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THOMAS, J., W. L. NORES, V. KENIGS, G. A. OLSON AND R. D. OLSON. Picrotoxin-induced seizures modi- 
fied by morphine and opiate antagonists. PHARMACOL BIOCHEM BEHAV 45(3) 615-617, 1993. -The effects of nalox- 
one, Tyr-MIF-1, and MIF-I on morphine-mediated changes in susceptibility to picrotoxin-induced seizures were studied. 
Rats were pretreated with naloxone, M IF-1, Tyr-MIF-1, or saline. At 15-min intervals, they ,'eceived a second pretreatment 
of morphine or saline and then were tested for seizures following a convulsant dose of picrotoxin. Several parameters of 
specific categories of seizures were scored. Morphine increased the number of focal seizure episodes, duration of postseizure 
akinesis, and incidence of generalized clonic seizures. Naloxone tended to block the morphine-mediated changes in susceptibil- 
ity. Tyr-MIF-I had effects similar to naloxone on duration of postseizure immobility but tended to potentiate the effects of 
morphine on focal seizure episodes. The effects of morphine and the opiate antagonists on focal seizure episodes and 
postseizure duration suggest the general involvement of several types of opiate receptors in these picrotoxin-induced behaviors. 
However, the observation of antagonistic effects for Tyr-MIF-1 on immobility but agonistic effects for focal seizures suggests 
that the type of effect exerted by opiate agents may depend upon other neuronal variables. 

MIF-1 Tyr-MIF-1 Se izures  Naloxone Morphine 

MORPHINE has been reported to have both pro- and anti- 
convulsant effects on seizure activity (5). In part, the appar- 
ently inconsistent effects of morphine may be due to method- 
ological and procedural differences, such as the method used 
to induce seizures or the type or classification of seizures stud- 
ied. For example, morphine successfully blocked the tonic 
component of maximal electric shock (MES)-induced seizures 
hut was ineffective against the clonic component of MES sei- 
zures. In contrast, morphine had proconvulsant effects on 
a variety of seizure-related behaviors induced by the GABA 
antagonists, bicuculline and picrotoxin (4). These findings 
suggest that the type of modulation morphine exerts on seizure 
mechanisms may be dependent upon the brain sites or neuro- 
chemical systems involved in the precipation of the seizures 
and therefore is seizure dependent. 

The involvement of opiate receptors in the effects mor- 
phine had on bicuculline- and shock-induced seizures was sug- 
gested because naloxone partially or completely blocked the 
morphine-mediated changes in seizure susceptibility (4). The 
effect naloxone on morphine potentiated picrotoxin-induced 
seizures was not reported, however, so the role of opiate re- 
ceptors in the effects of morphine on picrotoxin-induced sei- 
zures is not known. One objective of the current study was to 
investigate the effect of morphine on seizures that have been 
previously reported to unfold after picrotoxin (12). A second 

objective was to measure the effects of naloxone and the en- 
dogenous opiate peptide antagonists, MIF-1 and Tyr-MIF-I, 
on morphine-mediated changes in susceptibility to picrotoxin- 
induced seizures. 

METHOD 

Subjects 

Male Long-Evans hooded rats (260-375 g) were studied. 
Animals were maintained on a 12 L : 12 D cycle (light on at 
0800 h) with food and water ad lib. Animals were handled 
dally for 2 weeks prior to the start of the experiment. Each 
animal was tested under one experimental condition. 

Drugs and Procedure 

Naloxone, Tyr-MIF-I, and MIF-I were dissolved in 0.9% 
saline in concentrations of 3.0 mg/ml and injected in a volume 
of 1 ml/kg. Morphine was dissolved in saline in a concentra- 
tion of 50 mg/ml and administered in a volume of 1 ml/kg. 
Picrotoxin (3.0 mg/kg in 1 ml; saline vehicle) was freshly 
mixed immediately prior to each test session and used within 
3 h after mixing. Prior to seizure testing, animals were given 
two pretreatments. The first pretreatment was either saline, 
naloxone, MIF-1, or Tyr-MIF-1. Fifteen minutes later, ani- 
mals received a second pretreatment of either saline (one 
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TABLE 1 
EFFECTS OF MORPHINE PRETREATMENT ON SEIZURES 

INDUCED BY PICROTOXIN 

Saline/Saline/ Saline/Morphine/ 
Parameter Scored Picrotoxin Picrotoxin p 

Latency* 
Myoclonicseizures 11.82 ± 0.94 11.88 ± 0.89 n.s. 
Focal seizures 13.65 ± 0.99 16.14 ± 1.49 n.s. 
Akinesis 14.38 ± 1.04 16.69 ± 1.56 n.s. 

Focal seizure episodes 1.71 ± 0.47 3.89 ± 0.61 <0.02 

Duration of akinesis* 4.20 ± 0.34 7.59 ± 1.32 <0.05 

GC seizure incidencet 0/7 6/9 < 0.004 

*Mean ( ± SEM) minutes. 
tNumber having seizures/number tested. 

group) or morphine (four groups). Fifteen minutes after the 
second pretreatment, all animals were injected with picrotoxin 
and observed for 45 min for behavioral signs of seizures. 

Four categories of seizure-related behavior that have been 
identified in association with picrotoxin include myoclonic 
jerks and twitches, focal seizures, postfocal seizure akinetic 
periods, and generalized clonic (GC) seizures. Behaviors asso- 
ciated with each category of seizures have been described pre- 
viously (12). All behavior was monitored at the time of testing, 
as well as videotaped for later review and scoring. 

Behavioral parameters scored included the latency to the 
first occurrence of myoclonic, focal, and GC seizures; the 
latency to the onset of akinesis following the first focal sei- 
zure; the incidence of GC seizures; the duration of the period 
of akinesis that followed the first focal seizure; and total num- 
ber of focal seizure episodes. 

Data Analyses 

All data were analyzed by a one-way analysis of variance 
(ANOVA). Morphine's effects on picrotoxin-induced seizures 
and the effects of opiate antagonists on morphine-mediated 
effects were assessed in independent analyses. 

RESULTS AND DISCUSSION 

Table 1 summarizes the effects of morphine on picrotoxin- 
induced seizures. The data indicate that morphine signifi- 
cantly increased the mean duration of postseizure akinesis, 

F(1, 14) = 4.80, p < 0.046, significantly increased the mean 
number of episodes of focal seizures, F(1, 14) = 7.18, p < 
0.018, and significantly increased the incidence of generalized 
clonic seizures, F(I,  14) = 12.25, p < 0.004. Together, the 
findings suggest that morphine has proconvulsant effects on 
several different types of seizures induced by picrotoxin. Mor- 
phine had no significant effect on the latencies to any of the 
different categories of seizures. 

Table 2 shows differences among the opiate antagonists in 
their effects on postseizure immobility and on focal seizure 
episodes. None of the antagonists effectively blocked mor- 
phine-mediated increases in seizure susceptibility. However, 
as can be seen, there were tendencies for naloxone to antago- 
nize the morphine-potentiated effects on focal seizures and 
postseizure immobility and on GC seizures. In contrast, Tyr- 
MIF-I tended to antagonize morphine's effects on immobility 
but potentiate morphine's effects on focal seizures. Like Tyr- 
MIF-I,  MIF-1 also tended to potentiate morphine's effects on 
focal seizures but did not affect the duration of postseizure 
immobility. 

The interaction of opiate agents with picrotoxin in the 
modulation of postseizure akinesis and focal seizures suggests 
that one mechanism through which opiate agents affect sei- 
zure-related behaviors is interaction with the GABA receptor 
complex (10,11). Further, the effects of Tyr-MIF-1 and MIF-I 
on focal seizures and postseizure immobility suggest that, like 
endogenous opiate agonists (2,7), endogenous opiate antago- 
nist peptides may play a role in modulating seizure activity. 

TABLE 2 
OPIATE ANTAGONIST EFFECTS ON MORPHINE-POTENTIATED GC AND 

FOCAL SEIZURES AND POSTSEIZURE AKINESIS 

Focal Seizure Duration of GC Seizures 
Pretreatment Episodes* Akinesist (%)~t 

Saline-Morphine 3.89 ± 0.61 7.59 ± 1.32 67 

Naloxone-Morphine 2.63 ± 0.57 5.52 ± 0.42 13 

Tyr-MIF-I-Morphine 5.00 ± 0.73 5.06 ± 0.77 50 

MIF-1-Morphine 4.25 ± 0.62 6.87 ± 1.19 63 

*Mean (± SEM) number of episodes. 
tMean (_+ SEM) number of minutes. 
~tPercent of rats having at least one episode. 
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These results extend findings f rom other studies showing that 
opiate receptors are specifically involved in focal seizures and 
postseizure immobil i ty irrespective o f  the mechanisms by 
which they are induced (1,3,6,8,9). Differences among opiate 
antagonists in their effects on morphine-potent ia ted seizures 

suggest that in addition to the general or  nonspecific involve- 
ment  o f  multiple opiate receptors in focal seizures and immo- 
bility there may be selective effects that are manifested 
through interactions with different neurochemical systems in 
different brain regions. 
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