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Seizure-related changes in function of the peripheral immune system, especially in its
cell component are poorly recognized. In the present study, we examined the effect of sei-
zures induced by intraperitoneal injection of kainate to mice and rats on weight of central
and secondary immunological organs and metabolic activity of splenocytes (MTT test).
In kainate-injected mice the production of cytokines: interleukin 2 (IL-2) and IL-10 was
also estimated. Seventy two hours after kainate administration, the mice and rats showed
a marked decrease in the thymus weight by 36% and 50%, respectively, whereas the
spleen weight tended to decrease in rats only. Splenocytes of kainate-injected mice and
rats showed significant increase in metabolic activity. The ability of splenocytes of
kainate-injected mice to produce IL-2 and IL-10 was reduced but only the former effect
reached statistical significance. The results suggest a decrease in T helper-cell dependent
immunoreactivity and enhanced phagocytic activity of macrophages in kainate-treated
rodents.

Key words: kainate model of epilepsy, thymus weight, metabolic activity of splenocy-
tes, cytokines production

Intraperitoneal (ip) administration of kainate in
rodents results in recurrent limbic seizures, which
is a widely used model of temporal lobe epilepsy.
Kainate-induced seizures lead to neuronal loss in

some brain regions, most profoundly in the hippo-
campus, via both necrotic and apoptotic way. Se-
veral days after chemically or electrically induced
status epilepticus, the activation and proliferation
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of astrocytes and microglia in regions of damaged
neuronal tissue can be observed. Phagocytes elimi-
nate neuronal debris, whereas cytokines produced
by glia, lymphocytes and macrophages regulate
process of neuronal reorganization [5]. It has been
shown that transcripts of interleukin-1�, interleu-
kin-6, interleukin-1 receptor antagonist and indu-
cible nitric oxide synthesis were significantly in-
creased after electrically induced status epilepticus

in the stimulated hippocampus [3]. Activation of
immunological response in the brain may suppress
or activate the peripheral immune system and con-
sequently influence defence ability of the organ-
ism. However, seizure-related changes in function
of the peripheral immune system, especially its cell
component are poorly recognized.

The aim of the present study was to examine the
effect of seizures induced by ip injection of kainate
to mice and rats on weight of central and secondary
immunological organs, thymus and spleen, respec-
tively. Immunoreactivity of the mice was evaluated
by the ability of the splenocytes to reduce tetra-
zolium salt to formazan (MTT test) and to produce
cytokines (IL-2 and IL-10). Immunoreactivity of
the rats was estimated by MTT test.

Experiments were carried out on Albino Swiss
male mice weighing 25–30 g, purchased from li-
censed dealers and Wistar rats bred in Animal Fa-
cility of Institute of Pharmacology. Ten animals per
cage were housed in a temperature-controlled room
(23 ± 1°C) under a 12:12 h light-dark cycle (light
on at 07.00 h) for at least 2 weeks before they were
used in the experiment. Food (granular standard
diet) and water were available ad libitum. The tests
were carried out between 9.00 and 15.00 h. After
ip injection of kainate (40 mg/kg to mice and 15
mg/kg to rats), the animals were placed individu-
ally in a glass cylinder. Control animals received
physiological saline. Mice and rats were observed
for 90 min for the occurrence of clonic seizures. In-
jection of kainate produced a sequence of behav-
ioral alterations such as initial short-lasting hyper-
activity followed after ca. 40 min by whole body
jerks, myoclonic twitching restricted to the head
and face, forelimb clonus and occasional opisthoto-
nus After ca. 60 min after kainate injection the ani-
mals developed status epilepticus characterized by
rhythmical tremor of forepaws and head, sometimes
accompanied by loss of righting reflex. At the end
of observations (90 min after kainate injection), the

seizures in majority of mice and rats ceased, how-
ever in some animals they lasted for several hours.

Seventy two hours after kainate injection, the
mice and rats were killed by decapitation and their
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spleens were taken and crushed in glass/glass ho-
mogenizers. Cells were suspended in RPMI-1640
medium (Sigma, Aldrich, St. Louis, MO, USA), and
were centrifuged at 500 × g for 5 min. Cell pellets

were resuspended in the same medium supple-
mented with antibiotics and a 10% fetal calf serum
(FSC, Sigma, USA) for cytokine studies.

MTT [(3(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide; Sigma Chem., St Louis,
MI, USA)], solution (10 �l per 100 �l of spleno-
cytes; a suspension of 2 × 10. splenocytes per ml)
was added to all the wells, and the plates were incu-
bated at 37°C for 1.5 h. The lysine buffer (HCl,
propranolol, POCH, Gliwice, Poland), 100 �l, was
added to each well and the plates were evaluated
30 min later with a Uniscan II reader (Labsystem,
Finland) at a wavelength of 570 mm. Splenocytes
were tested for their ability to produce IL-2 and
IL-10 after concanavalin A (Con A, 5 �g/ml) stimu-
lation. Suspensions of splenocytes were seeded at
concentration of 4 × 10. cells/ml in 24-well corning
tissue culture plates. Cell-free supernatants were
collected 24 h later for IL-2 or 72 h later for IL-10
ELISA assays. Detection limits for IL-2 and IL-10
were 5 pg/ml.

The data were subjected to a two-way analysis
of variance (ANOVA), followed by Dunnett’s test.

Seventy two hours after kainate administration,
the mice and rats showed a marked decrease in
the thymus weight by 36% and 50%, respectively,
whereas the spleen weight tended to decrease in
rats only. Splenocytes of kainate-injected mice and
rats showed significant increase in metabolic activ-
ity estimated by MTT assay by 91% and 30%, re-
spectively (Fig. 1 and 2). The ability of splenocytes
of kainate-injected mice to produce IL-2 and IL-10
was reduced but the latter effect did not reach sta-
tistical significance (Fig. 3). The animals which re-
ceived kainate-injection but not developed seizures
showed no change in immunological parameters
(data not shown).

The main finding of this paper is that kainate in-
duced immense thymus involution in both species,
in mice and in rats.

The marked reduction in thymus weight in kai-
nate-injected mice may be due to a direct toxic ef-
fect of kainate on thymocytes (despite the fact that
kainate receptors have not yet been found in the
thymus), or to an elevated corticosterone plasma
level during kainate-induced seizures [4]. A corti-
costeroid-induced thymus atrophy was also ob-
served in some kinds of stress or after a pathogenic
infection [6]. The effect of kainate on immunu-
noactivity may also be connected with lesions of
the brain structures involved in immunoregulation.
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It has been shown that brain lesioning affects hu-
moral and cell mediated immunity as well as thy-
mus weight. Our recent paper has shown that kai-
nate injected to Albino Swiss male mice evoked
a visible neuronal loss by more than 30% of CA3
or CA1 hippocampal fields as well as almost 50%
relative thymus weight reduction in the tested mice
[1]. A significant thymus weight reduction was also
observed by some of us after an electric lesion of
the hypothalamus in mice [7]. On the other hand,
Nance et al. [8] showed that kainate lesion of the
lateral septal and hippocampal areas in female rats
induced an increase in thymus weight. These data
suggest that brain lesions have an effect on the
weight of thymus, the central organ of the immune
system, however, this effect depends on many fac-
tors such as the area of brain lesioning, on the route

of neurotoxin administration, strain, sex and age of
lesioned animals.

The second major finding of this paper is that
kainate enhances the metabolic activity of spleno-
cytes in both tested species. These data confirm our
earlier observation in mice [1]. It should be taken
into consideration that ip injection of kainate can
induce pro-inflammatory reaction not only in the
brain but also in periphery. An increase in the meta-
bolic activity of splenocytes may be due to the acti-
vation of macrophage phagocytic function connec-
ted with elimination of cells damaged by kainate.
Indeed O’Shaughnessy and Gerber [9] described
severe damage to the urinary bladder, manifested
by cystitis, ulceration and transitional cell hyper-
plasia, in rats injected ip with kainate.

Another finding of this paper is the reduced
ability of splenocytes to produce IL-2 in kainate-
injected mice. IL-2 is produced by Th1 cells, which
development depends on the thymus. Massive re-
duction in the thymus weight observed in kainate-
injected animals is probably responsible for a de-
crease in Th1 cell activity. Lack of a significant re-
duction in IL-10 production can be connected with
the fact that IL-10 is produced not only by the thy-
mus dependent Th2 cells but also by monocytes/
macrophages, B cells and several other kinds of
cells. While no information on endogenous seizure-
-related regulation of IL-2 and IL-10 in the brain as
well as in periphery has been published, the effect
of exogenous IL-2 on both chemically and sound-
induced seizures has been assessed. High doses of
exogenous IL-2 can promote seizure generation in
various models of experimental epilepsy (sound-
and chemically induced seizures) [2]. Pretreatment
with monoclonal rat-anti-mouse IL-2 antibodies or
with anti-IL-2 receptor monoclonal antibodies com-
pletely antagonized or reduced the effects of IL-2
on seizures [2]. Also other pro-inflammatory cyto-
kines like IL-1 enhance susceptibility to seizure ac-
tivity. The occurrence of seizures in response to
IL-1� treatment has been reported in human pa-
tients receiving cytokine therapy for carcinoma
[10]. Elevated concentrations of pro-inflammatory
cytokines during infection or illness may contribute
to sickness-associated neurological dysfunction.
On the other hand, an increase in the concentration
of IL-10, a strong negative immunoregulator, should
reduce susceptibility to seizures induced by pro-
-inflammatory cytokines.
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In summary, our results showed that kainate-
induced seizures strongly decreased thymus weight
in both mice and rats. These changes, along with
a decrease in IL-2 production, suggest decrease in
Th-cell dependent immunoreactivity. On the other
hand, an increase in metabolic activity of spleno-
cytes may be connected with enhanced phagocytic
activity of macrophages.

REFERENCES

1. Budziszewska B., Leœkiewicz M., Kubera M., Jawor-
ska-Feil L., Kajta M., Lasoñ W.: Estrone, but not
17�-estradiol, attenuates kainate-induced seizures and
toxicity in male mice. Exp. Clin. Endocrinol. Diabe-
tes, 2001, 109, 168–173.

2. De Sarro G., Rotiroti D., Audino M.G., Gratteri S.,
Nistico G.: Effects of interleukin-2 on various models
of experimental epilepsy in DBA/2 mice. Neuroim-
munomodulation, 1994, 1, 361–369.

3. De Simoni M.G., Perego C., Ravizza T., Moneta D.,
Conti M., Marchesi F., De Luigi A., Garattini S., Vez-
zani A.: Inflammatory cytokines and related genes are
induced in the rat hippocampus by limbic status epi-
lepticus. Eur. J. Neurosci., 2000, 12, 2623–2633.

4. Eriksson C., Van Dam A.M., Lucassen P.J., Bol J.G.,
Winbald B., Schultzberg M.: Immunohistochemical
localization of interleukin-1beta, interleukin-1 receptor

antagonist and interleukin-1beta converting enzyme/
caspase-1 in the rat brain after peripheral administra-
tion of kainic acid. Neuroscience, 1999, 93, 915–930.

5. Jankowsky J.L., Patterson P.H.: The role of cytokines
and growth factors in seizures and their sequelae.
Prog. Neurobiol., 2001, 63, 125–149.

6. Kendall M.D.: Have we underestimated the impor-
tance of the thymus in men? Experientia, 1984, 40,
1181–1185.

7. Mazur-Kolecka B., Grigoriev V.A., Kubera M., Basta-
-Kaim A., Shani J.: Effect of hypothalamic lesion or
chemical axotomy on restitution of immunoreactivity
in mice after cyclophosphamide administration. Int. J.
Immunopharmacol., 1996, 18, 289–294.

8. Nance D.M., Rayson D., Carr R.I.: The effects of le-
sions in the lateral septal and hippocampal areas on
the humoral immune response of adult female rats.
Brain Behav. Immun., 1987, 1, 292–305.

9. O’Shaughnessy D., Gerber G.J.: Damage induced by
systemic kainic acid in rats is dependent upon seizure
activity – a behavioral and morphological study. Neu-
rotoxicology, 1986, 7, 187–202.

10. Redman B.G., Abubakr Y., Chou T.-H., Esper P., Fla-
herty L.E.: Phase II trial of recombinant interleu -
kin-1� in patients with metastatic renal cell carcino-
ma. J. Immunol., 1994, 16, 211–215.

Received: June 27, 2001; in revised form: September 12,
2001.

���/ ���0�.00� 545

�%%1/2,��*3�4�35 �/ !��/�3� %2��� 2' �������5


	CONTENTS
	OBITUARY Œ Christine Heim, MD (1949Œ2001).
	Jerzy Vetulani	415
	Behavioral alterations after unilateral 6-hydroxydopamine lesions of the striatum. 
Effect of a-tocopherol.
	Christine Heim, Wac³aw Kolasiewicz, Tino Kurz, Karl-Heinz Sontag	435

	Serotonin1B receptor ligands in the nucleus accumbens shell do not affect the discriminative stimulus effects of amphetamine in rats.
	Ma³gorzata Filip, Ewa Nowak, Leokadia Baran, Edmund Przegaliñski	449

	Implication of the nucleus accumbens shell, but not core, in the acute and sensitizing effects of cocaine in rats.
	Ma³gorzata Filip, Joanna Siwanowicz	459

	Glucocorticoids modulate behavioral effects induced by dopaminergic agonists in rats.
	
Zofia Danilczuk, Gra¿yna Ossowska, Andrzej Wróbel, Tomasz £upina	467

	Role of serotonergic and noradrenergic systems in a model of visceral pain.
	Iwona Korzeniewska-
 -Rybicka, Adam P³a�nik	475

	Developmental changes in the modulation of cyclic AMP accumulation by activation of metabotropic glutamate receptors.
	Agnieszka Pa³ucha, Piotr Brañski, Bernadeta Kroczka, Joanna Wieroñska, Andrzej Pilc	481

	Effects of indomethacin on hemodynamic parameters after intravenous administration of propranolol and enalaprilat in rabbits.
	Jacek Kasznicki, Anna Wiktorowska-Owczarek	487

	Differential patterns of cyclosporine a-induced inhibition of humoral and cellular immune responses to sheep erythrocytes in mice.
	Micha³ Zimecki, Zbigniew Wieczorek	495

	2-H- and 2-acyl-9-{w-[4-(2-methoxyphenyl)piperazinyl]-alkyl}-1,2,3,4-tetrahydro-b-carbolines as ligands of 5-HT1A and 5-HT2A receptors.
	Jan Boksa,  Maria J. Mokrosz, Sijka Charakchieva-Minol, Ewa Tatarczyñska, Aleksandra K³odziñska, Anna Weso³owska, Stanis³aw Misztal	501


	SHORT COMMUNICATIONS
	Locomotor hypoactivity and motor disturbances Œ behavioral effects induced by intracerebellar microinjections of dopaminergic DA-D2/D3 receptor agonists.
	Wac³aw Kolasiewicz, Jerzy Maj	509


	Effects of anxiolytic drugs on some behavioral consequences in olfactory bulbectomized rats.
	
Joanna M. Wieroñska, Mariusz Papp, Andrzej Pilc	517
	PRELIMINARY COMMUNICATIONS
	Isobolographic analysis of interaction between vigabatrin and baclofen in the formalin test in mice.
	Miros³aw Czuczwar, Jacek Kiœ, Andrzej Potasiñski, Waldemar A. Turski, Krzysztof Przesmycki	527


	Nociceptive changes in rats after prenatal exposure to valproic acid.
	Tomasz Schneider, Dominika 
£abuz, Ryszard Przew³ocki	531

	Comparative investigations of hydroxyamine carane derivative and its R,S-diastereoisomers with strong local anesthetic activity.
	Tadeusz Librowski, Ryszard Czarnecki, Stanis³aw Lochyñski, Bo¿ena Fr¹ckowiak, Marta Pasenkiewicz-Gierula, Jacek Grochowski, Pawe³ Serda	535

	Immunoreactivity in kainate model of epilepsy.
	Marta Kubera, Bogus³awa Budziszewska, Agnieszka Basta-Kaim, Alena Zajicova, Vladimir Holan, W³adys³aw Lasoñ	541

	Repeated treatment with SA4503, a selective sigma1 receptor agonist, up-regulates a1-adrenergic system. A behavioral study.
	Gra¿yna Skuza, Wac³aw Kolasiewicz	547

	Note to contributors	551




