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Effects of Taebong-eum on Learning and Memory
Function in the Cholinergic Cell Damaged Rat

Jong Soo Park, Gyoo Yong Chi, Hyun Sup Eom*

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

This research was done to make the effective prescription and cope with various senile dementia. So
Sprague-Dawley rats were injected with ibotenate to make a damage on learning and memory functions. At first
acquisition test and retention rest were done in the Morris water maze. And to evaluate the effects of the sample
drug(TBM) on choline acetyltranferase and acetyicholine esterase, immunoreactive measurement and enzymatic activity
measuring were carried out. The ibotenic acid were injected to hippocampus CA1 and CA3 area. The results were as
following. TBM improved the learning ability in the acquisition test and memory function in the retention test
significantly. And TBM increased the level of ChAT which is synthesizing acetyicholine in CA3 area, and at the same
time it increased the level of AChE which is resolving acetylcholine. These results show that TBM improved the
cholinergic catabolism and anabolism, and the increment of metabolic activity of cholinergic system. In other words, it
contributes to the recovery of damaged learning and memory function by ibotenic acid. So it can be concluded that
TBM will be helpful to cholinergic brain damage induced by primary or senile reduction of acetylcholine secretive activity

ker words : Taebong-eum(&#igk, TBM) dementia, learning, memory, choline acetyltranferase, acetylcholine esterase
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Bifko] FUY AFAZEY WA B

oI 50000 FRE] SPoliiE Amizhs HWHE 71S6k A
Boigk=nl o] Boli] KEMBES LAFKECS QIS ta 19E)
R 5O WEEEE AEE 4 = Adom® IwES [Mimst
BNS S sl MO FEEOIL B, FERE Sol 883}
= Moy, Kujoll B AFX (T E FE A5UEI BAY
2518 @Y F HEOF LpHolx|en] HAR= Morris water
maze®} radial arm mazeE 0|83t 7193 dlgsH djdt &
011 FAK= DR Welghi Ao} XA & Bolsk= |
AFSC] WSl thSt Rolth AME x1Fash) 918 71E9 ¢
FEIRE UK, K, RerhER, mee”, gEa” B
e, BasT?, EHF WE®, BEHATY, MRGE
BEE, mBEEALY 59 AYS F2 WiA9) /1AM TEY
Eldol Roisle] Sa4 AES AXEINCE olZid W8S 2
m F2 B8, T ML ERER 59 AMS 28tkiee 2
4= QITh IZAT Ze B2 dX o) K|u) SolME LEFKE
2 UEhiE Sl S8 4 e Aol it g7 ok
4 QIRICE Tt KBS YFE 8 ol IS X EA e A8
N ZAEZ grish) Y5l RE#EED MRS el BES
QHEAIE OMIE sl AHKS Nusikck 1811
ibotenic acidZ WY diniEde] Felsl U AFHELES
AP THS maze WolA1Q] BEQAS B4sl0] tIZZH vl
SICm ol SO ABEATE HYylo) Huske Hlolth

1:10}

s =2 H

152 % o

250~300g2} Sprague Dawley(SD)# HMEFE oidild
SEAEOIA ftagetor ERSINTE B2 HRE RBE(EE
2:+1TC, BE 50+5%)0] 2BHME BWEAIZ & @FS aRns
HERoll FFSINCT Feeding2 B EARH=Rit, Korea)S} $Hsu
KE AMFEo| BHGHA SIRTE HEaol FRTE B FFA o
(FolA BAS HASIRES HiEsle] #RIECH HES
(TBM)E TumEsl HE#=ERN 59 g 7nlskd 74
oiaict. Ay g2 cheSa ot

o}
=

BEE 48 Bg
RipE Rehmaniae Radix 750
S Cnidii Rhizoma 750
B8 Angelicae gigantis Radix 750
[51:] Paeontae Radix 750
E-3:d Coptidis Rhizoma 375
&R Phellodendn Cortex 375
#E Scuteilariae Radix 375
®F Gardeniae Fructus 375
Bikm Poria 300
ay=$:1 Acorl graminet Rhizoma 300
B Amomi Semen 300
AE Gastrodiae Rhizoma 300
ESFaf Uncariae Ramulus et Uncus 300
& Polygalae Radix 300
A& Saussureae Radix 300
(ET] Bambusae Caulis in Taeniam 300
A8 Pongin Fructus 300
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2. BmS ZA

2SS 58 28F 360gS 3,000mé round flaskoll &1 FEK
2,000m¢E FRAISIRATE. R BN E 3F5R] SO M #HsHL B
BEE FMASIH UwRmeS MASIICE o] MBS rotary
vacuum evaporatorZ 01838l KRB B#ESIL, o BEKRS -8
4T deep freezerollA] 4B S KEASIUCIZ 245 S
freeze dryerZ HEHMROI0] HHRE AUCH olg HYs) 4
5Hod EBRoll fEMSIACH

3. Me]s<(surgery)

Male Sprague-Dawley rat& sodium pentobarbital 2 525
ARSI 0}F6EAL Koff microinjecter7} HAME stereotaxic frame
ol 54¢ Hamilton syringeE &4 ibotenic acid(Sigma, phosphate
-buffered salineol] 6ug/64F 3]41)E hippocampus®] CA1 29
oll 52(0.2me/ min)SOt 1utE FIS6H hippocampus CA1 R
9 ABAIE &4o] FUEl SEE O|83ITE 2~329) 3=
2+ & TBM(100mg/ ke, 100mg/ mé)S & 2847t 1¢ 13] J75H
S 299R HelA 4+&u] Z(Morris water maze)oll 218+ Z7¢
s ® 719y 82 AIERBIALE 5P FEE A7
AoIT Al 308 Hol TBME ATFEA5INC

Acetylcholinesterase(AChE)2}  choline
(ChAT)Q] activity ZHE Q= CA1-30jc). (Hippocampus CA1
AP=-38mm, ML=120mm, DV=-32mm. CA3
coordinate: AP=-53mm, ML=45.0mm, DV=-6.0mmo}c}?,

acetyltransferase

coordinate:

4. 87t ohaat 7195y &8 W gt

FEUER O|8HE & (poo)= ZF0o] 18m-2mQ! A+
ZolW 2571 2742C HE 28 9 30om Zo|E A & F=Y
g EZ(non-toxic white paint)o|L} SFHmilk)E 29 S STIA
Bt 4719] BT AREACE Lol BEE(NE), B4
(NW), J&(SE), GAEW)E FEBIIL ARERIQ] S430] Ty
(escape platform)& £HHC} 1 ~ 15en WA SUct 4719 B¢
B ARRY ZH "HE 7 A8 SUE o del #EIE 7
2 1Y ThE HEE 0183l QIR (extramaze cues)E ol
Bilsia 9 g4e SUsA SAGIKCE HA 85 AE
(Acquisition test)}2 67} 3170l 48(four trial) FEFASIIL o]l
180% FQF EdloA RE] Taltholl E2i7F=t] 28 Al7Klatency)
I Ael(path lengthyE SESIICE S5 AIE 4Al &, 719 A1
(Retention test)2 7 sl At7 B ZARE Al@sH o] o A8
BEES TOHE A1 NE O LTIl 28] 2F QoA
HEE A AZIE SE8I 71 AIE o Bt

A~ L
TFES

5. ChAT Immunohistochemistry

e ¥ 4dgo] Ed AF AEEEE sodium
pentobarbital(100 mg/kg, i.p.)2 UIFHA|7]1L saline 100ml %

phosphate bufferZ FHIg 4% formalin % 90IME Lol ¥
F3lch A 1A 200m= 5 B wE §4£08, 12l Y
A 700me= 25 B0 24 HAE] BFsICE 2 usS X E
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AN 22 THHBOZ 2~3 AI7FEQH AFAF|AL 20% sucrose7t
g% phosphate buffered saline(PBS)oll 20 4 CollA] S1F-S¢t
BaAsIEnt thed o WSS & X Z2A g HE EES
¥ 5, medial septum X diagonal band BAlA] 30me] FHE
Zzich PBSE ZAS 2 X7l A1 thEoll ChAT F8A 2 o
ol 71 del AI8E L QU= primary sheep polyclonal ChAT
antibody(Cambridge Research Biochemicals, Wilmington, DE)&
ALZSIE). 1R A= PBSoll 0.3% Triton X-100 715+ PBSTol
A 2% 7] €& 01% sodium azide(Sigma, St. Louis, MO)Z
20008] 3]45l0] FHISIATE x ZEE 1XF FEHol 4TollA] 72
AIZHEe ALHH O R E50] FHA st 1 & 33 ol
ZFAE PBSTE A2 ThS X171 ¢t A20lA 2% E7 EES
EHa5H= PBSTollA} 2008] 3]43gt biotinylated anti-sheep serum
(Vector Laboratories, Burlingame, CA)ol} 8+SA1ZC}. PBSTE 3
H A2 T, HEXS 4204 24]7} B9 Vectastain Elite
ABC reagent(Vectorjol]| 2 iCt PBSE & ¥ AF IS £EE
nickel chlorideZ Z33}A17]11 ZHUH 2A] diaminobenzadineS A}
8ol wAdAZel. ZE A2lE AR HZAS gelatin coated
slideo] T8I 3718 AABIEA 7AHESIAE G2 F Bl
Hoz FABIFCE. 200 x 200pm F719] microscope 42 AARIE
2008 &th5lo] medial septumul] ChAT-immunoreactive A1ZA]

Z9| 48 FYIHCH

= A
g 85

6. AChEQ] Activity 58

Sodium pentobarbital(100mg/kg, BAFANE 48 EES
OlESH HehollA] 0.9% HE] AlH4~(100me)2t 4% formalin Q14}
S4E5AGIOmYE MNP BFAIY oS, HE FHESI 4%
formalin-QIR IS (LH B  2~3417 WINE 20%
sucroseE BHR3H QAIREM(PBST)o B 4TAlAl 12417}
Aot the g HE 844 8¢ & microtomeE 0] &31H
30m] EES HZS TS H 710 HHE cresyl violet @S
AR X9} £ARYE microscopeE EQIGIGATE HA 20md
0.2M PBSToll 10u£9] acetylcholine(Ach)®} 2% normal goat
serum(NGS 400p8) 8 dropZ} 015% sodium azide(Sigma,
StLouis. MO, 20mg)E @o] YA} &A|(primary antibody)EH &
=L HEA BWE 24-well plated] 242} &1l UL A E
BE 5004 BT o] 4T cold chamberol|A] 73A17} <4 8199Et
20ml 0.2M PBSToll 1% goat blacking serum 4drop3} biotinylated
anti-rabbit made in goat(200:1)& ¥o] o]X} &A(secondary
antibody) &N S THECh X} SRS AT H£AE PBST
off 33] Zlold & olAt YA BAE 500u FEr Fol 4=20M 2
A|7¢ 4:496H40) 20me 0.2M PBSToll ABC kit®] A 8 dropd} B
8 dropZ €0] ABC 882 THE1I secondary antibody A|7]
ZZ)g PBSoll 33] A1 ABC 8ol ol &20llA] 2417t =4
STt miXute g 20048 Nicl(nickel chloride 8%, 80mg/mé
H,0)2} 67me hydrogen peroxide(3%, 30% H 000 19040)2} 20mé
01M Tris(155g Trimza/100m¢ H,O, pH=7.2)E 10mg DAB
(diaminobenzidene)oil @0l DAB 8¥g WE rig Hxxg

o=

A1E %

-~

%

.52 -

PBSoll 33] A1 DAB o] 2827 Qe 7AW coverglassol)
22l ¢in|ZslollAl AChE Uk (density)E MAISIA SE5I¥CE

2 3

1. TBM Rolgtol tigt Morris £=50]29] ESHAE Y

TBMY] &0 Eakgol4] Taluioll TESIZITMAIY A7
3} Table 1.9] acquisition test 23} ZT} 68 SO 180% W
of Lajioll SESZIZIY A17bE Sk AS5AIH0A F
AR (REAIET), BX|EE, ibotenic acid &4}, ibotenic acid
£4HTBM UERAF] FTE Rlol7t AR e skgol 1d
Eoll W} Tl TEsketl A9 5w Aol IRt Alo|&
HIATH olo] EFUo] WE Yk ALEFF(LSD) 2, MY
MEE] BOAl&ETtol Y] ibotenic acid £4179 SKssHO|
A5 MBI ACHp<0.05). olol HIsH TBM Fol FollAlE kG
ol Falgt STEAN7T BEHAET, ibotenic acid £l
Hlah 1YRIEE(p<0.05) Skardol Fodt SXEHN7F UEhG
I 1€, 29, 3Y, 49, 6ol Z}Z} ibotenic acid £4}7toll Wl&H &}
5ol FAAS ST AATT AP FSA|IWSC LAy
of T&éh= Aol [FASHAH BAsIArH(p<0.05).

Table 1. Effect of herbal medicine(C) on the acquisition test and the
retention test of water maze task.

Group acquisition  test
1day 2day 3day

normal 781£1187a 7694893 3160562
sham 1089+12.76 943+11.94 205+ 789
lesion 150.1£1321 12081335 1015+16.39
TBM 122.8+18.1 446+12.3 218120
Group acquisition  test retention test

4day Sday 6day Tday
normal 406429 218£2.18 16.8+389 119202
sham 194468 22.8+4.48 2024354 109+107
lesion 52.3¢555 376+797 3544668 602061
TBM 18956 16.1£50 95%25 1281216

Comparison of acquisition performance on the Morris water maze task among the four
groups of the rats. Mean swimming time traveled per tial. Mean values of the four
trials per day for 6 days for each of the four groups are shown. Comparison of
retention performance on the Morris water maze task among the four groups of the
rats. Means time speant in annulusitwice the size of platform). Repeated measures of
ANOVA of swimming time between the sham and ibotenic acid lesion group. a : Mean
+ Standard Error

Acquisition test

@ 200
>
Q 150 —+-normal
[ "‘Sham
= 100 .
© lesion
a
S 50 C
g
0 |
1 2 3 4 5 6
Day

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 herbal medicine
(C)-treated rats. Session means and standard errors of the
means(S.E.M) 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
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2. TBM Foi7ol thgt Morris 50|29 SR ARG 3}

7} T Eu|ZakgoiAl mAAdA Q3 Taloioll R
2= AIZFS Table 1.9] retention test Z23}2} ZMC) pEx|E o)
A 78Rl TAHE MASHL o] FYoll HEEE FTE
EH5hs TAAIHAA] HBUHRAST), ZYAI&E, ibotenic
acid&=4}, ibotenic acid&AHTBM B 77 TIio] HEE
£ dkol |98k Aol7t VEESH, ibotenic acid¢=4HTBM
FoTollA ibotenic acid&doll Hlol Sksadol S EHE
YT} (P<0.05).

Retention test

16.0

-
N b
ocoo

time in annulus(se

normal sham lesion Cc

Fig. 2. Effect of normal, sham surgery, bilateral hippocampal lesions,
herbal medicine(C) on the performance of rats in the spatial morris
water escape task during the probe trial. The lesions were induce ibotenic
acid. Means and standard errors of the means (SEM) of the time speant in
annulus(twice the size of platform), Data were analyzed by repeated ANOVA and
followed by LSD test. #, P0.05 vs sham group * P<0.05 vs lesion group

3. Hippocampusoi| 4] choline acetyltransferase(ChAT) 2}

Giule] CA1RSIQ} CA3RQolA] Bladl AFEE o|BHE
ChATE O]&38l] acetylcholinedd AHMEE a3l Hil=
Table 2.9} ZIT} B OJA|&F, ibotenic acid €437, ibotenic acid
EHTBMAE R 9] "t ARZEE(LSD) 23 BoAled
oll H]3} ibotenic acid&AkTollAl ChATA AZAME7} SY5HA)
LA (p<0.05), CA1R o)A ibotenic acid&alill TBM 5
AT ChAT wdlo] B7I5ks o] ¥ HA0, CA3RY]
ollA} TBM Foj 70] R A&7} ibotenic acidéikrol HGH
ChAT wlo] S9I51H E716IITH (p<0.05).

Table2. ChAT Activity and AChE Activity in the Hippocampus

Experimental ChAT AchE
group CAl CA3 CA1 CA3
sham 272008  2316:041 126112294  1225¢359
lesion 19.94+0.94 1877121 114842199  11622+2.41
T8M 22112116 2194+066 12155326  12027+2.81

4. Hippocampusoll4] AChE &

Sintel CAl 2919 CA3 RE9olA] AChE 29 A=
Table2.9} ZIT}. 2Ol A| &, ibotenic acid&4}7, ibotenic acid4>
AHTBM E0i320] 157 AFEAE(LSD) Z 3 ibotenic acid&4}
T2 BoAl&Fol vl AChE w9l X0l Q5 LiEht
(7} p<0.05), CA30l|A] ibotenic acid¢=AH+TBM EojFo] 29
Al&73} ibotenic acid&dtTtoll thal AChEYRS0] 895k &
7I3IATH(p<0.05).

.53 -

chAT at hippocampus

24

23
5 22 @ Sham
e HMlesion
8 20 ac

19

CA1

CA3

Fig. 3. The mean(+SEM) values of quantities of choline
acetyltransferase(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<005 as compared with the
corresponding data of sham group. *, p(0.05 as compared with the corresponding
data of ibotenic acid lesion group.

AchE at hippocampus

135
_ 130

o

2% ®Shom
[=]

2120 Wiesion
0

S 115 ac

[=]

110
105

CA3

Fig. 4. The percentage(+SEM) of sham values of density of
acetylcholine esterase(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 difference(LSD). # |
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.
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Ao A ZA Q] Elgd Z & neurodegeneration) & 7101
OF ¥t oigh AFAMHOET 71 ElFo] & gl &
St YA o F X7} wE = o) fe tiHu Al JFAl
7t YLz &d=Hr] WEul of7lols Alzheimer
disease, Pick D, Vascular D, Creutzfeldt-Jacob D, Neurosyphilis,
Lewy body D. £0] EZgHT}L. JZ AT 0] HollAT X|uhe] 7}
2 AulEel 010] Tl R Alzheimer Holrh T AZME
440} subcortical areaQl basal gangliaO]t} deep white matter
oA Yot tremore} dyskinesia?} FQ Faol HAY &
Ao Mgt ZZAEY SHT Utz ol Amierdo] vt
ERPIE 811 "2 A28 AMSHCeR wsZE st
o710l &3k thEEQ! 2 #o] Parkinson® 3} Huntington'3 0}
oH. 2R o] YolE XM Yo7l AP nj tis
o] <ARIEE>Ol= oF 50059 AEES FAHSKL AUrt BRE
A GRE YoTlE UALEE AlzheimerHo] TA v oF
50-90% & ARSI By Aok} gkigol o8 Aol oF 5-10%,
71EL Ok 10% FToltt viHo| dE8g EEHs okkjoht A7

anw=

al



uES -

vilo} AgoliAe AR EAE E ol @3 ozt o B
2 o7 Hol Ui, 2B n)2elA9] Y= BES 71
Z|mExlo] it AslT AL AAlolAl = Alzheimertd o] F 24544
Be ACE AU, 3 Y xuje HY oy 3
Al (multifocal infarctjol] 9§ It EAH T F7)HQ] ol
¢} 3Fo] viEgrhs oA A&HQ] ebslE VS Y26}
ol 1} tiZr] AHUOILE AT (embolism) S| MW A 2
o] Mgt & 9A] tiEn) 1P E /6] FRet okd
QUM O & Alzheimer HE X|AEIA ©T}. Alzheimer H9 Al
ZPeIgE 222 limbic systemy} association neocortex, ZIZ]
1 basal forebrain @0 H|7}EH 0| L AYHOZ AHAZ 4
£80] 0]F0|XA| &&= A(deafferentiation)o] ™™ & Rz 5HA
OZ&= amyloid B peptide’} HEEo] E4E 41ZHKneuritic
plaque)i} FQI4ISIE E}LTHME (hyperphosphorylated 1)8] &
ol 93t A B FEF(neurofibrillary tangle)oiz} & 4= Urt
¥, a2 e gxslold Mo BAESIEQ dFE FE 0]
S ohlAE FEIEl= presenilin geneO|L} apoE gene, tau
gene™, g&, 58 BHOE AFFIA UATH
YuEog= EFE Hrl AHE Aofshs ddol FQdiet xivj
9 Z4E BEG B 7198 Aozt 71 dXe BE £7]
ol UEht=tl FE 22E ARIEtE A9 Aol tigt &
Ao] YFolth O AW Fo 75, Adolrls, A3 A7)
S, A7 B9 Z271s, FelAldl, 48 S (apraxia), EXINE
5 5ol Zoli sl 25, d48¥s, 285 89 3
A oldk FHkET) ol EfE1 BBk BA U AEY #
o= cholinedd 7Ef&FA(cholinergic system)Ql ChAT, AChE,
muscarinic and nicotinic acetylcholine receptors S3} HE#St B
7t ATt gedA Aedl, E5] cholinedd MM (Kol
gah Hul AHHEGEZQ! acetylcholine®] 24|17} RESNA]7]
WEQ Ao WA, wE YamadaE™2 acetylcholine
Aiagto] skl M5 muscarinic receptor/} BEEFAIH =W
9 A SO BEE do7IX] Xk AWHMOZ Fsloimy
I F48 Hde Yo7iA Briil AEsiRct £at AZds
functional neuroimaging 71&0l Q&) &zslolHYolA] LIERL
= AEBUAE S48 BEMENL 977 JdEY] S55
9l 9ot e MUK o2 W anterior cingulatem
%413}, orbitofrontal % anterior cingulate®] tangle2

®) Q= =9 =X

f{l, aluminium

apathy
agitationz}, orbitofrontal & mid-temporal ES] muscarinic
M2 receptor®] &7h= psychosis A hallucination®} A CH
receptor®] {XE Y
{polymorphism)2 aggression3} hallucination 2! psychosis@} 2
#xla, XmE EukSt Parkinson’s disease®t Lewy body
dementia= HE cholinergic deficiencyoll 98t HEl7|H S LIE}
WP, 181 acetylcholine Mk #EGHS 8% AChE 93
choline3} acetic acid2 ETIZHA] EYSIErt YHHE &Y
& miolli= acetyl CoA7} cholineol] acetateE Zgole S80]
£t ATPE EQ & 51 o] kg & Foiske 47t ChATol 1L
o] Aok K’ Mg™ol Q& S43E . WA o@ A¢lo)

It dopamined} serotonin

A&

- Ay

93 ChAT7} BO1EAL} ACKEY} B715H X|midd 558
TS g5 K, Ca”, Mg™, ATP £& Z§l% o]

£l QolE0] FAHAl Bl @Al cholinergic system®]
AChE AdA71HE 2838 X|EHMEE Tacrined} Aricept7} U&=
ol E3] Aricept(Donepezil)= 800092l E7t YUAtA|slolA
TIE X715 /AGAECE 5371 248 AOE QA
E4 02 Qs Ol =] A7 YoH whA olEE
Aok EUHCE AIBE 4 & A A E dHE] M2
HoRILYY. §lojslollAl FiRS) Halel B3 7|22 FZHo]
£01 Ao Holth <@g - MIE>oIAE MEolet sl Bl aA
AHG] CHEQOH, B2 MR(<EM - BAE®R>)0IZIE 513
Th B3 £33 08E EFrolU OH, B85 LES BRE<
BiE - TE>E9 HWFAE theolzith mRshs Who] F4l
OF #0|A © Al7I= BIR 015l BREDY <RERS -

MBE - RUTFIR>OIA "ERE, ATRER, MRS, 3L
AR, BUBRE, RS, SURD, MRER, SemEe, 29
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