OPEN ACCESS

J. Integr. Neurosci.

Research article

The role of rosemary extract in degeneration of
hippocampal neurons induced by kainic acid in the rat:
A behavioral and histochemical approach

Elahe Naderali', Farnaz Nikbakht?, Sattar Norouzi Ofogh®, Homa Rasoolijazi'**

" Anatomy Department, Medical school, Iran University of Medical Sciences, Tehran, Iran

2 Physiology Department, Medical School, Iran University of Medical Sciences, Tehran, Iran

3 Neuroscience Department, School of Advanced Technologies in Medicine, Iran University of Medical Sciences, Tehran, Iran
4 Cellular and Molecular Research Center, Iran University of Medical Sciences, Tehran, Iran

*Correspondence: rasooli.h@iums.ac.ir, hjaz.2010@yahoo.com (Homa Rasoolijazi)
https://doi.org/10.31083/JIN-170035

Abstract

Systemic kainic acid administration has been used to induce experimental temporal lobe epilepsy in rats. The aim was to evalu-
ate the neuroprotective effect of rosemary extract (40% Carnosic acid) against kainic acid-induced neurotoxicity in hippocampus
and impaired learning and memory. Subjects received a single dose of kainic acid (9.5 mg/kg) intraperitoneally, were observed
for two hours, and scored from 0 (for normal, no convulsion) to five (for continuous generalized limbic seizures). Rosemary
extract (100 mg/kg, orally) was administered daily for 23 days, starting a week before kainic acid injection. Neuronal degener-
ation in hippocampus was demonstrated by using Fluoro-Jade B immunofluorescence. The number of pyramidal cells in hip-
pocampus was evaluated by Nissl staining. Also, the Morris water maze and shuttle box were used to assess spatial memory
and passive avoidance learning, respectively. Results revealed that, after treatment with rosemary extract, neuronal loss in CA1
decreased significantly in subjects in the kainic acid + rosemary extract group. Morris water navigation task results revealed that
spatial memory impairment decreased in subjects in the kainic acid + rosemary extract group. Furthermore, results in shuttle
box testing showed that passive avoidance learning impairment significantly improved for subjects in the kainic acid + rosemary
extract group. These results suggest that rosemary extract improves spatial and working memory deficits and also, due to its
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antioxidant activities, neuronal degeneration induced by the toxicity of kainic acid in rat hippocampus.
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1. Introduction

Epilepsy is a neurological disorder characterized by the periodic
occurrence of spontaneous seizures and learning and memory
deficits [1, 2]. Seizures appear to cause neuronal death by over-
activating glutamate receptors [3]. Despite the crucial role of gluta-
mate in synaptic plasticity and cognitive functions such as learning
and memory, high concentrations of this neurotransmitter and over-
activation of its receptors cause neurodegeneration in the central
nervous system (CNS) [4]. Kainic acid (KA), a glutamate neuro-
transmitter analog, is a potent neuroexcitatory amino acid. It has
been widely used to induce temporal lobe epilepsy (TLE) in animal
models [5, 6]. Systemic administration of KA induces repetitive
seizures that eventually result in neuronal damage [7]. Neural dam-
age in epilepsy as a result of extreme glutamatergic activity has been
implicated in several human nervous system disorders, including,
Alzheimer’s disease [8], Huntington’s disease [9], amyotrophic lat-
eral sclerosis [10], and ischemia [11]. Several reports indicate acute,
selective KA-induced neural damage to limbic structures, including
CA1 and CA3 cell layers of the hippocampus [12]. Given the inte-
gral role of these regions in learning and memory, the toxic effects
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of KA have been used to investigate the protective role of certain
drugs against epilepsy and associated cognitive disabilities [13]. Ac-
cording to several proposals, glutamate neurotoxicity is due to the
generation of reactive oxygen species (ROS) and damage to cellular
components, such as mitochondria [14]. Therefore, compounds that
neutralize ROS potentially protect neurons and prevent subsequent
death. Rosmarinus officinalis, commonly known as rosemary, is used
in cosmetics and medicine, and is also a popular herb [15]. Rosemary
extract (RE) has antioxidant properties [16] owing to its phenolic
diterpenes, carnosic acid, and carnosol. These compounds play an
important role in neutralizing harmful agents by interacting with the
free radical chain reaction as hydrogen donors [17]. Some studies
have also reported that RE extract has a number of pharmacological
properties, and may play a hepatoprotective [ 18], antibacterial [19],
anti-ulcerogenic [20], antidiabetic [21], antiinflammatory [22], and
anti-depressant [23] role. The aim of the present study was to eval-
uate the protective role of RE in the context of hippocampus KA
neurotoxicity.

http://jin.imrpress.org/
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2. Materials and methods

2.1. Materials, animals and treatments

KA (SigmaK-0250) and Fluoro-Jade B (FJB: B-AG310) were pur-
chased from Sigma Chemical Co. (Saint Louis, Missouri USA)
and the Millipore company (Billerica, Massachusetts, USA), respec-
tively. Hydroalcoholic RE (40% Carnosic acid; RAP20-110401) was
prepared by Hunan Geneham Biomedical Technology Ltd(China).

Adult male Wistar rats (n = 34) weighing 200-250 g were used
(Pasteur’s Institute, Tehran, Iran or animal lab of Iran University of
Medical Sciences). They were housed at room temperature, 21 £
2°C, with a 12/12 h light/dark cycle and, except during experiments,
had unlimited access to food and water.

Behavioral experiments were conducted between 9.00 and 14.00.
Subjects were assigned to four groups: Control, n = 10; RE, n =
10; KA, n =7 and KA+RE, n = 7. Subjects in RE groups received
daily RE (100 mg/kg) dissolved in distilled water, orally for 23 days,
starting a week before KA injection. Subjects in KA groups were
administered, by intraperitoneal (i.p.) injection, a single dose of KA
(9.5 mg/kg) dissolved in normal saline.

2.2. Behavioral tests

After KA injection, seizure signs of subjects were evaluated and
graded. Also, one week after KA administration, a passive avoidance
task was performed over two days of training and testing. On day
11, the Morris water maze (MWM) test was performed for six days.
All animal procedures were approved by the animal care committee
of Chancellor for Research of Iran University of Medical Sciences
(Tehran, Iran), according to international rules to minimize animal
suffering and reduce the number of animals used.

The seizure signs of subjects were evaluated and graded accord-
ing to the Racine scale for two hours after injecting KA. The follow-
ing criteria were used: O for normal, rare wet dog shakes (WDS),
no convulsion; 1 for intermediate number of WDS, rare focal con-
vulsions affecting the head and extremities; 2 for frequent WDS,
frequent focal convulsions, generalized convulsions (no rearing, no
salivation); 3 for frequent WDS, focal convulsions, frequent appear-
ance of generalized convulsions with rearing (but not falling) saliva-
tion; 4 for frequent WDS, focal convulsions, frequent generalized
convulsions with falling, salivation; 5 for continuous generalized
limbic seizures, death within two hours [24].

The passive avoidance task was performed using a shuttle box
to study the learning and working memory status of subjects. The
shuttle box consisted of two equally-sized compartments, with a
guillotine (execution) door and a grid floor for the release of an
electric foot shock. An electric light bulb illuminates one compart-
ment, while the other remains dark. During the training session,
each subject was placed in the lit chamber, facing away from the
execution door. When the subject entered the darkened compartment,
the door was quietly lowered. Then a 0.5 mA foot shock was applied
for two seconds through the grid floor. During the test session, the
subject was placed in the light compartment again and, thereafter,
entered the dark compartment, but the foot shock was not applied.
The latency to enter the dark compartment was recorded for up to
300 seconds [25].

The MWM test is comprised of a monitor, a video camera set in
the ceiling, a computerized tracking system (DMS-2), and a black
round metal tank (136 cm in diameter, 130 cm in height) filled with

water (20 & 1°C). Four start locations with white marks were located
equidistantly around the edge of the maze, dividing it into four similar
quadrants. During training and testing, a black escape or hidden
platform (10 cm in diameter) was placed 2 cm below the surface
of the water. Water maze tests were performed on 11 days after
treatment side-effects. After a single habituation experiment (day 0,
60 s), the escape platform was placed in the middle of the southwest
quadrant on five subsequent days. Acquisition test (day 1-5): Each
day, subjects were situated in the pool at four different starting points.
Entrance from the North, South, East, or West point was varied
in a quasi-random manner. The escape latency of the subject was
monitored by video and a computerized tracking system (DMS-2)
for up to 60 s to measure the spatial learning score of the subject
for five subsequent days. Subjects that could not find the platform
within 60 s were located there within 10 s by the experimenter. The
escape latency was recorded at 60 s. Data from the four trials each
day were averaged for each subject. Probe Test (day 6): The hidden
platform was removed on the 6th day of experimental tests. The time
spent in the target quadrants (TQ) during the 60 s, which revealed
the spatial memory score, was recorded.

2.3. Histology

Twenty-three days after RE administration, rats were anesthetized
with ketamine (150 mg/kg) and xylazine (15 mg/kg) i.p. through
the ascending aorta with 4% paraformaldehyde in 0.1 M phosphate
buffer (PB). Brain tissue was removed and embedded in paraffin. The
paraffin slides were mounted onto gelatin-coated slides and stained
with Nissl and FJB stains.

5-um thick, Nissl stained (0.1% Cresyl violet acetate) coronal
sections of the dorsal hippocampus were studied. At least five sec-
tions for each subject, representative planes between —3.3 and —3.8
interval from Bregma, according to the Paxinos and Watson atlas
(1986), were examined by scanning the entire extent of the CA1 cell
layer. The mean number of intact pyramidal cells in this layer was
expressed as the total count obtained from the representative sections.
Counters were blind to the treatment received. All sections were
visually inspected using an Olympus light microscope (magnifica-
tion x400) and an OLYSIA Bio Report Soft Imaging System GmbH,
Version: 3.2 (Build 670).

FIB is an anionic fluorescent with excitation peaks at 362 and
390 nm and an emission peak at 550 nm. It is an effective marker
by which to detect neuronal degeneration. The staining protocol
followed Schmued [26]. Briefly, brain sections were immersed in
xylene and then rehydrated by alcohol solutions. Slides were then
placed into a solution of 0.06% potassium permanganate for 10 min,
then rinsed in distilled water. Subsequently, they were incubated for
20 min in the FJB staining solution (0.0004%). Finally, dried slides
were cleared with xylene, mounted in DPX (water-free mounting
medium), and examined with a x40 objective, using the FITC filter.

2.4. Statistical analysis

Results were presented as mean =+ standard error of the mean
(S.E.M.) and calculations were performed using the SPSS statistical
software package (version 16). Statistical significance between ex-
perimental groups was analyzed using one-way analysis of variance
(ANOVA). For multiple comparisons, when appropriate, a post-hoc
Tukey’s test was performed. The level of statistical significance was
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set at p < 0.05. All graphs were prepared using Sigma Plot (10)
software.

3. Results
3.1. Behavioral tests

Fig. 1 illustrates the effect of administering a single dose of KA with
or without RE on the occurrence and intensity of typical seizures over
two hours. Animals in the KA and KA+RE groups scored between 0
and 5 on a modified version of the scale devised by Racine. A one-
way ANOVA [F (3,30) =70.80, p < 0.001] indicated that there were
significant differences among the groups of subjects that received KA
(the KA and KA+RE groups) and groups of subjects that received
saline or RE (the control and RE group). Administration of KA alone
(9.5 mg/kg, i.p.) induced seizures in rats. Post-hoc analysis revealed
that treatment with rosemary extract (100 mg/kg, orally) significantly
reduced seizure signs and delayed the onset of KA-induced seizures
(p < 0.01). Additionally, no seizures were observed in the groups
that received saline (10 ml/kg) or RE alone.
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Fig. 1. Effect of KA (kainic acid) with or without RE (rosemary extract) on
occurrence and intensity of seizure. Subjects in the control and RE groups
received vehicle and rosemary extract, respectively. There was no sign (score
0) of the occurrence of seizure in these subjects. Other groups received KA
alone (KA group) or with RE (KA+RE group) and were evaluated for signs
of seizure. **p < 0.01 compared with the KA+RE group.

As illustrated by Fig. 2, statistical analysis revealed that perfor-
mance in the passive avoidance task for subjects that received KA ad-
ministration differed significantly to performance in the other groups.
A one way ANOVA (F(3,27) = 14.92, p < 0.001) revealed a signif-
icant decrease in step-through latency in the KA group compared
to the control (p < 0.001) and RE (p < 0.001) groups. Diminished
step through latency for subjects in the KA group indicates impaired
passive avoidance memory formation. Further analysis indicated
a significant increase in step-through latency in the RE+KA (p <
0.01) group, compared to the KA group (Fig. 2). However, RE alone
did not significantly influence passive avoidance memory in rats
compared to its influence in the control group.

During five consecutive days of testing, escape latency scores in
all groups decreased followed by time points on most days. As shown
in Fig. 3, ondays 1, 2, 3, 4, and 5, escape latency scores for subjects
in the KA group increased compared to those in the other groups. On
day 2, a one-way ANOVA (F(3,30) =4.55, p < 0.01) indicated that
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Fig. 2. Effects of systemic administration of KA alone or in combination
with RE administration on memory retrieval in the passive avoidance task.
On the test day, step-through latency for subjects was assessed as a measure
of passive avoidance learning. ***p < 0.001 compared with the control and
RE group, **p < 0.01 compared with the KA+RE group.

increased escape latency induced by KA is statistically significant
compared to that in the RE group (p < 0.01) and the control group
(p < 0.05). Post hoc analysis also revealed that escape latency score
decreased in KA+RE group compared to the KA group, but this
difference was not significant (p = 0.06). On day 3 (F(3,30) =
3.29,p < 0.05), comparison of the groups indicated that escape
latency was significantly higher in the KA group compared to the
control and RE groups (both p < 0.05). On day 4, (F(3,30) =
3.26, p < 0.05), escape latency scores were significantly increased
compared to the RE group (p < 0.05) but not to the control group.
Escape latency also decreased in the KA+RE group compared to
the KA group on day 4 (p < 0.05). No significant differences were
found among the other groups at single time points during the trial.
Although, these data indicate a tendency for learning in all groups,
there is an increase in escape latency time in KA group subjects
compared to subjects in the control and RE groups. To explore spatial
memory in all groups, a Spatial Probe Test was conducted to measure
time spent in the TQ (F(3,30) = 3.72, p < 0.05), which is shown in
Fig. 4. Post-hoc analysis indicated that the subjects in the KA group
spent less time in the TQ compared to subjects in the control group
(p < 0.05). These data indicated a spatial memory disability under
KA treated subjects that spent a long time in the TQ.

3.2. Histology

Results (Fig. 5), compare the mean number of intact pyramidal neu-
rons in CAL1 cell layer between groups, loss of neurons was observed
in KA groups. alternatively, following RE treatment, neuronal loss
significantly decreased in the KA+RE group compared to the KA
group (F(3,16) = 44.849, p < 0.001). In conclusion, the present
results suggest that RE can reduce neuronal damage in the CA1 cell
layer after KA-induced seizures. As illustrated by Fig. 6 (density
of CA1 neurons in groups), slices from the brain of subjects in the
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Fig. 3. Effects of systemic administration of KA alone or in combination Control RE KA KA+RE

with RE on spatial memory formation in the Morris water maze test. Animals
were classified into four groups according to the administration (Control,
RE, KA or KA+RE) and spatial memory formation was evaluated over 5
days. On days 1 and 5, there were no significant differences among groups
in Morris water maze performance. On days 2 and 3, KA administration
impaired spatial learning in the Morris water maze and caused a significant
increase in escape latency when compared to both the control and RE groups.
On day 2, post hoc analysis also revealed that escape latency decreased (not
significantly) for the KA+RE group compared to the KA group (p = 0.06).
On day 4, significant differences were observed between the KA group and
the control group but not with the RE group. **p < 0.01 compared to the RE
group, *p < 0.05 compared to the control and RE groups.
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Fig. 4. The spatial probe test measured the time spent in the target quadrant
(TQ). KA (kainic acid) administration caused subjects in the KA group to
spend less time in the TQ compare to subjects in the control group. This
performance by subjects demonstrated a spatial memory disability induced
by KA. *p < 0.05 compared to control groups.

KA group showed decreased neuronal density in hippocampal CA1
cell layer, compared to the control group. In the other hand, slices
from the brain of subjects in the KA+RE group showed less change
in neuronal density in this layer.

FIB staining was done to show neuronal loss in CA1 was due
to degeneration caused by KA toxicity. Fluorescent micrographs

Fig. 5. Improvement effects of RE on hippocampal neurons survival influ-
enced by KA (kainic acid). KA administration significantly decreased the
number of intact neurons in CA1 cell layer. RE administration alone had no
effect on neuronal survive in this layer compared to the control group, but
RE reversed the KA-neurotoxicity in CAl in the KA+RE group. ***p <
0.001 compared with the control group, ###p < 0.001 compared with the KA

group.

Fig. 6. Light micrographs of hippocampus with cresyl violet staining in
the control, KA, RE, and KA+RE groups in CA1 cell layer of hippocampus
(400 x). Black and white arrows indicate intact and degenerating neurons,
respectively.

of hippocampus in Fig. 7, showed no stained neurons in the CA1
cell layer of hippocampus in control subjects. Strong FJB staining
(indicating degenerating neurons) was observed in the pyramidal
cells of the CA1 layer in the KA group. In RE pretreated subjects,
the effect of KA was greatly reduced.

4. Discussion

In the present study, neuroprotective effects of RE in KA-induced
neurotoxicity was evaluated in a rat model of KA-induced seizure.
Previous studies have shown that systemic KA injection causes
severe convulsions, seizure-induced brain damage, and increased
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Control

Fig. 7. Fluorescent micrographs of hippocampus with Fluoro-Jade B (FIB)
from control, KA, RE, and KA+RE groups in CA1 cell layer of hippocampus
(x400). Black and white arrows indicate the intact and fluorescent positive
neurons, and white arrows indicate the neurons, respectively. Numerous FJB-
stained positive neurons in the CA1 cell layer are seen in KA group. Rare
FJB-stained fluorescent cells are detected in CA1 cell layer by pretreatment
of RE.

seizure susceptibility in rats [27, 28]. This finding confirms these
reports and demonstrates that KA administration (9.5 mg/kg) can
induce seizures in rats. Additionally, the comparison of seizure
severity in subjects in the KA group and KA+RE group indicated
that RE significantly decreases both seizure onset and severity in
rats. Seizure severity and signs were scored according to a modified
version of a scale devised by Racine [24]. In addition to the epileptic
effect of KA, seizure-induced cognitive dysfunction, particularly
learning and memory deficits, have been observed following KA
administration [29, 30]. Several animal studies indicate that KA
administration causes significant memory impairment [31, 32]. This
finding confirms these reports and indicates decreased step-through
latency for subjects in the KA group compared to the control group.
The current results also reveal significant differences in step-through
latency for the KA group compared with both the RE and KA+RE
groups. Therefore, RE could reverse KA-induced memory impair-
ment in the passive avoidance task. The mechanism of this improv-
ing effect of RE has not been well recognized. Pearson and col-
leagues [33] reported that both KA and pilocarpine (Pilo) induced
significant deficits in long-term recognition memory. In the present
study, intraperitoneal KA administration significantly impaired cog-
nitive performance on the MWM, as indicated by the delayed time
latency for reaching the platform (escape latency) and reduced time
spent in the TQ. To the author’s knowledge, this is the first study to
indicate that RE partially decreased escape latency in the KA+RE
group compared to the KA group on days two and four of a MWM
test.

Although systemic KA administration can affect different re-
gions of the brain, the hippocampus appears more sensitive to its
neurotoxic effects [34, 35]. One cause of such high sensitivity is
the high concentration of KA receptors on the membranes of these
neurons [36]. It is known that pyramidal cells of the dorsal hip-
pocampus, CA1, and CA3 sub-regions play a critical role in spatial
memory formation [37]. It seems that enhanced NMDA-mediated
excitatory and loss of GABA-mediated postsynaptic inhibition are

the main reason for such an excitotoxic effect of KA [38]. Previ-
ous studies have shown that increased levels of brain-derived neu-
rotrophic factor mRNA and protein in hippocampal neurons cause
both hyperexcitability and the reduction of inhibitory synaptic trans-
mission [39, 40]. Taken together, this shows that cognitive impair-
ment, particularly deficiency in learning and memory, may be due to
selective excitotoxic effects of KA in the hippocampus. Therefore,
in patients with TLE, seizure, and subsequent hyperexcitation of
neurons in the hippocampus, as a major component located in the
medial temporal lobe, causes damage to these neurons and memory
impairment is a common comorbidity in these patients [41, 42]. In
recent years, significant findings have been obtained with respect to
excitatory signaling pathways in neurons and implicate excitatory
amino acids and their receptors in neurodegeneration. However, the
precise mechanisms by which this occurs are still not completely
clear. An increasing body of experimental evidence shows a pivotal
role for mechanisms of oxidative stress and the involvement of free
radical in this neuronal loss [43]. In agreement with previous find-
ings [44, 45], here, it is confirmed that intraperitoneal administration
of KA decreases neurons in the CA1 region of hippocampus. Liang
and colleagues [44] reported intense consistent behavioral seizures
and oxidative DNA damage in CA3 and CA1 neurons, but not den-
tate gyrus in aging rats following a low dose of KA administration
when compared to age-matched controls. Previous studies show that
oxidative stress causes increased Ca>* influx from the extracellular
environment into neurons [46, 47]. This rising Ca%t concentration,
which is also driven by endoplasmic reticulum, causes, increased
Ca%* concentration in mitochondria and nuclei and ultimately leads
to neurodegeneration following the disruption of normal metabolism.
KA, through activation of glutamate receptors, has similar effects on
Ca?t distribution. Indeed, it seems that KA increases the baseline
adverse effects of oxidative stress and this additive impact triggers
neuronal death in CA. Therefore, as mentioned, KA-induced neu-
rodegeneration provides the possibility of assessments for a vari-
ety of interventions that reverse KA effects in the nervous system.
A growing body of research suggests that most herbs and spices
possess the chemical constituents that reduce oxidative stress vul-
nerability and the resulting neuronal loss [48, 49] as well as learn-
ing and memory impairments [50] in rat models. RE demonstrated
high antioxidant activity [16] through its reversal of the activities
of antioxidant enzymes [51]. Data demonstrated here that RE sig-
nificantly decreased the seizure signs as well as the delayed onset
of KA-induced seizure. As mentioned above, RE also improved
the performance of subjects on the passive avoidance task and the
MWM test. The present study showed that KA-induced memory
impairments were ameliorated by the RE administered to subjects
and by performing the MWM task and passive avoidance task ex-
periences. Consistent with these findings, a previous study [52] in
an experimental model of Alzheimer’s disease in rats indicated that
pretreatment with CA as an effective component of RE, can reduce
neuronal death in hippocampus CA1. We also found that CA might
ameliorate memory deficit beta-amyloid-induced toxicity in the rat
hippocampus [53]. Considering that oxidative stress is one of the
pathological mechanisms responsible for the beta-amyloid cascade
associated with Alzheimer’s disease, it appears that CA (as well
as RE) plays multiple roles in the free radical chain reaction as an
antioxidant.

In summary, the present study illustrated that oral administration
of RE inhibits cell death in CA1 region of rat hippocampus induced
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by KA administration. Although the precise mechanism underly-
ing the neuroprotective effect of RE remains unclear, these results
suggest that RE plays an important role as a natural product with
neuroprotective properties, due to its antioxidant activities.

Acknowledgments

This work was supported by a grant (Num: 15008) from the Iran
University of Medical Sciences (Vice Chancellor for Research &
Technology), Hemmat Highway, Tehran, Iran.

Conflict of Interest

All authors declare no conflicts of interest.

References

(11

[6]

[7

)

<

[10]

[11]

[13]

Kwan P, Brodie MJ (2006) Refractory epilepsy: mechanisms and solu-
tions. Expert Review of Neurotherapeutics 6(3), 397-406.

Stafstrom CE, Thompson JL, Holmes GL (1992) Kainic acid seizures
in the developing brain: status epilepticus and spontaneous recurrent
seizures. Developmental Brain Research 65(2), 227-236.

Lewerenz J, Maher P (2015) Chronic Glutamate Toxicity in Neurode-
generative Diseases—What is the Evidence? Frontiers in Neuroscience
9, 469.

Ferkany JW, Zaczek R, Coyle JT (1982) Kainic acid stimulates ex-
citatory amino acid neurotransmitter release at presynaptic receptors.
Nature 298(5876), 757-759.

Sperk G (1994) Kainic acid seizures in the rat. Progress in Neurobiology
42(1), 1-32.

Sun QJ, Duan RS, Wang AH, Shang W, Zhang T, Zhang XQ, Chi ZF
(2009) Alterations of NR2B and PSD-95 expression in hippocampus of
kainic acid-exposed rats with behavioural deficits. Behavioural Brain
Research 201(2), 292-299.

Jaako K, Aonurmhelm A, Kalda A, Anier K, Zharkovsky T, Shastin D,
Zharkovsky A (2011) Repeated citalopram administration counteracts
kainic acid-induced spreading of PSA-NCAM-immunoreactive cells
and loss of reelin in the adult mouse hippocampus. European Journal
of Pharmacology 666(1-3), 61-71.

Hynd MR, Scott HL, Dodd PR (2010) Selective loss of NMDA receptor
NRI1 subunit isoforms in Alzheimer’s disease. Journal of Neurochem-
istry 89(1), 240-247.

Estrada Sanchez AM, Mejiatoiber J, Massieu L (2008) Excitotoxic
neuronal death and the pathogenesis of Huntington’s disease. Archives
of Medical Research 39(3), 265-276.

Heath PR, Tomkins J, Ince PG, Shaw PJ (2002) Quantitative assessment
of AMPA receptor mRNA in human spinal motor neurons isolated by
laser capture microdissection. Neuroreport 13(14), 1753-1757.

Ginsberg MD (2008) Neuroprotection for ischemic stroke: past, present
and future. Neuropharmacology 55(3), 363-389.

Jin YC, Lim CM, Kim SW, Park JY, Seo JS, Han PL, Yoon SH, Lee
JK (2009) Fluoxetine attenuates kainic acid-induced neuronal cell death
in the mouse hippocampus. Journal of Neuroscience Research 84(7),
108-116.

Lee J, Kim D, Hong H, Han S, Kim JY (2000) Protective effect of
etomidate on kainic acid-induced neurotoxicity in rat hippocampus.
Neuroscience Letters 286(3), 179-182.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21

[23]

[24]

I~}
2

[27]

Wang Q, Yu S, Simonyi A, Sun GY, Sun AY (2005) Kainic acid-
mediated excitotoxicity as a model for neurodegeneration. Molecular
Neurobiology 31(1-3), 3-16.

Zegura B, Dobnik D, Niderl MH, Filipi¢ M (2011) Antioxidant and
antigenotoxic effects of rosemary (Rosmarinus officinalis L.) extracts
in Salmonella typhimurium TA98 and HepG2 cells. Environmental
Toxicology & Pharmacology 32(2), 296-305.

Ozcan M (1999) Actividad antioxidante de extractos de romero (Ros-
marinus officinalis L) en aceites de sé€samo y de oliva: Antioxidant
activity of rosemary (Rosmarinus officinalis L.) extracts on natural olive
and sesame oils. Grasas Y Aceites 50(5), 355-358.

Doolaege EH, Vossen E, Raes K, De MB, Verhé R, Paelinck H, De
SS (2012) Effect of rosemary extract dose on lipid oxidation, colour
stability and antioxidant concentrations, in reduced nitrite liver pates.
Meat Science 90(4), 925-931.

Sotelofélix JI, Martinezfong D, Muriel P, Santillan RL, Castillo D,
Yahuaca P (2002) Evaluation of the effectiveness of Rosmarinus offic-
inalis (Lamiaceae) in the alleviation of carbon tetrachloride-induced
acute hepatotoxicity in the rat. Journal of Ethnopharmacology 81(2),
145-154.

Del CJ, Amiot MJ, Nguyen-The C (2000) Antimicrobial effect of rose-
mary extracts. Journal of Food Protection 63(10), 1359-1368.

Amaral GP, de Carvalho NR, Barcelos RP, Dobrachinski F, Portella
RL, Da SM, Lugokenski TH, Dias GR, Da LS, Boligon AA (2013)
Protective action of ethanolic extract of Rosmarinus officinalis L. in
gastric ulcer prevention induced by ethanol in rats. Food & Chemical
Toxicology 55(18), 48-55.

Ramadan KS, Khalil OA, Danial EN, Alnahdi HS, Ayaz NO (2013)
Hypoglycemic and hepatoprotective activity of Rosmarinus officinalis
extract in diabetic rats. Journal of Physiology & Biochemistry 69(4),
779-783.

Altinier G, Sosa S, Aquino RP, Mencherini T, Loggia RD, Tubaro A
(2007) Characterization of Topical Antiinflammatory Compounds in
Rosmarinus officinalis L. Journal of Agricultural and Food Chemistry
55(5), 1718-1723.

Machado DG, Cunha MP, Neis VB, Balen GO, Colla A, Bettio
LE, Oliveira A, Pazini FL, Dalmarco JB, Simionatto EL (2013)
Antidepressant-like effects of fractions, essential oil, carnosol and be-
tulinic acid isolated from Rosmarinus officinalis L. Food Chemistry
136(2), 999-1005.

Racine RJ (1972) Modification of seizure activity by electrical stimula-
tion: I. After-discharge threshold. Electroencephalography & Clinical
Neurophysiology 32(3), 269-279.

Silva RH, Felicio LF, Frussafilho R (1999) Ganglioside GM1 attenuates
scopolamine-induced amnesia in rats and mice. Psychopharmacology
141(2), 111-117.

Schmued LC, Hopkins KJ (2000) Fluoro-Jade: novel fluorochromes for
detecting toxicant-induced neuronal degeneration. Toxicologic Pathol-
ogy 28(1), 91-99.

Gurbanova AA, Aker RG, Sirvanci S, Demiralp T, Onat FY (2008)
Intra-amygdaloid injection of kainic acid in rats with genetic absence
epilepsy: the relationship of typical absence epilepsy and temporal lobe
epilepsy. Journal of Neuroscience the Official Journal of the Society for
Neuroscience 28(31), 7828-7836.



Journal of Integrative Neuroscience

25

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36

[37]

[38]

[39]

[40]

Sperk G, Lassmann H, Baran H, Kish SJ, Seitelberger F, Hornykiewicz
O (1983) Kainic acid induced seizures: neurochemical and histopatho-
logical changes. Neuroscience 10(4), 1301-1315.

Inostroza M, Cid E, Brotonsmas J, Gal B, Aivar P, Uzcategui YG, Sandi
C, Prida LMDL (2011) Hippocampal-Dependent Spatial Memory in the
Water Maze is Preserved in an Experimental Model of Temporal Lobe
Epilepsy in Rats. Plos One 6(7), €22372.

Miiller CJ, Groticke I, Bankstahl M, Loscher W (2009) Behavioral
and cognitive alterations, spontaneous seizures, and neuropathology
developing after a pilocarpine-induced status epilepticus in C57BL/6
mice. Experimental Neurology 219(1), 284-297.

Kim DH, Yoon BH, Jung WY, Kim JM, Park SJ, Dong HP, Huh Y,
Chan P, Cheong JH, Lee KT (2010) Sinapic acid attenuates kainic acid-
induced hippocampal neuronal damage in mice. Neuropharmacology
59(1, 2), 20-30.

Stubleyweatherly L, Harding JW, Wright JW (1996) Effects of dis-
crete kainic acid-induced hippocampal lesions on spatial and contextual
learning and memory in rats. Brain Research 716(1, 2), 29-38.

Pearson JN, Schulz KM, Patel M (2014) Specific alterations in the per-
formance of learning and memory tasks in models of chemoconvulsant-
induced status epilepticus. Epilepsy Research 108(6), 1032-1040.

Bozzi Y, Vallone D, Borrelli E (2000) Neuroprotective role of dopamine
against hippocampal cell death. Journal of Neuroscience the Official
Journal of the Society for Neuroscience 20(22), 8643-8649.

Tripathi PP, Santorufo G, Brilli E, Borrelli E, Bozzi Y (2010) Kainic
acid-induced seizures activate GSK-3f in the hippocampus of D2R-/-
mice. Neuroreport 21(12), 846-850.

Yoshihara Y, Onodera H, linuma K, Itoyama Y (2003) Abnormal kainic
acid receptor density and reduced seizure susceptibility in dystrophin-
deficient mdx mice. Neuroscience 117(2), 391-395.

Leutgeb S, Leutgeb JK, Barnes CA, Moser EI, Mcnaughton BL, Moser
MB (2005) Independent codes for spatial and episodic memory in
hippocampal neuronal ensembles. Science 309(5734), 619-623.

Riljak V, Milotova M, Jandova K, Langmeier M, Maresova D, Pokorny
J, Trojan S (2005) Repeated kainic acid administration and hippocampal
neuronal degeneration. Prague Medical Report 106(1), 75-78.

Baba S, Onga K, Kakizawa S, Ohyama K, Yasuda K, Otsubo H, Scott
BW, Burnham MI, Matsuo T, Nagata I (2016) Involvement of the neu-
ronal phosphotyrosine signal adaptor N-Shc in kainic acid-induced
epileptiform activity. Scientific Reports 6, 27511.

Liu G, Kotloski RJ, Mcnamara JO (2014) Antiseizure effects of TrkB
kinase inhibition. Epilepsia 55(8), 1264-1273.

[41]

[42]

[43]

[44]

[45

[46]

[47]

[48]

[49]

[50]

[53

Cassel A, Morris R, Koutroumanidis M, Kopelman M (2016) Forgetting
in temporal lobe epilepsy: When does it become accelerated? Cortex
78, 70-84.

Gascoigne MB, Smith ML, Barton B, Webster R, Gill D, Lah S (2014)
Accelerated long-term forgetting in children with temporal lobe epilepsy.
Neuropsychologia 59(1), 93-102.

Halliwell B (2006) Oxidative stress and neurodegeneration: where are
we now? Journal of Neurochemistry 97(6), 1634-1658.

Liang LP, Beaudoin ME, Fritz MJ, Fulton R, Patel M (2007) Kainate-
induced seizures, oxidative stress and neuronal loss in aging rats. Neu-
roscience 147(4), 1114-1118.

Mishra V, Shuai B, Kodali M, Shetty GA, Hattiangady B, Rao X, Shetty
AK (2015) Resveratrol Treatment after Status Epilepticus Restrains
Neurodegeneration and Abnormal Neurogenesis with Suppression of
Oxidative Stress and Inflammation. Scientific Reports 5, 17807.

Chan SL, Liu D, Kyriazis GA, Bagsiyao P, Ouyang X, Mattson MP
(2006) Mitochondrial uncoupling protein-4 regulates calcium homeosta-
sis and sensitivity to store depletion-induced apoptosis in neural cells.
Journal of Biological Chemistry 281(49), 37391-37403.

Ermak G, Davies KJ (2002) Calcium and oxidative stress: from cell
signaling to cell death. Molecular Immunology 38(10), 713-721.

George S, Chaturvedi P (2008) Protective role of Ocimum canum plant
extract in alcohol-induced oxidative stress in albino rats. British Journal
of Biomedical Science 65(2), 80-85.

Yoshioka S, Hamada A, Jobu K, Yokota J, Onogawa M, Kyotani S, Miya-
mura M, Saibara T, Onishi S, Nishioka Y (2010) Effects of Eriobotrya
japonica seed extract on oxidative stress in rats with non-steatohepatitis.
Journal of Pharmacy & Pharmacology 62(2), 241-246.

Hritcu L, Noumedem JA, Cioanca O, Hancianu M, Kuete V, Mihasan
M (2014) Methanolic extract of Piper nigrum fruits improves memory
impairment by decreasing brain oxidative stress in amyloid beta(1-42)
rat model of Alzheimer’s disease. Cellular & Molecular Neurobiology
34(3), 437-449.

Raskovi¢ A, Milanovié I, Pavlovi¢ N, T C, Vukmirovié¢ S, Mikov M
(2014) Antioxidant activity of rosemary (Rosmarinus officinalis L.)
essential oil and its hepatoprotective potential. BMC Complementary
and Alternative Medicine 14(1), 225.

Azad N, Rasoolijazi H, Joghataie MT, Soleimani S (2011) Neuroprotec-
tive Effects of Carnosic Acid in an Experimental Model of Alzheimer’s
Disease in Rats. Cell Journal 13(1), 39-44.

Rasoolijazi H, Azad N, Joghataei M T, Kerdari M, Nikbakht F, Soleimani
M (2013) The protective role of carnosic acid against beta-amyloid
toxicity in rats. The Scientific World Journal 6, 917082.



	Introduction
	Materials and methods
	Materials, animals and treatments 
	Behavioral tests
	Histology
	Statistical analysis

	Results
	Behavioral tests
	Histology

	Discussion

