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Kazunori YOSHIDA
Department of Psychology

Abstract : The present study examined the effects of amygdaloid kindling on the rat
hippocampal mossy fiber system with a Timm staining method. The kindled rats were
anesthetized and perfused at one hour (1 hr group), one week (1 wk group) and one
month (1 mo group) after the last generalized convulsive seisure. The brains were rem-
oved and 40 #m sections were obtained. These sections were then processed for the Timm
staining of mossy fiber. In the control rats, Timm stained mossy fibers were distribut-
ed throughout the hilus of dentate gyrus and formed a clear-cut band in the stratum
radiatum of the field of hippocampal CA3-CA2. The Timm staining pattern was less
observed in the stratum oriens of CA3-CA2 field and stratum moleculare of the dentate
gyrus in the nonkindled rats. On the other hand, in the kindled group, there was a
dramatic increase of Timm-stained mossy fiber terminals in the hilus and the supragra-
nular zone of the stratum moleculare of the dentate gyrus at least 1 week or 1 month
after the completion of kindling. Timm staining was also increased in the stratum ori-
ens of the CAS3 field. These results showed an evidence of novel synaptic reorganization
in the hippocampus after amygdaloid kindling.
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TMK-2 9 12 4 140 A
TMK-6 5 7 3 120 A
TMK-7 5 7 3 120 A

first GC:BHID LT ARFE( generalized convulsion; GC) ¥ T Hll 5] ¥
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BOIYE - 7285 A mossy fiber €, WiiKlalhilus»5CA 3 a — C A 2 o #ifk#if
eIk keRE  (BUkRg) JEEIC b7z - TRPIRICBIn 5,
A —)id 1 mm, av : alveus, or : stratum oriens, py : stratum pyramidale,
rad : stratum radiatum, lmol : stratum lacunosum-moleculare, mol : stratum
moleculare, gr: stratum granulosum, hif : hippocampal fissure, fi: fimbria,
CAl, CA2, CA3a : hippocampal subfields.
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AT B @B m e S R 2O L AL, B EEEEL TV DR
WEg (perforant path), % (angular bandle) H2WIXMREKO X > F1) ¥ 72X 24
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HRARB &2 mossy fiber® i+ 7 AL (synaptic reorganization) ¥ 7% b & #FE M
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R FY > 7 e oBEICE T 22834 C, Kasarskis 5™ 13, R#kEF v F) »
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7:. ¥7-, Represa & Ben-Ari” 3R F > FU > 7D CA 3 TDmossy fiber®F7z% &
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b, GABAZ 2 — /O @ w7 o o5 L CHRICESZEABVITRELZE X 5N 5,
INLOZ -1 YEENH AR (sprouting) FRAELY, REHEEKFEH T AY,



TADPAEFIVT v MZBIT 2 EBEEKEEREOBEZHER A

FOZENFFYF) v OKGEEEERT L -RE Lo TS TREMEROTIEL T2,

R F 2 FU o 7L Ch LR WEEMESY, SROERERPORRIN, £OHEER
G, R ORBERE A LR RSN O O 0 ERAREIER LTS 2 L
PEZLND,

E #

AERIE, v FRWEF L Py rBOEBEHRREER MR (mossy fiber) 2RI
FEErTimm$EdEr A TR L. 20OR%E, ¥ V) 7FEfdrs— & ICERE
BEET RIS FER S C A 3 @ LATRBICH 7 2mossy fiber@ KA S h, B X FY v 7
BWTHiEEmossy fiber DBIFE BRI (sprouting) OHEEMIRE SNz, CALDOHE
B2, BENOZnOBREERIZIA- 22— (3F5 {GABAEEIM ==~ %)
BHEL, EhHF Y R v rORBEEO—HE Lo TwbEEILND,

& E XMW

(1)Cavazos, J., E., Golarai,G. and Sutula, T. P. Mossy fiber synaptic reorganization induced
by kindling : time course of development, progression, and permanence.

J. Neurosci., 1991, 11(9}, 2795—2803

(2)Cavazos, J. E. and Sutula, T. P. Morphological evidence for synaptic reorganization
induced by kindling in the stratum moleculare of the CAl“subiculum transitional region
of the rat hippocampal formation. Soc. Neurosci. Abstr., 1989, 15, 454.

(3)Clusmann, H., Stabel, J., Stephans, D. N. and Heineman, U. Alterations in medial
perforant path and mossy fiber induced field potentials in amygdala and § -carboline

(FGT142) kindled rats. Neurosci. Lett., 1992, 146, 65—68,

(4)Danscher, G. Histochemical demonstration of heavy metals : a revised version of the
sulphide silver method suitable for both light and electronmicroscopy.
Histochemistry, 1981, 71, 1—16.

(5)de Lanerolle, N. C., Kim, J. H., Robbins, R. J. and Spencer, D. D. Hippocampal inter-
neuron loss and plasticity in human temporal lobe epilepsy. Brain Res.,
1989, 495, 387—395.

(6)Frederickson, C. J., Hernandez, M. D., Goik, S. A., Morton, J. D. and McGinty, J. F.
Loss of zinc staining from hippocampal mossy fibers during kanic acid induced seizures :
a histofluorescence study. Brains Res., 1988, 446, 383—386.

(7)Frederickson, C. J., Hernandez, M. D. and McGinty, J. F. Translocation of zinc may

contibute to seizure-induced death of neurons. Brain Res., 1989, 480, 317—321.



% B M1 #

(8)Gamurani, H., Onteniente, B., Seguela, P., Geffard, M. and Calas, A. Gamma-amino-
butyric acid immunoreactivity in the rat hippocampus : a light and electron microscopic
study with anti-GABA antibodies. Brain Res., 1986, 364, 30—38.

(9)Goddard, G. V., Mclntyre, D. C. and Leech, C. K. A permanent change in brain function
resulting from daily electrical stimulation. Exp. Neurol., 1969, 25, 295—330.

(0ltagaki, S. and Kimura, H. Retardation of resynthesis of GABA-transaminase in some
brain regions of amygdala-kindled rats. Brain Res., 1986, 381, 77—84.

(lKamphuis, W., Wadman, W. J., Buijs, R. M. and Lopes da Silva, F. H. The development
of changes in hippocampal GABA immunoreactivity in the rat kindling model of epilepsy
: a light microscopic study with antibodies. Neuroscience, 1987, 23(2), 433—446.

(12Kasarskis, E. J., Forrester, T. M. and Slevin, J. T. Hippocampal zinc during amygdalar
kindling in the rat. Epilepsia, 1985, 26(5), 513.

(13Lorente de No, R. Studies on the structure of the cerebral cortex. IL
Continuation of the study of the ammonic system. J. Psychol. Neurol., 1934, 46, 113—177.

140kazaki. M. M. and Nadler, J. V. Stimulation-induced status epilepticus reliably provokes
hippocampal mossy fiber sprouting. Soc. Neurosci. Abstr., 1989, 15, 454.

(15Paxinos, G. and Watson, C. The rat brain in stereotaxic coordinates. 2nd edition.
Academic Press, New York, 1986

(9Racine, R. J., Gartner, J. G. and Burnham, W. H. Epileptifrom activity and neuronal
plasticity in limbic structures. Brain Res. 1972, 47, 262—268.

(17Represa, A. and Ben-Ari, Y. Kindling is associated with the formation of novel mossy
fiber synapses in the CA3 region. Exp.Brain Res., 1992, 92, 69—78.

(18Sloviter, R. S. Decreased hippocampal inhibition and a selective loss of interneurons in
experimental epilepsy. Science, 1987, 235, 73—176.

{19Soriano, E. and Frotscher, M. A GABAergic axo-axonic cell in the fascia dentata controls
the main excitatory hippocampal pathway. Brain Res., 1989, 503, 170—174.

@0Sundstrom, L. E., Mitchell, J. and Wheal, H. V. Bilateral reorganization of mossy fibres
in the rat hippocampus after a unilateral intracerebroventricular kanic acid injection.
Brain Res., 1993, 609, 321—326.

@USutula, T. P. and Cavazos, J. E. Regional variation in the distribution of mossy fiber
synaptic reorganization induced by kindling : evidence for a relationship of synaptic
reorganization to patterns of neural activity. Soc. Neurosci. Abstr., 1989, 15, 454.

©2Sutula, T., Xian, H. X-., Cavazos, J. and Scott, G. Syanptic reorganization in the

hippocampus induced by abnormal functional activity. Science, 1988, 239, 1147—1150.



TADAET VG v MBI A EBEEIRE RO REEN LT BE

©23Swanson, L. W. and Cowan, W. M. An autoradiographic study of the organization of the
efferent connections of the hippocampal formation in the rat. J. Comp. Neurol.,
1977, 172, 49—84.

24Wise, R. A. and Chinerman, J. Effect of diazepam and phenobarbital on electrical induced
amygdaloid seizures and seizure development. Exp. Neurol., 1974, 45, 355—363.

@3Woodson, W., Nitecka, L. and Ben-Ari, Y. Organization of the GABAergic system in the
rat hippocampal formation : a quantitative immunocytochemical study. J. Comp. Neurol.,
1989, 280, 254—271.

COT MMM, EERTADA (kindling) DEBLEFHYE—RHEkindling Dk B KT EERE
MR-, RHERART BRHEELE, 1983, 3, -4

@7Yoshida, K. influences of bilateral hippocampal lesions upon kindled amygdaloid
convulsive seizure in rats. Physiol. Behav., 1984, 32, 123—126.

CeE A, kindling RO KHLlE & T —HERREAIR, BHA59 - 60 SCE A B AR 7R R Al &,
WA AFTER RS, 1986, 33—39.

IFHAM, 7 v FORMEF L P Y FBRIIHT 208 0%E, BERI62 - 63 - FRITERECHE B
MRS, REWRAFERRIEE, 1991, 29-38.

COE AL, v FEMHEF Y B Y A ERERE = -0 O EBR, HHERAF-REFEL
%, 1994, 14, 27-36.

BIEHFE, v FEWEY Y F) Y FOEEGABA= 21— 0 Y IZRIZTHE, BHEHRKE—HKETL
%, 1995, 15, 23—34.

B32Yoshida, K. and Oka, H. Topographical distribution of septohippocampal projections
demonstrated by the PHA-L immunohistochemical method in rats. Neurosci. Lett.,
1990, 113, 247-—252.

83Yoshida, K. and Oka, H. Topographical projections from the medial septum-diagonal
band complex to the hippocampus : a retrograde tracing study with multiple fluorescent
dyes in rats. Neurosci. Res., 1995, 21, 199—209.

GoEmAsE, B F, EER BHEY L FY R -BEROGE G40, F160E HARY -
BRI &1, 1986, 241,



