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summary . Recently much attention has been paid to neuropeptides, especially
somatostatin (SRIF) and TRH, as endogenous epileptic inhibitors and promotors. In order
to examine the relationship between the development of epilepsy and neuropeptides, and to
know if neuropeptides in cerebrospinal fluid (CSF) can be an index of its concentration in
the brain, we examined the change of immunoreactive SRIF (IR-SRIF) and TRH in CSF
and brain at each stage of progression in cat amygdaloid kindling model.

SRIF is thought to be an endogenous epileptic promotor, and to be involved in the
development of epilepsy or the initiation of seizures. Our results suggest that the change
in endogenous SRIF may be involved in the development of epilepsy, especially during later
stages, in amygdaloid kindled cats. On the other hand, TRH is thought to be an endogenous
epileptic inhibitor and TRH is actually used as an antiepileptic drug. Our results suggest
that TRH may be involved in the initiation of seizures.

Clinically neuropeptides of various central nervous system disorders in CSF are being
studied, but whether neuropeptides in CSF can be an index of its concentration in the brain
is yet unknown. Our results suggest that IR-SRIF in CSF can be considered as such an
index, but TRH can not in amygdaloid kindled cat.
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¥ L OEERT A5, Table 1 1278 L7z Wada and Sato
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O1 : Earth

O2 :Lt. Skull Electrode

O3 : Rt. Skull Electrode

O4 : Reference Electrode

® 1 : Depth Needle Electrode (Amygdala)
© : Standard Point

Fig. 1. Location of each electrode.
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mote, ZO%, WEMMEEEBCEEL, KEBEk
CH=al—vavikRIhWBIROAHERL, —Hix
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Table 1. Development and manifestations of induced
seizure by daily electrical stimulation of the
amygdala in cats (Wada and Sato'®)

Stage 1: Unilateral ‘facial twitching ipsilateral to the
stimulation

Stage 2: Bilateral facial twitching

Stage 3: Head-nodding

Stage 4: Contralateral head turning with tonic exten-
sion of contralateral forepaw

Stage 5: Generalized clonic jerking

Stage 6: Generalized convulsive seizure

Table 2. Materials and groups
25 crossed adult cats (3.0 kg—4.2 kg)

C group : control 5

S group : sham operation 5

S 4 group : kindling stage 4 5

S 6-2d group : kindling stage 6 5
(2 days after last stimulation)

S 6-2w group : kindling stage 6 5

(2 weeks after last stimulation)
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Fig. 2. Pattern of clinical and after-discharge propagation in the S4 group.
1t-F = left frontal, rt-Amy = right amygdala
a: Spike discharge was localized in right stimulated amygdala.
b: Right facial twitching was seen during stage 1. When the seizure manifestation reached stage 3,
head-nodding was seen and the cat remained immobile, with prominant autonomic manifestation (i.e.,
salivation, pupillary dilatation ) .

bAbbreviation : rt-F = right frontal,

Fig. 3. Pattern of clinical and after-discharge propagation in the S6 group. Abbreviation : rt-F = right frontal,
1t-F = left frontal, rt-Amy = right-amygdala
a: Generalization of the after-discharge was seen.
b: Seizure generalization with the distinct and sequential march of clinical events representing stage
1 to 6 was seen.
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IR-SRIF, TRH OfEDHAIL, B T pg/mlKA
T3 ng/g(tissue wet weight) FH\ 7z,

{(Preparation)
Sample 1ml
Cold acetone 2ml

vortex to mix
centrifuge 3000 rpm for 10 min at 4°c
decant the supernate

Petroleum ether 4ml

centrifuge 3000 rpm for 10 min at 4°C
aspirate and discard the upper ether layer
dry the lower aqueous-acetone layer at 60°C

BSA-borate buffer 500 z1
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L, COBMEE cELCHMERR, 7521.6(FH+
BERREETH o, i, HOBRMEETELLDIZI0
BT, $F6BREORENILDTHRETIEITRELL
FIBE L 134216 EITH - 7o, kindling BB D G4
6 REORIENSEER L CROOhD L ELR
DT, kindling D5ERIZIE, 19.1+1.7 EORIHEIH ZE
L, 2o, THEEELARTVhAZRD bhinh
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2. IR-SRIF w2\

kindling D & FER BB 5\~ T, AL D IR-
SRIF DEEZELEH 5 &, SR X O S4FHD L DHfL
ERWTH CELIEBEZ I e o e, S6-2w FETIX
CRECHEAT, MR, mARLRE, HAEETFE
kH LTz, Table 4 iwxnEHIfEER, Fig. 51 C
B, SABMLONHL EABEOFELRR L, FEEY
R ORRER, ARk - (CH) 426.0+178.4
ng/g tissue wet weight, [S6-2w #¥) 1177.2+276.3 ng/
g tissue wet weight(A\FEAEE) T, 1% T &R
THEHCAERZERRD ., UT, ABCERT 5L,
R - (C#E) 394.2166.3, (S6-2w #f) 1042.2+275.
0, ABLRZE  (CFE)342.4+68.1, [S6-2w FE)970+341.
5, ZERUIRZE | (C ) 383.2+247.3, (S6-2w ) 863.4+
329.2, A¥E  (C#)308.4+187.2, (S6-2w E£)671.8+

(RIA flow chart)

SRIF standard or sample 200 p1 .
SRIF Ab ' 100 g1
vortex to mix
incubate for 20 hr at 4°C
128 I.SRIF 100 g1

vortex to mix
incubate for 20 hr at 4°C
centrifuge 3000 rpm for 10 min at 4°C

Second Ab 100 gl

vortex to mix
incubate for 20 hr at 4°C
centrifuge 3000 rpm for 10 min at 4°C

Count ppt.

Fig. 4. Preparation and RIA flow chart of IR-SRIF.
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Table 3. Cross reactivity of antibody
a: Cross reactivity of somatostatin antibody.

(INCSTAR Inc. somatostatin RIA kit)
b: Cross reactivity of TRH antibody.

(Mitsubishi-Yuka biochemical laboratories TRH antibody and Peptide Institute Inc. TRH)

Peptides % Cross-reactivity TRH and TRH analogues | % Cross-reactivity
Somatostatin 100 TRH (Pyro-His-Pro-NH,) 100
Beta endorphin <0.002 Pyro-His-Pro-OH (free acid) 0.003
Substance P <0.002 His-Pro diketopiperazine 0.06
Leucine enkephalin <0.002 Glu-His-Pro-NH, 0.06
Methionine enkephalin <0.002 Pyro-His <0.001
Arginine vasopressin <0.01 Pyro-His-Gly <0.001
Lysine vasopressin <0.01 Pro-NH, <0.001
Oxytocin <0.01
Luteinizing hormone releasing factor <0.01 b
Insulin <0.01
Glucose <0.01
Glucagon <0.01
Thyroid releasing hormone (TRH) <0.01
Vasoactive intestinal peptide (VIP) <0.01

a

Table 4. Somatostatin (IR-SRIF) concentrations in CSF and brain tissues in each group

IR-SRIF levels are expressed as pg/ml in CSF and ng/g tissue
wet weight in brain. Values shown represent the mean+SD.
*: p<0.05, **: p<0.01 vs. controls

Control sham op. S-4 S6-2d S6-2W
CSF 20.4 25.2 334 76.4 88.2
+9.9 +7.8 +11.9 +37.8* +41.8*
rt-amygdala 426.0 415.2 601.6 1164.6 1177.2
+178.4 +252.1 +332.5 +400.9** +276.3**
It-amygdala 394.2 413.2 533.2 1030.6 1042.2
+66.3 +72.9 +382.4 +252.6%* +275.0%*
rt-piriform cortex 342.4 354.8 675.2 1047.0 970.0
+68.1 +54.4 +409.8 +172.3* +341.5*
It-piriform cortex 383.2 374.4 618.4 980.6 863.4
+247.3 +187.8 +315.1 +433.0* +329.2*
rt-hippocampus 308.4 290.0 520.4 656.6 671.8
+187.2 +151.7 +207.4 +183.9* +222.5*
It-hippocampus 293.8 336.4 460.0 477.8 720.2
+150.5 +138.9 +262.1 +231.4 +320.4*
rt-sensorimotor cortex 266.0 265.6 351.4 343.2 304.4
+78.1 +88.5 +74.2 +196.8 +80.5
It-sensorimotor cortex 243.0 251.8 365.6 304.6 281.8
+85.1 +95.3 +135.4 +168.9 +69.2
rt-hypothalamus 600.6 563.8 615.6 951.4 1011.25
+190.1 +272.3 +284.8 +302.8 +286.2
It-hypothalamus 594.8 567.4 648.0 1054.2 1013.0
+203.4 +152.7 +157.3 +105.7 +181.1
pituitary 346.6 328.8 5152 . 494.2 - 512.0
+348.5 +316.8 +311.1 +241.2 +374.0
cerebellum 2.58 2.03 1.37 241 2.38
+1.65 +0.42 +0.62 +1.21 +1.64
medulla oblongata 106.8 106.0 155.2 102.2 92.3
+56.3 +53.1 +61.4 +41.7 +77.45
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Fig. 5. Somatostatin (IR-SRIF) concentrations in brain tissues (ng/g tissue wet weight). Each bar reveals the
mean + SD. IR-SRIF concentrations of the s6-2w group were significantly higher than those of the

control in several brain regions;

2225, ZE¥E | (CH)293.8+150.5, [S6-2w Bf1720.2+
3204 TH ot

¥z, S6-2d FCuk CRRCA~T, MR, el
BURZE, AETHEBIER LT\, Table 41220
ERIfE%, Fig. 6 1< CH, S6-2w R L OXfb L BFEZED
BRERYRRL, BREDOD DI OEHEL, HREK
¥ 1 1164.6+400.9, ZEmHk#% | 1030.6£252.6, HELIRZE ¢
1047.0+£172.3, ZFUIRZE © 980.6+433.0 35 X A !
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left and right amygdala, piriform cortex and hippocampus.

DOFEIN, 2 BEBDO S6-2w FETHRD b, Lol
E¥E T S6-2d B S6-2w BEDO I ERELRD bhvic
(Fig. 6). FIWM CERD &IERwM (ERD o, &HE
ERWTHBERZRDILh o1,

#E¥R IR-SRIF 1o\~ Tlx, ZDRAFIMELE, Table 3 1o
AT &<, (CHI20.4+9.9 pg/ml, (S #]252+7.8 pg/
ml, (S-4 #]33.4+11.9 pg/ml, (S6-2d #]76.4+37.8 pg/
ml, (S6-2w #¥188.2+41.8 pg/ml TH oz, 0E D, %
W &Rk, CRICHART, SERSIOSYFETIERR
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Fig. 6. Somatostatin(IR-SRIF) concentrations in brain tissues (ng/g tissue wet weight). IR-SRIF concentra-
tions of the s6-2d group were significantly higher than those of the control in several brain regions ; left
and right amygdala and piriform cortex , and right hippocampus.

ERRDILH o Teh, S6-2d Bk L 00 S6-2w BETIREE
kB ERDI (Fig. .

1% IR-SRIF %, EFETHEREEL, 44.0+5.5 pg/ml
THote, WREHEECR WD, SHTEEERR
<, 8.0+1.1mg/dl TH 7.

3. TRH i»oW\T

kindling @ & FEKBFIC R\ T, AL 0 TRH
DREEE B &, ST, S4FE, S6-2w FHD L DAL
ERWTH CHLEIFEER 1o (Fig. 8).

S6-2d # o TRH 1%, WHIRkE, MAUSRE, 58
EEWTHRBIRER LT, Table 5 e % 0EHEY,
Fig. 9 e C B, S6-2w B & Oxftt L FEEO A EYRR
Lic, EBEZZRD A ORBIEE, AR . (CR)
2.481+0.80 ng/g tissue wet weight, [S6-2w &£ 9.56+
1.92 ng/g tissue wet weight (LI FEAIHE) T, 1%LITF
DERECHEMCEREYRD i, UTF, A
T5E, ERbkE (CHEI2.76+15, (CHF)3.38+1.38,
(S6-2w #1727, (S6-2w ) 2.88+2.67 TH - 7o, HE
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Fig. 7. Somatostatin (IR-SRIF) concentrations in
CSF (pg/ml). IR-SRIF concentrations of the
s6-2d and s6-2w group were significantly
higher than those of the control.
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BE3 TRH 3, (C#)129241235.7 pg/ml, (S E£)364.
5+295.8 pg/ml, [S-4 #] 253.3+371.0 pg/ml, (S6-2d)
323.34325.9 pg/ml, (S6-2w #£1314.9+267.0 pg/ml &2
BB L, —EOEMEED B ICE S ik - (Fig.
10,

m¥ TRH %, 22.1+3.4 pg/ml ¢, EHMEREY
b leh T,

Z £

TAPAR—BIZADD03~05%% D5 &b
h, BEOEHLOTEWERTHLH, TALADKE
BETEEREEVhELEE RV, TALADKEIZE
LTy, XESERFEUAVBDDHD, AFENLED HE
ETAPAORBEBBHEEENEORHFRER S
TETWS, TAPADERIEL T, EEHTAL
ABEDBEDT BB HIEHEN LS DT, LRI

Table 5. TRH concentrations in CSF and brain tissues in each group

TRH levels are expressed as pg/ml in CSF and ng/g tissue

wet weight in brain. Values shown represent the mean+SD.
*: p<0.05, **: p<0.01 vs. controls

Control sham op. S-4 S6-2d S6-2W
CSF 1292.0 364.5 253.3 323.3 314.9
+1235.7 +295.8 +371.0 +325.9 +267.0
rt-amygdala 2.48 2.28 3.58 9.56 3.12
+0.80 +1.56 +1.79 +1.92*%* +1.67
It-amygdala 2.76 2.34 2.96 8.44 3.04
+1.50 +1.39 +1.76 +2.98** +1.66
rt-piriform cortex 3.38 3.30 6.48 7.64 4.06
+1.38 +1.24 +4.14 +1.68** +2.67
It-piriform cortex 4.10 5.64 4.72 8.62 3.92
+2.04 +1.92 +2.86 +2.57* +0.98
rt-hippocampus 2.92 3.00 4.34 7.88 3.60
+1.27 +1.61 +2.36 +2.67** +2.32
It-hippocampus 3.14 4.04 4.24 5.08 3.24
+0.88 +2.18 +2.45 +2.00 +1.14
rt-sensorimotor cortex 3.12 2.98 6.18 4.40 3.20
+1.23 +1.02 +2.65 +0.63 +1.24
It-sensorimotor cortex 3.66 2.98 6.28 4.36 4.14
+1.29 +1.02 +3.58 o +2.12 +2.54
rt-hypothalamus 31.04 29.68 53.20 83.40 63.40
+19.02 +16.37 +17.57 +63.40 +25.11
It-hypothalamus 31.88 36.74 40.40 79.60 52.40
+8.76 +10.50 +11.39 +42.90 +19.45
pituitary 24.36 21.46 43.46 44.02 38.72
+15.71 +15.80 +29.80 +29.20 +28.26
cerebellum 1.22 1.32 1.04 1.46 1.16
) +0.44 +0.69 +0.35 +0.62 +0.47
medulla oblongata 20.64 19.98 22.06 24.63 18.34
+12.14 +9.59 +8.01 +1.98 +6.47
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Fig. 8. TRH concentrations in brain tissues (ng/g tissue wet weight). Each bar reveals the mean+SD. No
significant change was seen in TRH concentrations of the s-4 and s6-2w group vs. control.
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Fig. 9. TRH concentrations in brain tissues (ng/g tissue
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wet weight). TRH concentrations of the s6-2d group

were significantly higher than those of the control in several brain regions : left and right amygdala and

piriform cortex, and right hippocampus.

#4 F, ACTH jki+ % (corticotropin releasing
hormono ; CRF) Z&IExt U CRENTEI £E 2D
htwsd, ERCREOMEIZ B E LTERKRIEA SR
TWAHBME~7F Fid, BETA»ARNT S ACTH-Z
REYME I A7 v — X ATAPARKT S TRH OHXT
B o to iy, FEENTEIGHE T A DA, BT West FERFEIC
WL T TRHBENED CTHo e LBES R TR D,
SEETRESTF I, FLOHTANAREE LCHif
IhTn5b,

1. Kindling % 7V 0¥ & B RMEIOWT

1969 %€, Goddard'® b D FFELIK, kindling BL& &K
Bl s SEEO T B 25 I RBRET L EL
TEE%®H0D, 5B ETEROMENHREShTW5,
kindling € F A X CAPARESCHBE LS & &
<, EMIEREHEDD LT, EHERMETADAR
VFEEEIREER D - o TADABIE D Bl Tus < A
BENEETE, TLEERTMICESARERTE, L
D EERCETLRIFORBREEIBETEDL L)



Rk Kindling DR EARE L HERT 5§

(pg/ml)

2000

1000

500

o L]
e
L]
. . .
. L}
L]
. H 4 .
0 T £ y ' T
c s s4 S6-2d S6-2w

Fig. 10. TRH concentrationt in CSF (pg/ml). TRH
concentrations varied much.
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Table 6. The hypothetical relationships
between neurotransmitters
and epilepsy (Yamamoto'®)
Abbreviation : Ach=acetylcholine, GABA=y-amino butyr-
ACTH-=
adrenocorticotropic hormone, CRF=corticotropin releas-

ic acid, TRH=thyrotropin-releasing hormone,

ing factor
Inhibitory Excitatory
dopamine
Monoamine noradrenaline Ach
serotonin
i A GABA glutamic acid
Amino acid . X .
taurine aspartic acid
somatostatin
N tid TRH vasopressin
europeptide
pep ACTH CRF
opioid
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