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Effects of Yuldahansotang after kainate administration in the mouse
hippocampus area

Kim Il-hwan - Kim Kyung-yo

Department of Sasang Constitutional Medicine, College of Oriental Medicine,
Wonkwang University, lksan, Korea

1. Purpose :
Systemic injection of kainic acid in experimental animals induces the limbic seizure and
structural damages in hippocampus and amygdalé which resembles the changes in human
temporal lobe epilepsy.
The author performed this study to investigate the neuroprotective effects of Yuldahansotang, on
the neurotoxicity induced by kainic acid in the hippocampus in rats.

2. Method : ,
Kainic acid was administered intraperitoneally. And feeding with Yuldahansotang for 3 weeks
after kainic acid administration.
Seizure were induced in male mice (kainate 10-40 mg/kg i.p) and animals were sacrified at

various time-points after injection. The experimental animals were sacrificed at 1, 2, 3day and 1,
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3weeks while Yuldahansotang administrations.

Seizure were graded using a behavioral scale developed in our laboratory.

c-fos belong to immediate early genes(IEGs) known to have rapid and brief responses. And
neuronal injury was assayed by examining DNA fragmentation using in situ nick translation

histochemistry.

3. Results & Conclusion :
Seizure severity paralled kainate dosage.
At higher doses DNA fragmentation is seen mainly in hippocampus in area CA3, and variable
in CAl, thalamus, amygdala within 24h, is maximal within 72h, and is large gene by 7days
after administration of kainate. And we can't see the expression of DNA fragmentation and c-fos
in the mice what feeded by Yuldahansotang after 7days from kainic acid administration.
It is consequently suggested that Yuldahansotang may attenuate the kainic acid-induced neuronal

degeneration and increase the immunoreactivity of hippocampus in mouse.

Key words : Yuldahansotang, kainic acid, c-fos protein, DNA fragmentation

= E

1. 9S8y

kainic acid® AEFE FUY A HAY3}S doyn HAA E3] sivta]l FHoM 239 EAfo
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3. Z2nt Y A#E

kainic acidtE 5o dix FollMe A8 33 &R FEY c-fos & DNA fragmentationo] &
5oy dojstrg S Fojdt A8 FolMe AE o 39 ARE &3R5 Bde] Fof TYA e UE}
Uzl 38 & ¢ U} wd "ol sle] 8oby M A2y Be &3S BAY AFAEL 2

29 F o= A% Y29 AL ¥ & UAh ol2A YekFol kainic acidE F2E

49589 o

ppA| &l it ABHE BE E3 R &4 oA At dEE € F AU
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I1. iz 3 2

1) & &
APEB L 18-20g¥ Mt moused A
zZ}zte} AHE2L 12417t light/dark cycle(light

on at 7h) 3% 55-65% &%& ®Agen], 4
AP Ed gHole AREA HES gt 248F
29 oo 50mg/ked

sodium(50mg/ml) & o] &3t}

pentobarbital

2) ¢ 2

B AR AMEE MBEAGS AL TR
BRI, ol AN en, klE ENAEHK
ghmEold 7AY T dMskd AgETh Hw
o 13 Bye uen 2o

Prescription of Yuldahansotang

Herb Scientific name dose(g)

B Radix Puerariae 16.0

WE Radix Scutellariae 8.0

-7 Radix Ligustici Tenuissimae 8.0

FEfi-F  Semen Raphani 40

fa il Radix Platycodi 4.0

Fid.i] Rhizoma Cimicifugae 4.0

At Radix Angelicae Dahurica 4.0
Total amount 48.0

2. ®H&e =M ¥ F£H
AL ELH 43 T2 1.500m?91 Frrd &

Al 3.000m¢ B Fekrde] Y3 HAHE —'ﬂrw

12082+ %¢ F 3,000 rpmeld 2082 9
PEELE N RRECEVEREIIE EL
31.92g9) $UA2Z UUch PUNEE 7.89/ml
k! 7.89g/kgd 45 oid 30%c
275 $9D 70%% 2ol EFelel FA

r OO

3. kainic acidE 0|238}0{ seizures ¥ X
I|&A fYt

seizures} olo] M2 ZAEALS FEAIIZ] A
8l KA(Nacacai Tesque, Inc. Kyoto. Japan)&
g3t oo, KAE 10mM phosphate buffered
saline(pH 7.2, 50mg/ml)22 &4ty Fx
(10. 20. 30, 40 mg/kg)2 572 FALsIUtH KA
2 3T F T Ax 5B P55y e
Basle] AESAE S5UA R UFo] EHSA

Grade O :
Grade 1 :staring, front- or hind-limb

no response,

pawing,

Grade [: staring, front- or hind-limb
pawing. rearing. nodding.

Grade II: staring, pawing. rearing,
nodding, jumping. wobbling,
falling

Grade IV: status epileticus or death

°o|% Grade 09 M9 4% B FEUs A
Bald #MEELHS TSl EF ASELY
Eo 7ol 3E/HAE Golyr] 9§ #B L 29l &
19, 29, 39, 1F, 2%, 3749 529 H& 4%
sl z2lo] GG AAlsta BEsY

~ 286 —



- MmeRAH0| kainic acidoll 28 FYE mouse?) sHotx 4ol ojXs HE -

4. ZY0H o B M

AYEZL 0.9% saline22 10% Az 4%
#7121 % 0.1M Phosphate buffer(PB)ell 4%
paraformaldehydeE %¢ AR AAART
2% Agsidd. 0.1M PBel 4% paraform-
aldehyde® /% nABog 4TAM 12-164
2R O BEEFE W] A8 10%. 20%.
30% sucrosedll 7tel%S W7kA @2 ¥ cryostat
(LEICA)Z o]&dd 18m SAZ free floating
AU S o] A¥8S TIP3t

5. in situ nick translation

DNAS HHsHfragmentation)® 2&E 27]
A&l ZAEd| in situ nick translation hist-
ochemistry method& AHE-3IiTt,

ZAEL 11m FAZ frozen AHOEZ 227
Azel Agd Zelojzo) T 2SS 4%
paraformaldehyded] 108 &< 2AAIFIZ YA
2X saline sodium citrate (SSC: 150mM
NaCl, 15mM Na citrate, pH 7.0°] €9%le
1x SSC)&og 80TalA 20 &3 ¥H-&AIA.
pronase (1xg/ml. Boehringer Mannheim)ell €]
& 32olA 108 < Aejstn YA PBS £l
2% glycineS ¥ol 3025 XL Zols ke
< FY&d

235 50mM TrissHCl(pH 7.5), 5mM
MgCl2, 10mM B-mercaptoethanol, 0.005%
bovine serum albumin(BSA)7} E°{3U& buffer
Adl 5% Eob weA7lm UM 5ug/ml DNA
polymerase 1 (Promega). dCTP, dATP, dGTP
(promega)9 ZZt 10¢M, Biotin-21-dUTP

(Clontech)gdo2 A2dA 60&3F gH-3AIATH

negative control® DNA poymerase | & %7
o1, positive control 0.4 units/ml DNase I
(Boehringer Mannheim)$& 10mM Tris-HCI,
10mM NaCl, 5 mM MgCl2, 0.1mM CaCl2,
25mM KCl(pH 7.4)1X] DNA polymerase I
of wgalz] Ao 158 B ¥EAN Ro|dh
PBSZ 5% 2o AHslz, 0.01% H2027F 59
e PBSolA 1587 #3AD &, 1568 ¢
PBSollA]  3¥  AlAs}ct el M
avidin-biotin-detection kit(Elite vector Kkit.
Vector Lab. Inc. Burlingame CA. USA)E 1%
BSA, 0.5% Tween-20°] £°1%l& PBSeIA 30
7 ¥kt

oo g 2AE-S 0.05mg/ml diaminob-
enzidine, 10mM imidazole, 0.03% H2027} &
oj3le PBS Aoz WaukEZ X7l ¥ cresyl
violeto2 WZFME FPPov, 3L B5E
A2 ¥ permount(Fisher)& °] &3l %z2& 1
AAF

2458

6. c-fosO WA AMS U HMANE S8t
=R

gassl sl

biotinylated horseradish peroxidase complex

c-fos proteing avidin-
immunohistochemical technique (Vector Lab.,
Burlingame CA USA)< °]&&ldon, of7]dA
AFEEE fos T2 rabbit polyclonal antisera
(Ab-5. Oncogene Science. USA)E AHZ3IAL
of  ¢xgdoz (1M phosphate-buffered
saline(pH 7.4)% AMH&&Ath. 0.3% hydrogen
peroxided] 28} endogenous peroxidase activity
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£ WAsIen, AMAMel2A 3% normal goat
serum® 0.25% Triton-X100S =<1 PBSellM 30
B A2olM whe-g AlZen, 13 A cfosE
1 : 1.00002 3X3led 4TelM 48417 ¥H-gAIA
th. 13 g4 ¥hgo] Bd 2452 0.1M PBS (pH
7.4)904 308 Fx Mol F 2 A W3S @
th 2z} A HhSe Vectastain Universal Quick
Kit(Vector Lab. Inc Burlingame CA USA)& A}
£3lo] 2417 AdeollA whgAIZTE whgo] Tk g
ZAEL 12 PA| A AHBEINY #3Bdoz
2e whog Aol ¥ Vectastain Elite KitZE ©]
438l ABC(avidin-biotinylated horseradish
FaE #o9, 0.4mg/ml
(DAB,  Sigma)®% 0.1%
hydrogen peroxidase solutionS ©]83je] 'gAlul
42 3929, 0.1M PBSE o ¥ A3y %
70%. 80%. 90%, 95%(2¥), 100% %2 €&
AR ¥ canada balsam? °]83ld 2AE &elo]
ol 3Pt

peroxidase)
diaminobezidine

7. HOIH 24

A 2252 FeEUE(OLYMPUS) st A
&S 10-200X2 4481920, DNA fragmen-
tation X2EZ negative control# positive
control€ ZTE s B[AsoH, 2t ¥
iz gAsol e EIXIEE  image pro
Plus(Version 4.0, Media cybernetics)& ©]&
sfd  Scandet 6200(Huwlett PackardAh) 9l
scanning< ©|843td photoshop 5.0914 4372
#}ES Aesict.

II1. &4y
1. MHEE0 YMAA

A8F2 KAE 247 w=48(10, 20, 30. 40
ng/kg) 2 orteld B ¢ ¥ BAsigt o
N ok 1568 ~30% oo HHAA PFES ¥
ol7] AFAYT 1At AL Fo= FAlo] 24
o A¥5EY Y%, & AR o8 /WA =
Fo2 Jetged 2 Bz A3l o} Grade
0 9M Grade IV QAR EFsle] ofzfiet 2o
Aelsigch

2 AN Grade 19 d44e doux] &%
on 20~30mz/kgel KAS FYUT TS &
Z} Grade 09 Grade I @4e] Uepdtt 40mg/
kes) KAS FUF $2E2 o 30% FT9 A4t

Table 1. Seizure grade after administra-
tion of kainic acid at different

doses.

KA(mg/kg) total animal number seizure grade

10 6 0
20 4 0
2 Ji|
30 6 m
40 4 m
2 I\

% The succeeding five lines defines the grades for
the severity of seizures

Grade O : no response

Grade [ : rearing. front or hind pawing. staring

Grade O : rearing, staring. nodding, bilateral
pawing

Grade [ : rearing, staring, nodding, bilateral
pawing, falling, jumping, wobbing

Grade [V : status epilepticus and death
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&< 29HGrade V). 10mgked Kae 4% ¢ & UA
A8FEME AY Wbyt Jehda) gdsten 20 20mg/kgel KAZ & FEAME seizure Grade
ne/kgl KAS FU8E wFe] vHIAR 50| yhgo] dojyton| 3 DNA fragmentation
Uetlr] Alzteldct (Table 1.) T dojdtt 30mg/kg™ 40mg/kgs T BEE
GCrade I ©o]/4de] wHgE Bgor 5 DNA
fragmentation°] ZolgS 2 + AUUTH DNA
fragmentation< sietAUe] CA3 Gl F2
#aEfod, CAldx 47 &Astdon, oW
£ Edda] e control E29 ¥ %A ol dorsomedial®l\} dorsolateral thalamus.
= DNA fragmentationo] €oiux] gttt 10 nucleus reticularis, amygdala®l lateral
ng/kge] KAS FU3 EBME seizure @A) nuclear complextd V/VIZ W9 cortex Fel
den, o 2oz 94 Y2 W} gled EZAEE ¢ + AU (Table 2.)

=

rlo

2. seizure grade 2} DNA fragmentation
2jo] 2|

Table 2. Seizure grade and distribution of DNA fragmentation after administration of

kainic acid at different dosqs

KA seizure hippocampus lateral dorsal cortex layer
(mg/kg) grade CAl CA2 CA3 amygdala thalamus V/VI
0 - - - - . B
Control 0 - - - - . -
10 0 - - - - -
il - + - -
2 i} + - ++ + - +
m - - ++ - - -
30 I . - " - -
m + - ++ - - +
40 il +++ - ++ - - +

% The succeeding five lines defines the grades for the severity of seizures
Grade 0 ' no response
Grade | : rearing. front or hind pawing, staring
Grade I : rearing. staring, nodding, bilateral pawing

Crade I . rearing. staring, nodding. bilateral pawing. falling. jumping, wobbing

Grade IV : status epilepticus and death
# The succeeding lines defines each grade of DNA fragmentation
- No neurons positive
+ "0 - 25% of neurons positive
" ++ " 25-50% of neurons positive
" +++ 150 -75% of neurons positive
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3. seizure 7Y £ MZERLZS
Al 3Ol DNA fragmentation X

S8

Grade 0% Grade M9 7 % Yozl H¥F
o #ELBS oY i%*l 1 F @xdz 20
2)4 8|A4sled DNA fragmentation @33 o3
st

a Az KAY FUAT 82 &npale] CA3H
%o thalamus. amyedala cortex 9

neuron®l DNA fragmentation®] Zojdg & +
AN 53] CA3YGL 3FY o= A% 2dH
T At} (Table 3.) KARA ¥ #$%ELBE &
A7 $8 72 UxeH ving 9 27 29 3

t EdsHe 3zl ¥ A7} gAY 23] o
Px sigouv 3YAREHE 1 $7F dxERy
#A3s] 7aso] CA399ol] DNA fragmentation

olo o 1
Bo e

o] Z&5A] F AUt (Table 4.)

IIIIO

4. Seizure 7Y & B2 824121

AP c-fos WH

(o]

9He 4¢S a9 o

[+ 20 BRT4 ’1

KAE neuron &4 A
of ot} c-fos HHE&S F7MI7IA o KA F4
T dRE2 3uleld gA¥ste #AY AR c-fos
oncogene proteine dendate gyrus® granule
cell# amygdalatl®l cell, cerebral cortex, 3ju}
A2l CA13 CA39 pyramidal cellsol o] Zd
B2 ¢ 71 AUz ol2Ad c-fost 3FY Fol=
A4 A&5AYch (Table 5.) ol HSELES
o AdFe 15U A HAIA c-fos7t 2dH
2l ¥ £ F AUt (Table 6.)

Table 3. Distribution of DNA fragmentation after kainic acid administration at different

time points.
Time animal hippocampus lateral dorsal |cortex layer| nucleus
point number CAl CA2 CA3 amygdala | thalamus V/Vl reticularis
1 - - + -
24h(hour) > " . "
48h 3 - ki * -
4 +++ + +
724 5 + +
6 ++ +
7 +
1w(week) 8 . "
9 + .
3w 10 "

¥ The succeeding lines defines each grade of DNA fragmentation

- " : No neurons positive
+ 1 0 - 25% of neurons positive
" ++ ' : 25 -50% of neurons positive

" +++ " : 50 -75% of neurons positive
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Table 4. Distribution of DNA fragmentation by feeding with Yuldahansotang for 3

weeks after kainic acid administration.

Time animal hippocampus lateral dorsal |cortex layer| nucleus
point number CAl CA2 CA3 amygdala | thalamus V/VI reticularis
11 - - - - - - -
24h(hour) 12 B . ++ + ++ + +
48h 13 - - + + - - -
14 + ++ +++ + + +
15 - - - - B -
72h 16 - - - - - -
17 - - - - - -
1w(week) 18 . - - - - - -
19 - - - - - -
3w 20 - - - . . N

% The succeeding lines defines each grade of DNA fragmentation

“ - " : No neurons positive

"+ 7.0 - 25% of neurons positive

C ey

© 25 - 50% of neurons positive
T+t

0 50 -75% of neurons positive

Table 5. c-fos expression after kainic acid administration at different time points.

Time animal hippocampus dentate cortex layer
. amygdala
point number CAl CA3 gyrus vV/Vl
21 ++ +++ - - -
24h 22 - ++ - - -
23 - + - + -
24 +++ + + + -
48h 25 - + - + -
26 - + - - -
27 +++ ++ - +
1w 28 - - - +
29 - + - +
30 ++ ++ . - ¥
3w 31 + + + + -
32 + + + +

¥ The succeeding lines defines each grade of c-fos staining

- " ¢ No neurons positive

"+ " :0- 25% of neurons positive

et

1 25 - 50% of neurons positive
R

0 50 -75% of neurons positive

2221 —



- A ZiolstE|x] M112 H2E 1999 -

Table 6. c-fos expression by feeding with Yuldahansotang for 3 weeks after

kainic acid administration.

Time animal hippocampus dentate cortex layer
. " . amygdala
point number CAl CA3 gyrus V/Vi
33 ++ +4+ + + +
24h 34 - ++ - -
35 -
36 -
48h 37 -
38 -
39 - - - - -
1w 40 - - - - -
41 : R - - 3
42 - - - - -
3w 43 - - - - -
44 - R - - R

¥ The succeeding lines defines each grade of c-fos staining

+|+f+]+
+
.
.

" -’ ! No neurons positive

"+ ' :0 - 25% of neurons positive

" ++ ' 25-50% of neurons positive
" +4++ 50 -75% of neurons positive

5. ZXHMD} c-fos HAHMIZT SIS A AH A¥ JM% A3 CA3, dendate gyrus, amygdala
299l dlo] &350 AL 238A Y-S B
kainateo] 2% HAFSAAEE Lol Y Ao (fig. 1-A.), RS ELB L 2FY 5848 &

Fig. 1. Staining in the CA3, dendate gyrus and amygdala regions.

a) 1 day after kainate administration (10x)
b) 2 weeks after Yuldahansotang administration.
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o} Al E £ARY AEI o= AT 3] EEo
NRMES o] A Yehtn YT SHEE 9ol
M 32E 4 QA (fig. 1-B) £& kainate® F1
a7t A H9 AdlelMe F2 CA3. CA2
CAl, dendate gyrus, amygdala®*$l°lA c-fos
dido] tert wadso] A2, (fig. 2-A. 3-A)
KPRV ES 583 ABFBAM T Azto] A
n2t §Y G c-fos DAY B Lz} HA
ZolE 3 g8o] VAU (fig. 2-B, 3-B)

Fig. 2. c-fos. immunostaing in the CA3.

a) 1 day after kainate administration (20x)
b) 2 weeks after Yuldahansotang administration.

A ? ( 4»

22 i0| kainic acidoll 28 RLE rhousel| siotH| S0l 0|X|= ¥ -

Fig. 3.

dendate gyrus and amygdala.

c-fos. immunostaing’ in the

a) 1 day after kainate administration (10x)
b) 2 weeks after Yuldahansotang administration.
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acidd Fode AzA9 sfapajels SAAY &4
S fslug o9 AP FFUZAA Fee 43
S22 g f43HA AR Uk w8 o
BAQY AN gL H|FE ARl FETE
(partial  seizure)d ¥FUA FF9 A
(temporal lobe epilepsy)® 7% alivtollA 417

Axe] 424 2 ABnAEY F7P7t fEsE do}
733l% (hippocampal sclerosis)®] 7ol §3#
o2 BAHY'Y APEZA ol Pt &
4 59 WEE 94 kainic acid o F4F =
A ool ol §3AY 4 U

o|9} Zo| KAZ #lvkd &4 I ¥ oy
3 FES QAU T KA £ A MAE E
o) 2AEAE Hassiee At A2 8ol o
Fojxn Qeut® ol2jg A¥e] ofd FolEA
o] o]8d ZAfe gUldl £ AFE AlxsA
At

&3] pACletn s HPAA gy Ao, 3
£ 59 HAZ9 HYPY WRTe FoEA s
2 5% AUE Boln Y ol AWSLS
Wdrld) #2 e 2802 @zl HA FHo
L BAA, AAAQ EFFe] HAYS Fu AU E
o 2Aste g o] AAH AQlo] o] Afsh=
HHsolgtn B 4 it NEREHBELAM s O%
A9 AL kel AFT} olol w2 RARTHEREL
o] BdddA 2oin 21 Qo a2eg o9
< 7] Agse Az #HA4 AAH dAH 4
Aol Bdgel s e WA g9ldM o 4
AL 23 den, hRe A§ AFTANN uH
71719 AP e AAHQA Eo] sl
vebdttn B3 ok ke AMIEA 3 el
A4 AN FEat] ADL BFsln A}

4L Solsled 32 A4S dglon] K Alv)

Age] e gejsty gauy'leld MU 7
stn AMAuS olgdtogd fojdt ARNE IS
4 Atk walm Uk, olo] met ¥ AHNE
AVER ] Bod7l KARCl2 §td sfntau 7]et
HdzAe &4E 294F § Ag Aol Yo et
slgedl §of 22 Ko A7 AR KBAY
AP Po| oL Y= AEEIHS N
sttt

BEELBS FHEES  THEFMRT, ol 7
Ao e KBA HE 245 29 stz xue
TS B, WE BA BT, B JH. Gl
2 7459 gt

rRRERE, Y2 B Mz MESTNES
WEBEE MAEG'S sl 4%, L BE M
OB LE HIE WE, SfR 2 ARBA 9
£2 @nol Zsl=z i #¥e trded %%
Sfolgtn BUoW T WL FRE BN F
% BIME FRE B ERE BRE g
Qe 4714 BRsithe Ae @07t 74 shdT
del7tx she RE Toin ssRABY 4T 3
®A g7} old gty £ £ ok

#sEL B AN FYe HEsla KBAY
FrEse Fed T80 gdh o] AwEe] Hire
BEEe] {S IHAA HRE Bt stn LBk
ool FEMN. BB Lgsln, KES MAT i

o Mz

)

AS AEEST BE Rl BERMERS) T,
RS RMERSD MBOEZES st AWM
= REe 5L AT JHEERsts &o] 7
shol, pite iEMESIEA ARzAsts 44d
o] st 'Y olate] FEES ¥ BiRT HEL K
BB sliste Waol 7l5o] Zetn, BA, IR,
T, Qs el MR ES ZaFe B b
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A9 7150 28 ¢ 4 Ak ARAoz my

LB s Zof s slistnal st A
Bl Aol

2 Age HAAY &4, 53] doiHE ¥gs
£ WA 9499 AAAEE ddez . o
dAE  @lokhippocampus) Al’z}iﬂi(thalamlc

nucleus) °J°34 (pyriform lobe) t™43](cingulate
o2 Holgln, JAsFoez e HeY
(amygdaloid nucleus) FZ¥(septal nucleus)
A8 (hypothalamus) A14+3%-(epithalamus)
2 98 9 A9 o AR 7)H#(basal
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