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Introduction

E pilepsy is the third most common neurological disorder af-
ter stroke and Alzheimer’s disease.1 Epileptogenesis is the 
process whereby gradual pathophysiological alterations in 

certain brain regions result in conversion of the normal brain to a 
K\SHUH[FLWDEOH�HSLOHSWLF�RQH��7KH�FRQWULEXWLRQ�RI�QHXURLQÀDPPD-
tion and epilepsy in the mature brain has been accompanied with 
contradictory results indicating both convulsant1 and anticonvul-
VDQW�UROHV�IRU�QHXURLQÀDPPDWLRQ�2–4 

Despite extensive information on hippocampal changes associat-
ed with epileptogenesis, the amygdala has received less attention. 
Kindling is a well established animal model of epileptogenesis.5  
Repeated administration of an initially subconvulsive electrical 
stimulus to one of the temporal lobe structures causes seizures 
WKDW�JHQHUDOO\�HYROYH�WKURXJK�¿YH�VWDJHV�����IDFLDO�FORQXV�����KHDG�
nodding, 3) forelimb clonus, 4) rearing, and 5) rearing and falling 
accompanied by generalized clonic seizures.5 Behavioral seizure 
stages 1 – 3 correspond to activation of ipsilateral limbic struc-
tures and are considered to be focal seizures, whereas stages 4 – 5 
represent secondary-generalized motor seizures and correspond to 
discharge to the contra-lateral limbic structures and then to outside 
of the limbic system.5 

Bacterial endotoxin lipopolysaccharide (LPS) is a stimulator of 
PLFURJOLD�DQG�LV�XVHG�H[WHQVLYHO\�DV�D�PRGHO�RI�QHXURLQÀDPPD-
tion.6 Here, we examined the effect of chronic intra-amygdala in-
jection of LPS on the creation of seizures in the kindling model of 

epilepsy. 

Materials and Methods

Adult male Wistar rats (280 – 320 g, Pasteur Institute of Iran) 
were housed in standard Plexiglas cages with free access to food 
and water. The animal room temperature was 23 ± 1.0ºC with a 
12h light/dark cycle. Animal experiments were carried out in ac-
cordance with the European Communities Council Directive of 24 
November 1986 (86/609/EEC). Rats were anesthetized with ket-
amine (60 mg/kg) and xylazine (10 mg/kg). An electrode-guide 
cannula complex was implanted stereotaxically in the basolateral 
amygdala (BLA; coordinates: A, -2.5mm from bregma; L, 4.8mm 
from bregma and V, 7.5mm from dura) of the right hemisphere. 
Another electrode was placed above the left cortical surface as the 
earth and differential electrode. 

Seven days after surgery, after-discharge (AD) threshold was de-
termined in the amygdala of each animal by a 2 sec, 100 Hz mono-
phasic square-wave stimulus of 1 msec per wave. The stimulation 
was initially delivered at 50 μA and then at 5 min intervals, in-
creased stimulus intensity in increments of 50 μA were delivered, 
until at least 5 sec of AD was recorded.2 Animals were stimulated 
DW�WKH�$'�WKUHVKROG�RQFH�GDLO\�XQWLO�¿YH�FRQVHFXWLYH�VWDJH���VHL-
zures were elicited. These animals were considered fully kindled. 

Twenty-four hours after determination of the AD threshold, rats 
were divided into two groups of eight rats per group. Rats received 
LPS (5 μg/rat, 1 μl in 3 min intra-BLA) or phosphate buffer solu-
tion (PBS; 1 μl/rat intra-BLA) once daily. The dose of LPS was 
selected based on numerous studies that have indicated cerebral 
injections of LPS in the range of 2.5 – 15 μg/rat induces neuroin-
ÀDPPDWLRQ�6 

Daily electrical stimulation was delivered 30 min after LPS or 
PBS injections until the animals became fully kindled. The stage 
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of behavioral seizures and duration of AD (ADD) were recorded 
after stimulations. At the end of the experiments and completion of 
kindling rats were killed by diethyl ether. The brains were removed 
and stored in 10% formalin for further histological analysis

The stored brains were cut into 2 cm3 segments and processed in 
the following order: 10% formalin (6 h), 80% ethanol (1 h), 96% 
HWKDQRO����K��������HWKDQRO����K���[\OHQH����K���DQG�SDUDI¿Q�����&�
IRU���K���7KH�SURFHVVHG�VHJPHQWV�ZHUH�PROGHG�E\�SDUDI¿Q�DW����&��
cut into 5-μm thick slices by a microtome and stained with he-
matoxylin and eosin (H&E). The stained slices were qualitatively 
analyzed for cannula and electrode positions and any pathological 
changes. 

One way ANOVA was used to compare seizure parameters and 
kindling development between groups. P < 0.05 was considered 
VWDWLVWLFDOO\�VLJQL¿FDQW�

Results

+LVWRORJLFDO� HYDOXDWLRQ� FRQ¿UPHG� WKH� FRUUHFW� SRVLWLRQV� RI� WKH�
electrode and cannula in 90% of rats whom underwent surgery 
(Figure 1). No lesion was observed in LPS- or PBS-treated sec-
tions. Data from the animals with false cannula and electrode posi-
tions were not included in the analyses.

AD thresholds of all the animals were in the range of 150-300 
μA. LPS did not affect growth of AD. ADD at the time of expres-
VLRQ�RI�IRFDO�DQG�JHQHUDOL]HG�VHL]XUHV�ZDV�QRW�VLJQL¿FDQWO\�DIIHFW-
ed by LPS (Table 1).

LPS-treated rats required more stimulations than PBS-injected 
rats to show focal seizures (8.0 ± 1.3 versus 4.7 ± 0.3, P = 0.02). 
However, the number of stimulations in the LPS group was similar 
to non-injected animals (7.4 ± 0.7, P > 0.05). 

Although the number of stimulations required to develop gener-

PLPS (5 μg /rat) (n=6)PBS (n=7)No injection (n=9)Group
0.609.2±1.07.4±1.68.1±0.9Initial ADD (sec)
0.2833.8±4.434.1±3.826.5±3.4ADD at  stage 3 (sec)
0.2148.6±3.346.0±4.839.2±3.2ADD on day 17 (sec)
0.3153.2±3.664.0±9.849.3±5.8ADD at  stage 5 (sec)

Data are presented as mean±SEM; ADD: After-discharge duration.

Table 1.

Figure 1. A) B)
C) D)
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DOL]HG�VHL]XUHV�LQ�WKH�/36�JURXS�ZDV�VLJQL¿FDQWO\�KLJKHU�WKDQ�WKDW�
of the non-injected group (30.4 ± 6.4 versus 15.1 ± 1.0, P = 0.009), 
the difference between the LPS and PBS (25.1 ± 2.7) groups was 
QRW�VLJQL¿FDQW��P = 0.52).

Discussion

Our results showed that intra-amygdala injection of LPS did not 
VLJQL¿FDQWO\�DIIHFW�WKH�UDWH�RI�NLQGOLQJ�DQG�JURZWK�RI�$''��+LV-
tological analysis of the brains from the control and LPS-treated 
kindled rats revealed no lesions or cell death in the amygdala. 
Therefore, there was no involvement of neuronal degeneration in 
the ineffectiveness of LPS.

Previous studies indicate that LPS is both protective2–4 and con-
vulsant1,7–9 in rodents. Microglial cells are stimulated by LPS and 
UHOHDVH�F\WRNLQHV�DQG�LQÀDPPDWRU\�PHGLDWRUV�WKDW�LQFOXGH�,/��ȕ��
,/���� ,/�����71)�Į��SURVWDJODQGLQV�� DQG�QLWULF�R[LGH�1,6 Involve-
ment of these factors in the convulsant and anticonvulsant action 
of LPS has been reported by many researchers.1,7,10,11 It has also 
been demonstrated that LPS blocks NMDA receptor-mediated 
synaptic activity in the hippocampus.12 In addition to glutamater-
gic neurotransmission, an enhancement in GABAergic inhibition 
is suggested to underlie these effects.13 

In contrast to the literature denoting pro- or anticonvulsant roles 
for LPS, in our study LPS did not affect amygdala kindling. The 
W\SH�RI�QHXUDO�V\VWHP�H[SRVHG�WR�/36�DQG�LWV�VSHFL¿F�HOHFWURSK\VL-
RORJLFDO�SURSHUWLHV�VHHPV�WR�DVFHUWDLQ�WKH�¿QDO�H[FLWDWRU\�RU�LQKLEL-
tory outcome. Further studies are needed to clarify this issue and its 
relevance to the onset of epilepsy.
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