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Hippocampal Neuronal Cell Density and Neuronal Cell Loss in
Intractable Temporal Lobe Epilepsy with Hippocampal Sclerosis
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ABSTRACT

Purpose  Hippocampal sclerosis (HS) is the most common neuropathological condition encountered in
temporal lobe epilepsy (TLE). The measurement of hippocampal neuronal cell density and neuronal cefl
loss was established as an essential process in understanding of the epileptogenesis of TLE. This study
was designed for the purposes of establishment of morphometric data of HS in Korean TLE patients since
such a study does not exist in Korean literature. Method : in each 15 hippocampal slices from TLE patients
and autopsied cases, the measurements were performed by modified Yale method. Result : Mean cell
density (/mm?) was 802 in CA1, 6999 in CA2, 2408 in CA3. 733 in CA4, 62363 in granular layer (GL)
and 73306 in total hippocampal area. Mean cell loss (%) was 91in CA1, 56 in CA2, 74 in CA3. 86 in CA4,
71in GL, and 71 in total area, respectively. These data are welf below the measured value of those done
in other countries, however. All cases showed hippocampal atrophy quantitatively defined as total area
cell density below mean-two standard deviation. Condusion : This study describes the degree and patterns
of hippocampal neuronal ioss in Korean TLE patients. This morphometric data may subserve a reference
value for future large scale studies. (J Korean Epilep Soc 1 : 85-91,-1997)
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A7) dloll s 23 glth* 53] Babb% (1984)9]
gule] AAY HE 22X gig A7EL snjollAe A
79 AT Aol &G el Aol HAQ] Aol
oSl i3 BFAA ZAE HE2 AAFPG™

olo} o] sl AAA ME 2L} AT g
AFAJA A7t 59 A9 BTG YAt
Aol oA v g 7122 AP Pele BF8a Tl
Al obA7AA] a7 ub} Qict. e @=qle] &5
7} sjup7d stof] i3t Thgt AFE WA M HFH
<l Welizio] A= o] glohd ofu] FujoA PalgA §
At A7EFe] HlmiAo] Brbsslelel oA ol
ARGE Hd d=2R09] duie} E5Y AAAEE e &
21| sfjuiel z+ Bele] AAY AEE FFHow 233
%4 T JdoiA sludsle] FE A7 Ax 24
% (Neuronal Cell Density : 1¥ 29%) € 4% (Ne-
uronal Cell Loss Severity : o}F 24%) 5& 53l 49
8 B} sh o] AFdA AAIE AT WEE IF th#
BE 47l &8staAl k.
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19959 39 19%¥ 19973 39 1¢ Ale] olediigtam ¥
1 B4 Aghola] ALz Y, videoEEG mon-
itoring (M|t 2 -3} ZA] FA]) A 2 MRI & 934
&£5¢ 22 Adso] 539 259 AAsL B g4
£ % MRI ¥ 37374 354 US A3 80t 43 (Fig.
1) 99 WelA o) &7o] gl 1539 3t 23 BEE
o] AAEAt. FA= 109 A 580l e HAAH L
26.3 (£8.30)A12 A4 144 H1 494U} A9 o8
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ot
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(autolysis)] &7o] Holz] e FE-L F i oH o]
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Fig. 1. Light microsopic feature of a case of hippocampal sclerosis
(H & E staining, X10). Severe neuronal cell loss is seen
throughout all regions of hippocampus including CA2(—) &
GL(€) which are known to lose less neurons. Compare
with normal hippocampal structure in Fig. 2.

97fle] HEEEZRE AFE drlzF sl 4 d2ES
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HE B8 338hs A¥ol 449 AES FP e g =
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Zol thak P A skad 2k 0.3~0.5 cm T vk
o] ¢35 ¥ A2 RE HEoRT

(3) sinh Muio] % 4 A

ol AAL 9 0.3 cme FAZ oAl AWt Hol 10%
Faodd Yoo 2442 B2t 2B AT 1Y HHES
g5 9 A% A4S AR Foeides TejsAn,
6 pm $7 = ¥Aslo] Hematoxylin-Eosin 94 33 &
AR geloleg wrsolz
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(1) AZ3Y AEF 3o A89 svle] @n|R@A 7=
(Fig. 2)

Lorente de N6 (1934)l &}31a sjvhk= o2 2} (CA)
7} A2 (Fascia Dentata) @8 #4510} lem CA
= PLo] 488 =lo] CAl CA2, CA3 L CA4E T/dHo)
oli PLol F9 AZAY AEE0] fx5a 1em DGl
£ GLdl F2 4739 AXEe] dAsta Jot.? sl
(Hippocampal sulcus)& A2 s 4&ole DG7 2
oo} DGUHIA GL7 29 938 nlx] B o=
gstm glos] E <ol CA4Sl CA3S] Y7t X
CA49t CA39l ZAIE CA39 =g AE (Pyrami-
dal cell : o]3F PC)9] B Zeo] Brhe Roz F&d + 3
t}. CA3%} CA29] ZAAle U2 543 7|Hes s
il H-E 4449 sivkee]l £4 (foot base)oll T
3He 2971171 CA3SH CA29] ZAleta d#lA] o} 2w

Fig. 2. Microscopic anatomy of normal hippocampus(Luxon faxt
blue & Cresyl violet stainging X 10).
Abbreviations : CA : Comu Ammonis ; GL : granular cell
layer ; PL : pyramidal cell layer; DG : dentate gyrus ; EC
: entorhinal cortex ; < : suggested borderlines between
hippocampal sectors.

J Korean Epilep Soc/ Volume 1,/ November, 1997

2HY - 2EBM -6l & 2

&4

CA29 CAl1S AAE Ao 2y xS Zo] FolR
A o] 753t & CA29 AlE5oR o|gsudn &
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o} gn| = Ao Hdo] CAlNA & tf dAsi
Azl BE AESIAA & Holt} W 1 HAE svk+
o] d&AMo| CAl#} prosubiculume A€ F3 nAats
£ AHeoz FaM Fske s Ak AZD AEXF &
A& CA9 PL9 FD9 GLoAAM AlsAon CAlelA
CA4 7HAE PCY 47} PLY] $4%-HellM F3 U2
GLANE 88 M ¥ (granular cell : ©|3t GCY 7t
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Q) AX 29 2 24 53 H4

A ¥H (Nuclear point)o] Y5-Folets &3] Hol& 4l
7 AEED] 23 dde FeHom ARAE (as
trocyte)} A ZA X (oligodendroglial cell)E3e] ZEo]
oA AT T A ES oLt HEAe] o] oJils= A
ZAANEE 2H0M A=At Het A=et e A= A}
ole] 712 A& Zkzt 10 mm$! A EIRA 1 Atz
el 1 mmel FF22 ol 100712 1 mm® 2719 3
Atgezg Y #9738 AR (stage micrometer®
calibration®)7} A=t A& F4ske 10070 A
243 F 8 x4/t o|FA HAtY Rge] By A
o] 2¥o] AR ATHEL Akl T a o 29 ZA
e AL A= AN o] Axe 7 FFHAU
3, 2P Po CAlGN CA4St GLZK &9 B3 F
AE dolo] o|FAIA 8t TEe] uhgony ZHEU
7 w2 PLEe x100 (291 B4 : 200 pm <400 pm HA}
ZHd) GLe %200 (2] |4 : 100 pm X200 pm 2AZHE)
B x400 (&%) HA 150 pmx 100 pm FAAR) 2
HUt}. AR 02 ol 7 FETe] T AT AT
49} go| A4S R ol tA] Abercrombie®] F4o&
9] ARG Aes AdEE Ag0e Ao HFHe
2 99 A4 1 mm® 29 HF AXS57} AES. ol

FHog A o3 2o
A=a/(bxM)

A:ZA AW 1 mm' @ 25€ B AZF Ol/mm)
a: ol A Yoy 238 BT AEF
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P=AxM/(L+M) : Abercrombie®} -2
P: 23 AH 1 mm® 2 A4 AZSF Ol/mm?)
A 23 H9 1 mm’ 2 349 37 AESF (8/mm’)
M: 22 HHel £ (6 pm)
L:Axge Jq A7

AqEzdel AL 259 2 84 2 ga2T 2R
PCE ## 14 pm GCE H#F 10 pmol At

zUx 9 24%E diul AA, CAL CA2, CA3. CA4
2 GL B5elA &450] Aatsqit 24 xe 4 348
fz7e] 97 ME UEd H§ $xje] AE zEx9
RS2 75T 100914 1 WEEE e YA EN 3
Jg=qict, 82 sjule) ARG FFAH Y&5L dz2To
AT z2U%e Py FEHUA ] 28 AP =LES
Az g 2Lz i HEE Bg A2 FFE
Aot} 0 0|9} o] Held BFA AZo] e vl
o] Bojo] tigt wao] AlRHKT AEF FHL 299
A7 (FFAT Gl 8 FHH R APHAU R
T d7Ate 23ale Hiel HF FFAR AT F
Aate] & Alole] it A Aee T AL
A6 &% Yoz ASFHAeY LAt @
Ak

il

EPY ME ZLUE (Table 1)

2UTE CAlL 8825.00/mm’ CA2 15893.33/
mm®, CA3 9137.92/mm®, CA4 5325.83/mm’®, GL 216925.
00/mm?® o]Q.3 sietel & LT+ 256107.08/mm’ 1Tk
(Table 1). #iv} Z+ 39i2e] B4 2Ux HEL9] HAXe
CAl 74.12%, CA2 75.10%. CA3 49.21%, CA4 56.52%
GL 70.98% ©1Qx v} A 73.32% ©lNtt. o HAA|
Hr} e wizes volx Bele FFH AF v R
2 &t

1.9
o

2. P2 ME ZHE (Table 2)
zUxe] YT CAl 802.63/mm’, CA2 6998.83/mm”,
CA3 2407.63/mm’, CA4 733.37/mm’, GL 62362.54/
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mm® °] 3L sivl AA e 73306.00/mm’ ©1 T},
3. AT MYAUME AT (Table 3) ¥ HFH 4=

1) ofor S|
B AT AYEE 71.38% °lx 15 BF YR
Wl B-80] 73.32% vlgre 2 Al A ekd o] UL

2) o2 &
Zh 2o Ha &4 EE CAl 90.91%. CA2 55.96%,
CA3 73.65%. CA4 86.23% ©1¥ o™ B &4 9% CAl

Table 1. Normal hippocampél neuronal cell density and its lower
normal fimit

Neuronal cell density (N=15)

Lower normal limit

A~ Range (Mean - 25D) (%)
CA1 8825 1142 6931- 10750 7412
CA2 15893 1978 12187~ 20000 75.10

CA3 9138 2321 5050~ 13625 4921
CA4 5326 1158  3194- 7200 56.52

GL 216925 31480 157000 - 254875 70.98
Total 256107 34161 193081 - 301263 7332
Abbreviation :

CA : Cornu Ammonis ; GL : dentate granular cell layer | N : numb-
er of cases : SD : standard deviation

Table 2. Hippocampal neuronal cell density of temporal lobe ep-
ilepsy

Neuronal cell density (N=15)

Area
Mean sD Range
CAl 803 461 228- 1719
CA2 6999 2141 3750- 12813
CA3 2408 1632 853~ 6375
CA4 733 449 268 - 2025
GL 62364 17938 42409 - 99343
Total 73306 19550 53816 - 113750
Abbreviation :

CA : Cornu Ammonis ; GL : dentate granular cell layer : N : numb-
er of cases ; SD : standard deviation

Table 3. Hippocampal neuronal cell loss in temporal lobe epilepsy
Neuronal Cell Loss(%) (N=15)

Area

Mean SD Range

CA1 90.91 5.22 80.52-97.42
CA2 55.96 13.47 19.38-76.41
CA3 73.65 17.87 30.24 - 90.67
CA4 86.23 8.45 61.98 -94.97

GL 71.25 8.27 54.20 - 80.45
Total 71.38 7.63 55.58-78.99

Abbreviation :

CA : Cornu Ammonis ; GL : dentate granular cell layer : N : numb-
er of cases ; SD : standard deviation
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157 (100%). CA2 149 (93.3%). CA3 13% (86.7%).
CA4 15% (100%)°14 L= At

3) Y UHTMNES

B 2A4EE 11.25%W 1 B B4 A%2 159 (100%)
BelA #Eednt

i

HSE &%9 84 MRI F:4 #2isle waz o
602 Zehe B4 WHtols, el WARIME oF 20~
70%) o8tk LeiA gleh." olslzo] &%¢] 7HAo
A 3] WASE HSel $24€ 270] T2 Wil s
e ueld wagesd s WArAE A

doll g FEE 9l 5 ke gl slot.

Bouchet®t Cazauvieilh7} 1825 H-gog ASA}
o FoA sfute] zZo] dslA Yo BHE Ze
o|F 1880 Sommere 1 BAIZAIS] HEH Al @
T Ao AT 55 Judse BHM CAl (F&
h1) 780 714 &40l AL FABAAN a3 djvke]
W (2 ZA3E)el da] dnjAAEQ f4ol ASHI A
gt 12e]a CA24 DG7E o #8lof vla) o] 4
32 o] HAHUAR HS7 7HAe] EydQdA) B
ol olgh &1 @ =do] AFHAT. a2y 1925
d Spielmeyere £& ¥de] HS7F HathZolt @A
HPE 5o Mz veld = iz #ggte g HS
7 59 1A dAAAe]r] Boe 7hE @3 9@
olZHAQ &Y hsdel B e 9 7ie] A=A
o] & 7IEEAG Y olat o E-S adsr] el
Dam (1980)*9& A g2 suie] ARPH T ANAE
£ FEFH R #Esr] AFEen lgel ¥XE Ba-
bb% (1984)9] AFEIM T sfvlo] hg HFzd=
F 2o e HFH FHo] A=HATH™ 25 8
vte] ME&3 T &0 AE 2U% 2R 9 stereoc-EEGH
of WAzt Suhete] AL sl HSE @edh A4t
aFoly S Fo o £EAA £4be] Anple] ozl
THFAS ) TEE VA A AEL A Ee BEy
o] itkn Fgeon? ¥e 2Ux ¢ 259 AAe
Fo] A& Ao} vlw A8k HSS MEAL4 297} 24
24 Sl 2 ddge] g wsla HSH =
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24 &7 TEol AX 24 2 Ag2 AEA (syna-
ptic reorganization)°] o] & 2 Fg w4ysict
7K E A 8 & £ e 5% 2dolgn 3%
oY Ffute] NALHNE 2UE @ 24E EFo] 25
§ e JolA simle] 2 A 71 Aol 9loiA 7
A 3PS AgJsATh 2F Kims (1995)2 142
el AR AT 2UE P 24Fd g A7
A5l 2t g sint NALHME 2UES AR @A
Fo] 2LEE M2 whlagS AAlskom ™ ol 217
9 AEe] o] Ao AA o] AAmFE TR
& 9guigda & + U} 2 golx 2HEe My Ye ek
R AZEETAA AT oA ALY M2 FFH
& 7122 A7 uhde] shuR o] 8o 23 3t
2 Fd Aboldl] el F5G HEBAES A%
2 M8k de] 24%E Wyl AlRglon HoA g
3 Algslo] em b v E5Y A &0l
ol i F A A+ otz 7tA] P Hol gick £ <
77t &5 32 8A9 siole] A3Y AT 2Es Y &
Ao it ATEME 2ol HE gatedal dFole
2 AR, ¥ ejujeA o] Aol vehd B9
A E0] 288 ZEHM HEEojol & Aoz 4zt
W 0 B AREL 7122 359 |# FF 7Y
wrake A A go] A g 7Ectn & £ ok
2dTe] g s Fejshd, zh R NEzus
FAEPA (mm™) ¥ AFESDAE HFA] (%)e 247
CAl 802 (91%). CA2 6999 (56%). CA3 2408 (74%).
CA4 733 (86%). GL 62363 (71%)°I21 sluldsl=
73306 (711%)RA3L, 24 djn} g&o] TE $xlollA] 9l
Ak &5 THA Y sivle) 2o i3 ElATES)
ZArte} £ Aol AnE vind B B dRME 94]
THE Ao A9} vht 7EA 2 CA29 GL F9ollM 4749
AEe} 24o] Aot vhd CA1Z CA49) 24 =7} 71 4]
sttt a2)a F SAlolM CA3Y CA29 ME 2457} H]
nH A AAA Bt & A& A9 stuk drie] RE
F-9ol AAA] 9%l UYelton sivke) & AT 2y
2R Evfd: 2E g@xloM 4&& Yl ole
F-Eo] el dAtel|xie] Aol A Hol|aleg] o]z} gl
o}, & Babb%e| @& HS9| A¥-f&c2X Endfol-
ium sclerosis& WeRFR] kTt ?, SR B 7oA
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Table 4. Summary of data from morphometric studies on hippocampal sclerosis in epilepsies

Hippocampal neuronal cell density (HS/NI) (/mm’)

Study

Gl (%) CA4 (%) CA3 (%) CA2 (%) CAT (%)
Mathern et al (1997)"" 123800/270400 6873/18140 11108/23770 11854/24934 4514/24093

(Adult TLE ; n=31) (45.78) (37.89) (46.73) (47.54) (18.73)
Mathern et al (1996)" 104200/284600 9096/17350 15160/22152 15160/24003 6064/23077

(Childhood TLE ; n=4) (36.61) (52.43) 68.44) (63.16) (26.28)
Mathern et al (1995)' 116700/289422 7207/11938 10891/21792 11078/21224 4223/22929

(Adult TLE : n=16) (40.32) 60.37) 49.98) {52.20) (18.42)
Kim (1995)'" 177141/306174 4323/ 9100 8399/16716 12226/20165 6252/14396

(All epilepsies ; n=142) (57.86) (47.40) (50.25) 60.63) (43.43)
Dam (1980) (all TLE)® 67, 75% H3 50, 64% H2 87, 88% H1 91, 86%
Present study (1997) 62364/216925 733/ 5326 2408/ 9138 6999/15893 803/ 8825

(28.75) (13.77) (26.35) (44.04) {9.09)

Abbreviation :

CA : Cormnu Ammonis : GL : dentate granular cell layer : n : number of cases : SD : standard deviation : TLE : temporal lobe epilepsy . HS
: hippocampal sderosns NI : normal : % : percentile cell density per mean normal cell density : HY — H3 : Vogt & Vogt's corresponding

sectors to CA1 - 4.

EristA Vehbe B A7) Aaele] Ao e FAHA |
o 9lt} (Table 4). ol FF<] A7 nf7A ol A evt
dekd Ao glojxe &% ARXY] o AV #3
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