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CRAIG, C. R. AND B. K. COLASANTI. A study of pentylenetetrazol kindling in rats and mice. PHARMACOL
BIOCHEM BEHAV 31(4) 867-870, 1988.—The effect of repeated injection of pentylenetetrazol on pentylenetetrazol
seizure thresholds was determined in mice and rats. Once per week treatment of rats with pentylenetetrazol resulted in the
development of a state of kindling. On the other hand, when pentylenetetrazol was administered twice per week, a
phenomenon resembling tolerance was observed. In mice, it was not possible to demonstrate kindling under experimental
conditions utilizing either one or two treatments with PTZ per week.

Pentylenetetrazol Kindling Tolerance

AN increased susceptibility of rats to pentylenetetrazol
(PTZ) seizures after repeated injections of this drug was first
observed in 1941 (13). At this time, it was demonstrated that
the increased susceptibility to seizures was not lost even
though months elapsed during which PTZ was not adminis-
tered. This phenomenon has come to be called
‘‘pentylenetetrazol-kindling’’ or ‘‘Metrazol®-kindling™* (11),
as it shares many properties of a similar phenomenon in
which repeated administration of an electrical stimulus re-
sults in a progressive intensification of seizure activity (3).

The primary objective of the present study was to charac-
terize more fully the conditions necessary to induce
pentylenetetrazol-kindling in the rat and to explore whether
kindling can be demonstrated in the mouse. Early literature
has suggested that mice living in aggregation may have lower
PTZ seizure thresholds than those housed in isolation (15).
This possibility was also further examined quantitatively in
the present study.

METHOD

Seizure thresholds to PTZ were determined by a method
previously documented (8). A seizure was considered to
have occurred when a single episode of clonic spasms of
both forelimbs and hindlimbs lasting at least 5 seconds and
followed by loss of righting reflex was observed. In rats,
PTZ, 15 mg/kg intraperitoneally (IP), was injected every 15
min until such a generalized motor seizure occurred (8). The
thresholds were expressed as the number of 15-min periods
to the onset of seizures. Six to 10 rats were used at each time
point. Because higher doses of PTZ are required to produce
seizures in mice (14), a dose of 20 mg/kg was given sub-
cutaneously (SC) every 15 min until a generalized seizure
occurred. In mice, at least 10 animals were used for each
point.

The experimental populations were comprised of female
Sprague-Dawley rats weighing between 150-200 g and either
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male or female Swiss-Webster mice, 20-25 g. Both rodent
populations were purchased in their entirety prior to con-
duction of the studies and were maintained in the Animal
Quarters except during test sessions. Animals were usually
placed in individual viewing cages (4”x35"x7") for the obser-
vation of seizures. In one series of experiments, however,
mice were placed together in a larger cage (7"x11") to de-
termine any effects of aggregation on seizure thresholds.

Rats and mice were treated with PTZ either once or twice
per week. As controls, one group of rats was tested initially
with PTZ at week 1, and another group was first injected at
week 8. In the case of mice, one group of animals was in-
jected initially with PTZ at week 1, while a second group was
given its initial injection at week 7.

Data were analyzed with the utilization of one-way
analysis of variance (ANOVA) (Dyna-Stat®, Dynamic Mi-
crosystems, Inc., Pittsburgh, PA).

RESULTS

Figure 1 demonstrates the results obtained after once per
week treatment of rats with PTZ. A significant reduction in
the PTZ seizure threshold occurred by the third weekly ad-
ministration of PTZ. Seizure thresholds remained depressed
throughout the seven week period of the study.

On the other hand, when rats were treated twice per week
with PTZ a significant reduction of seizure threshold was not
apparent until week 4 (Fig. 2). By week 5, however, a signifi-
cant elevation of the PTZ threshold occurred after the sec-
ond weekly treatment.

In mice, either once (Fig. 3) or twice (Fig. 4) per week SC
administration of PTZ produced a significant reduction in
PTZ seizure threshold by week 2; the threshold remained
depressed through week 7. However, as shown in Fig. 5,
control mice which were included in the experiments but not
treated until 7 weeks also showed a significant reduction in
seizure threshold in comparison with values for mice treated
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FIG. 1. Time period in which seizure occurred after once per week
administration of pentylenetetrazol, 15 mg/kg IP every 15 minutes,
to rats. Data are the mean+S.E.M. for 6 to 10 rats. *Indicates mean
is significantly different from value at week one by ANOVA
(p<0.05).

at week 1. On the other hand, there was no significant differ-
ence between the PTZ seizure threshold of drug naive rats
tested either 1 week or 8 weeks after the beginning of the
study (Fig. 5).

As shown in Fig. 6, there were no significant differences
between the PTZ thresholds of mice that were either isolated
or aggregated during the experimental sessions.

DISCUSSION

Our results, which demonstrate a decrease in PTZ seizure
threshold (‘‘PTZ kindling’’) when rats are treated once per
week, are in agreement with those of other investigators (1,
2, 13). Traditional electrical kindling in rats has become a
widely employed technique for studying seizure mechanisms
and is considered to be a useful experimental seizure model.
Pentylenetetrazol-kindling represents a second means for
studying a persistent decrease in seizure thresholds, al-
though this method has been much less utilized.

An unexpected result of the present study was the appar-
ent tolerance that developed at 5 weeks in the group of rats
that was injected with PTZ twice weekly. This was not re-
ported by previous investigators and may be due to differ-
ences in methodology. In the earlier reports, subjective grad-
ing of the severity of PTZ seizures from 0to 5 (2) or 0 to 4 (1),
rather than the time of seizure onset, was utilized as an end
point. It should be noted, however, that Fig. 1 of (2) does
show an apparent increase in seizure threshold after 5 daily
injections of PTZ, although the authors made no comment on
this occurrence (2). It may be postulated that the decreased
seizure susceptibility observed in the present study 5 weeks
after twice weekly injections of PTZ may be due to an induc-
tion of microsomal drug metabolizing enzymes, as PTZ is
metabolized by the liver (7). Further studies are required to
clarify this point.

Some earlier investigators have not been able to demon-
strate PTZ kindling in rats (10). In the latter study, PTZ, 30
mg/kg IP, was injected daily for several days, after which the
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FIG. 2. Time period in which a seizure occurred after twice per
week administration of pentylenetetrazol, 15 mgkg IP every 15
minutes, to rats. Data are the mean+S.E.M. for 6 to 10 rats. *Indi-
cates a significant reduction compared with the first treatment by
ANOVA (p<0.05). **Indicates a significant elevation when com-
pared with the first treatment by ANOVA (p<0.05).
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FIG. 3. Time period in which a seizure occurred after once weekly
SC administration of pentylenetetrazol, 20 mg/kg every 15 minutes,
to mice. Data are the mean=+S.E.M. for 10 mice. *Indicates mean is
significantly different from value of week one by ANOVA (p<0.05).

seizure threshold to IV PTZ was determined. The results
indicated that there was no difference between the dose of
infused PTZ necessary to elicit seizures in PTZ-treated rats
and rats treated simultaneously with saline.

While our results did demonstrate PTZ kindling in rats, it
was not possible to demonstrate such kindling in mice. Al-
though the PTZ seizure threshold of PTZ-treated mice de-
clined over time throughout the study, control drug-naive
mice that were included in the experiments also showed a
decreased seizure threshold when injected with PTZ at 7



PENTYLENETETRAZOL KINDLING

Mouse-PTZ Twice Per Week

TIME PERIOD IN WHICH
SEIZURE OCCURRED
Py
T
g
i
vhon
*
oz
*
*
¥*
X

WEEK

FIG. 4. Time period in which a seizure occurred after twice weekly
SC administration of pentylenetetrazol, 20 mg/kg every 15 minutes,
to mice. Data are the mean+S.E.M. for 10 to 12 mice. *Indicates
mean is significantly different from value for the first treatment by
ANOVA (p<0.05).

weeks. A reason for this time- or age-dependent decrease in
seizure threshold is not obvious.

The number of studies in which chemical kindling has
been examined in mice is small. A recent paper reported
results after repeated administration of pentylenetetrazol or
picrotoxin in mice (5). In this study, repeated injection of
either convulsant over a period of days did produce a lower-
ing of seizure threshold, as seen in the present study in the
case of PTZ. Likewise, an apparent kindling in 16 of 20 mice
after 57 injections of pentylenetetrazol has also been re-
ported (12). Still other investigators examined a beta-
carboline benzodiazepine receptor ligand, FG7142, in similar
studies and also showed an apparent kindling effect of this
agent (9). None of the latter studies, however, utilized drug-
naive mice in the experimental designs as controls. There-
fore, it remains unresolved as to whether true kindling
phenomena were observed in these earlier reports rather
than a time-dependent nonspecific change in seizure
threshold. To clearly establish whether PTZ kindling can
occur in mice, a range of doses as well as several treatment
regimens should be employed. The present experiments
clearly indicate, however, that kindling is not a prominent
feature in this species after chronic PTZ treatment.

A recent study has demonstrated age-dependent changes
in the effectiveness of an anticonvulsant in mice (6). This
report indicated that the minimal plasma concentration of
phenytoin effective against maximal electroshock seizures
was significantly lower in older mice than in their younger
counterparts. In contrast with our study with the convulsant
PTZ, wherein only 7 weeks were required to observe com-
parable findings, much longer time periods, e.g., 6, 12, 24
and 30 months were involved.

Certain centrally acting drugs exhibit marked changes in
toxicity when experimental animals are grouped together
rather than being housed in isolation. This is particularly
apparent with some CNS stimulants such as amphetamine
(4). In a study of the effect of ampehtamine on PTZ seizures
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FIG. 5. Time period in which seizure occurred after pentylenetet-
razol administration to drug-naive animals. Rats received pen-
tylenetetrazol 15 mg/kg, IP every 15 min; one group (n=6) was in-
jected at week one, while the second group (n=10) was not treated
until 8 weeks later. Data are mean+S.E.M. Mice received pen-
tylenetetrazol, 20 mg/kg, SC every 15 min. The first group (n=10)
was tested at week one and a second group (n=10) was tested at
week 7. *Indicates mean significantly different from value for first
group by ANOVA (p<0.05).
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FIG. 6. The effect of isolation or aggregation on the time period in
which seizure occurred after pentylenetetrazol administration (20
mg/kg, SC every 15 min) to mice. Data are mean+S.E.M. for 10-12
mice.

in isolated and aggregated mice (15) the authors presented
data which showed that aggregation per se tended to lower
PTZ seizure thresholds. Results of the present study fail to
confirm these results. On the other hand, seizure thresholds
of both the isolated and aggregated mice in our experiments
did become lower over time, as observed for the remainder
of the mice utilized throughout the present study.
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