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= Abstract=

A Morphological Study of Synaptic Reorganization in Mossy Fibers of the Dentate

Gyrus according to Hippocampal Sclerosis in Temporal Lobe Epilepsy
—A Comparison of Intraoperative ECoG Findings for Tailored Resection —

Eun Ik Son, M.D., Sang Pyo Kim, M.D.,*
Il Man Kim, M.D., In Hong Kim, M.D.

Department of Neurosurgery and Pathology,* Keimyung University School of Medicine, Taegu, Korea

sulphide silver histochemistry and to investigate degree of synaptic reorganization according to both hippocampal

sclerosis and epileptiform discharge in human temporal lobe epilepsy(TLE). The control group was composed of
two hippocampal tissues obtained from autopsied brain without neurological abnormalities. TLE group was composed
of thirteen hippocampal tissues obtained from surgically resected temporal lobe. Among thirteen hippocampal tissues,
five specimens were obtained both of two areas of each hippocampus with or without prominent epileptiform disch—
arges on electrocorticogram(ECoG) for tailored hippocampal resection.

Hippocampal cell density was quantitatively analyzed in TLE group and compared with that of control group. A
portion of hippocampal tissue was observed under light microscopic and transmission electron microscopes after
development with Danscher method.

The results were as follows: Hippocampal cell loss was noted in all TLE group. Hippocampal cell loss greater than
30% of control values was found in 12 cases and average hippocampal cell loss was 70%(range 39—88%). The
remaining 1 case had 13% hippocampal cell loss. The supragranular Timm granules were noted in inner molecular
layer of dentate gyrus and tended to significantly increase in proportion as severity of hippocampal sclerosis.

Average of hippocampal cell loss in two areas of five hippocampal tissues with or without prominent epileptiform
discharge on ECoG was 73.6%(range 53—90%) and 66.4%(range 50—86%), which showed statistically significant
(p<0.05) difference between these two areas and the supragranular Timm granules also tended to increase in the
hippocampal tissue with epileptiform discharge. On transmission electron microscope, there showed distinct supr—
agranular Timm granules correspond to mossy fiber synaptic terminals.

The results of this study demonstrated that mossy fiber synaptic reorganization seems to play a major role in pa—
thogenesis of human TLE and the development of mossy fiber synaptic reorganization is closely related to severity of
hippocampal sclerosis. The result also support the rationale for tailoring the extent of hippocampal resection by in—
traoperative acute recording(ECoG) according to individual pathophysiology.

T his study was carried out to identify synaptic reorganization by mossy fibers of epileptic dentate gyrus by Timm

KEY WORDS[ Temporal lobe epilepsy: Timm granule- Hippocampal sclerosis- Mossy fiber- Synaptic reorganiza—
tion- Tailored hippocampal resection.

J Korean Neurosurg Soc/Volume 26/July, 1997 895



SFEZ2HZ 0K HOZSH0 [IE XI&'3] EfaE Rl SEfstE 2&

N B

00000 O 70%0 0000 0000 @pyramidal cell)
0 0ddodbo Oobog bob obo booo bodo o
0000 0000(dendrite)00 OO (axon)d0 0000
000 0000 (association fiber), 00 OO0O0 OO O
O000O(callosal fiber) 0 OO0 00O 0000 OOOO
000 (corticofugal fiber) OO0 O0OO0O0O O0O0O0O O
000 0000 00%. 00 GABAD OOOOO(GAB
Aergic interneuron)d 0 0000 (inhibitory input)C 0 O
00 000 00 000 0000 ooooo ooo@lu-
tamatergic neuron)] O0O0O0 O0O0O0 OO0 OOOO
0 0db 0odb 0bob obboo goo bodgo o
0000 000 0000 0O 00O0o00o0o oooo oo
00 00000 000 OO0 0000 ooo oooo o
Jodb 0botbdob 00 000 0 bo obo 0o oo
O0.00 000000 (complex partial seizure)d OO
0 000000 000 0000 000 000 ooooo
0000 0O 0000 000o0ooo 0oo ooo ooo
0 00b0d Obo0oobb oobdg obb oobo oo
000 0O00 (hippocampal sclerosis)D 0000 OO
000 (mesial temporal sclerosis) 0000 OO0 OO
000 00 000000 00000 0000 ooo oo
00 000 000 0o oooo?®.

00000 000 000 (dentate gyrus)D O0DOOOO
00 000 O0(perforant pathway)d OO OO O00O0O
O 00000 000 000 o000 obooo(granular
cel)D0 OO0OOO OO0 OODDOOD OOOO OOOO
0 000 000 00°. 0000000 00 00 000
O 000000 000 O000d (hippocampal sclerosis)
0oo®® 0 00 0000 000 00 000 00(Am-
mon’s horn sclerosis)] 0000 OOO0O OO O OO
00 0DO0%. 00 000 0000 0000 0000
00000 000 0000 (mossy fiber)D 00O (sprou—
ting)D OO 000 D00 (synaptic reorganization) 00
OO9%®29%00 00 Qo000 00 00 000 000
000 O00. 000 kindlingDO OO OO OO0 O OO
O 00000 0000 Timm sulphide silver 00000
00 0bdb0 0boo obo boo goo bog oo
00 00O 000 00000000 Timm sulphide silver
goo 0ooob 0boob 000 0ob ooo odo o

896

00000 000000 000 00000 go2900
oo.

U0 0oboo 0bo0 Oobo oo oobo oo gooo
00000 000 000 0oooo0o, oo ooo oo
000 OO0 O 0000 booog oo (electrocortico—
gram, ECoG)J 0OOO0O O0O0OO (epileptiform discha—
rge)d O0O0O0O OO0 OO0 OO OO0 OO OoOoag,
Timm sulphide siver 000000 O O OO0 OO0 O
00000 000 000000 000 oooo ooo o
good oodb 0ob oo oogbo oo bogo
00 000 0000 ooboob boobo ooboo
0 00000 0 000 ooooo.

ERIETE

1. A=

00000 0000 0000 000 00 ooooo o
000 1300 ooOoooo, 0o soooo ooo ood
000 00000 0000 0000 000,00 oooo
0O 0000 DOOO O0(post—resection ECoG)D 00
000 000 000 00 000 000 ooooo. oo
00 00000 00 OO0 000 000 00 oooo o
00 0000 200 OoOoOO.

H
=

2.

[l
et
0%

1) dsipin| g A

000 0000 000 10% 00 00000 0000
00 0 DO00OD 00 0000 000 O 10umO OO0
OO0 000 hematoxylin & eosin O cresyl violetd 00O
000 00 000 CA1-40 00000 OO0 00000
1000 000D OO0 OO0 0000 0000 OO0 0000
0000 0000 0000 0000 000 O Levesque,
et a0 000 0OOOO DOOO OO0 30% 00 OO

30000 0000 000 00 ooo ggggo.

mjo

0|8

ok
Ol
ot
r

2) Timm sulphide silver ZZ=lst7|H ]
Ay
Jodod 10mm 000 DOOOO OO0 0.4% so—
dium sulfided0 00 O 20000 OO O -400 1% pa—
raformaldehydel] 1.25% glutaraldehyded] OO0O0O0 O
00 00000.000 00000000000 10pm

000 000b0 000 ooooobdno o000 O 0.5%

J Korean Neurosurg Soc/Volume 26/July, 1997



gelatind 0 coatingd 0 Danscher0 0?00 OO0 OO
0000000 0O0000.0000 0000 000 00
000 OO0 000 OOOO 20% gum arabicl O, 5.6%
hydroquinone, citrate 0000 00 1206020 000 O
00 ooooo.

3) Timm sulphide silver 7|%¥& 0|88t FuMAtHNIEY
By

gobodoD 10mm OO0 OOOOO OO0 DOOO
0.4% sodium sulfide0 00 O 20000 OO0 O -400
1% paraformaldehydel] 1.25% glutaraldehydel OO
000 00O O 0000 00 0.15M sodium phosphate
bufferl OO0 OO0 OO OO0O0O OOOOO. Propyl—
ene oxidel 000 O Luftd0™0 OO0 epon 0000
0000 450 0000 4807200 OO OOO OO0O. O
00 000 1ym OO0 0000 0.5% gelatinOO co—
atingd slided OO0O(semithin) OO0 OO0 OO0
0 OO0 OO0 gelatinOO coatingd O Danscherd 002
00 OO0 0O 00O 000 000 00 ooooo oo
O nickel grid00 O00O0O0O. 00000000 OOO OO
Jo000d 0bdd 000 obbob 0o oob boo
O gum arabic 00O, citrate 000, 000 O O00O0O0O O
0 600100150150 OO0 OO0 O0OOOO. 000 O
00 gridd OO0 OO ODODOO O O0O0O0O 2600 1
00 OO0 O0000. Gum arabic 00O0O crystalline gum
arabic 1kgD 2L0 O00O0O0O OO 500 00O O OOO
000 000000 citrate D000 25.5g0 citrate acid
0 23.5g0 sodium citratell 100mIi0 OO0O0 OO0 O
O000. 00000 0.85g0 hydroquinonel 15mi0 O
000 000 000000 0000 04190 silver lact—
ated 15mi0 0000 OO0 O0OOOO. 0000 OO0
00 000 00do oo boobo oooo 2600 O
good 100 00 000 0 obbo obo ogo o
uranyl acetate] lead citrateD 0000000 OO0OO
HitachiH—600 000000000 00O0O0O0O.

M S
o =

1. UYH 24

0000 1300 900 00,400 00000, 000

2004100 000 0000 00 ogdd. ooo ogo
5036c000000 00000 0000 goao.

J Korean Neurosurg Soc/Volume 26/July, 1997

2. yatsin|gy A

0000 000 00 00000 0O 0000 0000
00000 00 0 000 000 0 000.00 000
CAl-4 000 00000 O 00000 00 O 000
O(gliosis)D0 000 O O0O0(Fig. 3). 0000000
00 13088%0 000 000 00000 0000 OO
000(Fig. 4). 0000 0000 00 30% 000 OO0
00 13%0 0000 00 1000, 30% 00 00 00
120(00 70%)00 000 39, 52, 61, 67, 69, 73, 75,
81,82 0 88%0 OO 100, 78%0 200 O0O0O0DO
(Fig. 1).

000 000 000 0000 000 00000 OO0
00 0000 5000 000 0000 0000 00 53,
63, 75,88 0 90%0 OO 73.6%0000, 0000 OO
0 00000 0000 00 0000 0000 0000 O
000 OO0 50, 58, 70, 68 0 86%0 00 66.4%000
(Fig. 2). 0 OO0 Wilcoxond 0000 000 000 O
000 000 000 000 000 (p<0.05).

BRI

mjo

3. Timm sulphide silver 0|85t EfAMMF
AEA T2y HM
0000 000 00000 Timm OO0O0O ODOOOO

00000 (supragranular layer)D OO O (molecular la—

N4

LI 4 4 %9 0%
% % 7 ’
0 | Po2] | | 12 1 | P22 |\ oz 2| )

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89 90-100
AHCL(%)

Fig. 1. Distribution of average hippocampal cell loss according
to non-epileptic control specimens. N, number of cases,
AHCLO average hippocampal cell loss.
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Fig. 2. Percentage of average hippocampal cell loss according
to electrocorticography with or without epileptiform disc-
harge(p<0.05). AHCLO average hippocampal cell loss.
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Fig. 3. Control group shows well preserved pyramidal neurons
(arow) in the Ammon'’s hor(H & E, original magnification
x 40).

Fig. 4. Epliepsy group reveals severe loss of pyramidal neurons in
CA1(arow) with astrogliosis(Cresyl violet, original magni-
fication x 20).

Fig. 5. Control group shows Timm granules only in hilus but not in
granular and molecular layer(Timm stain, original magnif-
icatfion x 40).
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Fig. 6. Mild(A), Moderate(B) and Marked(C) increased Timm
granules within the inner molecular layer of dentate fascia
in the sclerotic hippocampus(Timm stain, original magnif-

ication x 40). Percent of hippocampal sclerosis(AC 13%,
BO 67%, CO 88%).
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ately increased in number of Timm granules in the supra-
granular layer of dentate fascia(Timm stain, original ma-
gnification x 40).

Fig. 8. Supragranular Timm granules in the hippocampus without
epileptiform discharge are less noted(Timm stain, original
magnification x 40).
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Fig. 9. Timm electron microscopic finding of inner molecular layer
of control dentate fascia. There is no evidence of Timm
reaction product in synaptic vesicles and clefts(arrows)
(Timm TEM, original magnification x 12,000).
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Fig. 10. Timm electron microscopic finding of inner molecular la-
yer of epileptic dentate fascia. Timm reaction products
(arrows) located at synaptic clefts and intermixed with
synaptic vesicles in axon terminals(Timm TEM, original ma-
gnification x 12,000).
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