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Abstract

Temporal lobe epilepsy (TLE) is a disorder of the central nervous system in which hippocampus is mostly
involved and causes memory impairment. Kindling is amodel of inducing epilepsy which is created through
pentylenetetrazol (PTZ) administration. This study examines the role of the agueous extract of Boswellia on
the learning and development of brain (formation of dendritic branches and axons) of the PTZ-induced
kindled rats. The study is conducted on sixty-four male rats divided into 8 groups. Kindling seizures are
induced by three injections of 25 mg/kg of PTZ every 15 min. The aqueous extracts (0, 0.1, 0.5, 1 g/kg, i.p)
are administrated to all animals for three consecutive days. Passive avoidance learning of animals is
examined using shuttle box apparatus and step-through latency (STL) method. Rats are anesthetized and
their brains are fixed by transcardial perfusion method and are analyzed by morphometric methods after
applying Golgi and Cresyl violet staining methods. PTZ-induced kindling indicates a significant decrease in
the number of pyramidal neurons and dendritic spines in hippocampal region cornu ammonis (CA1). The
STL of the kindled rats is significantly reduced compared with control ones. Also, Boswellia extract
dramatically increased the number of neuronal processes in CA1 region and improves passive-avoidance
learning ability in both control and PTZ-kindled animals in 1 g/kg dose administration of Boswellia extract,
especially at high doses can eliminate adverse effects of seizures on cognitive function in hippocampa area
CAlinrats.
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INTRODUCTION

Temporal lobe epilepsy (TLE) is one of the
most common diseases of centra nervous
system in the world which is characterized by
recurrent spontaneous seizures due to neuronal
hyperactivity in the brain (1). The most
important signs of epileptic patients are
memory and learning dysfunctions (2). TLE is
the most common type of epilepsy in adults. In
most cases, the involving area is the medial
tempora structure in the brain, especialy
hippocampus (3). Hippocampal structures
have indicated a specific pattern of cell
damage and death in CA1 region in a large
group of patients with TLE (4). Hippocampal
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sclerosis is the most common tissue damage in
TLE (5). Cornu ammonis (CA1l) region
belongs to hippocampus and plays a vital role
in converting short-term memory to long-term
memory (6). A periodic systemic injection of
convulsive drugs, such as pentylenetetrazol
(PTZ) induces seizures in animals (7). PTZ-
induced kindling is an accepted anima model
for studying epilepsy and its consequences on
memory (8). Kindling, a cel surface,
increases the N-methyl-D-aspartate (NMDA)
receptors-dependent  ion  process and
influences the inhibition induced by gamma
amino butyric acid (GABA) (9). The seizure
resulting from kindling causes atrophy,
damage, and decrease of neurons in different
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areas of hippocampus as well as spatia
memory damage (10). These days,
pharmacotherapy with psychoactive drugs are
available specially in diseases such as epilepsy
and dementia , however they are not effective
in al cases and exert numerous side effects,
especially upon long-term administration (11).
Herbal medicine is commonly used for treating
the diseases such as amnesia as well as
reinforcing memory. One of the most common
herbs used for improving memory
performance is frankincense. The resin of this
plant is known by various names like
olibanum and frankincense obtained from
Burseracea tree of genus Boswellia which
grows in regions such as Ethiopia, India and
Saudi Arabia (12). In Ayurvedic medicine,
Indian frankincense (Boswellia Serrata) has
been used for hundreds of years for treating
arthritis, healing wounds and strengthening
female hormone system (13). Frankincense
was mentioned as an effective resin in Iran's
traditional medicine and by Islamic physicians
like Ave Sina, a-Razi, and others (14). It
seems that Boswellia can positively affect the
development of brain and probably proper
formation of dendritic trees and axons and sets
up a proper relationship between them (15).
These effects can be attributed to the active
compound, boswellic acid, which increases in-
vitro polymerization of microtubule protein
(MTP) in hippocampal neurons, which in turn
is followed by acceleration of axonal sprouting
and dendritic branching (16). The present
study was conducted to investigate the effects
of Boswellia extract on learning and
hippocampal deficit in kindled rats.

MATERIALSAND METHODS

Experimental animals and groups

Sixty-four Wistar male rats with the weight
range of 220-250 g were purchased from
Pasteur institute (Tehran-Iran). The animals
were kept in the temperature of 24 + 2° C
under controlled environmental conditions,
12/12 h light/dark cycle and free access to
water and food. All experiments were carried
out according to the guidelines of German
protection of animal act (Deutsches tiers
chutzges etz, BGBI 1998 pant | no 30, S.1109
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ff). The rats were randomly divided in eight
groups (1- sdline-sadine, 2- ptz-saline, 3-
saline-extract 0.1 g/kg, 4- sdine-extract 0.5
o/kg, 5- saline-extract 1 g/kg, 6- ptz-extract 0.1
o/kg, 7- ptz-extract 0.5 g/kg, 8- ptz-extract 1
g/kg) (n=8).

Preparation of extract

Boswellia serrata was purchased from a
traditional medicine center and was identified
and authenticated by a botanist. 100 g of the
dry powder of frankincense resin was soaked
in 1000 ml boiled water. This solution was
gently heated for one h and centrifuged to
obtain a clear smell. Twenty-four g of the dry
extract was obtained from every 100 g of
powder. This extract was dissolved in normal
saline and injected intraperitonealy (i.p.) to the
animals (17).

Kindling method

Kindling seizures were induced by
repetitive i.p. injections of PTZ (25 mg/kg, 1
mi/kg) every 15 min, but the total dose did not
exceed 75 mglkg (three injections) (18).
Control animals received normal saline
instead. Immediately after injection, the
incidence of the seizures activity of rats was
observed in an isolated Plexiglas box for 45
min. The severity of the seizures was
evaluated using five-score scale (19). 0: no
change in behavior, 1: contraction of the face
and hands' muscles, 2: diffusion of contractile
wave around the body, 3: myoclonic jerks and
standing on two feet, 4: tonic-clonic attacks
and falling on the side, 5: tonic-clonic attacks
and falling on the back.

Only the animals which reached stages 4/5
were selected for the experiments. LDsp (2
o/kg) has been reported for Boswellia extract
in mice and rats (20). The first extract
injection was done in the first day 45 min after
the PTZ or norma saline administration. The
extract was administered to each group (n=8)
in specified doses (0, 0.1, 0.5 or 1 g/kg, 1
mi/kg) in the second and third days as well.

Shuttle box

Twenty-four h later, the passive-avoidance
learning ability of animals were evaluated
using shuttle-box apparatus. The apparatus



The effects of agueous extract of Boswellia Serrata on hippocampus

consisted of two separate chambers (20 x 30 x
20 cm?) separated by a guillotine door through
which the animal can pass when it is open. The
walls and floor of one of the chambers were
white (light chamber) while those of the other
one was black (dark chamber). The both
chambers' floor was covered by parallel metal
bars through which electric stimulation with
desired voltage and time could be delivered to
animals feet using the stimulator attached to
them. Passive-avoidance learning was
evaluated in three stages based on a
routine method. In summary, the passive
avoidance task is a fear-aggravated test used to
evaluate learning and memory in rodent
models of CNS disorders. In this test, subjects
learn to avoid an environment in which an
aversive stimulus (such as a foot-shock) was
previously delivered (21).
Tissue via transcardial
perfusion

At first, the animals were intraperitoneally
anesthetized with ketamine (200 upl) and
diazepam (50 pl) with insulin syringe (the
injection volume was 1 ml/kg per animal). The
cannula connected to norma saline solution
was inserted into aorta by making an
incision in the left ventricle. The descending
aorta was closed and after washing the
brain, the solution was removed through
the incison made in the right atrium.
Formalin 4% and buffer phosphate 6% were
injected into brain via cannula and the brain
was fixed in 20 min (22).

preparation

Histological methods

Having removed the brains, the right
hemispheres were stained by Golgi staining
method to determine the number of neuronal
processes in CA1 region. In summary, samples
were fixed in formaldehyde solution and were
transferred in the first solution (50 ml of 2%
potassium dichromate solution, 10 ml of 37%
formalin solution and 5 ml of concentrated
acetic acid solution), were washed with
distilled water, and were shifted to the second
solution (1 g of 75% silver nitrate was

dissolved in 133 ml distilled water).
Subsequently, tissue processing, including

dehydration, clearing, and embedding, was
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performed. Microscopic sections (35 um) were
prepared and analyzed morphologically (23).

Cresyl violet staining method

After making 5 pm incisions by microtome
and performing tissue processing, the left
hemispheres were stained using Cresyl violet
staining method by a progressive dehydration
protocol procedure to count the number of
neurons . Brain dlices were progressively
dehydrated in 70% alcohol (for 10 min), 95%
alcohol (with a few drops of 10% acetic acid;
for 2-3 min), and finally 100% alcohol (for 10
min). Slices were cleared in xylene for 5 min
before being covered with DPX and a
coverdip and were stained with cresyl violet
(24).

Morphometrical method

In the dlides stained by Golgi staining
method, the fully stained neurons with cell
bodies in the middle part of the tissue sections,
distant from the surrounding stained neurons,
were included in the study. The dendritic tree
of pyramidal neurons was illustrated by
camera lucida with 750x magnification and the
dendritic exclusion order from the cell body
was used for counting the dendritic sections
(25). Further, the Sholl method was utilized to
assess the concentration of dendritic branches
(26). In the dlides stained by Cresyl violet
method, the round cells without peak nose
were considered as live cells. The dlides were
imaged by Motic microscope and cells were
counted by Image J software 1.45.

Statistical analysis

All the quantitative data were presented as
mean + standard deviation. One-way analysis
of variance (ANOVA) and LSD post-hoc tests
were performed to determine the statistical
significance between different groups using
SPSS software package 16.0. Significance was
accepted at the level of P<0.05.

RESULTS

The shuttle-box apparatus results showed
that retention latencies of kindled animals
were significantly reduced compared to the
control group (p<0.05) (Fig. 1).
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Fig. 1. Effect of pentylenetetrazol-induced kindling on
the step-through latency (STL). *p<0.05.
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Fig. 3. Effect of Boswellia extract on the passive-
avoidance learning deficits of the pentylenetetrazol-
kindled rats. Administration of the extract significantly
increased retention latencies of the kindled
animals.*p<0.05, **p<0.01.
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Fig. 2. Effect of the Boswellia extract (0, 0.1, 0.5, 1
g/kg) on the learning ability of the saline received
(control) animals. Administration of the extract
increased step-through latency in the group received 0.5
g/kg of the extract compared to the control group.
*p<0.05.
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Fig 5. Effect of pentylenetetrazol-induced kindling on the number of dendritic spines in hippocampa region CA1

compared to the control group. *p<0.05
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When the effect of Boswellia extract on the
learning ability of the saline-received (control)
animals was tested, an increasing trend of step-
hrough latency (STL) was found out which
was significant in the group received 0.5 g/kg
extract (p<0.05) (Fig. 2). The results revealed
that the retention latencies of the kindled
animals received Boswellia extract (0.1, 0.5, 1
o/kg) were significantly increased compared to
the control group (p<0.05) (Fig. 3). Anayzing
PTZ-induced kindling indicated a great
decrease in the number of pyramidal neurons
and dendritic spines in hippocampa region
CA1l compared to control group (p<0.01)
(Figs. 4 and 5).Boswellia extract significantly
increased the number of neurons in CAl
region a doses of 05 and 1 g/kg in
comparison with kindled (control) group

(p<0.05) (Fig. 6). The number of neuronal
dendritic spines revealed a great increase in
the kindled rats (1 g/kg), due to the effect of
Boswellia extract, compared to the control
group (p<0.05). In other groups, however, this
increase was not significant (p<0.05) (Fig. 7).
Also, administration of Boswellia extract
caused an increase in the number of neurons
a doses of 05 and 1 g/kg in the
healthy unkindled rats compared to control
(saline) group (p<0.05). However, this
increase was not remarkable in other groups
(p<0.05) (Fig. 8).

Further, Boswellia extract increased the
dendritic spines of neurons in the healthy
unkindled rats in comparison with saline
(control) group, which was only noticeable in
1 g/kg group (p<0.05) (Fig. 9).
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Fig. 6. Effect of different doses of Boswellia extract on the number of neurons in CA1 region in the kindled rats. *
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Fig. 7. Effect of different doses of Boswellia extract on the number of dendritic spinesin CA1 region in the kindled
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Fig. 8. Effect of different doses of Boswellia extract on the number of neuronsin CA1 region in the healthy rats. * P<0.05. A;
saline-saline, B; saline-extract 0.1 g/kg, C; saline-extract 0.5 g/kg,. D; saline-extract 1 g/kg (magnification 100X).
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Fig. 9. Effect of different doses of Boswellia extract on the number of dendritic spinesin CA1 region in the healthy rats
*P<0.05. A; sdline-saling, B; saline-extract 0.1 g/kg, C; saline-extract 0.5 g/kg, D; saline-extract 1 g/kg (magnification

100X).
DISCUSSION

Memory defect in neurodegenerative
diseases like epilepsy is aways considered a
challenge, because amnesia and learning
difficulties are the most common symptoms of
cognitive disorders that cause depression in the
epileptic patient. One of the findings of this
study is the neurodegenerative effects of PTZ
on CALl region in the rat’s brain. It seems that
PTZ induces cellular damage in TLE, related
to increased expression of some markers
involved in cell cycle and apoptosis such as
Cyclin B1 (which can interfere with neuronal
death) and Bax protein (which plays a major
role in cell apoptosis) (27). At the cellular
level, PTZ interacts with the NMDA receptor
and/or GABAergic system activity. GABA is
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intimately involved in the regulation of
synaptic inhibition in the adult brain. GABA
receptor antagonist has been used to induce
epileptic seizures in the experimental animals
(28). PTZ, as a GABA receptor antagonist,
could reduce the GABA- mediated inward
chloride current in the adult brain (29). In the
study conducted by Thom and coworkers, no
evidence was found for the decrease of
neurons in the autopsy of the epileptic patients,
which is contrary to the results of the present
study (30).

Our results aso clearly demonstrate that the
PTZ-induced seizure has deleterious effects on
the learning ability as indicated by passive-
avoidance test. A decrease in the learning
ability has been reported in clinical studies on
memory disorders in epileptic patients (31).
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According to the current findings,
administration of Boswellia extract remarkably
improves learning deficits in kindled animals.
Frankincense is known as a potent anti-
inflammatory agent. In various studies,
epilepsy is introduced as a neurodegenerative
disease, which can happen following the
events that induce inflammatory responses in
the central nervous system (32). Cacium is a
major stimulus for releasing neurotransmitters,
so it plays an essential role in the synaptic
facilitation. It has been shown that the extracts
of different species of Boswellia cause
displacement of calcium.

This plays a role in the synaptic
enhancement in hippocampus (33). Also, it can
be assumed that Boswellia extracts and various
kinds of boswellic acids improve spatial
memory through affecting the metabolism of
arachidonic acid (34). In the study carried out
by Mahmoudi and coworkers, it was reported
that different doses of hydroalcoholic extract
of Boswellia papyrifera enhanced spatial
memory, which is in line with the findings
of the present study. The results of the
present study are indicative of hippocampal
neurogenesis following Boswellia extract
administration. The findings indicate that
administration of Boswellia extract can exert
protective effects on the brain neurons
in kindled rats. Thus, it can be assumed
that Boswellia is a protective factor against
neuronal damages during seizure. It seems that
Boswellia decreases expression of Cyclin B1
and Bax protein (involved in cell cycle and
apoptosis). Also, potent anti-inflammatory
effects are found in Boswellia (27).

Moreover, the findings of this study show
an increase in the number of neurons and
dendritic spines in hippocampal region CA1l as
a consequence of administration of different
doses of Boswelliain unkindled rats. Although
the precise biological mechanism behind the
Boswellia-induced neuritic enhancement is
unclear the psychopharmacologica and
sedative action of Boswellia extract may
help to explan enhancement of CAl
dendritic arborization which agrees with the
findings reported by Hosseini-sharifabad and
colleagues (34). Although the precise
mechanism of the increased size of the
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hippocampus neurons in young rats by
maternal consumption of frankincense is
unknown but increasing the size of the cell
bodies of neurons can be considered as a
marker for increasing of neuronal metabolism
that have positive effects on hippocampal
activity which is a responsible organ for
memory.

CONCLUSION

Based on the findings of this study and
other relevant studies, it can be argued that the
administration of Boswellia extract increases
the learning ability and regenerative effects in
epileptic animals. However, further studies are
needed to identify the advantages and possible
complications of thisissue.
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