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Role of Noradrenergic System in Limbic Seizures Induced by Pilocarpine.
L. Importance of f-adrenergic Receptor

Rola ukiadu noradrenergicznego w drgawkach limbicznych wywolanych pilokarpina.
I. Znaczenie receptora f$-adrenergicznego
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1. INTRODUCTION

The neurophysiological and pharmacological studies emphasize that the
limbic system of the brain shows the proclivity to develop seizures (11, 24). The
intrahippocampal and intraamygdaloid injection of cholinomimeticts and
intraperitoneal injection of pilocarpine in rats produce brain damage which
conforms closely to that observed in nervous tissue in autopsied brains of
epileptic patients (13, 41). Systemic administration of pilocarpine in rats
produces, with the exception of neuropathological changes, a number of
phenomena including preconvulsive behaviour, severe limbic seizures, generali-
zed clonic-tonic phase, status epilepticus and spontaneous recurrent seizures
even a few months after single injection of pilocarpine. This experimental model
of epilepsy has been found optimal to show the effects of drugs on the
development of pathological activity within the limbic circuits and efficacy of
antiepileptic drugs and other agents as a preventive and therapeutic approches to
temporal lobe epilepsy (34, 39).

Among the neurotransmitters studied to date, serotonin (19), GABA (43),
dopamine (42), purines (40), excitatory amino acids (30) and peptides (44) provide
protection in this model. Futhermore, it has been known for some time that
central noradrenergic neurons and the noradrenergic tracts play an important
role in the seizure susceptibility (10, 28). The influence of noradrenergic
transmission on seizures was recently studies in models of acute generalized (27),
chronic generalized (18) and partial chronic epilepsies (9, 12). In generalized
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seizures induced by external factors, e.g., toxic or metabolic disorders, in normal
brain, noradrenaline may act as an endogenous anticonvulsant (10). In partial
chronic epilepsy induced by kindling or cobalt, the noradrenergic stimulation is
less involved in the onset of the focal epileptic syndrome than in the restriction of
its spread and generalization (8, 12).

Microiontophoretic studies of noradrenaline and noradrenergic receptors
agonists and antagonists in the mammalian cortex suggest that S-adrenergic
receptor stimulation induces inhibitory responses (33, 38). Inhibitory influ-
ence of locus coeruleus neurons on target cells in the cortex is mediated by
B-adrenoreceptors, too (10). In contrast, in the dentate gyrus of isolated
hippocompal slices, noradrenaline exhibits a -receptor mediated prolongation
of epileptiform discharges evoked by high-frequency stimulaton and lowering
extracellular Mg" concentration (37). Taking into consideration the concept
that B,- and f,-subtype-adrenoreceptor can be independently regulated (29),
their effects upon epileptic activity may be different.

We would like to complete the above evidence, studying the influence of
noradrenergic receptor agonist and antagonist drugs, and substances which
increase or decrease the level of endogenous norepinephrine in the brain upon
the partial acute epilepsy induced by a potent cholinergic agonist pilocarpine.
The role of f-adrenergic receptor seems to be the most important part of our
investigations.

2. MATERIALS AND METHODS
2.1. General

Experiments were carried out on adult, male Wistar rats weighing 160—250 g, housed under
standard laboratory conditions (natural light-dark cycle), rodent chow pellets (Murigran, Bacutil,
Poland) and tap water provided ad libitum. The experimental groups consisted of 6 to 10 randomly
assigned rats.

2.2. Convulsive procedure

The animals were injected intraperitoneally (i.p.) with pilocarpine in doses of 200, 300, 400 mg/kg.
After injections each rat was subsequently put individually into plastic compartment (40 x 25 x 17 cm)
and during 180 min the behavioural changes were recorded. The observation period for the
occurrence of the clinic phase of limbic seizure activity was 120 min and the mortality of rats was also
noted in the two periods of time: 0-30 min; 31-180 min since pilocarpine administration. The
animals not convulsing were considered to possess 120 min latency time. Scopolamine methyl nitrate,
not penetrating the blood-brain barrier substance was injected subcutaneously (s.c.) in the dose of
1 mg/kg 30 min prior to the all injections of pilocarpine in order to minimize its peripheral cholinergic
effects (4). The convulsive tests were performed in a quiet room with a average temperature of
22 42°C between 2:00--7:00 p.m. Control groups were injected with respective vehicles and
challenged using the same solution of pilocarpine and scopolamine methyl nitrate.
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23.Score of behavioural alterations

Appreciation of the behavioural changes after pilocarpine administration in rats was estimated
in the scoring system according to the observed stages (Table 1).

24. Drugs

Pilocarpine hydrochloride (Merck, Darmstadt) and scopolamine methyl nitrate (Sigma, St.
Louis, MO) were freshly dissolved in distilled water immediatelly before use. The following drugs
affecting f-adrenergic receptor were used: isoprenaline sulfate, propranolol hydrochloride (Polfa,
Warszawa), salbutamol sulfate (Polfa, Poznan), pindolol (Visken; Sandoz, Nurnberg). Additionally:
lidocaine hydrochloride (Xylocain; Astra Lakemedel, Sodertalje), 6-hydroxydopamine hydrobro-
mide, pargyline hydrochloride (Sigma, St. Louis, MO). Isoprenaline, licocaine, pargyline, pilocarpine,
propranolol and scopolamine were sufficiently soluble in distilled water. Pindolol and salbutamol
were suspended in a 3% solution of Tween 81 (Loba Chemie, Wien). 6-Hydroxydopamine (6-OHDA)
was dissolved in 0.9% saline and 0.2% solution of ascorbic acid (Polfa, Krakow) was also added.

All the drugs and agents were administered i.p. except scopolamine methyl nitrate, s.c. and
6-OHDA intracerebroventricularly (i.c.v.). Pilocarpine, pindolol and salbutamol were injected in
a volume of 5 ml/kg, isoprenaline, lidocaine, pargyline, propranolol and scopolamine methyl nitrate
were injected in a volume of 2.5 ml/kg. 6-OHDA was injected in a volume of 4 pl/rat.

2.5. Injection of 6-OHDA ic.v.

In order to obtain the selective depletion of norepinephrine level in the whole brain for about
50% (16) the rats under aether anaesthesia received injections of 6-OHDA into the right cerebral
ventricle. The following coordinates were used to position the microneedle of Hamilton microsyringe:
AP +1; L 1.5,V 32(15).

Fifty ng of 6-OHDA (6-OHDA HBr, weight expressed as free base) dissolved in 4 ul of 0.9%
saline containing 0.2 mg/ml ascorbic acid as antioxidant, were infused at the rate of 2 pl/min.
To permit diffusion of the drug the microneedle was left in place for and additional minute after the
end of the injection. Thirty min before 6-OHDA, pargyline was injected in the dose of 50 mg/kg i.p.
(17). The rats were used two weeks after injections of 6-OHDA or vehicle. Vehicle-injected animals
served as controls.

2.6. Evaluation of the results and the statistical analysis
The ED, values for motor limbic seizures induced by pilocarpine were calculated according
to th¢ graphical method of Litchfield and Wilcoxon (23).
In treated and control groups the scoring system of seizure parameters (0 to 6 points) was

compared by means of Mann-Whitney U test and latency to the onset of seizures was evaluated
by means of Student ¢-test.

3. RESULTS
3.1. Pilocarpine-induced seizures

Behavioural alterations produced by pilocarpine i.p. in studied doses were
time dependent. After pilocarpine (200 mg/kg) extremely preconvulsive beha-
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viour was observed (stage: 0, 1 or 2) (Table 1). The mean +SE was 0.83 +0.13
points. After pilocarpine administration in doses of 300 and 400 mg/kg normal
behaviour (stage 0) was not observed. All the animals showed preconvulsive and
convulsive activity (stage: 1 to 4) and a few of them died (stage: 3 + 1; 3 + 2;
4 + 1; 4 + 2). Using the dosage of 300 mg/kg of pilocarpine mean +SE was
2.25 +0.16 points and latency to onset of seizures was 72.5 +21.3 min. After
pilocarpine (400 mg/kg) the mean +SE was 4.16 +0.11 points and the time
to onset of seizures was 37.1 +16.7 min. The sequence of all the stages of

Table 1. Seizure score in rats following i.p. injection of pilocarpine in doses of 200, 300 and 400 mg/kg

Score (x) Stage
0 normal behaviour
1 akinesia and staring, gustatory and olfactory automatisms,
body tremor
2 nodding and/or wet dog shakes
3 limbic forelimb clonic seizures with rearing
4 tonic-clonic seizures, failing and/or status epilepticus

x +2  death of animal 30 min, after pilocarpine administration;
x+ 1 death between 31 and 180 min.

the scoring system was presented in rats treated with pilocarpine in the dose
of 400 mg/kg i.p. The preconvulsive behaviour started almost immediately after
injection. All the animals became motionless, crouched on all limbs and stared.
After 5 to 10 min the phase of olfactory and gustatory automatisms predomina-
ted in the form of mouth movements with prominent chewing, mild salivation,
teeth chattering. At the same time there was observed tremor of the whole body
(stage 1). After the next few minutes nodding and/or wet dog shakes were
observed (stage 2). This activity lasted from 12 to 40 min after injection and
developed into the next phase (stage 3), motor limbic seizures (forelimbs clonus
with rearing and falling) and intense salivation. When this activity was extended,
the tonic-clonic seizures and death were observed or limbic status epilepticus
with salivation and bloodied tears, even for a few hours.

Out of 24 rats injected with pilocarpine 200 mg/kgi.p., 1 7 exhibited extremely
preconvulsive activity.

Out of 85 animals injected with pilocarpine 300 mg/kg, 39 had clonic seizures,

Table 2. Behavioural changes observed following the i.p. injection of pilocarpine
Values are number of rats showing behavioural abnormalities/number of rats used

Pilocarpine Score Score: 0 to 6
(mg/kg i.p) 0 1 2 3 4 5 6 points (mean +SE)
200 7/24 14/24 3/24 - - - - 0.83 +0.13
300 - 43/85 2/85 13/85 | 24/85 1/85 2/85 225 +0.16
400 - 18/161 - 14/161 | 74/161 | 16/161 | 39/161 4.16 £0.11
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8 exhibited the tonic phase, 25 limbic status epilepticus and 7 died within the
180 min observation period.

Among the 161 rats injected with pilocarpine 400 mg/kg, 143 showed clonic
phase, 48 had the tonic seizures, 97 limbic status epilepticus and 47 died within
the period of observation (Table 2).

3.2. Effects of drug affecting f-adrenergic receptor
upon pilocarpine-induced seizures (Table 3)

Among the agonists studied, isoprenaline in the dose of 2 mg/kg injected
10 min before pilocarpine (300 mg/kg) completely blocked appearance of seizures
(0.66 +0.33 points), and latency was 120 +0 min, the maximal assumed. The

Table 3. Influence of drugs affecting B-adrenergic receptors upon limbic seizures induced by
pilocarpine (300 and 400 mg/kg i.p.)

Time of onset .
S o i

max. 120 min
Control (300) - 725 +21.3 225 +0.16
Isoprenaline (0.2) 10 85.1 +16.6 30 1081
Isoprenaline (0.5) 10 99.3 +9.8 2.16 +04
Isoprenaline (2) 10 120.0 +0.0* 0.66 +0.33*
Isoprenaline (0.2) 120 388 +164 3.66 £0.7
Isoprenalina (0.5) 120 448 +154 316 +£03
Isoprenaline (2) 120 482 +16.2 3.5 106
Salbutamol (1) 15 59.6 +14.1 34 106
Salbutamol (2.5) 15 640 +15.3 3.1 +064
Salbutamol (5) 15 94 +1.7° 42 +032°
Salbutamol (7.5) 15 320 198 42 +04°
Salbutamol (10) 15 559 1146 38 1063
Propranolol (0.5) 60 107.8 +12.1 1.16 +0.6
Propranolol (2) 60 1200 +00? 00 +0.0°
Propranolol (5) 60 106.3 +13.6 1.66 +0.49
Propranolol (15) 60 61.2 +17.5 25 +0.66
Pindolol (0.1) 45 784 +15.2 1.66 +0.55
Pindolol (0.5) 45 76.2 +14.6 16 +0.33
Pindolol (1) 45 96.1 +12.3 14 1048
Pindolol (4) 45 36.8 +204 32 +079
Control (400) - 371 +167 4.16 +0.11
Propranolol (0.5) 60 48.1 +12.5 35 1054
Propranolol (1) 60 575 +17.0 29 +0.72
Propranolol (2) 60 94.8 +134* 14  40.58°
Propranolol (3) 60 726 +158 22 +0.55°
Propranolol (5) 60 604 +163 28 1049
Propranolol (7.5) 60 446 +13.1 46 1041
Propranolol (15) 60 141 21 48 +049

Explanation: * - p < 005, ® - p < 001; ° - p < 0.001 versus control group (Student t-test and Mann-Whitney U test).
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lower doses of isoprenaline and the longer time between isoprenaline and
pilocarpine injections were ineffective on the pilocarpine-induced seizures. On
the other hand, salbutamol (5, 7.5, 10 mg/kg) intensified the action of pilocarpine
in the dose of 300 mg/kg, respectivelly, 4.2 +0.4 points; 3.8 +0.63 points.
Additionally, salbutamol in dose of 5 mg/kg shortened the time to onset to
9.4 +1.7 min.

Antagonist of f-adrenergic receptor, propranolol in the dose of 2 mg/kg
before pilocarpine (300 mg/kg) completely abolished the enhanced action of
pilocarpine and the animals presented normal behaviour (0 +0 points). The
higher doses of propranolol were ineffective in its anticonvulsant action. The
other f-blocker, pindolol in the dose 1 mg/kg showed a weak anticonvulsant
effect, which was not observed when the drug was administered in lower and
higher doses. Furthermore, proconvulsive action of pilocarpine in the dose
of 400 mg/kg was distinctly blocked by propranolol in the dose of 2 mg/kg
(1.4 +0.58 points; 94.8 +13.4 min), 3 mg/kg 2.2 +0.55 points and 5 mg/kg
(2.8 +0.49 points). The anticonvulsant effect of pindolol against pilocarpine in
this dose was not observed.

3.3. Effect of combined action of lidocaine and propranolol
upon pilocarpine-induced seizure activity (Table 4)

Lidocaine injected in the dose of 100 mg/kg before pilocarpine (400 mg/kg)
significantly blocked convulsions (0.83 +0.48 points) and prolonged the time
to onset of seizures (108.8 +11.17 min). The combined action of lidocaine in

Table 4. Effect of combined treatment of lidocalne and propranolol upon limbic seizures induced
by pilocarpine (400 mg/kg i.p.)

Treatmc'ent ’I"reatme.m 'l'(l;n;o;osr;zs;t Score: 0 to 6 points
(mg/kg ip.) time (min) max. 120 min (mean +SE)
Control (400) - 37.1 +16.7 416 +0.11
Lidocaine (20) 75 420 +15.8 35 +0.67
Lidocaine (50) 75 39.8 +16.2 3.33 £049
Lidocaine (100) 75 108.8 +11.17° 0.83 +0.48°
Propranolol (2) 60 948 +134° 14 +0.58°
Propranolol (10) 60 446 +13.1 46 1041
Propranolol (15) 60 141 +2.1 48 +049
Lidocaine (20) + 75
+ Propranolol (2) 60 1200 +0.0° 02 +0.13°
Lidocaine (20) + 75
+ Propranolol (10) 60 82.5 +123 1.1  +043°
Lidocaine (20) + 75
+ Propranolol (15) 60 96.8 +12.7 2.1 +0.38¢

Explanation: * ~ p < 0.05;®* - p < 001; * - p < 0.001 versus control group (Student t-test and Mann-Whitney U test).
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the dose of 20 mg/kg and propranolol in the dose of 2, 10 and 15 mg/kg result-
ed in a protection against seizure activity although lidocaine 20 mg/kg or
propranolol (10 and 15 mg/kg) alone were ineffective in this model of seizures.

3.4. Effect of combined action of propranolol and salbutamol
upon pilocarpine-induced seizures (Table 5)

Injection of pilocarpine after the combined administration of propranolol
and salbutamol in doses inhibiting or potentiating seizures, respectively, resulted
in the decrease of the proconvulsive activity of salbutamol, especially when
propranolol was given in the dose of 2 mg/kg.

Table 5. Effect of combined treatment of propranotol and salbutamol upon seizures induced by
pilocarpine (300 and 400 mg/kg i.p.)

Time of onset .
S g
! ) max. 120 min =
Control (300) - 72.5 +21.3 225 10.16
Propranolol (0.5) 60 107.8 +12.1 1.16 +0.6
Propranolol (2) 60 1200 +0.0° 00 +0.0°
Propranolol (5) 60 106.3 +13.6 1.66 +0.49
Salbutamol (5) 15 94 +1.7° 42 +0.32°
Propranolol (0.5) + 60
+ Salbutamol (5) 15 326 +17.7 35 +05
Propranolol (2) + 60
+ Salbutamol (5) 15 83.5 +23.1 216 +1.22
Propranolol (5) + 60
+ Salbutamol (5) 15 378 +17.1 40 +0.52
Control (400) - 37.1 +167 4.16 1+0.11
Propranolol (2) 60 948 +134* 14 +0.58°
Propranolol (5) 60 604 +16.3 28 1049
Salbutamol (5) 15 162 +2.69 5.66 +0.21°
Propranolol (2) + 60
+ Salbutamol (5) 15 510 +21.8 3.66 +0.84
Propranolol (5) + 60
+ Salbutamol (5) 15 162 +3.33 416 +04

Explanation: * — p < 0.05; ® - p < 001; * - p < 0.001 versus control group (Student {-test and Mann-Whitney U test).

3.5. Effect of propranolol or salbutamol upon pilocarpine-
-induced seizuresinrats treated with 6-hydroxydopamine (Table 6)

A partial selective decrease of noradrenaline level in rat brain produced
significant potentiation of seizures, when pilocarpine was injected in the dose of
400 mg/kg. The convulsive activity of pilocarpine (300 mg/kg) was not altered.
Salbutamol (5 mg/kg) increased the seizure activity in rats with lesions of
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noradrenergic presynaptic membranes induced by 6-OHDA to the similar extent
when compared with unlesioned rats. Propranolol (2 mg/kg) significantly
prolonged the latency to seizures in 6-OHDA-pretreated animals but did not
affect the seizure score.

Table 6. Effect of salbutamol (5 mg/kg i.p., 15 min prior pilocarpine) or propranolol (2 mg/kg i.p.,
60 min prior pilocarpine) upon limbic seizures induced by pilocarpine (300 and 400 mg/kg i.p.)
in rats treated previously with 6-hydroxydopamine (50 pg/rat i.c.v.)

Treatmx'ent -l;:;lo;(’s}s;t Score: 0 to 6 points

(mg/kg ip.) max. 120 min (mean +SE)
Control (300) 725 +213 225 +0.16
Salbutamol 94 +1.7° 42 +0.32°
6-OHDA 82.0 +15.52 27 +0.67
6-OHDA + Salbutamol 192 +2.6Y 48 +0.32%¢
Control (400) 37.1 +16.7 4.16 +0.11
Propranolol 948 +13.4* 14 +0.58°
6-OHDA 18.6 +1.34 56 +027°
6-OHDA + Propranolol 431 +10.8¢ 48 +0.34

Explanation: *--p < 0.05;®- p < 0.01; - p < 0.001 versus pilocarpine-control, ¢ - p < 0.05;° - p < 0.01;" - p < 0.001 versus
6-OHDA + pilocarpine control (Student ¢-test and Mann-Whitney U test).

4. DISCUSSION

The potent convulsive effect of pilocarpine observed in the present study
seems mediated by stimulation of the central cholinergic receptors (41, 42). The
excitatory action of acetylocholine probably works through a direct postsynaptic
action via muscarinic and nicotinic receptors (5, 35) and presynaptic disinhibition
(6, 20). Doses of pilocarpine used in experiments extremely affect this neurotrans-
mission. Probably these two mechanisms can be responsible for seizures induced
by pilocarpine.

The present results show that noradrenergic modification of seizures in this
model is- dependent on the subtype of f-adrenergic receptor stimulation or
blockade. It was shown that norepinephrine hyperpolarized neurons in various
regions of the brain and spinal cord (32). This effect was antagonized by
B-adrenergic blockers and by inhibitors of the (Na*, K* — ATP-ase (33).
Thus, protective action of noradrenaline against seizures can be mediated via
p-adrenoceptors. However, the blockade of f-adrenoceptors reduce seizures
in this model so the effects mediated by the two f-receptors subtypes cannot
be the same yet.

In amygdaloid kindled rats a selective f-adrenoceptor down regulation was
shown whereas other receptor populations were unchanged (3). In this context
a connection between seizure activity and f-adrenoceptors may be postulated.
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B.- and f,-adrenergic agonist, isoprenaline in the dose of 2 mg/kg admi-
nistered 10 min before pilocarpine significantly inhibited seizure activity.
Salbutamol, §,-agonist potentiated the convulsive response. This may lead to
the conclusion that stimulation of f,-adrenoceptors can induce antiepileptic
effects. The decrease in seizure activity was observed after injection of pro-
pranolol in smaller doses (2 to 5 mg/kg) but not in doses of 7.5 to 15 mg/kg.
Other non-selective f-adrenergic antagonist, pindolol (1 mg/kg) weakly protec-
ted animals against seizures but was ineffective in the dose of 4 mg/kg.
Interestingly, the investigation of tremor which also appears as a preconvulsive
behaviour after pilocarpine administration induced by harmaline aminooxidase
inhibitor demonstrated that blockade of f,-adrenoceptors by butoxamine
selective f,-antagonist inhibited tremor and isoprenaline in the dose of
0.1 mg/kg but not acebutalol selective f,-adrenergic antagonist decreased
the effect of butoxamine (31).

To show a membrane stabilizatory effect of propranolol the combined
treatment with lidocaine was studied. In the dose of 100 mg/kg lidocaine was
a very potent anticonvulsant. The combined treatment with ineffective dose of
ltdocaine (20 mg/kg) and propranolol in the protective dose (2 mg/kg) decreased
the seizure score. The combination of lidocaine (20 mg/kg) and propranolol in
ineffective doses (10 and 15 mg/kg) showed a decrease of seizure activity, too.
It could be suggested that anticonvulsant activity of f-blockers is connected
both with p-adrenergic receptor and membrane stabilization.

In order to confirm proconvulsive activity of salbutamol via f-receptor,
salbutamol (5 mg/kg) and propranolol (0.5 to 5 mg/kg) were injected. Pro-
pranolol in the dose responsible for the highest anticonvulsant activity (2 mg/kg)
completely reversed the effect of salbutamol in the most proconvulsive dose
(5 mg/kg).

On the basis of these findings it could be suggested that stimulation of
B,-adrenoceptors or blockade of f,-adrenoceptors provide anticonvulsant
effects and stimulation of f,-adrenoceptors or blockade of f,-adrenoceptors
increase seizure susceptibility.

These results are in good agreement with data indicating role of f-receptor
in seizures induced by pentylenetetrazol (25). In these experiments propranolol
administered orally produced significant anticonvulsant effect which depended
on the enantiomer used. (—)-Propranolol was seven times more effective than
the (+)-enantiomer. These results indicated that both mechanisms: $-adreno-
ceptor blockade and membrane stabilization played a role in the anticonvulsant
effect of propranolol. Pindolol in those studies, a f-adrenergic antagonist which
lacks membrane stabilizing activity (36) also possessed marked anticonvulsant
activity. Propranolol was studied previously in a variety of epilepsy providing
some protection against aminophylline-induced seizures (14), maximal electro-
shock (26), hyperbaric oxygen exposure (22) and loud auditory stimulation (2).
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Moreover, cyanopindolol which blocks both f-adrenergic and 5-HT),; recep-
tors strongly protected against pilocarpine-induced seizures in rats (19). In lower
doses it showed anticonvulsant activity via receptor antagonism and in higher
doses local anestetic component predominated. Timolol has much less memb-
rane stabilizing and partial agonist activity, but protected against seizures,
so its effect was probably mediated by central f-adrenoceptors. Selective
f,-antagonist practolol i.c.v. was ineffective, but selective f,-antagonist I1CI
118.551 was a powerful anticonvulsant (25).

Partial decrease of norepinephrine in the brain selectively changed the action
of propranolol and salbutamol. Propranolol (2 mg/kg) proved ineffective to
reduce seizures and only prolonged the latency to the onset of seizure versus
6-OHDA-control. Salbutamol (5 mg/kg) increased seizure activity and shortened
the time to the onset of seizures both versus 6-OHDA-control and pilocarpine-
-control. The investigations of other autors showed that the animals treated with
6-OHDA exhibited increased seizure susceptibility depending on reduced
norepinephrine but not dopamine level in the brain in pentylenetetrazol induced
seizures (27, 28) kindled seizures (12) and audiogenic seizures (7). lonophoretical-
ly administered norepinephrine to the cortex decreased epileptic activity via
f-adrenoceptor in a chronic cobalt focus (38). Failure of anticonvulsant effect of
propranolol injection in rats after subtotal destruction of central noradrenergic
neurons, in this study, and enhanced effect of salbutamol can be associated with
the up-regulation of noradrenergic receptors (21) and degeneration of presyna-
ptic membranes (1).

In conclusion, this study provides evidence that in normal rats stimulation of
B,- or blockade of §,-adrenoceptors is related to anticonvulsant action whereas
stimulation of f,- or blockade of f§;-adrenoceptors increases seizure intensity.

*

This work was supported by the Polish Science Research Fund, CPBP 06-02.1.9.
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STRESZCZENIE

W badaniach przeprowadzonych na szczurach wykazano, ze drgawki limbiczne wywolane
pilokarpinag hamuja stymulacj¢ receptorow adrenergicznych f, lub blokade receptoréw adrener-
gicznych B,. Przeciwne efekty, tj. dzialanie prodrgawkowe, obserwuje si¢ po stymulacji recep-
torow B, lub blokadzie receptorow f,.

PE3IOME

B HCCIeA0BaHANAX MPOBEAEHBIX Ha KPbICAX MMOKA3aHO, YTO JINMOHYECKHE CYyAOPOrH BbI3BAHHbIC
MMJIOKAPIMKHOM TOPMO3AT CTHMYJIAHMIO AaJPCHEPIHMYECKHX pELENnTopoB f, wmm Oioxany
ajJipeHEPTHYECKUX pelenTopos f,. [IpotuBopeueBbiec 3hQEKTH T.€. NPOCYAOPOXKHOE AeHCTBHE
Habr01aeTHCA NOCTe CTUMYJIALHMH peUenTopoB f, WM GJI0Kaabl PelenTopos f,.
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