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Fig. 1 — 1 Bar graph displaying the time of first amygdaloid spike from kainic
acid (KA) injection into the left amygdala.

Fig. 1 — 2Bar graph displaying the time of the first generalized seizure from KA
injection into the left amygdala.

Fig. 1 — 3Bar graph displaying the

times of seizure for 2 hours from KA

injection into the left amygdala.
Fig. 1 —4Bar graph displaying the total time of seizure for 2 hours from KA
injection into the left amygdala.
Values are given as the mean * standard deviation for seven normothermic and
seven hypothermic rats. The p value was obtained using Mann-Whitney U-test.
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Fig. 2-1 Thirty minutes post-injection
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Fig. 2-2 One hour post-injection
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Fig. 2-3 Two hours post-injection
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Figure 2 Electroencephalographs of the Normothermic rat (upper) and
hypothermic rat (lower).

Fig. 2—1 The EEG is demonstrated lower voltage in the
hypothermic rat then the normothermic rat at 30 min
after the KA injection.

Fig. 2—2 After one hour, low voltage spike discharges were
observed during inter ictal period in the normothermic
rat, but there were few spikes in the hypothermic rat.

Fig. 2—3 Two hours after KA injection, the spike discharges of
the left amygdala were propagated to the bilateral
cerebral cortex in the normothermic rat, and they
demonstrated status epileptics. In the hypothermic rat,
the spike discharges of the left amygdala were difficult
to spread to cerebral cortex.
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ngure 4

“C-deoxyglucose autoradiographies of normothermic rat and hypothermic

rat during KA-induced limbic seizure.



TADAREOREICHLEEBMR T 3 ) BoaE
FiiHABIE LT 32, Rtkikh 5> OHEEIL
HANEF 48 > THECASICABH, DL ED
W EYE LS NVY I VBRTH P, Rk
KRKAZAEFLTHRONSHEECASEHLE
T 3RO RE BRITHEER T I ) RO
HHICBR LTV B EEX 5h T3P,

Liu 5ld. v McAA = 8% 12mg, kg
BRERES U TR Z 3 TA»ARIEVEIBED
A2°COBIHERE L. TXTD T v MAY2HRELL
PICBEL U 28°CCIERMEN TE R AKIR I ok
50%D L. 23°CTIIEEZAIIEIS i &
#WELTWBE®, SEIOERTIIEEBEN KT
BITREVIKE E. TA»ABBEOIIFNR S
N MC-DGA— N5 VAT S5 LT, BERETT
BRI DIEAS D 5% 30 COEGIR THIH S hiz,
Zhid. Bl /MEEFNVERRICTAD»AFR
VeEsiciE 3. BEN T 3 /) BOBHMEEKEIC
ko THHIS NIl EEZ BN,

SEIOEBHER K b | (EEREE. S8 x
BB & FER i Ehat T AD ABRIREEDISRIC
JGRITE BRIEEES S B LR S Nz,

References _

[1] Olney JW, Rhee V, Ho O. Kainic
acid : a powerful neurotoxic ana-
logue of glutamate. Brain Research
1974 ; 77 : 507 — 512

[2] Tanaka T, Tanaka S, Fujita T, Takano
K, Fukuda H, Sako K, Yonemasu Y.
Experimental complex partial sei-

zures induced by a microinjection

(3]

(4]

(5]

(6]

(7]

{8]

of kainic acid into limbic structures.
Progress in Neurobiology 1992; 38 -
317 - 334

Babb T, Brown W. Pathological find-
ings in epilepsy, In : Engel J, ed.
Surgical treatment in epilepsy. New
York. Raven Press, 1987 : 511 — 540.
Ben—Ari Y, Tremblay E, Ottersen
OP. Injections of kainic acid into
the amygdaloid complex of the rat:
an electrographic, clinical and his-
tological stﬁdy in relation to the
pathology of epilepsy. Neuroscience
1980 ; 5:515 — 528

Nelson KB, Ellenberg JH. Prenatal
and perinatal antecedents of febrile
seizures. Ann. Neurol. 1990 ; 27 : 127
-131

Lennox-Buchtal MA. Febrile con-
vulsions, In Magnus O, Lorentz de
Hass AM, eds. The epilepsies.
Amsterdam : North-Holland, 1974 :
246 — 263.

Johnson DD, Wilcox R, Tuchek JM,
Crawford RD. Experimental febrile
convulsions in epileptic chickens :
the anticonvulsant effect of elevated

r-Aminobutyric acid concentrations.

Epilepsia 1985 ; 26 : 466 — 471

Tancredi V, D' Arcangelo G, Zona
C, Siniscalchi A, Avoli M. Induction

of epileptiform activity by temper-



[9]

[10]

[11]

(12]

[13]

ature elevation in hippocampal
slices from young rats:an in vitro
model for febrile seizures ?. Epi-
lepsia 1992 ; 33 :228 — 234
McCaughram JA, Schechter N. Ex-
perimental febrile convulsions : long-
term effects of hyperthermia-induced
convulsions in the developing rat.
Epilepsia 1982 ;27 : 173 — 183
Marion DW, Penrod LE, Kelsey SF,
Obrist WD, Kichanek PM, Palmer
AM, Wisniewski SR, DeKosky ST.
Treatment of traumatic brain injury
with moderate hypothermia. N. Engl.
J. Med. 1997 ; 336 : 540 — 546
Clifton GL, Allen S, Barrodale P,
Plenger P, Berry J, Koch S, et al.
A phase @I study of moderate
hypothermia in severe brain injury.
J. Neurotrauma. 1993; 10: 263 — 271
Bernard SA, Jones BMC, Horne MK.
Clinical trial of induced hypothermia
in comatose survivors of out-of-
hospital cardiac arrest. Ann. Emerg.
Med. 1997 ; 30 : 146 — 153

Sokoloff L, Revich M, Kennedy C,
Des Rosiers MH, Patlak CS, Pettigrew
KD, et al. The ["“C] deoxyglucose

"method for the measurement of

local cerebral glucose utilization :
Theory, procedure, and normal

values in the conscious and anesthe-

(14]

[15]

[16]

[17]

(18]

tized albino rat. J. Neurochem. 1977;
28 : 897 — 916

Rosomoff LHL. Hypothermia and
cerebral vascular lesions. J.Neuro-
surg. 1956 ; 13 : 244 — 255

Busto R, Dietrich WD, Globus MY,
Valdes I, Scheinberg P, Ginsberg
MD. Small differences in intraische-
mic brain temperature critically
determine the extent of ischemic
neuronal injury. J. Cerb. Blood Flow
Metab. 1987 ; 7 : 729 — 738

Wass CT, Lanier WL, Hofer RE,
Scheithauer BW, Andrews AG.
Temperature changes of > 1°C alter
functional neurological outcome and
histopathology in a canine model
of complete cerebral ischemia. An-
esthesiology 1995 ; 83 : 325 — 335
Clifton GL, Jiang JY, Lyeth BG,
Jenkins LW, Hamm RJ, Hayes RL.
Marked protection by moderate
hypothermia after experimental
traumatic brain injury. J. Cerb.
Blood Flow Metab. 1991;11:114 —
121

Dietﬁéh WD, Alonso d, Busto R,
Globus MY, Ginsberg MD. Post-
traumatic brain hypothermia re-
duces histopathological damage

following concussive brain injury in

the rat. Acta Neuropathol. 1994 ; 87:



[19]

[20]

[21]

250 — 258

Busto R, Globus MY-T, Dietrich
WD, Martinez E, Valdes I, Ginsberg
MD. Effect of mild hypothermia on
ischemia-induced release of neuro-
transmitters and free fatty acid in
rat brain. Stroke 1989 ; 20 : 904 —
910

Globus MY-T, Busto R, Dietrich
WD, Martinez E, Valdés I, Ginsberg
MD. Effect on ischemia on the in
vivo release of striatal dopamine,

glutamate, and gamma-aminobutyric

acid studied by intracerebral micro-.

dialysis. J.Neurochem. 1988 ; 51 :
1455 — 1464

Globus MY-T, Busto R, Dietrich
WD, Martinez E, Valdeés I, Ginsberg
MD. Intra- ischemic extracellular
release of dopamine and glutamate
is associated with striatal vulnera-

bility to ischemia. Neurosci. Lett.

1988 ;91 : 36 — 40

[22] Faden Al Demediuk P, Panter SS,

(23]

(24]

[25]

(26]

Vink R. The role of excitatory
amino acids and NMDA receptors
in traumatic brain injury. Science
1989 ; 244 : 798 — 800

Morimoto T, Nagao H, Yoshimatsu
M, Yoshida K, Matsuda H. Patho-
genic role of glutamate in hyper-
themia—induced seizures. Epilepsia
1993 ; 34 : 447 — 452

Krettek JE, Price JL. Projections
from the amygdaloid complex and
adjacent olfactory structures to the
entorhinal cortex and to the
subiculum in the rat and cat. J.
Comp. Neurol. 1977 ; 172 : 723 — 752
Olney JW, Collins RC, Sloviter RS.
Excitotoxic mechanisms of epileptic
brain damage. Advances in Neu-
rology 1986 ; 44 : 857 — 877

Liu Z, Gatt A, Mikati M, Holmes
GL. Effect of temperature on kainic
acid- induced seizures. Brain Res.

1993 ; 631 : 51 — 58



Summary

Effect of hypothermia on kainic acid-induced limbic seizures
Takahiro Maeda, Kiyotaka Hashizume, Tatsuya Tanaka

Department of Neurosurgery, Asahikawa Medical College, Japan
4 — 5 Nishikagura, Asahikawa, Hokkaido, Japan

The effect of body temperature on kainic acid (KA) -induced limbic seizures was
examined in Wistar rats. In rats undergoing limbic seizure induced by 1 microgram
intra-amygdaloid injection of KA, the post-injection latency of initial ictal discharges
in the left amygdala >was significantly longer in rats whose body temperature was lowered
to 30°C. The post-injection latency of initial ictal discharges in the left hippocampus
* was also significantly longer under the same conditions. The number of generalized
spike discharges occurring in the first 2 hours post-injection was significantly lower
in hypothermic rats, as was the total duration of limbic seizures over the same period.
“C-deoxyglucose autoradiograms showed decreased radiation density not only in the
left amygdala and bilateral hippocampus, but also in the cerebral cortex of hypothermic
rats. The results of the present experiment suggest that the use of hypothermia, which
has been shown to be effective in the treatment of acute cerebral ischemia and brain

injury, may be effective in the treatment of status epileptics.
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