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INOUE, M., N. ATES, J. M. H. VOSSEN AND A. M. L. COENEN. Effects of the neuroleptanalgesic fentanyl- 
fluanisone (Hypnorm) on spike-wave discharges in epileptic rats. PHARMACOL BIOCHEM BEHAV 48(2) 547-551, 
1994.-Effects of fentanyl-fluanisone (Hypnorm), a combination often used as a neuroleptanalgesic and anaesthetic, were 
investigated on spike-wave discharges of epileptic WAG/Rij rats. Fentanyl-fluanisone has stimulating effects on the amount 
of spike-wave discharges, but not in a dose-dependent manner. A low dose of 0.01 mg/kg fentanyl with 0.5 rng/kg fluanisone 
causes a large increase in epileptic activity. This effect is larger than with a middle dose of 0.1 mg/kg fentanyl and 5 mg/kg 
fluanisone and much larger than with a high dose of 0.2 mg/kg fentanyl with I0 mg/kg fluanisone. The last two doses cause 
a prolonged anaesthetic state in rats. The frequency of the spikes in the spike-wave discharges was decreased by the mixture 
of fentanyl-fluanisone; this decrease was dose-dependent. 

Administration of fentanyl alone in the same doses as in the combination abolishes spike-wave activity during the 
anaesthetic phase but causes a moderate increase after this phase. It also causes a lowering in spike frequency, which is of the 
same order as with fentanyl-fluanisone. The mechanisms of action of fentanyl are not completely clear, but the opposite 
effects of m and ~-opioid receptors on spike-wave discharges may play a role in this biphasic effect. Fluanisone alone in the 
same doses as in the mixture induces a large dose-dependent increase in spike-wave activity, with only a small effect on spike 
frequency. This might be caused by the antagonistic action of this drug at dopamine receptors. The complexity of the 
stimulatory effects on spike-wave discharges caused by fentanyl-fluanisone is due to an interaction of the suppressive- 
stimulatory effects of fentanyl together with the facilitatory effects of fluanisone. 

Fentanyl Fluanisone Hypnorm Neuroleptanalgesia Anesthesia Absence epilepsy 
Spike-wave discharges Genetic epilepsy model WAG/Rij rat 

A COMBINATION of fentanyl and fluanisone, better known 
under the trade name Hypnorm, is widely used in anaesthetic 
practice for the induction of neuroleptanalgesia in small labo- 
ratory animals (7). Fentanyl is a potent narcotic analgesic with 
properties similar to the opioid agonist morphine (8) and is 
often used in humans as an analgetic and in higher doses as an 
anaesthetic (1). Fluanisone is a putative antipsychotic with 
dopamine antagonistic properties, belonging to the class of 
the butyrophenones (14). 

Both the opioidergic and dopaminergic systems in the brain 

modulate spontaneously occurring spike-wave discharges in 
seizure-prone rats (10,15). Haloperidol, which belongs to the 
same group of butyrophenones as fluanisone, produces a dose- 
dependent increase of spike-wave discharges (9,15), whereas 
the morphine-like drug fentanyl also leads to an increase in 
these paroxysms (6). Since the combination of fentanyl and 
fluanisone is often used in anaesthesia, it is important to know 
whether this drug combination also has facilitatory effects 
on spike-wave discharges. In the present study we tested the 
mixture of fentanyl-fluanisone as well as both drugs sepa- 
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Kanagawa 229, Japan. 
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rately in rats of  the WAG/Ri j  strain. All  individuals of  this 
strain spontaneously show spike-wave discharges in the corti- 
cal EEG, this strain of rats is regarded as a valid animal model 
for absence epilepsy (2,12,13). 

METHODS 

A total of 18 WAG/Ri j  rats of both sexes and five to eight 
months of age were used. Rats were housed separately and 
were maintained on a 12-h l ight-dark cycle with white lights 
on at 21:00 h. They had ad lib access to standard food and 
tap water. Two gilded screws which served as electrodes were 
permanently implanted under pentobarbital  anaesthesia (60 
mg/kg) and were positioned on the dura, the first on the 
frontal cortex (coordinates with skull surface flat and bregma 
0-0: A 2.0, L 3.5) and the second on the parietal cortex (A 
- 6.0, L 4.0). A ground electrode was placed over the cerebel- 
lum. All electrodes were connected to a receptacle fixed to 
the skull surface. Following surgery, subjects were allowed to 
recover for 10 days and were habituated to the experimental 
conditions. The EEG was registered on a polygraph with filter 
settings between 1 and 70 Hz and a paper speed of  1 cm/s.  In 
all experiments the EEG was recorded during a 1-h baseline 
period just before drug administration and during six periods 
of  30 min after injection. For  each rat the amount of  spike- 
wave discharges was determined in the baseline and in the six 
postinjection periods. This amount was expressed as a per- 
centage of  time which was occupied by spike-wave discharges. 
Criteria for measuring and identifying spike-wave discharges 
are described elsewhere (12). The frequency of  the spikes in 
the spike-wave discharges was measured in the first spike-wave 
discharge of  each time period. 

Fentanyl-fluanisone was tested in six rats. The compound 
contained 0.2 mg fentanyl and 10 mg fluanisone per 1 ml 
solvent (Hypnorm, Janssen Pharmaceutics, Beerse, Belgium). 
Fentanyl-fluanisone was intramuscularly administered in 
doses of 0.05 ml/kg (0.01 mg/kg fentanyl-0.5 mg/kg fluani- 
sone), 0.5 ml/kg (0.1 mg/kg fentanyl-5 mg/kg fluanisone), 
and 1.0 ml/kg (0.2 mg/kg fentanyl-10 mg/kg fluanisone). 
Experimental days were separated by six or seven days and all 
rats were used four times in a counterbalanced design, for a 
saline control recording and for the three drug doses. 

Twelve rats were used for the separate tests of  fentanyl and 
fluanisone. Fentanyl was dissolved in saline in a concentration 
of 0.2 mg/ml,  which is comparable to that of  the fentanyl- 
fluanisone combination. Doses of  0.1 mg/kg (0.5 ml/kg) and 
0.2 mg/kg (1 ml/kg) were tested. Fluanisone was also dis- 
solved in saline with some drops of  lactate and intramuscu- 
larly injected in doses of  0.5, 5, and 10 mg/kg.  Each group 
consisted of six rats in a counterbalanced design. Analysis of 
variance (ANOVA) and Fisher post hoe tests were used for 
statistical analyses. 

RESULTS 

Effects of the fentanyl-fluanisone compound on the 
amount of  spike-wave discharges are illustrated in Fig. la .  In 
the baseline period all rats showed spike-wave discharges on 
an average of  7.2°70 of  total time. Following injection of  the 
compound, the amount of  spike-wave activity significantly 
increased for all doses during the first 30 min as compared 
with saline (ANOVA, p < 0.001). This increase was not dose- 
related, but the largest increase was found with the lowest 
dose (0.01 mg/kg fentanyl-0.5 mg/kg fluanisone), followed 
by the middle dose of  0.1 mg/kg fentanyl-5 mg/kg fluanisone 
and thereafter followed by the highest dose of  0.2 mg/kg 

fentanyl-10 mg/kg fluanisone (Fisher, p < 0.05). A decrease 
of the frequency of  the spikes in the discharges was observed 
in all groups (ANOVA, p < 0.01) (Fig. 2a). With the lowest 
dose the frequency decreased slightly from 9 Hz to 7 Hz, with 
the middle dose to 6 Hz and the highest dose to 5 Hz (Fisher, 
p < 0.05). 

With the lowest dose the background activity in the EEG 
was similar to that of  wakefulness and sometimes to that of  
light slow-wave sleep. Rats were immobilized but not anaes- 
thetized during the first 30 min. With the middle dose, interic- 
tal EEG activity resembled that of  slow-wave sleep, and an 
anaesthetic state was seen until 60-90 min after injection. 
With the highest dose the background activity was similar to 
that of  deep slow-wave sleep and the anaesthetic state lasted 
until the end of the recording period. 

Fentanyl alone also affected the amount of  spike-wave dis- 
charges (ANOVA, p < 0.05) (Fig. lb). With a dose of  0.1 
mg/kg fentanyl, rats were in an anaesthetic state from 30 
to 60 min after injection and showed almost no spike-wave 
discharges during that period. After that time, spike-wave dis- 
charges appeared again, but this increase did not significantly 
differ from the saline group. With a dose of  0.2 mg/kg fen- 
tanyl, the duration of the anaesthetic state was prolonged to 
80 min, and during that time rats also showed almost no par- 
oxysms. With this dose the delayed increase of  discharges after 
the anaesthetic state reached significance with saline at 120- 
150 min and at 150-180 min after injection (Fisher, p < 
0.05). A lowered spike frequency in the spike-wave discharges 
was also observed with both doses (ANOVA, p < 0.001) (Fig. 
2b). The frequency was diminished to 6 Hz with 0.I mg/kg 
and to 5 Hz with 0.2 mg/kg fentanyl (Fisher, p < 0.05). The 
time course of  the changes in spike frequency was in general 
concurrent with the length of  the anaesthetic state. 

Effects of fluanisone on spike-wave discharges are pre- 
sented in Fig. lc. Following administration of  0.5, 5, and 10 
mg/kg fluanisone, the total amount of spike-wave discharges 
increased significantly and dose-dependently in all periods 
compared to saline (ANOVA, p < .001). After all three doses 
of  fluanisone, animals were most of the time in an immo- 
bilized state but not anaesthetized. There were small but sig- 
nificant changes in the spike frequency of  the discharges 
(ANOVA, p < 0.05) (Fig. 2c). Fluanisone in a dose of 0.5 
mg/kg did not change this frequency, but with a dose of  5 and 
10 mg/kg spike frequency was lowered to 7.5 and 6.5 Hz, 
respectively (Fisher, p < 0.05). 

DISCUSSION 

The present study shows that the combination of  fentanyl 
and fluanisone (Hypnorm) has facilitatory effects on the oc- 
currence of  spike-wave activity in rats, but with a complex 
time course and not in a dose-related way. Administration of  
fentanyl alone shows that this drug initially abolishes spike- 
wave activity almost completely, while this decrease is fol- 
lowed by a prolonged increase. The second drug, fluanisone, 
produces a large increment in spike-wave activity. Therefore, 
we suggest that the main stimulatory effects on spike-wave 
activity of  fentanyl-fluanisone are caused by the effects of  
fluanisone and that the inhibitory phase seen with the higher 
doses of fentanyl-fluanisone is due to the initial inhibitory 
effects produced by fentanyl. When this inhibitory effect of  
fentanyl diminishes and changes into a facilitating one, an 
enhancement of  spike-wave activity becomes still more promi- 
nent. On the other hand, a dose-dependent decrease in the 
frequency of  the spikes in the spike-wave discharge is found 



FENTANYL-FLUANISONE AND SPIKE-WAVE DISCHARGES 549 

a 

~ 1017- 

• ~ 80 

.=. 
60 

~ 40 

~ 20- 

~ o 

Fentanyl-Fluanisone 

, , - ~, 
b as e  0 - 3 0  3 0 - 6 0  6 0 - 9 0  9 0 - 1 2 0  120-150  150 -180  

N 
- - - < > -  

saline 

0.01-0.5 

0.1-5 

0.2-10 

b 
1 0 0 "  

• ~ 8o" 

~ 60' 

~ 40' 

 g2o- 

Fentanyl  

b as e  0 - 3 0  3 0 - 6 0  6 0 - 9 0  9 0 - 1 2 0  120 -150  150-180  

M saline 

o.1 
o.2 

C 

¢~ I 0 0 '  

El 80' 

~ 6 0 '  

,I¢ 
~ 40" 

o 
~ 20- 

Fluanisone  

i I i , i i i 

b a s e  I)-31) 3 0 - 6 0  611-911 91)- i20  120-150  150 -180  

Time (rain) 

n saline 

~ 0 ~  0.5 
s 
lO 

FIG. 1. Effects of (a) fentanyl-fluanisone, (b) fentanyl, and (c) fluanisone on 
spike-wave discharges of WAG/Rij rats. The amount of spike-wave discharges 
with SD is expressed as percentage of time of their occurrence in the 30-rain 
periods indicated on the X axis ("base" is the baseline period and 0 is the time of 
injection). Concentrations of the drugs are indicated at right in mg/kg, and 
statistics are explained in the Results section. *p < 0.05, **p < 0.01, ***p < 
0.001. 

with fentanyl-fluanisone, whereby the main action can be at- 
tributed to the effects of fentanyl. 

The inhibitory effects of fentanyl both on the amount of 
spike-wave discharges and on the spike frequency are fairly 
well correlated with the duration of the anaesthetic period. 
The anaesthetic period is longer when anaesthesia is induced 
by fentanyl-fluanisone than with fentanyl alone, for the rea- 
son that fluanisone potentiates the actions provided by fen- 

tanyl (7). The time course of the anaesthetic state induced by 
fentanyl-fluanisone also corresponds to that phase in which 
the amount of spike-wave activity is low and in which the 
spike frequency is lowered. This may suggest that the mecha- 
nisms causing anaesthesia are associated with the mechanisms 
producing the inhibition of spike-wave activity. However, the 
anaesthetic etomidate, which heavily facilitates spike-wave ac- 
tivity, jeopardizes this view (5). It is therefore more  likely that 
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FIG. 2. Effects of  (a) fentanyl-fluanisone, (b) fentanyl, and (c) fluanisone on 
the frequency of  spikes with SD in the spike-wave discharges of  WAG/Rij rats. 
This frequency was determined in the first discharge of every period of 30 rain 
indicated on the X axis and in the 30-min baseline period ("base" is the baseline 
period and 0 is the time of  injection). Concentrations of  the drugs are indicated 
at right in mg/kg, and statistics are explained in the Results section. *p < 0.05, 
**p < 0.01, ***p < 0.001. 

the modulation of discharges is caused by direct effects of the 
drugs itself, interacting with neurotransmitter systems. 

The mechanisms of action of the opioid agonist fentanyl 
are not fully understood, but recently it was reported that 
fentanyl in low concentrations produces an increase in parox- 
ysms (6). This is in line with the present findings, if we take the 
overall epileptic activity over the complete recording period. 
Furthermore, it is found that the opioid agonist DAMGO, 
which specifically acts at/z-receptors, potentiates the occur- 

rence of spike-wave discharges (10). It is known that fentanyl 
also more or less specifically acts at #-receptors, and the in- 
crease of spike-wave discharges by fentanyl in low doses could 
he due to the effects on the/z-receptor. Besides a high affinity 
of fentanyl for the/z-receptor, this drug also has a low affinity 
for r-receptors (11). Since r-agonists such as U50.488 inhibit 
spike-wave discharges (10), it is possible that in higher doses 
r-induced inhibition overrules/z-induced excitation. 

Fluanisone is a dopamine receptor antagonist comparable 
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to haloperidol (14). It is already reported that these antago- 
nists have a strong enhancing effect on the amount of spike- 
wave activity (9,15). Furthermore, two selection lines of 
Wistar rats characterized by opposite dopaminergic activities 
also prominently differ in the number of spike-wave dis- 
charges (3). With respect to the opioids, Di Chiara and Imper- 
ato (4) described opposite effects of/~- and K-opioid agonists 
on dopamine release in the brain of rats. In all, the present 
finding confirms the conclusion by Warter et al. (15) that the 
dopaminergic system participates in the control of absence 
seizures. Nevertheless, the detailed nature of this participation 
has still to be elucidated. 

In short, the present article shows that the often-used drug 
combination fentanyl-fluanisone has, in addition to anaes- 
thetic and analgesic properties, seizure-facilitating properties 
due to its modulation of the dopaminergic system. This (pro)- 
convulsant action necessitates a careful use of this neurolept- 
analgetic drug combination. 
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