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Possible Involvement of Brainstem
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OISHI, R., N. SUENAGA AND T. FUKUDA. Possible involvement of brainstem norepinephrine in pentylenetetrazol
convulsion in rats. PHARMAC. BIOCHEM. BEHAV. 10(1) 57-61, 1979.—The thresholds of twitch and clonic convulsion
induced by intravenous infusion of pentylenetetrazol (PTZ) were measured in rats treated with 6-hydroxydopamine
(6-OHDA). In aduit rats, intraventricularly applied 6-OHDA increased susceptibility to PTZ convulsions and decreased
norepinephrine (NE) contents of the cortex, hypothalamus and brainstem. When 6-OHDA was applied intraventricularly at
8 days after birth, PTZ convulsion susceptibility was slightly decreased and brainstem NE content was significantly
increased. However, the effects of 6-OHDA given at 20 days after birth were similar to those observed in adults. Significant
decrease of cortical and hypothalamic NE contents, but no change in PTZ convulsion susceptibility, occurred following
6-OHDA injections into the dorsal and ventral NE bundles. These results suggest that the brainstem NE neurons play an

inhibitory role on the development of PTZ convulsions.

Catecholamines Convulsions

6-Hydroxydopamine

Pentylenetetrazol

REDUCTION of brain monoamines by reserpine or tet-
rabenazine increases the susceptibility of mice and rats to
pentylenetetrazol (PTZ) convulsions (6,18], and Kilian and
Frey [15] and Doteuchi and Costa [11] proposed that
norepinephrine (NE) plays an essential role in these
phenomena. Furthermore, Corcoran er al. [8] found that
6-hydroxydopamine (6-OHDA) lowered the threshold of
PTZ convulsions in rats. These findings suggest that reduc-
tion of brain catecholamines is involved in the enhancement
of PTZ convulsions, although serotonin also contributes to
the regulation of PTZ convulsions {9, 17, 25]. The present
study was carried out to examine the correlation between the
susceptibility to the PTZ convulsions and changes of NE
contents of specific brain regions.

Injected into the dorsal and ventral NE bundle (DB and
VB, respectively), 66OHDA produces relatively selective
reduction of forebrain NE content (2, 20, 24]; the suscepti-
bility to PTZ convulsions was examined in rats with lo-
calized DB or VB injections of 6-OHDA.

EXPERIMENT 1

METHOD
Animals

The animals were male Wistar King A rats supplied by
Kyushu University Institute of Laboratory Animals, weigh-

ing 200-300 g at the time of PTZ challenge. The rats were
housed in groups of 4-6 and given food (Oriental rat chow)
and water ad lib. The colony room was maintained on a 12 hr
light/dark cycle, and the room temperature was controlled at
22 + 1°C.

Surgery

The rats were anesthetized with ether and placed on a
stereotaxic instrument. After a suitable hole was made in the
skull and the dura cut, an injection cannula made of stainless
steel tube with 0.4 mm outer diameter was inserted into DB
(A: 1.3, L: 0.7, H: -0.7) or VB (A: 0.5, L: 1.6, H: -2.1)
according to the stereotaxic atlas of Konig and Klippel [16]
and the histochemical map of Ungerstedt [30]. 6-OHDA (1
ug in 1 pl of 0.9% saline-0.1% ascorbic acid/side) was in-
fused bilaterally at a constant rate of 1 ul/min. In the case of
sham operated animals, the rats were injected into bilateral
DB with vehicle (1 ul of 0.9% saline-0.1% ascorbic ac-
id/side).

PTZ Convulsions Test

The test was carried out 20 days after surgery. The test rat
was briefly restrained while a 5% solution of PTZ was in-
fused into a lateral tail vein at a constant rate of 0.004 ml/sec.
Infusion was performed by the syringe pump model 975
(Harvard Apparatus). Duration of infusion required to elicit
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the initial twitch and clonic convulsions were recorded.
Twitch and clonic convulsions thresholds were expressed as
the mean = SEM dose of PTZ per kg of body weight.

After the test, each rat was immediately injected with
diazepam (5 mg/kg, V) in order to protect against death from
overdose of PTZ.

Biochemical Determination

The rats were sacrificed by decapitation 10 days after
PTZ convulsions. The brain was immediately removed and
divided on ice into 3 parts, that is the cortex, hypothalamus
and brainstem, according to the procedure of Glowinski and
Iversen [13]. The tissue contents of NE were determined
fluorometrically as described by Shellenberger and Gordon
[27].

Statistical Evaluations

Statistical evaluations of the convulsions thresholds and
catecholamine contents were performed using two-tailed
Student’s r-test.

RESULTS

Effective intravenous infusion of PTZ induced the follow-
ing sequence of responses: following initial few twitches, the
generalized clonic seizures and loss of righting reflex ensued,
leading then to the myoclonic jerk followed by a tonic ex-
tension of the forepaws; finally a clonic convulsion devel-
oped.

As shown in Fig. 1, 6-OHDA injected into DB and VB did
not cause significant effect on twitch and clonic convulsion
thresholds. Table 1 shows the NE contents of the brain in
three groups. DB and VB injections of 6-OHDA caused
marked decrease of cortical NE; the degree of reduction was
greater with DB than with VB lesion. Reduction of NE con-
tent occurred also in the hypothalamus; in this case, the
reduction was greater with VB than DB lesion. NE content
of the brainstem was not significantly affected by either DB
or VB lesion.
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FIG. 1. Effects of bilateral chemical lesions of dorsal or ventral
bundle on the thresholds of twitch and clonic convulsion induced by
pentylenetetrazol infusion. 6-OHDA (1 ug/side) was injected 20 days

before the test. Each threshold is expressed as the mean = SEM
dose of pentylenetetrazol per kg of body weight.
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TABLE 1

BRAIN NOREPINEPHRINE CONTENTS IN THE DORSAL AND
VENTRAL BUNDLE LESIONED RATS

Regions Groups

Sham Operation DB Lesion VB Lesion
Cortex 0.25 = 0.01% 0.04 = 0.0t 0.16 = 0.01*
Hypothalamus 1.43 = 0.05 0.90 + 0.20*  0.44 = 0.057
Brainstem 0.47 = 0.03 0.49 + 0.02 0.48 + 0.02

*p<0.0S; tp<0.001, compared with sham operated group.
}Each value is the mean content (ug/g) = SEM of 6 or 7 animals.

DISCUSSION

Applied to DB and VB, 6-OHDA caused marked reduc-
tion of cortical and hypothalamic NE contents without af-
fecting the threshold of PTZ convulsions. These results
suggest that the enhancement by 6-OHDA of susceptibility
to PTZ convulsions is not due to the reduction of NE con-
tents of the regions innervated from DB or VB such as the
cortex, hypothalamus, limbic area and other forebrain re-
gions.

Several investigators have used 8 ug of 6-OHDA to pro-
duce DB lesion [3,21]. While 6-OHDA is a relatively selec-
tive neurotoxin with respect to catecholaminergic neurons,
many investigators found that 66OHDA produces significant
changes in other systems [1, 5, 14, 23]. To minimize the
nonspecific damage, very small doses of 6-OHDA (1 ug/side)
were injected into DB and VB: yet, there was a marked
decrease in cortical and hypothalamic NE content, indicat-
ing that 1 ug of 6-:OHDA is enough to produce DB or VB
lesions.

In this experiment, DB application of 6-OHDA caused a
significant decrease in hypothalamic NE content. Electrical
DB lesion did not cause significant decrease in hypothalamic
NE content although it decreased markedly cortical NE con-
tent [22]. The reduction of the hypothalamic NE by DB ap-
plication of 6-OHDA in the present experiment may be due
to the diffusion of 6-OHDA to VB. This diffusion may also
explain the reduction of cortical NE upon VB application of
6-OHDA, as cortical NE has DB as its major source [19, 26,
29, 30J.

EXPERIMENT 2

The purpose of this experiment was to clarify whether
intraventricular application of 6:OHDA produces an in-
crease in the susceptibility of rat to PTZ convulsions in the
present method.

METHOD

The animals were male Wistar King A strain supplied by
Kyushu University Institute of Laboratory Animals, weigh-
ing 200-300 g at the time of PTZ challenge. 6-OHDA (150 ug
in 10 ul of vehicle) was injected intraventricularly twice at 3
days interval; PTZ challenge was performed 20 days after the
first treatment. Ten days after PTZ convulsions, the rats
were sacrificed by decapitation and the brains were im-
mediately removed and divided on ice into 4 parts, that is the
cortex, hypothalamus, brainstem and striatum. The tissue
contents of NE and dopamine (DA) were determined
fluorometrically [27].
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RESULTS AND DISCUSSION

As shown in Fig. 2, the threshold amounts of PTZ needed
to elicit twitch in vehicle and 6-OHDA treated groups were
32.7 = 1.9and 27.6 = 0.9 mg/kg, respectively; those needed
to induce clonic convulsion were 73.9 + 3.2 and 58.9 + 2.0
mg/kg, respectively. 6-OHDA induced statistically signifi-
cant effect on both twitch and clonic convulsion threshold
(p<0.05 and p<0.01, respectively). Table 2 shows the effect
of 6-OHDA treatment on catecholamine content of the brain.
NE contents of the cortex, hypothalamus and brainstem, and
DA content of the striatum were significantly decreased by
the 6-OHDA treatment.
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FIG. 2. Effects of intraventricularly applied 6-OHDA on the

thresholds of twitch and clonic convulsion induced by pentylenetet-

razol infusion. 6-OHDA (150 ugx2) was injected twice at 3 day

intervals 20 days before the test. Each threshold is expressed as the

mean = SEM dose of pentylenetetrazol per kg of body weight.
*p <0.05; **p<0.01, compared with the vehicle group.

TABLE 2

BRAIN CATECHOLAMINE CONTENTS IN THE RATS TREATED
WITH 6-OHDA (150 pgx2)

Regions Groups
Vehicle 6-OHDA

Norepinephrine

Cortex 0.26 = 0.02% 0.09 = 0.02t

Hypothalamus 1.44 = 0.11 0.81 = 0.041

Brainstem 0.40 = 0.03 0.17 = 0.01%
Dopamine

Striatum 12.45 = 0.96 8.38 = 0.70*

*»<0.01; ¥p<0.001, compared with the vehicle group.
tEach value is the mean content (ug/g) + SEM of 7 animals.

In adult rats, intraventricularly applied 6-OHDA caused
an enhancement of susceptibility to PTZ convulsions ac-
companied by marked reduction of NE and DA contents of
the brain, in agreement with the findings of Corcoran et al.
18].

EXPERIMENT 3

In adult rats, intraventricularly applied 6-OHDA reduced
catecholamine contents of all brain regions. However, when
6-OHDA was administered intraventricularly during the
early suckling age, the brainstem NE was usually increased,
while the telencephalic NE was decreased [10, 12, 28, 31];
the increase of brainstem NE occurred with 6OHDOPA
treatment till the 9th day after birth [32]. As the treatment
with 66OHDA during neonatal period stunted growth [4,7],
the susceptibility to PTZ convulsions was examined in the
rats treated with 6-OHDA at 8 days after birth, in an attempt
to increase brainstem NE content without producing a dis-
turbance of growth; the results were compared with those
carried out in rats treated intraventricularly with 6-OHDA at
20 days after birth.

METHOD

Male Wistar King A rats bred in our laboratory were used
in this experiment. 6-OHDA (100 ug in 5 ul of vehicle) was
injected intraventricularly twice at 3 day intervals, beginning
at either 8 or 20 days after birth. A microsyringe was inserted
3.5 mm deep into the brain via the scalp at a position 4 mm
rostral to the lambda, 1 mm lateral to the midline. The rats
were weaned 30 days after birth. Then they were housed in
groups of 4-6 and permitted free access to food and water.
PTZ challenge was carried out 14-18 weeks after birth, when
body weight of the rats was 200-250 g. Ten days after PTZ
convulsions, the rats were sacrificed by decapitation and the
removed brain was divided into 6 parts, that is the cortex,
hypothalamus, midbrain, brainstem, cerebellum and
striatum, according to the procedure of Glowinski and Iver-
sen [13]. In addition the spinal cord from T1 to T12 was
dissected out. The tissue contents of NE and DA were de-
termined fluorometrically.

RESULTS

PTZ convulsions were tested in the rats treated with
6-OHDA at 8 days (6-OHDA(8) group) and at 20 days after
birth (6-OHDA(20) group). As shown in Fig. 3, the threshold
amount of PTZ needed to elicit twitch in 6-OHDA(8) group
showed a statistically significant elevation as compared to
the control group (37.1 = 1.1 and 33.3 = 1.1 mg/kg, respec-
tively, p<0.05); however, the threshold of the 66OHDA(20)
group was not affected (34.2 = 1.2 mg/kg). On the other
hand, the clonic convulsion threshold was significantly re-
duced as compared to the control group in the 6-OHDA(20)
group (73.9 + 3.2 and 64.1 = 2.1 mg/kg, respectively,
p<0.01), but not in the 6-OHDA(8) group (75.9 + 2.5
mg/kg).

Table 3 shows the effect of 66§OHDA administered at
either 8 or 20 days after birth on catecholamine contents of
various brain regions. The 6-OHDA(8) group showed
marked decreases in NE contents of the cortex,
hypothalamus, cerebellum and spinal cord, and DA content
of the striatum. To the contrary, brainstem NE content was
significantly increased, and midbrain NE content not af-
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FIG. 3. Effects of intraventricularly applied 6-OHDA at suckling age

on the thresholds of twitch and clonic convulsion induced by pen-

tylenetetrazol infusion. 6-OHDA (100 ug x 2) was injected at either

8 or 20 days after birth twice at 3 day intervals. The test was per-

formed 14-18 weeks after birth. Each threshold is expressed as the

mean = SEM dose of pentylenetetrazol per kg of body weight.
*n<0.05; **p<0.01, compared with control.

fected significantly. On the other hand, the 6-OHDA(20)
group showed marked decreases of NE contents of all re-
gions, and the DA content of the striatum.

DISCUSSION

6-OHDA treatment at 20 days after birth produced both
reduction of the threshold of PTZ clonic convulsions and
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TABLE 3

BRAIN CATECHOLAMINE CONTENTS IN THE RATS TREATED
WITH 6-OHDA (100 ugx2) AT SUCKLING AGE

Regions Groups
Control 6-OHDA (8)f 6-OHDA (20)t
Norepinephrine
Cortex 0.20 = 0.018  0.00 = 0.00t  0.07 = 0.02t
Hypothalamus 1.54 = 0.10 0.30 = 0.02t  0.78 = 0.06%
Midbrain 0.49 = 0.01 0.40 = 0.05 0.21 +£0.03+
Brainstem 0.48 = 0.02 0.66 = 0.03*  0.38 = 0.04*
Cerebellum 0.16 = 0.01 0.05 = 0.01*  0.01 = 0.01*
Spinal cord 0.24 + 0.02 0.02 = 0.00f 0.02 = 0.01%
(T1-T12)
Dopamine
Striatum 10.03 + 0.50 1.91 = 0.73% 745 = 0.67*

*n<20.05:%p<20.001, compared with control group.

16-OHDA was injected intraventricularly at 8 or 20 days after
birth twice at 3 day intervals.

§Each value is the mean content (ug/g) + SEM of 6 or 7 animals.

decrease in NE contents of all regions: these results are simi-
lar to those obtained with 6-OHDA treatment in adult rats. In
contrast, 6-OHDA treatment at 8 days after birth resulted in
elevation of twitch threshold and increase in brainstem NE;
NE contents of all other regions were decreased. These re-
sults suggest that decrease in brainstem NE is related to the
enhancement of PTZ convulsion susceptibility. Not consis-
tent with this explanation was that there was no change in
twitch threshold of the 6-OHDA(20) group. However, this
group exhibited lesser decrease in brainstem NE content
than 6-OHDA treated adults (57.5% decrease in adults and
20.8%. decrease in 6-OHDA(20) group).

REFERENCES

1. Agid, Y., F. Javoy. J. Glowinski, D. Bouvet and C. Sotelo.
Injection of 6-hydroxydopamine into the substantia nigra of the
rat. I1. Diffusion and specificity. Brain Res. §8: 291-301, 1973.

2. Ahiskog, J. E., P. K. Randall and B. G. Hoebel. Hypothalamic
hyperdipsia: dissociation from hyperphagia following destruc-
tion of noradrenergic neurons. Science 190: 399401, 1975.

3. Brastrup, C. Changes in drug-induced stereotyped behavior
after 6OHDA lesions in noradrenaline neurons. Psychophar-
macology 51: 199-204, 1977.

4. Breese, G. R. and T. D. Traylor. Developmental characteristics
of brain catecholamines and tyrosine hydroxylase in the rat:
effect of 6-hydroxydopamine. Br. J. Pharmac. 44: 210-222,
1972.

S. Butcher, L. L., S. M. Eastgate and G. K. Hodge. Evidence that
punctate intracerebral administration of 6-hydroxydopamine
fails to produce selective neuronal degeneration. Naunyn-
Schmiedebergs Arch. exp Path. Pharmak. 28S: 31-70, 1974.

6. Chen, G., C. R. Ensor and B. A. Bohner. A facilitative action of
reserpine on the central nervous system. Proc. Soc. exp. Biol.
N.Y. 86: 507-510, 1954.

7. Clark, D. W. J., R. Laverty and E. L. Phelan. Long-lasting
peripheral and central effects of 6-hydroxydopamine in rats. Br.
J. Pharmac. 44: 233-243, 1972.

8. Corcoran, M. E., H. C. Fibiger, E. G. McGeer and J. A. Wada.
Potentiation of leptazol seizures by 6-hydroxydopamine. J.
Pharm. Pharmac. 28: 497499, 1973.

9. Diaz, P. M. Interaction of pentylenetetrazol and trimethadione
on the metabolism of serotonin in brain and its relation to the
anticonvulsant action of trimethadione. Neuropharmacology
13: 615-621, 1974.

10. Dismukes, R. K. and J. W. Daly. Altered responsiveness of
adenosine 3'. 5’-monophosphate-generating system in brain
slices from adult rats after neonatal treatment with
6-hydroxydopamine. Expl Neurol. 49: 150-160. 1975.

11. Doteuchi, M. and E. Costa. Pentylenetetrazol convulsions and
brain catecholamine turnover rate in rats and mice receiving
diphenylhydantoin or benzodiazepines. Newropharmacology
12: 1059-1072, 1973.

12. Fukuda, T.. K. Yamada, N. Suenaga and S. Takishita. Changes
in spontaneous activity and emotional responses of rats treated
with 6-hydroxydopamine at suckling age. Archs int. Pharmaco-
dvn. Ther. 230: 100-111, 1977.

13. Glowinski, J. and 1. L. Iversen. Regional studies of cat-
echolamines in the rat brain. J. Newrochem. 13: 655-669,
1966.

14. Hokfelt, T. and U. Ungerstedt. Specificity of
6-hydroxydopamine  induced degeneration of  central
monoamine neurons: an electron and fluorescence microscopic
study with special reference to intracerebral injection on
the nigro-striatal dopamine system. Brain Res. 60: 269-297,
1973.



PENTYLENETETRAZOL CONVULSION AND NOREPINEPHRINE 61

1.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Kilian, M. and H.-H. Frey. Central monoamines and convulsive
thresholds in mice and rats. Neuropharmacology 12: 681-692,
1973.

Konig, J. F. R. and R. A. Klippel. The Rat Brain. Baltimore:
Williams and Wilkins, 1963.

Lessin, A. W. and M. W. Rarkes. The effects of reserpine and
other agents upon leptazol convulsions in mice. Br. J. Pharmac.
14: 108-111, 1959.

Little, J. M. and E. A. Conrad. Pentylenetetrazol seizure activ-
ity in mice as influenced by route of administration, acute ad-
renalectomy and reserpine. J. Pharmac. exp. Ther. 129: 454
461, 1960.

Maeda, T., C. Pin, D. Salvert, M. Ligier et M. Jouvet. Les
neurones contenant des catecholamines du tegmentum pontique
et leurs voies de projection chez le chat. Brain Res. §7: 119-152,
1973.

Mason, S. T. and S. D. Iversen. Learning in the absence of
forebrain noradrenaline. Nature 258: 422-424, 1975.

Mason, S. T. and S. D. Iversen. An investigation of the role of
cortical and cerebellar noradrenaline in associative motor learn-
ing in the rat. Brain Res. 134: 513-527, 1977.

Oishi, R. and S. Ueki. Facilitation of muricide by dorsal
norepinephrine bundle lesions in olfactory bulbectomized rats.
Pharmac. Biochem. Behav. 8: 133-136, 1978.

Oltmans, G. A., J. F. Lorden and D. L. Margules. Food intake
and body weight: effects of specific and nonspecific lesions in
the midbrain path of the ascending noradrenergic neurons of the
rat. Brain Res. 128: 293-308, 1977.

Roberts, D. C. S., M. T. C. Price and H. C. Fibiger. The dorsal
tegmental noradrenergic projection: Analysis of its role in maze
learning. J. comp. physiol. Psychol. 90: 363-372, 1976.

25.

26.

27.

28.

29.

30.

31

32

Rudzik, A. D. and G. A. Johnson. Effect of amphetamine and
amphetamine analogues on convulsive thresholds. In: Am-
phetamine and Related Compounds, edited by E. Costa and S.
Garattini. New York: Raven Press, 1970, pp. 715-728.

Segal, M., V. Pickel and F. Bloom. The projections of the nu-
cleus locus coeruleus: an autoradiographic study. Life Sci. 13:
817-821, 1973.

Shellenberger, M. K. and J. H. Gordon. A rapid simplified pro-
cedure for simultaneous assay of norepinephrine, dopamine and
5-hydroxytryptamine for discrete brain areas. Anal. Biochem.
39: 356-372, 1971.

Singh, B. and J. DeChamplain. Altered ontogenesis of central
noradrenergic neurons following neonatal treatment with
6-hydroxydopamine. Brain Res. 48: 432437, 1972.

Tohyama, M., T. Maeda and N. Shimizu. Detailed norad-
renaline pathways of locus coeruleus neuron to the cerebral
cortex with use of 6-hydroxydopa. Brain Res. 79: 139-144, 1974.
Ungerstedt, U. Stereotaxic mapping of the monoamine path-
ways in the rat brain. Acta physiol. scand. Suppl. 367: 1-48,
1971.

Versteeg, D. H. G., J. M. Van Ree, A. P. Provoost and W. De
Jong. Neonatal 6-hydroxydopamine treatment: noradrenaline
levels and in vitro *H-catecholamine synthesis in discrete brain
regions of adult rats. Life Sci. 15: 2127-2134, 1974,

Zieher, L. M. and G. Jaim-Etcheverry. 6-hydroxydopa during
development of central adrenergic neurons produces different
long-term changes in rat brain noradrenaline. Brain Res. 86:
271-281, 1975.



