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Effects of Geonne-Eum on Learning and
Memory Function in Model Rat Injured by Ibotenate

Sang Yong Rho', Hyun Sup Eom, Gyoo Yong Chi*

Department of Oriental Medicine, Biomedical Research Center of Oriental Medicine, Dongeui University

In order to make the efficient prescription and cope with various senile dementia, learning and memory functions
of Sprague-Dawley model rats were tested with Morris water maze at first. And to evaluate the effects of the sample
drug(GM) on choline acetyltranferase and acetylcholine esterase, immunoreactive measurement and enzymatic activity
measuring were carried out. Rats were injected with ibotenic acid through hippocampus CA1 and CA3 area. The results
are as following. GM improves the learning ability in the acquisition test and memory function in the retention test
significantly. And GM increases the level of ChAT which is synthesizing acetylcholine in CA3 area, and at the same
time it increases the level of AChE which is resolving acetylcholine. These results show that GM improve the
cholinergic catabolism and anabolism, and the increment of metabolic activity of cholinergic system contributes to the
recovery of damaged learning and memory function by ibotenic acid. So it can be concluded that GM will be helpful
to cholinergic brain disease induced by primary or senile reduction of acetyicholine secretive activity.
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k= A7t Bt ADAA 71E §Q¢ LAt 4 719y &
EQlH] ol cholinedd A1ZASF WS BAI ke &A1
TIsHAl RIAE T Y. & ADolA LiERIE 71ol@ A4}
QIX] Zglo] MUFE HLdl F= AGEZA acetylcholine
o] e AZAMEY E 3 miFolgtil MEE 4 lan
BZE 342 acetylcholineS £3816h= acetylcholine esterase
(AChE)Z 1€ A3l=] 1 choline acetyltransferase(ChAT)9] &
He zaen”.

2 @7 719y ZEol ABHI Y @ikl 7o
T dvigdo] £4 Fol 7198 SEsE Y i o=
HE9 HIE 7 2eAl 8 #1611, ChATS AChEQ] HEo
oXle 238 £85] A8 7195t IHEE 2 = oA
T Ao AT UAE F6iA 7193 QX EGTsY FEs
o] mjXje FEE FHULR 5iF Tt AniY FYole HAA
QL LEY dulol et 2¥EE P8 ANsid AEAYS o
njx|7t obd BH2E F-HBIXUCE olgiet welola RAAHC
2, &3] 42=0A B EA471 B HiR(Dementia) 2 T34
2F dAE s YAE BAsl AFAQE USIALAL
I om 4EZn RS AHE LX7lol Bk diolrt

Ag R U

1. S8 ¥ o)
250~300g9] Sprague Dawley(SD)% HHEFE thSHd®
SEHE0lA] gtigo}l FASINCE S HRE RE(EE
22:1°C, {REE 50:5%)oll 2BBRY BEAIZ] & BES AFUE
ol FFRSIYECH Affs EREAR(=&it, Korea)ol HBEKE
AFEo] #BA SiFTt. kol HFRT Whe IYHAEF)0N
Al A HAJUES sl HERASINCH BIEGM)Y
EABRS BEED GRS AFE § BB olck

Table 1. Prescription of Geonne-Eum

ooty Moty 2

ih-4 Cervi plantotrichum Cornu 29

BiR Testudinis Plastrum 129

Hith 89
2. BES A

(#ASEK 108 B2 320gE 3,000m¢ round flaskoll ¥l 7R
K 2,000meE FSlETt. WA BEMY SRS 250 nEk Ml
Sl IBBHE FASIH EBWE AAS F, Tl EIRIRE E
7¥5kd 1AIZFEQE ARSI o] IB#@WE rotary vacuum
evaporatorg O| &6k BB BFECIL o] BAEWS -84°C deep
freezeroll A] 4R St HESIHTI T 24F5R8 SQF freeze dryer
T HiGEmold kS Il olg Hyd] FMsle EERol
RS

3. AEdy
1) HE|4&(surgery)

HZA] male Sprague-Dawley rat& sodium pentobarbital
(50mg/kg)E BZAFTAIGIY vlF Bl Stereotaxic frame(Koff)
ol 5 Hamilton syringeE ¥Il ibotenic acid(Sigma)E
phosphate buffered saline(PBS)oll 1ug/E 3t TI&
hippocampus®} CA1 Egjol} 1t F3IA (0.2u1/min) AZ A
&4(lesion) & FRBIATE 2~3Y9] F 5717 & GM(100mg/ ks,
100mg/ md) S & 287} 19 13} ZFRASIL 2985 Morris &
En|E(water maze)oll 93t S BG W 7Y £F & A12k6}
Rom FEUZEAES A|HSIE 783 AJE 308 © CME
BTEABINCE AchES} ChATY activity S ESE= CA1-30)
©  hippocampus CAl £ AP=-3.8mm,
ML=42.0mm, DV=-32mm CA3 3¢ coordinate AP=-53mm,
ML=45.0mm, DV=-6.0mmo|c}?.

2) &3+ 35 71 (spatial learning and Memory) &4 %
Bt

ey 719y £5 S Morris $50] Z(water maze)g
O|BBIGEt =EUER o|8HE #£E= AFo| 1.8m~2m¢!
AE 4% (circular pool)o]m] 2% 7} 27:2C HE ZF oF 30cm
ZoIE A& &F FEYH sEZH(non-toxic white paint)ojL} F
g B9 M& sglA siHct E2E 19 ST AREHCE
Uiro] 2S(NE), 2A(NW), E(SE), @HEW)E 2611 A}
220 Z41Hd Tujth(escape platform)E HEBC} 1~1.5cm
U ARIBIKEE =X FHE 419 T E 2™ S 0|86l 97
Thi](extramaze cues)E Woll a5l F9 BF2 SUSHH &
ALt EZ70E F 790l WA FE AJE(acquisition
test)2 67} B1ol 4RI FHA)FIAL ol 180% St Silol
AMRE Taliol 27kl d@l AlZH(latency)Zt AE](path
lengthyE ZEH3IFCE 85 Al 4HAIE 719 Al8(retention
test) 2 78R AbF =@ HAIE Al@slk=d] ol EHWE X
I 48 5850 0% 8¢ Tty ) &G QA HEE
A7 ARlE EE51 BUsKETT

3) Choline acetyltransferase Immunohistochemistry

HWE HEo] Bt AE UEEEE sodium pentobarbital
(100 mg/kg, i.p )& ©UHIA]7] 1L saline 100mgol] 0] phosphate
buffer FH|§} 4% formalin £ (fixative) 00me 2 A &S &6l
AFIIPCE M TN 200mee 5 B wlE fFEoF, 8L
UBix) 700ms 25 270l 24 BE6] BESICH 1 T ¥
E AU B AHNOCE 2-3 A|EQH LEA)F| L 20% sucrose
7} 3% phosphate buffered saline(PBS)ol| o] 4TollA] 315
¢ BEdlIdicth tigg HE 3% YS £ HRAE s
(dorsal)®} EZ(ventral)®] 310}, medial septum % diagonal
band HloflA] 30mS] FAZ A2} PBSE £Ag H Ak A4
I th20ll ChAT FHA} e Aol 718 del A8EIL s
primary sheep polyclonal ChAT antibody(Cambridge Research
Biochemicals, Wilmington, DE)& Al23I3T}.

1A} kA= PBSof| 0.3% Triton X-1008 A7) PBSTollAd
2% EJ)) €&} 0.1% sodium azide(Sigma, St. Louis, MO)Z
20000 8|4d8la] FolsiHct X A2 13} g Hol 4TolA]
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BiEko] BEAGBORY BB ¥ ST Kol DIl g8

A0S AEKH R EF0 FHA vlAsIGT). 1 & 33 o]
& Z2 g PBSTE M2 th2, 247} S¢F 4204 2% normal
goat serumE §rFEk= PBSTollA] 2008} 3)413} biotinylated
sheep anti-rabbit serum(Vector Laboratories, Burlingame, CA)
of 4kSAl3ich PBSTE 3H A& T, 3 AL Uoli 1]
7} &9 Vectastain Elite ABC reagent (Vector)oll ©H72ic}. PBS
2 % ¥ A7 o} ZAE nickel chlorideZ Z}314]7) 11 XA
ZA] diaminobenzadineE A}E3dl wldA|ZACE ZE A2 |E A
Z X £ RS gelatin coated slideol] 1LASHL E71E HAHBFHA]
AHETILE H2 F FMZCE medial septumit] ChAT-
immunoreactiveg}l A AN EQ £E H[ABIKCEH
4) Acetylcholine esterase®] Activity &4

dE54dEo] it F Sodium pentobarbital(100mg/kg, i.p.)
= 48 SES vlFIS YulollA] 09% 2] A1E4(100ne)S} 4%
formalinQl4FHE M (500ml) & MAlol AFAIZ IS, ¥ & &
ol 4% formalin-QlAFIA Mo 2~3417F BIHE £, 20%
sucroseE EHFS QAMESN(PBST)o ©11l 4TAA] 124)7¢
AE5IALE thg g HE G459 53 & microtomeE 0] 831
30umel HHE MAS 2 2 71e] EHS cresyl violet G &
AX YRS EHEYE microscopeZ ERIBIKCE WA 20me
0.2M PBSTo| 104£9) acetylcholine(Ach)i} 2% normal goat
serum(NGS 400u¢) 8 dropit 0.15% sodium azide(Sigma,
StLouis. MO, 20mg)E ¥o] YA} &HA|(primary antibody)SH &
LECE I8 HEA BHES 24-well plateol] 22t @i YA}
AL 500 BT W] 4T cold chamberollA] 73417} 4344
31311 o] AFeA] (secondary antibody)Z2® 2 20ml 0.2M PBSTol)
1% goat blacking serum 4 drop3} biotinylated anti-rabbit made
in goat(200:1) @l THEAUCE YA} SAS el HARG
PBSToll 33] Alojdl & o]A} A EUS 500t T Eo] &0
A 24174 <4431C). 20me 0.2M PBSTo)l ABC kit9] A 8 dropi}
B 8 dropS ol ABC U g ThE 11 o|AIZAIS HEKIZ H &
ZE PBSell 33] AL ABC 8ol ol 4204l 2]t =438}
Gt s S & 20048 Nicl(nickel chloride 8%, 80mg/mé H:0)
¢} 67mé hydrogen peroxide(3%, 30% H 0.0 190u8)9} 20mé
0IM Tris(L55g Trimza/100n¢ H,O, pH=7.2)Z 10mg DAB
(diaminobenzidene)oll @o] DAB £9%E TIE Clg Y XA g
PBSoll 338] A1l DAB ol 287 &7ttt 7AW coverglass
ol €21 §|ZsloIx ACRE W (density)E SEBISCH

5) SAA

HEZET= MS Excel 97 O|83IN M AR 4ET
H ATl TEEE 4RI oMo g 242
Student’s t-test®} A|ZFS THUHSFE Sl B4H24W (repeated

one-way ANOVA)S AIE3I0 1 |FA4EF2 p<0.05Z BIATt

R

ol ti3h Morris 50| 20| B5HAME 7
Z} 39| 5 n| & shsollA Toivioll TEEIZINAS A1

o
s
o
-{m
2
Ml

H3lE Table 23 2T}, 6450t 1808 Kol Ealvhol T&517]
ALY AHg FEhs ESAdNA FUE(FAleD), Z94A]
&, ibotenic acid4€=4}, ibotenic acid&=2H+GM Eof 9] Tk
 Alo)7h AN Ekgol XiglEa uiet THltlo] Eeshedl
295 Ao} HHRE AolE Bt olol FE Yol wE 3
e AEEFE(LSD) @, AYmEE] HoAledtol sl
ibotenic acid€:AK29] SRgE o] A ABIEAUCHp<0.05).
oloj Hlgl, GM R oA Sl Folet 2507t ¢
FEIRA=H, ibotenic aciddaboll HldH 1UMEE] (p<0.05) S5
Fgiol 7S SXUEMWTE UERG T EEAIA S Talool] &
g5k Al70] BolsiAl AAaBINTt (p<0.05).

Table 2. Effect of GM on the acquisition test and the retention test
of water maze task.

Group acquisition test

1st day 2nd day 3rd day 4th day
Normal  78.1+11.87° 76.9+8.93 3160562 406429
Sham 108.9+12.76 9431194 295+7.89 194468
Lesion 15011321 1208+13.35 101.5¢16.39 52.3+5.55
GM 110.1£246 938+18.1 5241219 17035
Group acquisition test retention test

5th day 6th day Tth day

Normal 2184218 16.8+3.89 119202

Sham 228+4.48 2024354 109+1.07

Lesion 376x797 354668 6.0+061

GM 23.6+4.0 17839 125127

Comparison of acquisition performance on the Morris water maze task among the four
groups of the rats, Mean swimming time traveled per trial. Mean values of the four
Yials per day for 6 days for each of the four groups are shown. Comparison of
fetention performance on the Morris water maze task among the four groups of the
rats. Means tme speant in annulus(twice the size of platform). Repeated measures of
ANOVA of swimming time between the sham and ibotenic acid lesion group. a : Mean
+ Slandard Error

Acaquisition test

o 200

b
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Fig. 1. Acquisition of the water escape task in a circular pool by
normal rats, sham-operated rats, rats after bilateral injections of 6ug/
#¢ ibotenic acid into the hippocampus(CA1) and GM-treated rats.
Session means and standard errors of the means(SEM) of the latency to escape
onto a submerged platform. Data were analyzed by repeated ANOVA and followed
by LSD test. #, P{0.05 vs sham group * P(0.05 vs lesion group

2 5ol it Morris 50129 {EFREARSR
Z} 79 +F vlE ShgollA] atxxjgol gt Tajrhol ™
17}2 Table 1.9 retention test 23}t 2T} nix|at &
Urjol TIHE FASIL Tolc) §Yoll HEEE B
E ZdFsks EFAHAA FAT(RAIED), ZOAER,
ibotenic acid &4}, ibotenic acid¢=2HGM R #7} Toithol
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58

HEEE Al 7T APo)7F LB 20 ibotenic acid&d
+GMFA ZollA1 ibotenic acid E4oll Bloh Skg+goll 7T
BUENE BIct (P<0.05).

Retention test

16.0
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Fig. 2. Effect of normal, sham surgery, bilateral hippocampal lesions,
GM on the performance of rats in the spatial escape task during the
probe trial. The lesions were induce ibotenic acid. Means and standard errors
of the means(S.EM) of the time spent in annulus(twice the size of platform). Data
were analyzed by repeated ANOVA and followed by LSD test. #, P<0.05 vs sham
group *, P<0.05 vs lesion group

3. Hippocampusoi]A1©] choline acetyltransferase(ChAT) 2+&

aimiel CAIR 9 CA3RLIolA kg9 XEE olEHE
ChATE ©|83k acetylcholined AZAMZE HASH A=
Table 28} 2T} 2 OR])&, ibotenic acid #2442, ibotenic acid
EAHCMOIZ S0 29) FTTH AFRUHLSD) 2T BIAIST
o] B)al ibotenic acid&AkrollA ChAT7} SQtA ZAaL
(p<0.05), CA1E*Q]ollA] ibotenic acid&2}7to) Blo GM T
9] ChAT widiol E7kshe ZEo] BEEULH, CAIR 0l
GM FojF0] ibotenic acidé&s2hr ol B3} ChAT wiaio] {9
5 B71oliet (p<0.05).

Table2. ChAT activity and AchE activity in hippocampus

Experimental ChAT Achk
group CA1 CA3 CA1 CA3
Sham 22.72+098° 23162041 12611294 1225+359
Lesion 19.94+0.94 18772121 11494199  116.22+2.41
GM 2088+ 1 2252+1.14  12316+322 12338325

chAT at hippocampus

BSham
Wiesion
OGM

Fig. 3. The mean(+SEM) values of quantities of ChAT
immunostained nuclei in the hippocampus(CA3) of the experimental
groups after water maze learning task 7 days post-operatively. The
ChAT results were analysed by performing separate one way ANOVA of neurons
among the groups followed by post hoc comparisons using the least significant
difference(LSD). #, p{0.05 as compared with the corresponding data of sham group.
* p{005 as compared with the corresponding data of ibotenic acid lesion group.
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4. Hippocampusol|A419] AchE w3

Fote] CA1ELQ CA30lA AChE 2+s19] Zil= Table 2.
S} 22t} OlA|&F, ibotenic acid€A}TE, ibotenic acid£2H+GM
AEEAFY I§I AIFEF(LSD) A3 ibotenic acid&E4T2
HojAl&woll Bla]l AChE W9 Alole RASHA Zad AL
Z VERG L (2} p<0.05), CAlo}A] ibotenic acid&AH+CMUES
&§0] ibotenic acid¢=a}atoll thal AChE waizto] {9)51A
71518 T (p<0.05) CA3oliAe F719] 2E8E 2 ARt 7Y
2 AFEFA LTt

=
S
A

ol
o

AchE at hippocampus

2

T

o B Sham
2. ®lesion
E aaM

CAl

CA3

Fig. 4. The percentage(+SEM) of sham values of density of AchE
stained nuclei in the different hippocampal formation areas of the
experimental groups after water maze learning task 7 days
post-operatively. The AChE results were analysed by performing separate one
way ANOVA of neurons among the groups followed by post hoc comparisons
using the least significant ditference(L.SD). # , p<0.05 as compared with the
corresponding data of sham group. *, p<0.05 as compared with the corresponding
data of ibotenic acid lesion group.

T2 92 1%
A2 8a 71900 BEE AFE 20 tioke) B8 £
517] Y8t ¥H © 2 kainic acid, ibotenic acid B A1FEA &

2Hneurotoxin lesion)™®, cholinergic neuroneol tha] S0l

immunotoxin O F A& 192 IgG-saporing 0]&8}h
B 5152l #xAMchemical lesion), FE1E! &ab(electrolytic
lesion), AEH A SEE Q18 £4)(stress-induced lesion) £
Cjarsh 4 e Bol 540449 dkaa 71do] BEg
AA Aeighd, A7 gelsts 71dol uigh g7t olRox| L
UCt o)FE Kool et TEAEE HYS ofgdBo] AL
L, 8K53 710 T B Tikst 290l 7158 A
O Ashs WHe B0 sGT 7190 dRiElE AIERE
ol 715€ olaishal 71dEdd HHARY JIFEH 718 g 1yl
= 2ol AEE T ot ® olzst AESERYY 88 &
Bl SFEHORE oEo) 2 AIFY W ok sio] BQ
) = 179 AE A D} ibotenic acidol] Q3 £40jA] RE &
BollAl 1T 719&UE FUAA Xvh Zdol Haler ARE
AlZET}. Alzheimer's disease(AD)ollAlE tix]9) £5¢H, AF
o, FHYY YXIHAAIA (primary association area)o] FEE Hb
om, diviel HEHE A FEke gttt B3] sivtel CAl
.90l A cellgo] ARFEORE &AL
Acetylcholine, dopamine, serotonin, GABA9S] Z ol L3kl

pyramidal
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AEERO) MERBERY B W S KEd uxs g2

uiEl 2adhs ROE LA Usu®, I 5 AD #xl) 2l
A] presynaptic neuronal markerQ] 44o) Fsh= f4, E)
ChATY 84 %7t 549, diuiel Bicoli] aF 50~90% HE
2B, EF ADY| 14} S41Q) 719 2E B4 cholinedd
AFAL} UESH BAZE Yok A7 HBIA HMAIS L e
ol, ADollA LER b= 7190 A3t ThE QlA] Zo] A5 E
ol F= SASEHQ acetylcholineg THEO] M AZME
o =3 wFolzli dyE U2H o] RE FHALS
acetylcholineE Edll5h= acetylcholine esteraseZ 4% 4 5lgC}
0 UEHel o2 F oA medial septum3} nucleus basalis
magnocellularis E¢jol] ibotenic acidE FUSIHNES w ztz}
hippocampus$} frontal cortex®] ChATY} g4Jo] ZtAsINct
BIg B} oY 24 QX7 £l thE HERY S THE
7] #1381 glutamatergic neurotransmission& T}AEH= ¢ basal
forebrainol| A1 cholinergic neuron®] i1Z+(depletion)& ¥ 27]7}
71E 3R=" ibotenic acidE ¥]9| FnIHA(CAL-3)o FY 3l
AAMEE EAlZdTE 18 X2 ibotenic acidE AZMEE ]
8oz IYusAA  AzZEde dol7l wiiRd
hippocampus 2%} O}LZ} entorhinal cortex & thalamus® &7}
AT Az 4 mA|E ™. o)gd 2AE mEol
radiofrequency =& electrical shock& 0)83} damageE 8|
o] TOMEQATE o] ZRollw neurondt gliaE EF0IL
needle passage FHloll Y& TE ZRAo] E4¥TE EM7E A
T Wk 2 439 8o &49 SAHAS Felshr) st
710) ORJI neurotransmittero] i} ZEUL s ul
ibotenic acidol] QIg} £4lo] Br} HMEH Teolgia WAEIC).

shojgloll A mRT WSl gElm &o] RiKolg} sl
%3 gRolF LT skl BIR sREHS Xojol] it HE B
H <RELE - HEE - WRSE 2E "ERE FUERER S0
BiS, BPATR, BLIBR, BRI, RUARAMBBER, S
R, BEIRRE, BT, SEH, HEBRTHEE BFRE, ki
B, BB 3K BUh BEAREoIE) Sl 2529 AMEY
3 A9 FABICL ol Felal 2 AljEAle] oAl Falo)
Ak AlFEEo] MR £k, 71d=al Akkdo] oA,
oldi oLt A7 ZETTE FRY o] AlEoht HE
2 8] 2458l HEo] vkassiAl Eoid, B4 E 4
Al HE, REER 89 28 xs0] ETIcIL AXof FH At
ol AlEHS BAE AUASPIT oiFgA o 40 4
2 g & A Hrh <AR>oA R BAE JIsoh) H2
<FHH - BERBHER>ONA “0E, BEE, BIHE"0lZ S A
NE F2 43 f83 A28 He Aol gutdoint. 28w
SHHO R <#:PT - IREMME>oIA "IRE, MU, RERR
WIS ER el 511 BER RBEO! <F>ollA “IBE, AMF
¥ ROBP=EATEE LEE T oF A0 B ERso] <&
HERE>OIA BRI el 8 A, 1\ EEfo] <Brkais
>ollA] “EkEENE RIELIER L o A58 B B Wl AIRES
I 4IREEY LABRIZIEE BA oA B2 chAE] T A
2 8 4 Utk

A~
a
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X|ohe] RO ThAA B2 MERBLE QIS Lk,
2 FRARY KMHAT Solgt A7I5KIAIN B3] MEER
I} BERES SAGKICE 224U o) AH e 86l Bd
D XA, KBER RWLR RSO LFXE, FE
B OEHE EERE S0) 12 MAST Qe Qalz
o Beslct 3 YA FRE S Zsior & RO EE WR
I} R, FFROl AT AIZIAl BF WERCIZ) SIXITH RS
ol Mol Figol YT LB LSBT SiBol £e)v}
glom 2zjol 54 P& [&mo) WLl YHHE HEWRS Wio)]
FUEElo) EERESI YHI men 831 38 Uk E9
BaEo] Wr). IRAT MRS BEM HHENOE KRMET
ERako] VEN) RALEEE A4S AFE sl BRolU
¥ OERTE 20k JRAY fERs YagePes »
H FIRE S350l ulzl BRI NER, BEN SOF 255
of XABSPIE shetl ol MERY 2EHS gshs A8
2 4 Atk E3] kdrlel £ Uehle ADE BRAEN 9
3 Aol 7ha Edlel 2 AfolA] ALSE) EEE T iR 3 olol
ZABHL YTH. EHS CervidaeTjoll &3} MHEE L= BED
I E&BMO KBS RS A5 Ao #eee
wBLE, RIBH6I BEHEREIS KRS REdcial ot
P EEN WE KR HB 59 HAZ8E 530 A8
4 UCh K2 Emydidaeniol 434 24o]9) uf B Soo|ch
52 WhER B0Y BRERROI BEES BRET, B
WEE SO Bt 280l AIRE 4 UTE OIXY Shis B
2 FZ 3l sl HERS FE 51EE W) BERECE
Q13 X|uiZEoll wiEslod AFBEICEM B HMERS Brt
Ao 4 e ASE AlRECE

GMo| FEIUE WIS st UM HEAFHoIA
ibotenateol] 9l &M hE TS FA4T B sham $E&FHTE
ShEEH0] SAG] Z2amo EEYo] AT FUHAS
2 & 4 ok L3 GME 3 FoilA] 1Y RE £2 Re
S SRE5HE ERAIICHE RS & 4 ATk £33 7Y A A
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