3( f(1,35) = 19.13; p < 0.001),
24( f(1,35) = 7.71; p < 0.01), 48( f(1,35) = 10.47; p < 0.01) and
72( f(1,35) = 18.80; p < 0.001) hours after receiving the shock.
7NI also significantly affected the total time spent in dark
compartment at all 3( f(1,35) = 19.13; p < 0.001), 24( f(1,35) = 6.18;
p < 0.01), 48 ( f(1,35) = 5.56; p < 0.05)and 72 ( f(1,35) = 10.68; p < 0.01)
hours after receiving the shock. There was a significant interaction between 7NI and LPS on the total time spent in dark
Cntrol
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Determination of total thiol contents
DTNB (2, 2’-dinitro-5, 5’-dithiodibenzoic acid) reagent
which reacts with the SH group, was used to determine the
total thiol contents. The produced yellow complex has a peak
absorbance at 412 nm. In brief, 50 μL of tissue homogenates
were added to 1 mL Tris-EDTA) ethylenediaminetetraacetic acid) buffer (pH = 8.6) and the absorbance was read at
412 nm against Tris-EDTA buffer alone (A1). Then, 20 μL of
10 mM solution of DTNB were mixed with the solution and
it was stored in room temperature for 15 minutes and the
absorbance was read again (A2). The absorbance of DTNB reagent was also read as a blank (B). Total thiol concentration
(mM) was calculated as follow equation18.
Total thiol concentration
(mM) = (A2 – A1 – B) × 1.07 / 0.05 × 13.6
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LPS: lipopolysaccharide; 7N1: 7-nitroindazole.

RESULTS
PA results
The results showed that there were no significant differences before receiving the shock in the latency for entering the dark compartment between the groups. Using
two way ANOVA, the results showed that there was also
a significant main effects for LPS on latency to enter the
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Figure 1. Comparison of latency for entering to the dark
compartment before and at the 3, 24, 48 and 72 hours after
receiving the shock in the experimental groups. Data are
presented as Mean ± SEM (n = 9-10 in each group). The animals
of LPS and 7NI-LPS groups were treated by 1 mg/kg LPS, 2 h
before the retention phase in passive avoidance test. The
animals of 7NI and 7NI-LPS groups received 30 mg/kg 7NI,
30 minutes before saline and LPS respectively. The control
group received saline. **p < 0.01, *** p < 0.001 compared to
control group. ++ p < 0.01, +++ p < 0.001 compared to LPS group.

compartment at all 3( f(1,35) = 19.13; p < 0.001), 24( f(1,35) = 5.99;
p < 0.05), 48( f(1,35) = 4.43; p < 0.05) and 72 ( f(1,35) = 7.98; p < 0.01)
hours after receiving shock. The total time spent in dark compartment by the animals LPS group was significantly longer
than control group at 3, 24, 48 and 72 hours after receiving
shock (p < 0.01, p < 0.001). The total time spent in dark compartment in 7NI and 7NI-LPS groups was significantly lower
than LPS group (p < 0.05, p < 0.01, p < 0.001) but there was
no significant difference between control, 7NI and 7NI-LPS
groups (Figure 2).
Using two way ANOVA, the results showed that there
was also a significant main effects for LPS on the total time
spent in light compartment at all 3( f(1,30) = 71.09; p < 0.001),
24( f(1,30) = 10.45; p < 0.01), 48( f(1,30) = 13.06; p < 0.001) and
72( f(1,30) = 19.27; p < 0.001) hours after receiving the shock.
7NI also significantly affected the total time spent in light
compartment at all 3( f(1,30) = 71.09; p < 0.001), 24( f(1,30) = 8.56;
p < 0.01), 48 ( f(1,30) = 6.03; p < 0.05)and 72 ( f(1,30) = 12.13;
p < 0.01)hours after receiving the shock. There was a significant interaction between 7NI and LPS on the total time
spent in light compartment at all 3( f(1,30) = 71.09; p < 0.001),
24( f(1,30) = 8.32; p < 0.01), 48( f(1,30) = 5.88; p < 0.05) and
72( f(1,30) = 9.14; p < 0.01)hours after receiving the shock. The
total time spent in light compartment by the animals which
received LPS was lower than the rats of the control group
at 3, 24, 48 and 72 hour after receiving the shock (p < 0.001)
whereas, in the 7NI and 7NI-LPS groups was higher than
LPS group (p < 0.05, p < 0.01, p < 0.001). No significant difference was observed between control, 7NI and 7NI-LPS
groups (Figure 3).
200
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Biochemical results
Using two way ANOVA, the results showed that there
was a significant main effects for LPS on the MDA concentration in the brain tissues ( f(1,35) = 28.57; p < 0.001). 7NI also
significantly affected the MDA concentration in the brain
tissues ( f(1,35) = 56.64; p < 0.001). There was a significant interaction between 7NI and LPS on the MDA concentration
( f(1,35) = 23.62; p < 0.001). The results also showed that the
MDA concentration in the brain tissues of LPS group was
higher than the control group (p < 0.001). Injection of 7NI before LPS decreased MDA concentration in the brain tissues
in comparison with LPS group (p < 0.001) however, there
was no significant difference between the control, 7NI and
7NI-LPS groups (Figure 4).
Using two way ANOVA, the results showed that there
was a significant main effects for LPS on the total thiol contents in the brain tissues ( f(1,35) = 4.08; p < 0.05). 7NI also significantly affected the total thiol contents in the brain tissues
( f(1,35) = 19.57;p < 0.01). There was a significant interaction between 7NI and LPS on the total thiol contents ( f(1,35) = 15.25;
p < 0.001). The total thiol contents in the brain tissues of LPS
group was lower than the control group (p < 0.001). Injection
of 7NI increased the total thiol contents in 7NI-LPS group
compared with LPS group (p < 0.001). There was no significant difference between the control, 7NI and 7NI-LPS groups
(Figure 5). There were no significant differences in SOD activity in the brain tissues between four groups (Figures 6).
Using two way ANOVA, the results showed that there was
a significant main effects for LPS on NO metabolites concentrations in the brain tissues ( f(1,18) = 7.68; p < 0.05). 7NI also
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Figure 2. Comparison of the total time spent in dark
component at 3, 24, 48 and 72 hours after receiving the
shock in the experimental groups. Data are presented as
Mean ± SEM (n = 9-10 in each group). The animals of LPS and
7NI-LPS groups were treated by 1 mg/kg LPS, 2 h before the
retention phase in passive avoidance test. The animals of 7NI
and 7NI-LPS groups received 30 mg/kg 7NI,30 minutes before
saline and LPS. The control group received saline. ** p < 0.01,
*** p < 0.001 compared to control group. + p < 0.05, ++ p < 0.01,
+++
p < 0.001 compared to LPS group.

Figure 3. Comparison of the total time spent in light
component at 3, 24, 48 and 72 hours after receiving the
shock in the experimental groups. Data are presented as
Mean ± SEM (n = 9-10 in each group). The animals of LPS and
7NI-LPS groups were treated by 1 mg/kg LPS, 2 h before the
retention phase in passive avoidance test. The animals of 7NI
and 7NI-LPS groups received 30 mg/kg 7NI, 30 minutes before
saline and LPS respectively. The control group received saline.
*** p < 0.001 compared to control group. + p < 0.05, ++ p < 0.01,
+++
p <0.001 compared to LPS group.
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Figure 4. Comparison of the MDA concentrations in cortical
tissues of four groups. Data are presented as Mean ± SEM
(n = 9-10 in each group). *** p < 0.01 compared to control
group. +++ p < 0.001 compared to LPS group.

significantly affected NO metabolites concentrations in the
brain tissues ( f(1,18) = 4.02; p < 0.05). There was no a significant
interaction between 7NI and LPS on the NO metabolites concentrations ( f(1,18) = 3.25; p > 0.05). NO metabolites concentrations, in the brain tissues of LPS group were higher than
control group (p < 0.05).7NI decreased the concentrations of
these metabolites in 7NI-LPS group in comparison with LPS
group (p < 0.05) however, no significant differences were seen
in NO metabolites concentrations between the control, 7NI
and 7NI-LPS groups (Figure 7).

DISCUSSION
In the present study, LPS impaired the passive avoidance
memory retention. This finding was supported by decreasing the time latency to enter the dark compartment and
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enhancing the total time spent in dark room and reducing
the total time spent in light room in LPS group in comparison
with control group. It has been indicated that injection of LPS
into the lateral ventricle of the rat,s brain attenuates memory retention trail21. Researcher has also reported that i.p. administration of LPS-induced the passive avoidance memory
retention impairment22. In an another study, intraperitoneal
acute injection of LPS resulted in retention deficit after 24 h
and seventh day of its injection in both of passive avoidance
and elevated plus maze tasks23. All these findings confirm the
results of our study. During inflammation responses, microglia as the principle effectors of immune system in the brain,
release pro-inflammatory cytokines which directly affects
neuronal function including long-term potentiation, glutamate release and cell signaling pathways24. LPS has been
shown that triggers the overproduction of pro-inflammatory
cytokines such as TNFα, IL-1β, IL-613,25. It has also been reported that IL-1 receptors antagonist ameliorates learning and
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Figure 5. Comparison of the total thiol concentrations
in cortical tissues of four groups. Data are presented as
Mean ± SEM (n= 9-10 in each group). *** p < 0.01 compared to
control group. +++ p < 0.001 compared to LPS group.

Figure 7. Comparison of the nitric oxide metabolites level
in cortical tissues between four groups. Data are shown as
Mean ± SEM (n= 5-6 in each group) * p < 0.05 compared to
control group. + p < 0.05 compared to LPS group.

788

Arq Neuropsiquiatr 2015;73(9):784-790

memory deficits when it is administrated before LPS26. Due
to a high density cytokines receptors, hippocampus has been
considered to be very vulnerable to inflammation27. Using
animal models, it has been indicated that administration
of cytokines or other immune system stimuli including LPS
deteriorate hippocampus-dependent learning and memory
process24. Recently, the brain tissues oxidative damage was
considered to have an important role in deleterious effects
of LPS on learning and memory16. The cerebral cortex and
hippocampus which play crucial roles in learning and cognition have been shown to be very sensitive to the oxidative
stress28. In our study, the level of MDA increased in LPS group
in comparison with the control while, the total thiol contents
diminished which confirms the contribution of brain tissues
oxidative damage in impairing effects of LPS on memory retention which was seen in the present study. We observed
no significant difference in the activity SOD in the brain tissues between groups. It has been previously shown that LPS
disturbs the oxidative status and energy metabolism in the
brain29. In has also been reported that LPS increases the level
of MDA and reduces glutathione (GH) while, does not change
the activity of SOD30.
NO has been shown to act as a cytotoxic agent if its production gets out of control15. NO reacts with oxygen species
including superoxide (O-2.) to produce peroxynitrite31. NO
and its derived-oxygen species starts damaging biochemical
events including lipid peroxidation, protein oxidation, and oxidation of thiols, which finally lead to activation/deactivation
of various enzymatic systems32. It has also been reported that
LPS triggers the production of hydroxyl radical (OH•), nitric
oxide metabolites (NOx-), superoxide (O2•) and other reactive oxygen/nitrogen species as well as inflammatory cytokines14. In contrast, NO as a retrograde messenger plays an
essential role in learning and memory processes, although its
effects are incompatible6. However, other reports confirmed
that a several fold concentrations of NO in the brain disturbs
the retention of acquired task in rats33. In this study, the level

of NO metabolites (NO2/NO3) in LPS-treated group was higher than control group. Thus, it is possible that excessive production of NO by probably inducing an oxidative procedure
has an important role in LPS-induced memory retention impairment which was seen in the present study. In the present research, besides of prevention of impairing effects of LPS
on memory retention, 7 NI prevented the enhancing effect of
LPS on the brain levels of NO metabolites (NO2/NO3) in the
animals of 7NI-LPS group compared to LPS group. In agree
with our results, it has been shown that i.p. injection of 7-NI
reduced zinc-induced cell death in cerebellar Purkinje cells
of the rats34. In the current study, injection of 7-NI before LPS
resulted in a reduction of MDA concentration and enhancement of total thiol concentrations. According to the results of
present study, 7NI prevented oxidative damage thus it seems
that 7-NI improves memory retention deficits through attenuating of the effect of LPS on brain tissues oxidative damage. Regarding the results of current study, it seems that the
impairing effects of LPS on memory retention impairment is
partly through inducing the activity of nNOS which is preventable by 7NI however, all of these mechanisms should be
investigated in the future studies.
Finally, it is concluded that overproduction of NO and
brain tissues oxidative damage which probably take place
following LPS-induced inflammation, are important contributing factors in the effects ofLPS on memory retention
impairment. Regarding the protective effect of 7NI against
LPS-induced memory retention impairment in the present
study, which was accompanied with improving of oxidative
stress criteria and lowering of NO metabolites, the mediatory
effects of nNOS could be postulated.
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