AMCOR

Asahikawa Medical College Repository http://amcor. asahikawa-med. ac. jp/

BRAIN RESEARCH (2004) 1021(1):69-75.

Convulsive seizures induced by « —amino—3—hydroxy—5—methyl-4-
isoxazolepropionic acid microinjection into the mesencephalic reticular
formation in rats

Ishimoto, T; Chiba, S; Omori, N



Convulsive seizures induced by a
-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid microinjection

into the mesencephalic reticular formation in rats

Takahiro Ishimoto, Shigeru Chiba *, Nobuyuki Omori

Department of Psychiatry and Neurology, Asahikawa Medical College,

Midorigaoka higashi 2-1-1-1, Asahikawa 078-8510, Japan

*, To whom correspondence should be addressed:
Shigeru Chiba, M.D., Ph.D., Department of Psychiatry and Neurology,
Asahikawa Medical College, Midorigaoka higashi 2-1-1-1, Asahikawa
078-8510, Japan

Tel : +81-166-68-2473

Fax: +81-166-68-2479

E-mail : chibas@asahikawa-med.ac.jp
The number of text pages of the whole manuscript is 36 pages ( including

4 Figures and 2 Tables).



Acknowledgements

The authors wish to thank Dr. Akihiko Nunomura for his advices in
histological investigation and Prof. Yoshikatsu Mochizuki for statistical

analyses.



Convulsive seizures induced by a
-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid microinjection

into the mesencephalic reticular formation in rats

Abstract
Effects of microinjections of a single 2 or 10 nmol dose of a

-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) into the
unilateral mesencephalic reticular formation (MRF) on behavior and on
the electroencephalogram were examined in rats (n= 30) over a 15 min
period (Exp. 1); subsequent effects of sound stimulation with key jingling
applied at 15, 30, and 45 min after the injection were observed (Exp. 2).
The microinjections of a 2 nmol dose of AMPA (n=15) induced
hyperactivity (15 of 15 rats) and running/circling (10 of 15 rats) in Exp. 1,
and hyperactivity (5 of 15 rats) in Exp. 2. Moreover, the microinjections
of a 10 nmol dose of AMPA (n=15) induced hyperactivity (15 of 15 rats),
running/circling (13 of 15 rats), generalized tonic-clonic seizures (GTCYS)
(4 of 15 rats), and amygdala kindling-like seizures (AMKYS) (8 of 15 rats)

in Exp. 1; electroencephalographic seizure discharges were predominantly



observed in the MRF during hyperactivity, running/circling and GTCS,
while those predominantly observed in the amygdala were during AMKS.
In Exp. 2, hyperactivity (15 of 15 rats), running/circling (14 of 15 rats) and
GTCS (6 of 15 rats) were elicited by sound stimulation, athough AMKS
were not.  The control group rats (n=15) which received a single dose of
saline microinjection into the unilateral MRF showed no behavioral or
electroencephalographic changes in both Exp. 1 and 2. These findings
suggest that potentiation of excitatory amino acid neurotransmission
induced by AMPA injection into the MRF plays an important role not only
in the development of hyperactivity, running/circling, GTCS and AMKS,

but aso in the development of audiogenic seizures.
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Introduction
An imbalance between inhibitory and excitatory neurotransmission is
considered to be associated with the generation and expression of
human 18, 19 and animal epileptic seizures 2, 41,52 . Regarding
inhibitory neurotransmission, repeated administration of the vy
-aminobutyric acid (GABA) receptor antagonist, picrotoxin 9 or
bicuculline 53 , into the unilateral amygdala (AM) induces the
development of AM seizure in rats. Systemic administration of the
GABA receptor agonist, muscimol, strongly suppresses AM kindled
seizures 41,42 inrats. Incontrast, in excitatory neurotransmission,
systemic administration of N-metyl-D-aspartate (NMDA) 40 , or the
focal administration of NMDA to the AM 15, 16, 17 , massa
intermedia 31, 32 , or substantia nigra pars reticulata 49,50
produces convulsive seizures. The focal injection of kainic acid into
the limbic structures 51  also produces convulsive seizures. Besides,
3-(2-carboxypiperazine-4-yl)-propyl-1-phosphonic acid (CPP) 45 ,a

competitive NMDA receptor antagonist, or dizocilpine (MK-801)



48 ,a non-competitive NMDA receptors antagonist, has potent
inhibitory effects on the development of AM kindling in rats . o
-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) is
known to be an excitatory amino acid. Some clinical studies suggest
that AMPA-sensitive quisqualate receptor binding 33 or AMPA
receptor MRNA 27 increased in the epileptogenic hippocampus in the
human brain.
2,3-dihydroxy-6-amino-7-sulfamoyl-benzo(F)-quinoxaline (NBQX)

43 , aselective AMPA receptor antagonist, was also shown to have
potent inhibitory effects on the development of AM kindling in rats.
Therefore, potentiation of excitatory neurotransmission seems to play a
crucial role in the development of several experimental models of
epilepsy.

Experimental studies suggest that the brainstem reticular formation
(RF), particularly the mesencephalic RF (MRF), is involved not only in
the secondary generalization of partial seizures originating from the
forebrain 13, 14, 34 but also in the generation of primary

generalized seizures 4, 8, 11, 12, 34,35 . Electrical stimulation of the



unilateral MRF induces generalized convulsionsinrodents 4,8 and
cas 35 . The MRF can be kindled with the development of
generalized convulsions in rats 12 . Local administration of
bicuculline, a GABA antagonist, to the unilateral MRF induces
generalized tonic seizuresinrats 11 . Moreover, our previous study
indicates that NMDA microinjection into the rat MRF induces varied
seizure patterns, including generalized tonic clonic seizures (GTCYS),
and also results in increased seizure susceptibility to sound stimulation

34 . Ingenetically epilepsy-prone rats (GEPR-9s) the propagation
of seizure discharges from the inferior colliculus to the brainstem RF is
considered to be important for the development of audiogenic seizures

6, 22, 25 . Several brain chimera studies on 12-somite stage
Fayoumi strain of chickens (FEpi) embryos with hereditary reflex
epilepsy demonstrate that the mesencephalon contains the generator of
the epileptic manifestations of running and generalized convulsions 3,
20, 29, 30, 44 . In addition, the mesencephalic neurons of FEpi are
reported to be highly sensitive to high-frequency photic stimulation,

capable of producing bursts during intermittent light stimulation [29,



30].

To further clarify the role of the MRF in the expression of epileptic
seizures, we microinjected AMPA into the unilateral MRF in rats and
observed the behavioral and EEG changes for 15 min (Exp. 1).
Subsequently we examined the effects of sound stimulation applied at
15, 30 and 45 min after AMPA microinjections on the behavioral and

EEG changes in the animals (Exp. 2) .

Materials and Methods

Exp.1 : AMPAInjection
Forty-five male adult Sprague-Dawley rats (2-3 months of age,
weighing 250-400 g) were used inthisstudy  The rats were randomly
assigned to Group A (n=15), B (n=15), or C (n=15). pentobarbital
anesthesia, chemitrodes, i.e, 24G guide cannulas with bipolar
electrodes made of twisted stainless steel wire (200 p m in diameter),
were implanted stereotaxically 46  into the left MRF (the deep

mesencephalic nucleus ; 5.8 mm posterior , 1.7 mm lateral from bregma,



and 6.6 mm ventral from the skull). The tip of the bipolar electrodes

extended 1.0 mm beyond the ends of the guide cannulas. In addition

bipolar electrodes made of twisted stainless steel wire (200 y m in

diameter), were implanted stereotaxically 46  into the left AM (2.8

mm posterior , 5.0 mm lateral from bregma, and 9.0 mm ventral from

the skull) for AM recording electrode. Two surface electrodes

(stainless steel screws) were driven into the skull; one for recording
from the left sensorimotor cortex, and the other, over the left olfactory
bulb, as the reference electrode

Seven days after the operation  asingle 10 nmol or 2 nmol dose of

AMPA (Sigma StLouis MO USA) was administered into the MRF
in Groups A and B, respectively (Group A received 10 nmol and Group
B received 2 nmol) The dose of AMPA was dissolved in saline and
delivered in a volume of 1.0 p | at a rate of 1.0y I/min by a
microsyringe pump (Eicom corp. , Kyoto, Japan, EP-60) The
microinjections were performed with 30G needles extending 1.0 mm
beyond the ends of the guide cannulas  The Group C rats received a

saline injection (1.0 p 1) into the left MRF in a manner identical to that
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carried out in Groups A and B Behavioral and EEG changes were

recorded for 15 min after the end of the AMPA/saline microinjectionsin

Exp. 1.

Exp.2 : sound stimulation

Immediately after Exp. 1, we applied sound stimulation (for 60 sec) to
the rats of Groups A, B, and C at 15, 30 and 45 min from the end of the
AMPA or saline microinjections in Exp. 1. Although there are several
sound stimulation methods using key jingling [1, 27, 33, 36, 38], the
sound stimulation in our Exp. 2 was provided by a short manual shake of a
bunch of keys (6 metal door keys on a metal key-ring) held at 50 cm
above the floor of an open-topped observation box (35 cm x 35 cm x
35 cm) 34 ; the frequency and intensity of the sound was reported
elsewhere 34

On completion of Exp. 2, the animals were deeply anesthetized and
their brains were subjected to perfusion fixation with 10 % formalin, and
subsequently cut into 10 y m thick frozen sections to histologically
confirm the position of the depth electrode. Statistical comparisons were

made using Fisher’s exact probability test.
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3. Results

Histological examination revealed that the chemitrodes were located in

the intended area (within 0.5 mm of the target site) in all the rats used

(Fig.1).

Exp. 1
The microinjections of 2 nmol dose of AMPA induced only
hyperactivity and running/circling. The microinjections of 10 nmol dose
of AMPA induced the following seizure patterns in the following order: (1)
hyperactivity (a state in which a rat is frequently moving or restlessly
walking around in the observation box); (2) running/circling which

consisted of sudden running straightforward and circling in the

open-topped observation box without their regular direction; (3) GTCS

(which involved both forelimb and hindlimb extension); and (4) amygdala

kindling-like seizures (AMKYS) which consisted of facial movements, head

nodding, bilateral forelimb clonus, and rearing. As shown in Figs. 2 and
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3, electroencephalographic seizure discharges were predominantly
observed in the MRF during hyperactivity, running/circling and GTCS,
while those predominantly observed in the amygdala occurred during

AMKS. AMKS was observed in 8 rats that exhibited hyperactivity and

running/circling in the Group A, and AMKS was not observed earlier than

hyperactivity and running/circling. Additionally, AMKS was usually

observed within 15 min since the rats recelved AMPA microinjection.

The Group C rats did not show any behavioral or electroencephalographic
changes during the 15 min following the end of the saline injection. The
incidence of the seizure patterns observed in each Group is shown in Table
1. The incidences of hyperactivity and running/circling were
significantly higher in Groups A and B than in Group C. The incidences
of GTCS and AMKS were significantly higher in Group A than in Groups

B and C.

Exp. 2
Although AMPA-induced seizures were not observed during the period

from 15 to 45 min after the end of AMPA injections, sound stimulation
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applied at 15, 30 and 45 min after AMPA injections induced hyperactivity
(Groups A and B), running/circling (only Group A), and GTCS (only
Group A), but did not produce AMKS. The EEG findings observed in
Exp. 2 were similar to those observed in Exp. 1 (Fig. 4). In Group C, no
behavioral or EEG changes were elicited by sound stimulation. The
incidences of the seizure patterns in Groups A, B, and C are summarized
in Table 2. The incidence of hyperactivity, running/circling and GTCS

was significantly higher in Group A than in Groups B and C.

4 . Discussion

In Exp. 1, the microinjection of a 10 nmol dose of AMPA into the
unilateral MRF could induce seizure patterns in the following general
order: hyperactivity, running/circling, GTCS, and AMKS. These
behavioral seizure patterns were accompanied by electrographic seizure
discharges in the MRF, amygdala, and the motor cortex. Injection of a 2
nmol dose of AMPA also induced hyperactivity and running/circling, but

did not produce GTCS or AMKS. These findings suggest that
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potentiation of excitatory neurotransmission in the MRF contributes to the
generation of varied convulsive seizures including GTCS, and that the
severity of the seizure symptoms depends on the level of potentiation of
excitatory neurotransmission in MRF.

In a separate study, we examined effects of the microinjection of a
single 10 nmol dose of AMPA in two rats with guide cannulas positioned
outside of the intended MRF area. One of these animals, with the guide
cannula located 1.0 mm dorsally, exhibited only mild hyperactivity
without electroencephalographic seizure changes, while the other, with its
guide cannula located 0.5 mm ventrally and 0.4 mm laterally, showed mild
hyperactivity and running/circling behavior, without
electroencephalographic seizure discharges. These findings suggested
that varied seizure patterns (hyperactivity, running/circling, GTCS and
AMKYS) observed in Exp. 1 were specifically derived from the activation
of the intended MRF area by AMPA microinjection.

The results of Exp. 1 support the view that generalized seizures can
originate fromthe MRF 4, 8,11, 12,35 . However, the incidence of

GTCS induced by AMPA (10 nmol) injection in Exp. 1 was lower
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compared with that induced by NMDA (10 nmol) injection into the MRF
inour previous study 34 (27% and 63%, respectively). Therefore, the
development of GTCS in which the cortico-reticular system is considered
to be involved seems to be easily produced by excitation of NMDA rather
than AMPA neurotransmission.  This speculation is not inconsistent with
the fact 54 that in audiogenic seizures after propylthiouracil
administration in rats, the development of GTCS is mainly controlled by
excitation of NMDA rather than AMPA neurotransmission. In contrast,
AMKS was induced by the AMPA microinjection, not by NMDA 34
into the MRF, probably due to excitation of the limbic-brain stem
connection.

In Exp. 2, sound stimulation applied at 15, 30 and 45 min after a
10 nmol of AMPA injection into the MRF could induce the seizure
patterns (hyperactivity, running/circling, and GTCS) similar to those
observed in Exp. 1, although similar sound stimulation after a 2 nmol of
AMPA injection into the MRF induced only hyperactivity. These results
imply that the rats which receilved the injections of AMPA were

susceptible to varied audiogenic seizures, and suggest that potentiation of
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excitatory neurotransmission induced by AMPA, as well as NMDA [34],
in the MRF had a facilitatory effect on the development of audiogenic
seizures. Genetically epilepsy prone rats (GEPR-9s) with audiogenic
seizures (running and GTCS) show increased levels of glutamate and
aspartate in the inferior colliculus (IC) and the brainstem RF 10, 21, 23,
24, 36, 38, 47 . Bilateral microinjections into the IC or the pontine RF of
exitatory amino acid receptor antagonists block audiogenic seizures in
GEPR-9s 26 . Inaddition, theinitiation site of the audiogenic seizures
Is considered to be the IC; the IC activates brainstem RF neurons, with the
neuronal firing rate of the brainstem RF being increased markedly at the
onset of the audiogenic tonic seizure 21,25 . Therefore, inthe rats of
Exp. 2, it is assumed that the propagation of seizure discharges from the
IC to the brainstem RF is crucial for the development of audiogenic
seizures and that the brainstem RF, especially MRF, neurons play a major
role in the generation of audiogenic seizures.

In Exp.2, sound stimulation after AMPA injection did not induce
AMKS, although it did induce the electroencephalographic seizure

propagation from MRF to the limbic stuructures. This finding indicates
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that audiogenic stimulation does not result in spontaneous epileptoginic
excitation of the limbic structures, but merely exhibits
electroencephalographic seizure propagation from MRF to the limbic

structures. Some experimental researches indicated that facial and

forelimb clonus with or without rearing depends on a forebrain network,

while running and bouncing clonus as well as tonic extension depend on a

brainstem circuitry, and transactions at precollicular level have been

shown to separate these seizure behaviors whether produced by sound

stimulation, electroshock or chemoconvulsants 5,7

In conclusion, our study provides a further insight into the
excitatory mechanism of epileptic seizures arising from the brainstem,
suggesting that potentiation of excitatory neurotransmission in the MRF
induced by AMPA microinjection plays an important role in the
development of limbic seizures as well as GTCS, and results in an

increased susceptibility to audiogenic running seizures and GTCS.
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Figure Legends

Fig.1. Distribution of chemirtodes placement in GroupsA, B and C.
Stereotaxic coordinates for the deep mesencephalic nucleus are; 5.8 mm
posterior , 1.7 mm lateral from bregma, 6.6 mm from the skull (according

to Paxinos and Watson 45 )

Fig. 2. EEGs of hyperactivity, running/circling and GTCS patterns in a
Group A rat. At 46 sec after the AMPA injection, the rat displayed
hyperactivity and running/circling. GTCS appeared at 14 min and 16 sec
after AMPA microinjection.

GTCS, generalized  tonic-clonic  seizures ; AMPA, «

-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid ; LMRF, left
mesencephalic reticular formation ; LAM left amygdala ; LMCO, left

motor cortex ; REF, reference electrode.
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Fig. 3. EEGs of AMKSinaGroup Arat. AMKS, i.e., facial movements,
head nodding and bilateral forelimb clonus with rearing appeared initially
at 12 min and 10 sec after AMPA microinjection.

AMKS, amygdala  kindling-like  seizures ; AMPA, «

-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid ; LMRF, left
mesencephalic reticular formation ; LAM, left amygdala ; LMCO, left

motor cortex; REF, reference electrode.

Fig. 4. EEGs of hyperactivity and GTCS €licited by sound stimulation at
30 min after AMPA injection. Sound stimulation applied at 15, 30 and 45
min after AMPA injections induced hyperactivity and GTCS. The
seizure patterns and EEG findings in these animals were similar to those
observed in the animals in Exp. 1.

GTCS, generalized  tonic-clonic  seizures ; AMPA, «
-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid ; LMRF, left
mesencephalic reticular formation ; LAM, left amygdala ; LMCO, left

motor cortex ; Ref, reference electrode ; SS, sound stimulation.
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Tables

Table 1. The incidence of the seizure patterns induced by AMPA
injections in each Group (Exp. 1). Seizures were classified into 4
patterns; hyperactivity, running/circling, GTCS and AMKS.

AMPA, a -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid ; GTCS,
generalized tonic-clonic seizures ; AMKS, amygdala kindling seizure

patterns. *P<0.05, **P<0.01 by Fisher’s probability exact test.

hyperactivity running/circling GTCS AMKS

Group A 15115 — 13/15 | 415 | 8/15
(20 nmol, n=15) x . * % * %k k
Group B 15/15— 10/15— | 0/15 0/15
(2 nmol, n=15)
* % * %
Group C 0/15— —  0/15— — 0/15 ' 0/15

(saline, n=15)
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Table 2. The incidence of the seizure patterns induced by sound
stimulation in each Group (Exp. 2). Sound stimulation-induced seizures
were classified into 3 patterns: hyperactivity, running/circling and GTCS.

In Group C, no behavioral or EEG changes were elicited by sound
stimulationGTCS, generalized tonic-clonic seizures ; AMKS, amygdala
kindling seizure patterns ; AMPA, a

-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid. **P<0.01 by

Fisher’s exact probability test.

hyperactivity running/circling GTCS AMKS

Group A 15/15— —| 14/15 | — 6/15 | — 0/15
(10 nmol, n=15) e e s *k % *% kk
Group B 5/15 | 0/15 | 0/15 0/15
(2 nmol, n=15)

Group C 015 — 015 — 015 — 0/15

(saline, n=15)
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Fig.2 AMPA INJECTION (Group A)
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Fig.3
AMPA INJECTION (Group A)
12 mtr 10 sec after injection continued
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Fig.4
SOUND STIMULATION (Group A)

35 (30 min after injection) continued
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Table 1 (AMPA microinjection; Experiment 1)

hyperactivity running/circling GTCS AMKS
Group A 15/15 1 13/15 — 4/15 —— 8/15
(10 nmol, n=15) o . x N K| * %
Group B 15/15— 10/15— 0/15 — | 0/15 —
(2 nmol, n=15)

** * %

Group € o5~ ons— ) o1s ons
(saline, n=15)

AMPA, a -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid;
GTCS, generalized tonic-clonic seizures; AMKS, amygdala kindling-like seizures;
*P<0.05, **P<0.01 by Fisher’s probability exact test.



Table 2 (AMPA microinjection; Experiment 2)

hyperactivity running/circling GTCS AMKS
Group A 15/15— — 14/15— — 6/15 — — 0/15
(10 nmol, n=15) (6,7,2) | |, (6,7,1) |, **(3,3,0) . **(0,0,0)
eroup 8 5/15 — 0/15 — | 0/15 — 0/15
(2 nmol, n=15) (3,2,0) (0,0,0) (0,0,0) (0,0,0)
Group € 015 015 | o015 ) 0/15
(saline, n=15)  (0,0,0) (0,0,0) (0,0,0) (0,0,0)

AMPA, a -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid;
GTCS, generalized tonic-clonic seizures; AMKS, amygdala kindling-like seizures;
*P<0.05, **P<0.01 by Fisher’s probability exact test.



