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Antiepileptic and antiamnesic effect of carbamazepine
in experimental limbic epilepsy
CATHERINE A HAWKINS, JANE MELLANBY, J BROWN

From the Department ofExperimental Psychology, University of Oxford, Oxford, UK

SUMMARY Carbamazepine (20 mg/kg, 40 mg/kg or 60 mg/kg) given three times a day, has been
demonstrated to have a significant anti-epileptic effect in rats with chronic limbic epilepsy
induced by injecting tetanus toxin bilaterally into their hippocampi. This effect involved a reduc-
tion in the maximum number of fits occurring on one day, and with the highest dose, a significant
reduction in the total number of fits. In a pilot experiment in which continuous EEG records were
obtained throughout the syndrome, it appeared that the effect of carbamazepine was to reduce
the proportion of EEG seizure discharges which lead to overt motor fits. With the higher drug
dose plasma levels of carbamazepine were maintained around 2 ,g/ml. This experimental
epilepsy produces enduring deficits in the rats' memories for a light-discrimination task in a

Y-maze learned before induction of epilepsy (8 weeks after initial learning). If the rats are dosed
with carbamazepine during their epilepsy this memory deficit is abolished.

Recent work in this laboratory has exploited an
animal model of complex partial seizures produced
by injection of minute doses of the exceptionally
toxic protein, tetanus toxin, into the hippocampus of
rats. The toxin produces chronic focal epilepsy,
probably by its ability to block the release of the
inhibitory transmitter, gamma-aminobutyric acid.' 2
This causes a chronic epileptiform syndrome in
which the rats have intermittent myoclonic seizures,
electroencephalographic signs of focal epilepsy and
show a wide range of behavioural abnormalities. We
have a remarkably complete life-history of this syn-
drome, obtained from continuous EEG and video
records over periods of several weeks. The model
has a number of advantages over other
experimentally-induced chronic epilepsies. In par-
ticular, the toxin appears to produce a specific
pharmacological lesion since control animals sim-
larly injected with neutralised toxin do not develop
the epilepsy and also because the effects of the toxin
occur without any associated gross pathological
changes at the site of injection.3 Furthermore, while
the epilepsy is chronic, since it lasts for several
weeks, it is at least partially reversible in that the
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animals eventually stop having fits and the obvious
epileptiform abnormalities in their EEGs disap-
pear.4 This reversibility allows us to distinguish
between behavioural effects of ongoing epilepsy and
sequelae to previous epilepsy.
We have shown that this epilepsy causes deficits,

which outlast ongoing epilepsy, in both the ability of
the animals to remember tasks which they had
learned before they were epileptic and in their abil-
ity to learn new tasks.5-6 This finding may be relevant
to the important clinical question of whether the
intellectual impairment, including problems in learn-
ing and memory, seen in patients with complex par-
tial seizures 8 is a result of the epilepsy per se or is
produced by antiepileptic medication or adverse
environmental factors.
We have also recently shown that the extent of

memory loss in the epileptic animals roughly corre-
lates with the severity of the epileptic syndrome,9 in
particular with how many fits the animals have had
and with the maximum number of fits which have
occurred in one day. This could be considered to
give quantitative confirmation in the animal model
to the clinical belief'0 that there is an association
between number of fits and subsequent intellectual
impairment in patients with complex partial seiz-
ures.
From the experimental data we have collected so

far we believe that the tetanus toxin-induced
epilepsy provides a particularly useful model for the
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study of the relationship between complex partial
seizures and behaviour. An obvious question in the
attempt to validate this model is whether the seiz-
ures can be controlled by antiepileptic medication of
the sort which is successful clinically in complex par-

tial seizures. If such drugs can control fits in the
experimental epilepsy then it should be possible to
investigate further the relationship between fits and
behavioural impairment. In the present paper we

report a quantitative assessment of the antiepileptic
effect of the drug carbamazepine and of its effect on
memory in normal and epileptic rats. Car-
bamazepine was selected as the first drug to study
with this animal model because it is widely consi-
dered clinically to be the drug of choice in the treat-
ment of complex partial seizures.' 1-13

Materials and methods

Four separate experiments to investigate the effect of car-

bamazepine on the experimental epilepsy were carried out:
in the first, only the antiepileptic effect of the drug was

studied; in the next two (2 and 3) the rats were first trained
in a Y-maze, then made epileptic and the antiepileptic
effect of carbamazepine studied as before, and then 3-4
weeks after fits and drug treatment had stopped, the ani-
mals' memories for the Y-maze task were tested. In experi-
ments 2 and 3, two additional groups of control (non-
epileptic) rats were trained in the Y-maze and half were
treated with carbamazepine and half with vehicle in the
same way as for the epileptic rats. Their memories were
then also tested at the same time as the epileptic rats were
tested. In experiment 4 the effect of carbamazepine on the
frequency of electroencephalographically recorded seizure
discharges was investigated. Experiment 5 involved deter-
mining blood levels of control rats dosed either at 40 mg/
kg or 60 mg/kg. (These measurements were not carried out
on the actual animals used in the antiepileptic and memory
experiments because the operation for the implantation of
the cannula would interfere with the recording of fits and
the anaesthesia would be likely to influence their fre-
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quency.) Table 1 shows a summary of the details of
experiments 1-5.
Tetanus toxin A tetanus toxin preparation containing 6 x
106 mouse LD 50's/mg was kindly provided by Dr RO
Thomson of the Wellcome Research Laboratories. It was
dissolved in 0-05 M sodium phosphate buffer (pH 7-0)
containing 0-2% gelatin w/v. Dilutions were made in this
mixture. The toxicity of the solutions was assayed'4 on each
day that injections were made into the brains of rats.
Control animals received the same amount of the gelatin
phosphate buffer alone.
Animals Male Sprague Dawley rats weighing 300-450 g
were used (and in one experiment, females weighing 250-
300 g).
Light-discrimination Task The rats were trained to run to
the lit and safe arm of a Y-maze to escape electric shock
(0-6 mA) applied to the feet.'5 An error was scored if the
rat entered 3 (or 4) paws into the wrong arm. The time
between the start of one trial and the start of the next trial
was 30 s. The animals were trained in one session to a

criterion of 10 consecutive correct choices. On the basis of
their initial training scores the rats were divided into four
groups matched so that the number of trials taken to reach
criterion and the number of errors made on initial training
(and their variance) were similar. The rats' memories were

tested by re-training the rats 8 weeks later in the same task
to the same criterion. The results are expressed in terms of
the saving per cent made on re-training in the number of
trials and number of errors:

initial score - retraining score

initial score + retraining score

Operative Procedure The rats were anaesthetised with
Equithesin 3 ml/kg (containing 81 ml sodium pentobar-
bitone, 198 ml propylene glycol, 50 ml enthanol, 21 g
chloral hydrate, 10-6 g MgSO4 made up to 500 ml with
distilled water). The rats were then placed in a Kopf
stereotaxic instrument. Injections of toxin (2 x 0-4,u1
bilaterally of 1 ul unilaterally in the case of rats with
implanted electrodes) were made from a 10 p1 Hamilton
syringe mounted in the instrument's microinjection unit.
The injection was made over a period of one minute, and
the needle was then left in place for a further 2 minutes

Table 1 Summary ofexperimental design

Experiment No. of rats used for testing Dose of CBZ Vehicle for Hours fdmed No. of rats used for memory testing
antiepileptic effect (3 timeslday) CBZ (or recorded)

mglkg each day Control Epileptic
Epileptic - CBZ Epileptic + CBZ

- CBZ + CBZ - CBZ + CB

Video films of motorfits
1 8 8 20 carboxy-methyl 12 not done

cellulose
2 6 7 40 Tragacanth 24 8 8 6 7

Ciba-Geigy
3 12 10 60 Tragacanth 24 12 12 1 1 9

Ciba-Geigy
EEG records and video
4 4 6 20 carboxyl-methyl 24 not done

cellulose
Blood levels of CBZ Controls
5 4 - 40 Tragacanth n/a n/a

3 - 60 Ciba-Geigy
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Antiepileptic and antiamnesic effect of carbamazepine in experimental limbic epilepsy
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Fig 1 Electroencephalographic records from three epileptic rats. Each rat had received tetanus toxin (6 mouse LD,J
unilaterally into the hippocampus, one week previously. Each pair oftraces (a,b; c,d; e,f) is recordedfrom the injected (top)
and uninjected (lower) hippocampus. The record from the second rat (c,d) shows the electrical activity during the start ofa
motor fit. Calibrations: The 4 vertical bars at the beginning ofeach trace represent 1OO,V, 250V, SOO5 V and 1000puV
(reading from left to right). The horizontal bar represents S s.

before withdrawal. Injection into the ventral hippocampus
was made according to De Groot' s Atlas of
Neuroanatomy,'6 with co-ordinates anterior +3-0 mm, lat-
eral +4-8 mm and vertical -2-0 mm.

Implantation of recording electrodes and recording of the
hippocampal electrical activity.
Bipolar electrodes were made of double twisted diamel-
coated stainless steel, 0-015 cm diameter. The tips of the
two poles were separated from each other by 1 mm.
Tetanus toxin was injected at the same operation as that in
which the electrodes were implanted. The toxin was in-
jected first and the electrode was placed stereotoxically
0-5 mm dorsal to the site of toxin injection. A second
electrode was implanted in the corresponding position on
the opposite side of the brain. The electrodes plus earth
wire were wired into a plug which was fixed to the skull of
the rat with dental cement.

The rats were housed separately in open-topped cages
with high sides. The day after operation the plugs on the
rats' heads were connected to a Beckman 'Accutrace' 8
channel EEG recorder. Recordings were taken continu-
ously for the next 7 weeks, or for as long as the plug
remained on the rats' head, apart from occasional periods
overnight when the rat became accidentally unplugged.

Within a few days of the injection of the toxin, charac-
teristic seizure discharges were recorded from the hip-
pocampi of these rats. These discharges were of 20-200 s
duration, and occurred at frequencies of up to 5 per hour.
A typical seizure discharge is illustrated in fig 1.

Filming of rats
The rats without implanted electrodes were housed four to
a cage, and were marked with dye so that they could be
distinguished easily on film. The rats were filmed continu-
ously using a Link electronic camera and time-lapse video
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recorder (National TL VTR NV-8030). During the hours
of darkness (21.00-9.00) filming took place using an infra
red source and an infra red sensitive camera tube. The
tapes were played back and the number of seizures experi-
enced by each rat was recorded. A fit was defined as an
epileptic episode in which the rat could be seen to rear
onto its hindlimbs with myolonic jerking of the forelimbs.
The rats with implanted electrodes were also filmed in a

similar manner. Two cameras were used-one to record
the behaviour of the rats and the second to film the EEG
record. A split screen system allowed the two pictures to be
viewed simultaneously on one monitor. These tapes were
played back to assess whether a motor fit occurred during
the seizure discharges.

Administration ofcarbamazepine
Carbamazepine or "vehicle" was administered orally to
the rats three times daily at 9.00, 15.00 and 21.00 hours. In
the experiment in which the rats had electrodes implanted,
and in experiment 1, carbamazepine was suspended in
0-5% carboxy-methyl-cellulose at a concentration of
20 mg/ml and a dose of 20 mg/kg was given. In expe'ri-
ments 2 and 3, the rats were dosed with carbamazepine
(20 mg/ml) in a commercially available suspension (Teg-
reto syrup), kindly provided by Ciba-Geigy, Horsham.
This change was instituted because the rats apparently dis-
liked the carboxy-methyl-cellulose suspension, but were
fairly willing to take the Tegretol syrup.
The rats were given their first dose of drug or vehicle as

soon as the first fit or seizure discharge had been observed.
Dosing continued until one week had elapsed since any rat
had had a fit. The drug was administered using a 5ml
syringe. The end was inserted into the rat's mouth and the
drug was squirted out. Rough allowance was made for any

a
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drug which the rat dribbled or spat out. On those occasions
that a rat was hyper-reactive and difficult to handle, it was
placed into a black cloth bag which calmed it, and then just
the head was allowed to protrude through a hole in the
bag. This procedure facilitated oral administration of the
drug.

Blood levels of carbamazepine
Ten male Sprague Dawley rats (about 500g) were cannu-
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Fig 2 Life history of the epilepsy and the effect of
carbamazepine. (a) Experiment 2-with 40 mglkg
carbamazepine, (b) Experiment 3-with 60 mg/kg
carbamazepine. Each graph represents the fits experienced
by one rat. They are plotted as the total fits recorded on each
day after the operation at which epilepsy was induced. The
fits were assessed from time-lapse video records (see
Methods).
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Antiepileptic and antiamnesic effect of carbamazepine in experimental limbic epilepsy

Table 2 Effects ofcarbamazepine (CBZ) on frequency ofmotor fits
Experiment Dose ofCBZ n Length of Days with Total motor Total motor Maximum no.

mglkg Syndrome fits fits in fits over ofmotor fits
(days) daytime 24 hr on any one day

1* 0 8 13-4 4-7 9-1 ± 0-9 102-0 21-9 NS. - 23-3 ± 2-7
20 8 12-5 ± 2-6 99 + 1-6 56-0 - 12-2 N 13-6 - 1-6 P<002

2 0 6 15-5 + 15 11-7 + 1-8 80-8 + 13-8 < 0-05 135 + 23-5 N S 26-6 + 2-9 < 0.0540 7 15-1 1-4 12-9 1-2 43-9 + 3-8 P 99-1 17-7 16-6 ± 2-2 P
3 0 12 15-3 1-6 11-4 ± 0-6 79-1 ± 7-9 005 152 + 13-2 29-8 ± 2-1

60 10 14-8 1-7 11-3 1-0 47-7 + 4-7 P 92-0 + 10-7 P < 01 192 21 P<001
3+ 0 11 15-5 + 1-7 11-5 0-6 76-8 ± 8-3 152 - 14-3 001 29-3 2-3 160 9 13-6 ± 1-3 10-8 1-0 46-2 + 50 P<05 932 +118 P< 199± 2.2 P<0

(The Carbamazepine was given orally 3 times daily. Length of syndrome is the time between the days on which the first and last fits occurred. All the values
are given ± standard errors of the mean. The p values are derived from the studenf s t test.)
*The rats were filmed continuously except in Experiment 1 where they were only filmed for 12 h per day (between 09.00 and 21.00) when the lights were
on. In experiment 1 half of the animals were male and half female; in experiments 2 and 3 they were all male. The figures in 3+ exclude 2 rats which were
sacrificed before the memory measurements were made and which are therefore not present in the data in table 3.

lated through the jugular vein into the right atrium with the
proximal end running subcutaneously to emerge at the
back of the neck. The operation was performed under
Equithesin anaesthesia. The intravenous part of the can-
nula was made of silastic tubing (0-02 in. internal diameter,
0 037 in. external diameter, Dow Corning Corp.), and this
was joined by a stainless steel connector (22 gauge) to
Tygon tubing (0.02 in. i.d., thick walled, Technicon).
Carbamazepine was administered at a dose of either 40

mg/kg or 60 mg/kg three times a day (09.00, 15.00, 21.00)
for 1 week before the insertion of the cannula, and
throughout the experiment. Blood samples (0.4 ml each
time) were taken immediately before each dose, and 1
hour later. In addition samples were taken at 02.00 and
05.00. The blood was replaced with an equal volume of
heparinised saline (0-9% saline containing 100 i.u.
heparin/mI). Samples were taken until the cannulae
blocked. The samples were centrifuged and the plasma
supernatant stored at 4°C until assay. The carbamazepine
assays were carned out by Dr John Keenan, Department
of Clinical Biochemistry, John-Radcliffe Hospital, Oxford,
using the Elisa Syva-Syntex enzyme-linked absorbent
assay.

Results

Antiepileptic effect of carbamazepine on motor fits
In these experiments (1, 2, 3) the effect of adminis-
tering carbamazepine orally three times a day
(09.00, 15.00, 21.00 hours) to rats made epileptic
with intrahippocampally injected tetanus toxin was
studied. In the first experiment described, there
were eight rats dosed with the drug (at 20 mg/kg)
and eight control rats (dosed with the vehicle for the
carbamazepine). All sixteen rats were filmed for the
12 hours of light for 4 weeks with time-lapse video-
recording. In Experiments 2 and 3, 40 mg/kg and
60 mg/kg of carbamazepine respectively were used.
The rats were filmed continuously in bright light for
12 hours of each day followed by 12 hours in infra-
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Fig 3 The time-course of the antiepileptic effect of
carbamazepine. (a) Experiment with 40 mglkg
carbamazepine, (b) Experiment with 60 mglkg
carbamazepine. The drug was given orally three times a day
at the times indicated on the graphs by vertical arrows.
N = number of rats in the group. The number offits that
each rat experienced throughout the weeks ofthe
epileptiform syndrome have been expressed in terms of the
number offits which occurred during each hour ofthe day.
The means were then calculated for the group of rats for
each hour.
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red light. The number and time of occurrence of fits
was assessed from watching the videotapes.

In fig 2 the "life history" of the epilepsy experi-
enced by each rat in Experiments 2 and 3 is illus-
trated, showing the number of motor fits per day
throughout the period that filming was carried out.
It can be seen that all but three of the rats had their
first fit within 3 days of the operation. A striking
feature of the profiles is the apparently cyclical wax-
ing and waning of the fit frequency. Figures 2a and
2b show the histories on the left of the control-
epileptic animals and on the right of the
carbamazepine-treated animals (fig 2a, 40 mg/kg
and fig 2b, 60 mg/kg carbamazepine). The overall
impression is that while there are somewhat fewer
fits in the treated animals, the general timing of the
occurrence of fits is similar in both groups. Quantita-
tive analysis of the data confirms this similarity.
Thus the mean number of "peaks" in the fit fre-
quency record is 3-8 + 08 (SD) in the controls and
4-0 + 0 7 (SD) in the treated rats, the length of
syndrome (time between first and last fit) and the
number of days on which fits were seen are all simi-
lar (see table 2).
The moderate anticonvulsant effect of the car-

bamazepine is shown by the data given in table 2. It
can be seen that while there is apparently some
reduction in the total number of fits with 20 mg/kg
and 40 mg/kg of carbamazepine this does not reach
statistical significance. The difference is however
significant with 60 mg/kg (p < 0.02). What-is statis-
tically significant in all three experiments is that the
maximum number of fits which a rat experienced on
any one day (the maximum "peak height" in fig 2) is
reduced.
The three experiments described were carried out

separately and there are a number of important dif-
ferences (apart from dose of carbamazepine) be-
tween experiment 1 and experiments 2 and 3. In
particular, the data for Experiment 1 refer only to
the 12 hours when the lights were on, whereas 2 and
3 involved continuous filming throughout the 24
hours. The data from the three experiments can be
combined therefore if only the daylight data for
experiments 2 and 3 are used. When this is done, the
three control groups are found not to differ
significantly from each other and can therefore be
combined. Analysis of variance was carried out to
determine the level of significance of the difference
between the total number of (daytime) fits experi-
enced by the carbamazepine-treated and the
vehicle-treated epileptic rats, and then to see
whether there was a significant dose-effect. A
2-factor analysis of variance with factors of drug and
dose nested within drug gave a main effect of drug
(df: 1, 47F = 13-60; p < 0-01) and a non-significant

Hawkins, Mellanby, Brown

dose-effect. (A slightly different statistical approach
does produce a significant relationship with dose. A
one-way analysis of variance with polynomial on
dose yields a significant linear relationship: df: 1, 47; F
= 11-81; p < 0-01. However this linearity depends
mainly on the large difference between the vehicle
group and the 20 mg/kg group, and while there is
more effect with 40 and 60 mg/kg, 40 and 60 mg/kg
are not different from each other.)
Time-course ofthe effect ofcarbamazepine In fig 3
(a and b) the fit frequency over the 4 week filming
period for all the rats in each epileptic group, ex-
pressed in terms of the hour of day at which they
occurred, is related to the time at which the car-
bamazepine was administered. With 40 mg/kg it can
be seen that while the drug caused a rapid reduction
in seizure frequency, the frequency climbed back
towards the control level 4-5 hours after the dose.
With 60 mg/kg the drug maintained the seizure level
below that of the controls virtually throughout the
24 hrs.

It appears that in the undosed animals there may
be a diurnal rhythm in fit frequency, more fits occur-
ring during the hours of light than during the dark.

Plasma levels of carbamazepine (Experiment 5)
Non-epileptic rats were given carbamazepine
exactly as in the epilepsy experiments for one week
and then were implanted with a cannula in the
external jugular vein. The dosing was continued and
blood samples for carbamazepine assay were with-
drawn at intervals. Figure 4 demonstrates that blood

Time of day (hours)

Fig 4 Plasma levels ofcarbamazepine. Carbamazepine
was administered orally three times a day, at the doses
indicated, for one week. The externaljugular vein ofthe rats
was then cannulated, dosing continued as before, and blood
samples withdrawn before and after each dose over a period
of3-4 days. The results shown are derivedfrom 4 rats given
40 mglkg and 3 rats given 60 mglkg. The values for the
different times have been averaged and the points represent
the means (+ SEM). The n for each point indicates the
number ofblood samples.
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Antiepileptic and antiamnesic effect of carbamazepine in experimental limbic epilepsy
Table 3 Effect ofcarbamazepine (CBZ) on frequency ofseizure discharges and motor fits

n Total seizure Total motor fits % of Seizure Maximum no. of Maximum
discharges discharges which seizure discharges no. ofmotor

were accompanied on any one day fits on any
one day

Vehicle 4 864 + 278 158 + 38 21 ± 3-0 130-6 + 42 38-2 + 7-2
CBZ (20 mg/kg) 6 1004 + 109 118 ± 11 12-3 ± 1-2 169-7 + 18-7 27-6 ± 0-78

N.S. N.S. p < 0-05 N.S. N.S.

(The seizure discharges were recorded on a Beckman Accutrace from electrodes implanted in the rats' hippocampi at the operation at
which tetanus toxin was injected (see methods). The rats were dosed orally with carbamazepine (or the 0-5% carboxy-methyl cellulose
vehicle) 3 times a day. The values are given ± SEM).

levels in the order of 1-5-2 ,ug/ml were obtained
using this dosing regime. Those rats dosed with
60 mg/kg of carbamazepine show appreciably higher
levels of drug in the plasma than those dosed with
40 mg/kg. Blood levels in both groups fell gradually
overnight, and rose again during the daytime follow-
ing the administration of successive doses of the
drug.

Pilot experiment on the effect of carbamazepine on
focal epileptic activity in the hippocampus (Experi-
ment 4)
Ten rats received unilateral injections of tetanus
toxin into their hippocampi and at the same opera-
tion recording electrodes were implanted 0-5 mm
dorsal to the site of toxin injection (see Methods).
The behaviour of these rats and their hippocampal
EEGs were then recorded continuously for 4 to 7
weeks using a time-lapse split screen video system.
Six of these rats were dosed three times daily with
carbamazepine (20 mg/kg) and the four control rats
received the "vehicle" only. During the epileptiform
syndrome the EEG showed seizure discharges

occurring simultaneously within the injected and the
uninjected hippocampi at irregular intervals. (These
records have been analysed in detail and will be pub-
lished elsewhere.) Table 3 shows the quantitative
analysis of this data and demonstrates that the car-
bamazepine significantly reduced the proportion of
seizure discharges which were associated with motor
fits. In this experiment, as before, this dose of car-
bamazepine did not produce a significant reduction
in the total number of motor fits. Carbamazepine
did not apparently affect the EEG; there was no
reduction in the number of seizure discharges (if
anything, an increase).

The effect of carbamazepine on memory
In these experiments (1, 2, 3), the effect of chronic
treatment with carbamazepine on the memory of
control and epileptic rats was tested. All of the ani-
mals had been trained on a light-discrimination task
in a Y-maze before induction of epilepsy (or control
operation). The epileptic rats used for these experi-
ments were those whose fit profiles have already
been described in the earlier sections of this paper

l able 4 The effect ofcarbamazepine (CBZ) on the memories of epileptic and control rats

n Initial trials Trials to
to criterion criterion at

retraining

Experiment 2: 40 mglkg
Control + vehicle 8
Control + CBZ 8
-Epileptic + vehicle 6
Eipileptic + CBZ 7
Experiment 3: 60 mglkg
-Control + vehicle 12
Control + CBZ 12
Epileptic + vehicle 11
Epileptic + CBZ 9
Combined Experiments 2 and 3

- Control + vehicle 20
Control + CBZ 20
Epileptic + vehicle 17
Epileptic + CBZ 16

35-3 + 7-6
35-9 ± 7-9
39-7 + 10-3
32-1 ± 5-5

29-5 ± 3.4
28-0 ± 3-4
35-6 ± 3-8
34-2 ± 5-9

31-8 ± 3-7
31-2 ± 3-8
37-1 ± 4-4
31-4 ± 4-4

13-0 ± 3-3
20-0 + 3-0
43-7 ± 19-3
27-0 + 3-5

16-8 + 3-8
20-1 ± 4-8
40-2 + 7-3
13-8 ± 4-2

15-3 + 2-7
21-0 + 3-0
41-4 + 8-3
19-6 ± 3-3

p < 0-01

p < 0-01

Saving % Initial errors Errors on
on trials to criterion retraining

40-8 ± 12-3
19-8 ± 11-8
8-7 ± 22-4
4-3 ± 9.9

33-2 ± 13-7
24-1 ± 13-6
3-7 ± 9-3

52-0 ± 12-5

31-9 ± 9-2
18-4 ± 9-0
5-5 ± 10-0

31-1 + 10-2

15-1 ± 2-5
15-5 _ 2-9
16-3 ± 3-7
13-1 ± 2-1

12-2 ± 1-4
11-7 ± 1-4
14-0 _ 1-1
14-8 ± 2-2

13-4 _ 1-4
13-2 + 1-5
14-8 ± 1-5
14-1 _ 1-6

3-0 + 0-7
5-0 ± 0-5

15-8 ± 7-8
9-3 ± 1-2

4-5 ± 1-0
7-6 ± 1-9

12-6 ± 2-6
5-2 ± 1-9

3-9 ± 0-6
7-5 _ 1-3
13-8_ 3-2
7-0 _ 1-3

Saving % on
errors

64-6 + 7-4
43-6 ± 8-2
19-5 ± 23-0
14-0 ± 8-8

46-5 ± 10-5
26-9 + 4-2

p -5 17-3 ± 3-4
p < 0-05 58-1 + 13-1

53-8 ± 7-3
33-6 _ 8-2

p< 0-01 318-1 10-5<-1 38-8 ± 10-0
, Note: The epileptic rats are the same animals as those whose epileptic history is given in table 2 and fig. 2. The carbamazepine was given orally, 3 times

daily, for approximately 4 weeks after the first motor fit. The rats were trained on the light-discrimination task one week before operation and re-trained
7 weeks after operation. The values are given + standard error of the mean. The p values are derived from two-way analysis of variance and t-tests.
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(Experiments 2 and 3). In all, 73 rats were used
which had been trained in the Y-maze, one week
later had been stereotaxically injected with tetanus
toxin or buffer (controls) bilaterally into their hip-
pocampi, and seven weeks after that, had their
memories tested for the original learning task.
Table 4 shows the initial and re-training scores of

the rats in the two experiments where they were
treated with 40 mg/kg (three times dailW) or 60 mg/
kg respectively. On all measures of memory the
epileptic animals had significantly poorer memories
than their untreated controls. In both experiments
there was a (non-significant) trend for car-
bamazepine to impair the memories of the control
animals. At both doses, the carbamazepine
improved the memories of the epileptic rats. With
the lower dose of drug this was only apparent on the
error and trial scores at re-training and did not reach
statistical significance. With the higher dosage, the
carbamazepine successfully counteracted the mem-
ory loss and the scores for the treated onimals were
now not significantly different from those of non-
epileptic control rats.

Since the scores for control rats in these experi-
ments were not significantly different from each
other and since the dose effect was small, the two
experiments have been combined. Analysis of var-
iance then gives a significant improvement of the
epileptic animals' memories by carbamazepine, both
on trials to criterion (df 3, 69, F = 5-71) and errors
to criterion (df 3, 69, F = 5 29), p < 0-01).

Discussion

Carbamazepine, administered three times daily, at a
dosage of 20, 40 and 60 mg/kg had an antiepileptic
effect in the tetanus toxin-induced hippocampal
epilepsy. With the two lower doses, the only statisti-
cally significant effect was to reduce the maximum
number of overt fits occurring on any one day. With
the highest dose, there was also a significant reduc-
tion in the total number of overt fits that occurred
throughout the syndrome. The separate experiments
were not originally intended to constitute a dose-
response curve; the strategy was to try to find a dose
with a reliable antiepileptic effect. There are differ-
ences in the details of the individual experiments
and it is therefore not surprising that a statistically
significant dose-effect does not emerge when the
three are combined and the appropriate nested
design for the analysis of variance is carried out.
Combining the groups does however produce a
highly significant antiepileptic effect of the drug on
both total fits and maximum number of fits on one
day.

Daily handling of the rats showed that this anti-

Hawkins, Mellanby, Brown

epileptic effect occurred without any obvious
adverse effects such as sedation. Carbamazepine is
considered to be a suitable drug for the treatment of
complex partial seizures. In two of the three
double-blind studies v placebo reviewed by
Sillanpaa'7-20 carbamazepine was reported to
reduce psychomotor attacks. In studies where car-
bamazepine has been compared with phenytoin, it
has been shown to be equally anticonvulsant and to
produce fewer side effects."'-3 Our finding of a
reduction in fits by carbamazepine in the epileptic
rats further validates the usefulness of this model of
complex partial seizures.
The memory impairment produced by the

epilepsy was improved by the carbamazepine in the
experiment (3) in which the frequency of overt fits
was significantly reduced. In Experiment 2, the
small improvement in memory did not reach statisti-
cal significance. It may be relevant that in Experi-
ment 3 the carbamazepine reduced the fit frequency
significantly at night as well as during the day,
whereas in Experiment 2 the reduction in fit fre-
quency occurred mainly in the day. When the results
from these two experiments are combined, then car-
bamazepine treatment is shown to have a highly
significant improving effect on the memory which
has been impaired by the epilepsy.
From the first clinical studies with carbamazepine,

it has been observed that the drug, while being an
effective antiepileptic, does not normalise the
EEG.2' Our preliminary results with animals in
which the EEG has been continuously recorded for
weeks, suggest that in the epileptic rats the same is
true. In the pilot study, 20 mg/kg carbamazepine
produced some (but not statistically significant)
reduction in overt fits while causing no reduction (if
anything an increase) in the number of seizure dis-
charges recorded from the hippocampus. This meant
that the administration of the drug led to a
significant reduction in the proportion of the seizure
discharges which lead to overt fits. The results of this
pilot study suggests therefore that the car-
bamazepine (at least at this low dose) acts not on the
epileptic focus itself but to stop the spread of seizure
activity into other areas of the brain. These results
may be relevant to the question of whether the
memory deficit that the hippocampal epilepsy pro-
duces results directly from the epileptic focus in the
hippocampus (or possibly directly from the local
action of the toxin), or from the spread of this elec-
trical activity leading to overt fits. It appears that it
may be the spread of the seizure activity rather than
the local abnormality which is responsible for the
enduring memory deficit.
The finding that carbamazepine does not itself

significantly impair or improve memory for the
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Antiepileptic and antiamnesic effect of carbamazepine in experimental limbic epilepsy

Y-maze tasks in the control rats (and this has
recently been confirmed for all three doses; Ian
Doughty, 1984 unpublished) supports the idea that
it is an interaction between the drug and fits, not
merely some separate effect of the drug, which is
responsible for this anti-amnesic effect of car-
bamazepine. It has often been suggested" that car-
bamazepine may have a psychotropic effect in
epileptic patients. It has however also been argued
that such an effect is only apparent and results from
the replacement of drugs which are actively
deleterious by carbamazepine which does not have
deleterious effects. While the present experiments
did not show any evidence for a psychotropic effect
of carbamazepine in control rats, the improvement
of memory in the epileptic rats could of course be
described as psychotropic. We have also found a
further type of behavioural improvement which car-
bamazepine treatment produces specifically in
epileptic rats. During the 2 or 3 weeks after our rats
have stopped having motor fits but still probably
have epileptiform abnormalities in their EEGs,4
they are hyper-reactive. Epileptic rats which had
received carbamazepine during the 4 weeks of overt
epilepsy are less hyper-reactive at this stage than
their epileptic controls treated with only the vehicle
for carbamazepine.22
The plasma levels of the carbamazepine which we

found in our rats were around 2 jig/ml which is at
the lower end of the human therapeutic range.23
However, in view of the finding24 that in rats dosed
with carbamazepine the plasma level of the phar-
macologically active epoxide metabolite is equal to
that of carbamazepine, our values (of car-
bamazepine itself) presumably represent only half of
the level of active substance. In humans, apparently,
only about 15% is present as the epoxide and there-
fore our values for carbamazepine itself in the rat
can presumably be nearly doubled to make them
comparable with human values. This then suggests
that the fits in our animal model are about as sensi-
tive to carbamazepine as are the comparable fits in
man. This would therefore support the possibility
that our findings could be relevant to clinical
epilepsy.
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