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ABSTRACT: The present study examined the effects of Korean white ginseng (WG, Panax ginseng C. A. Meyer) on the
learning and memory function and the neural activity in rats with trimethyltin (TMT)-induced memory deficits. The rats
were administered with saline or WG (WG 100 or 300 mg/kg, p.o.) daily for 21 days. The cognitive improving efficacy of WG
on the amnesic rats, which was induced by TMT, was investigated by assessing the Morris water maze test and by perform-
ing immunohistochemistries on choline acetyltransferase (ChAT), acetylcholinesterase (AchE), cAMP responsive element
binding protein (CREB) and brain derived neurotrophic factor (BDNF). The rats treated with TMT injection (control
group) showed impaired learning and memory of the tasks, but the rats treated with TMT injection and WG administration
produced significant improvement of the escape latency to find the platform in the Morris water maze at the 2nd and 4th
days compared to that of the control group. In the retention test, the WG 100 and WG 300 groups showed significantly
increased crossing number around the platform compared to that of the control group (p < 0.001). Consistently with the
behavioral data, result of immunohistochemistry analysis showed that WG 100 mg/kg significantly alleviated the loss of
BDNF-ir neurons in the hippocampus compared to that of the control group (p < 0.01). Also, treatment with WG has a
trend to be increased the cholinergic neurons in the hippocampal CA1 and CA3 areas as compared to that of the control
group. These results suggest that WG may be useful for improving the cognitive function via regulation of neurotrophic
activity.
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al, 1978; Chang and Dyer, 1983).
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SHH | S4tol|A] B3l ginsenoside Rgy= AIZAI XS] &8-S
wlolEtkal B (Joo ef al, 2006)E0] A= 5 Zate] 719
27l mtell AE3E A7t o]FolA o, Tk AelH
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(2010)°] ol we} 48 Al ZA3+ & HPLC (B9,
YMC-Pack ODS-AM, 4.6x250 mm, 5/m at 40°C, Water
& ACN gradien)2 #415159+=8 = A3}, Choi 5 (2010)
o] B3k WA 9] ginsenosides ¢} W] Al Rg,
Rf, Rg;E T YU Re, Re, Rby, Rd9] $Hake 7z} 2.6,
1.6, 1.26 ¥ 3.5 1§ E9koH, Rb= HSst X5 YEF
A=l (Table 1), ol& AR B A 5] ZpoldlA] AH
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Table 1. Ginsenoside contents of the white ginseng powder.

Compound Mean(%) SD RSD
Rg; 0.145 0.003 1.927
Re 0.416 0.008 1.882
R¢ 0.061 0.002 3.009
Rb; 0.196 0.004 1.957
Rg, 0.015 0.001 5.918
Re 0.100 0.003 2.884
Rb, 0.063 0.002 2.558
Rbs 0.010 0.000 2.038
Ry 0.035 0.001 1.855

Total 1.044 0.019 1.834
PD/PT’ 0.641 0.002 0.265

‘PD and PT mean protopanaxadiol and protopanaxatriol, respectively.
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A 719 dF HAE A2, normal group TMTE
EAFA] glo] Adavhe ATt

o
:
:

0
J
I
0

4. Morris water maze &GZ0|124AHE 0|25t
24 =%
- o

TFHE 37 2m)E #53 deatal g 7 Tkl
2em A% S ol 98 ZYEE (12cem diam.)o] X8}
Al s FErRe] FHE vt et 28al 3k
MES A fAEKT FeEA 1Y T 4d 5ok
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5. JIE0ll S2 2oMe] A1 SISiE Haj 2tst ¢y
5.1 YA 3}SPEL 0|83 acetylcholine’d AAAE &

A &3
RE Y5 Aol EH FHF AFFES sodium

pentobarbital (NEE, A, 3= 50 mgke, ip)= v
Al7]13L saline 100 ml o] ©]o] phosphate buffer® H] 3l 4%
formaline 89 (fixative) 900 ¢ & 41745 E3l AFsIAT)
e AN 200me - 57 wE fEoR, g3 UA]
700 m-> 2587kl AA HHS] ARSI 2 v HE A
W e gdoz 2-3 Aj7F Bt APAIF)AL 20% sucrose
7} $-¥ phosphate buffered saline (PBS)ell o] 4TCollA
3% B wARAT oY ME 5 WES T, o 24
S 2 A4 PBSOl 03% Triton X-100 718t PBSTOIA A

primary sheep polyclonal ChAT antibody (ABI582,
Chemicon, USA), primary rabbit polyclonal AchE antibody
(Santacruz, CA, USAYE 12} A2 AMSIATE 12 A=
PBSel 03% Triton X-100 3 7}s PBSTOlA 2% fetal
bovine serum3 0.01% sodium azide (Sigma, St. Louis,
MO)S.Z 2,0008] 3]Aate] Frlgh § 4TA 72717 53T
A&z o7 EEoIFH w2 ¥ PBST=
AL o, 2AI7F 59 A2oA 2% fetal bovine serumS
SH3-3= PBSTOlA] 200812 3]493F biotinylated anti-sheep
serum B anti-rabbit serum (PK 4001, PK4006, Vector
Laboratories, USA)ll ¥H&AIF T} ©hA] PBSTZ A2 R,
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(Sigma, St. Louis, MO, USA)S.Z 20008 3]435le] 1]t
primary rabbit polyclonal CREB antibody (#9197, Cell
Signaling, USA)E AH&3tRom 23 FAZ 2% fetal
bovine serum= $F§-3l= PBSTOlAl 2008] 2  3]4]%t
biotinylated rabbit anti-rabbit serum (PK 4001, Vector
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A ABNE & A H FYsH kit
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Fig. 1. The latency to escape onto the hidden platform during

the Morris water maze. The task was performed with 3
trials per day during 5 days for the acquisition test. The
values are presented as means = S.E.M. *p < 0.05, ***p
< 0.007 vs. Normal.
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2. JIYEOHSZ2220IM Morris water mazeS 0|26t
ERRIsEe| AAMAIRE SXZ0

Fig. 2014 Yepd v} 2ol 5Ux] ZIdlE AAS & =
ol ZHe) A= A 2 ATE 4 A3 normalketell
H|3l control v+ = ZAjollX W& A7k A7t Fof
T Aol et ey, E9gE VIEAEE 3
(crossing number)E 743+ 23} normak? 5.3 +0.6, control
o+ 6£0.5, WG 1007 6.76+1.0 ZZ 3 WG 3007-9]
6.6+ 0.7°52 YERITE 3k normalol Y3 controli¢] =
e 7IEAEE 57 FHA TAa [Fip=141,
P<0.001]3}1 01}, w4k o] o= WG 100 2 WG 300
+ E5FolA crossing number7t 38 o] S7HE Rog &
A= 3t
3. JIAzol sS==29olM W
acetyltransferase (ChAT)2| 2ol H|w

7197 EF ol wiats Foidt & ChATe] IS HAS
ol-g3t] A8l er 1 AFE Fig. 3o Vel J=d], ¥
Z2]9] choline acetyltransferase (ChAT)= dlvle] CA1F$I<9}t
CA3F-2IoA = normakl] HI3|| controltol|4e] W& o] -2
A ZASIAT (p<0.01). CAIF-9oA ChATS] 2dHL,
normali> 25+3.7, control* 8§+0.9 8|22 WG 100724
103+ 1470 AT =g CA3 994 = normal
31.8+4.0, controls> 10.3+1.3 &322 WG 10074 12.0
+1.50 st vk W ChATS] Ed-S Hlwst A3}
WG 10022 controkl] HI3 ChAT®] L&le] F7i== 7
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Fig. 2. Retention test in the Morris water maze. Retention performance was tested on 5th day. The rats received a 1 min probe trial in
which the platform was removed from the pool for retention testing. Crossing number (A), spent time in the platiorm (B) and
swim distance on the platform (C). The values are presented as means = S.E.M. **P < 0.07 vs. Normal group & +++P <

0.001 vs. Control group, respectively.
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Fig. 3. The number of choline acetyltransferase (ChAT) immu-
nostained nuclei in different hippocampal CA1 and
CA3 of the experimental groups (G). Sections were cut
coronally at 30 ¢m and the scale bar represents 200 zm.
A,D: Normal; B,E: Control; C,F: WG 300. Each values
represents the = S.EM. **P < 0.01, ***P < 0.001 vs.
Normal group.
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4. J|E0 SS220IM Wl 0 £ acetylcholinesterase
9| Wi Hlw
AcetylcholinesteraseE ©]-8-3}¢
of JeEfHSlE uh, sfivke]l CAl F919F CA3 F-9llA
normalzll Bl controkollAl AchES] #H&lo] Z+Aaslitt (3t
A, 2g7ke] FAARD fFolde UEREA] eddTh). CAlY
$JollA1 AchES] background density:= normal 126.4 +3.2,
control 117.9£23 22|31 WG 100ollA] 120.5 £4.5%3L,
CA3 994 = normalit 1302+ 1.5, controlst 104.3+
14.1 Z28]52 WG 100714 126.3 £ 19.27) 2 sict. wet
A, sivk W AcheE®] 2E & Mg A3 WG 10022
controlol] H]3] AchEe] wH3lo] o7} Zrlee 7HekS WL

1= O

%4

o] #4434 Fig. 4
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5. J|SE0f SS2H0lIM Y 0] 2 cAMP responsive
element binding protein (CREB)2| 231 H|w

CREBel tigh ®9x4] spshiS o83 Hx4e] &44
= Fig. 5ol YeRd viel 2ol sfimte] CA3F-$1ol4] normal
= HJ8] control-olA] CREBS| @do] 7FAsIHoy, IF
7re] SAIARL Afol= HolA] ittt CAIR-¢lolA CREBZ
normal® 98.0 £10.9, control* 50.3+2.8 ZZ2]3Z WG 100
A 49.0+7.1013L, CA3 F-9l914= normal® 46.5 +
3.4, controk? 38.5+1.9 12|22 WG 10014 34.5+1.87}
st
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CAl CA3

Fig. 4. The number of acetylcholinesterase (AchE) immuno-
stained nuclei in different hippocampal CA1 and CA3
of the experimental groups (G). Sections were cut
coronally at 30 ym and the scale bar represents 200 zm.
A,D: Normal; B,E: Control; C,F: WG 300. Each values
represents the = S.E.M.
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Fig. 5. The number of cAMP responsive element binding
Erotein (CREB) immunostained nuclei in different
ippocampal CA1 and CA3 of the experimental
roups (G). Sections were cut coronally at 30 xm and
the scale bar represents 200 /m. A,D: Normal; B,E:
Control; C,F: WG 300. Each values represents the
+ S.EM. *P < 0.05, **P < 0.01 vs. Normal group.

6. J|2ZE0 SS220fAM b 5£0{ & brain derived

Bl Al
neurotrophic factor (BDNF)2] &3 H|w
BDNF HxZstshy& o83k Hx2e] 4243 (Fig.
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= ]G T
; :g: f% ez WG100
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Fig. 6. The number of brain derived neurotrophic factor (BDNF)
immunostained nuclei in different hi

8 ocampal CA1
and CA3 of the experimental groups ( g) Sections were

cut coronally at 30 m and the scale bar represents
200 . A,D: Normal; B,E: Control; C,F: WG 300. Each
values represents the = S.EM. *P < 0.05 vs. Normal
group & ++P < 0.01 vs. Control group, respectively.

6), CA1F-91ol A normals> 37.0+2.2, controla* 27.5+2.3
283 WG 1002014 61.0£9.99103L, CA3 #HlolM+e
normali 61.5+2.1, controli 44 +4.8 1|32 WG 1007+
A1 313 +6.070 LRIt ¥Hx22ol tigh A E = slinte]
CA13} CA3 F%19I4 normakrel| H]3ll controktoll4] BDNF
o] wo] 7+Aa (Fy =82, p<0.01)3Ieu WG 10022
hippocampal CA191*4= controlol] H]&| BDNFS] ®& o]
folstAl S7FskATh. Z28iu}, hippocampal CA39IAME I
7he] BAIAR] Apole HolA] Sttt

n
AT TMTR 7193°0E F2e SeRdolr Wi

71998557 2aAE Ueille AE &) 9@l Morris
water mazeS ©]&3 FEAIF 2 HAYS A5
immunohistochemistryS ©]-&-3t] %2 €] choline acetyl-
transferase (ChAT), acetylcholinesterase, cAMP responsive
element binding protein (CREB), brain derived neurotrophic
factor (BDNF)2] &S v w33ttt

Morris water maze testoll A, X} 5UR] =3t S A A3
5 B AR B Fuse 58 249 2
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3, WAk Bl (WG 100 3 WG 300)°14+= control=ol
Hlsl 2ot ddsks 3157t 30 ol ket dE 2
o} wR7IA 2 = Uje] BDNFL] @&o] controlell H]s|
WG 100o1A frelstAl S7hE= Aol EelEglen,
cholinergic neurons®] W& 0] controlztol| H]3l| F71=& 78
< UeRith TMTRZ =¥ 719 2dolx WG 100:-0]
WG 30023 controliell H]sl Sk B 71|18 50] F-2lsHA
7S BYomE WG 10029 23S wiEo R wx7
of gk #ES Aurgity TMTe 28 7194 FErd
L o] AFE (Ishida er al., 1997; Dyer, 1982) A= ©]
1] QXY FGo o] FERYREA Fol ARSHI = 53,
FFoM+= 3iv} W pyramidal neurons®] WEHS *3slL,
TMTZ Q1% 35 2 7|97} Bars]|al Qlth (Balaban er
al., 1988; Koczyk., 1996; Chang and Dyer 1983, 1985a,
b, ¢, d; Fortemps et al, 1978). 35U ZA|E ] FEA g
Al 7198 Aol 7E veRaL, slinte] o]gk 71 8ES 575t
7] 91gt FERYE A5 AME- (Stewart ef al,, 2011; Hamilton
et al., 2009)F3L 9lo] B Az olyst RIS ZAR
7197 FERES WAL WAks Fodtal FErE HA
EES g 43, it ool 58 FollA TMTRE FoAg
control 7ol Hgl E3iE Foprle ARlo] S0l A
HAX, AAAYAINE = E 7HEAZE SI57} control
ol Hlsl 300% S7Istith. ol#d Adks TMTZ fi=d
7197 Tl Wiks FAY wf TMTZ <lal 7H4d 719
80| STt = Ae AKX ole wiike] Fo7F TMTE
1% 719l s S AarlTle AR Akadrt

BDNF (brain-derived neurotrophic factor)= 2173737412}
(neurotrophic growth factor)?] P2 Ad<%3E L7 o
A FRLlsA wE s, P32 A (blood brain barrier)S
F3ely FxzAox @Wo| EX (Castren ef al, 1995;
Radka et al., 1996)3laL Aom, BlA7|o SF217A12] A
FAellA gt &Estol Aofsial AI7|lle AAE=E S
A3t 7]193} 2737424 (neural plasticity)ol
#ofsh= ez dEA AUt (Karege er al., 2005; Kang
and Schuman, 1996). A7HA] BiE ofg] A Azl 9
3l BDNF= o8] $3A1737] dgkat Aol lo] 7+ &
Zlolu} = o)zt 78 ] =4 (brain insults)e] U A7
T/l thk Boeh Az LS f18] BDNFO] 23
o] &7} (Castren et al, 1995; Radka et al., 1996)3}, 7+
pgell, d=stolm®, SISl = BDNF7F #ofgittal &
#HA Atk ey, BDNFE &dd] tish dAelr s=
(Kang and Schuman, 1996; Karege er al., 2005; Davinelli
et al., 2011; Castren et al, 1995) w2} = Axprt
XA = LUttt £ AFAAE TMTY Fole 23]7
BDNF2] & Aefflom, o]71e TMT| =4°| neuro-
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trophic factor2] AA|FR= Aoz BT} FH|9r, WAt
< 2147F B3t Zo= controliol] H]E] BDNFS] & o]
frelaAl S7H=ATE. o= Wate] 97} neurotrophic factor
g SRR ARAE HE Z3E Yehle b 7198}
Aoz AEH.

ol dH 2 AAE F , Wake] Foj= 79sd o
neurotrophic factor®] WS ZHFoEN AAHET G} 2
71953 83E vepdinka AzbEe, wito] ofm gk 71K
oz olzfgt a¥E Yehe Aol tiair F7HEQ AT
53 WEsl EXo] oty AlsdLh
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