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Abstract — Black sesame (Sesami semen nigrum) has been used to treat dizziness, earnoise, constipation in the traditional Chi-
nese medicine. In the present study, we assessed memory enhancing properties of 70% ethanolic extract of black sesame
(EBS70) and its ameliorating activities on learning and memory impairments induced by scopolamine. Drug-induced amnesia
was made by scopolamine treatment (1 mg/kg, i.p.). Single EBS70 (200 mg/kg, p.o.) administration significantly enhanced cog-
nitive function and attenuated scopolamine-induced cognitive impairments as determined by the passive avoidance and Y-maze
tasks (P<0.05) and also reduced escape-latency on the Morris water maze task (P<0.05). In addition, EBS70 increased BDNF
expression in hippocampus 4 h after its administration (P<0.05). These results suggest that EBS70 enhances learning and mem-
ory in normal state and attenuates amnesic state caused by cholinergic dysfunction.
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A 28-S Aol ARSI (F5E: 13%, ©I
3} EBS70°]2}2L .

AMEEE -2 Aol A3 scopolamine3} tacrine->
Sigma AldrichA} (St. Louis, MO, USA.)] A2 AF8-315)
S, anti-BDNF 9} anti-B-actin 12} 3JA|, Z12]3L peroxidase-
conjugated anti-rabbit 22} A= Santa Cruz Biotech (Santa
Cruz, CA) oA Y43ttt UHA] 71e} A9k A5l A]
T F Ae S ARSI

+=&S3|0] A8 (passive avoidance task) - EBS70 %
tacrine 10% Tween 809 =<1 F A7 FSIAL (5 ml/
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o] M2 & 7HX 4 el 2 917 4% (ABC, CAB,
BCA; 24 ®7, actual alternation) 13942 FoI3}3]ct. A
73 3458 (alternation behaviorye 371X BFo) A= &
o7k Aoz Aol tho] Fakale] oJs) Atalsict.!”

WA BE5H (%)
= A A M7 (actual alternation) / 2 27 (maximum
alternation) x 100

FHxHA: &= &Y 34 -2

+Z=0|2 A8 (Morris water maze task) — oF& &
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Qholl E& 30cm EolZ A L(23+2°C), = 47| §F
TEo A7 10 cm®] =3 (escape platform)E HolE)
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AL 39 AdF5E] platformol] =& 5% &9
platformol] HEEE 3t1ow, Ho A7+ <kell platforme
Z2H2) 5 A9 102 < platform®] HE%E5 3t
platforms 7123t=% 33ieh. A3 5¢Ajol= €% poolol
A platforme AASIL, 12055 ZA-E 2] k= probe
tests AASFATE ©] testollME ¥ pools Ul +HOZ
S W, platformo] AE ARE® QFoll A wF= A7
(explorating time in target quadrantyS 7]&&tich.'Y
Western blot analysis — EBS70°] BDNF 2] @&of n]
A= A7 FekSs dolrz] 9J3l, EBS70 (200 mg/kg)
Fol 30, 1AIZE, 287, 2R]aL A7 Fof] me-AE A
AA S AE F sivkE 2lslo] western blot sample
S A1t} °]E 032 M sucrose, | mM EDTA, | mM
EGTA, 1 mM PMSE, 10 pg/ml aprotinin, 15 pg/ml leupeptin,
10 ug/ml bacitracin, 10 pg/ml pepstatin, 15 pg/ml  trypsin
inhibitor, 50 mM NaF3} 1 mM sodium orthovanadate”} $+
% ice-chilled Tris—HCI buffer (20 mM, pH 7.4)°l €L
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2 Western blotting ECL kit (Amersham Co., England)&
Agsle] AAjel o, Thild (30 ugye SDS-polyacrylamide
gel (12%)°] reducing conditiondl| A 7] &3t} &
A& PVDF membrane®l| transfer buffer [192 mM glycine
2 20% v/v methanol& ¥ ¥3}= 25mM Tris-HCl (pH
T4)JE ©183ko] 100 VE 4°CollA 2417 F3F o)A AT
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Blocking solution (5% skim milk)2.Z 3A]7F &<t 229
A} blockingS A3 ©]F 1:1000°-Z 3]23BDNF 12}
GAE 71ste] 4°Coll A 39 incubationd} S T, Tris-
buffered saline/ Tween 202 108] A& & 1:20000-% 3]
S} peroxidase-conjugated 2%} | ZE membraneS “d-2-olA]
1A17F &<t incubationd}ATF ©]F  chemiluminescence
(Amersham Life Science, Arlington Heights, IL)S. 2 2%
A]A LAS-4000 mini (Fujifilm Lifescience USA, Stamford,
CT) & o]&3t A3t o] % 20% glycine §H O =2
A7 F9F A0l membrane2: stripping 3F ¥ 1:20002
2 A3} B-actin FAE o|-&3te] F7]et 2 WO E
s

SEAXE| - 2E A3 ZI= one way analysis of variance
(ANOVA)E ©l&3t] BAIAE s, fedel :dE A
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EBS702| +S3/T] AlglolMel E2t
EBS70 ool olat 44t FolAel 71elel s &z} o

== oA EBS700] 7198 45 Alsks 237t A=
A ARE TE3Y S AAE ol&ste] st

EBS70: 50, 100, 200 2 400 mg/ke®] &#o =2 7+ ot
3 Fo JS A 85 =Y O latency time®] S5
o, 53] 200 mgkge] &l 2L 209% T
2 37k A& It (P<0.05, Fig. 1A).

SHH Scopolamine Foiol| o3¢t 7198 71E| mdl Ao
Jscopolamine (1 mg/kg, i.p.)2] Folol 23} latency time
o] izl Bls] SAHCE {4 Al skt (P
<0.05). °]i= TH5AIE (acquisition trial)AQ] 27 A= 7]
AetA] Relths 02 AEo] scopolaminee] ©]gh 7]
o HEEDo] & vhsolinal =9l ek EBS70
©] 50, 100, 200 2 400 mg/kge] AT @3] Fofo st
& o]EA O latency time©] S7FFAAL, 200 mg/kge]
FollA] scopolamine T FoI9] 241% T2 3|E
e 218 RISt (P<0.05, Fig. 1B). ©|71& ¥4 iz
0 2 A}83} tacrine (THA; 10 mg/kg, p.o.)°] scopolamine
L Fol79] 276% O 2 latency time?] 715 Ho
el FA] FAAA] = 7HA Etolth.
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EBS702| Y-O|2 AIE0IAMel &2t

A T2 o183 YHIE A 23, EBS709] 200 mg/
kg &%l A] spontaneous alternation®] Tzl HI3Y T
o2 feolid A F718HATE (P<0.05, Fig. 2A).
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Fig. 1. Effects of EBS70 alone (A) and EBS70 with scopolamine (B) in the passive avoidance task. For the study of the effect of
EBS70 alone, EBS70 (50, 100, 200 or 400 mg/kg) was administered 1 h before the acquisition trials. For the investigation of
EBS70 on the scopolamine-induced memory deficit model, mice were treated with EBS70 (100, 200 or 400 mg/kg) or tacrine
(10 mg/kg) 1h before the acquisition trial. Memory impairment was induced by scopolamine treatment (1 mg/kg, i.p.), and
acquisition trials were carried out 30 min after scopolamine treatment. At 24 h after acquisition trial, retention trial was carried out.
Tacrine (THA) was used as positive control. Data represent means=S.EM (n=10) (*P<0.05 versus vehicle-treated control group,
P<0.05 versus the scopolamine treated group).
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Fig. 2. Effects of EBS70 alone (A, B) and EBS70 with scopolamine (C, D) in the Y-maze task. For the study of the effect of
EBS70 alone, EBS70 (50, 100, 200 or 400 mg/kg) was administered 1 h before the test. For the investigation of EBS70 on the
scopolamine-induced memory deficit model, mice were treated with EBS70 (100, 200 or 400 mg/kg) or tacrine (10 mg/kg) 1h
before the test. Memory impairment was induced by scopolamine treatment (1 mg/kg, i.p.), and the test was carried out 30 min
later. Spontaneous alternation behavior (A, C) and numbers of arm entries (B, D) during 8-min sessions were measured. Tacrine

(THA) was used as positive control. Data represent means+S.E.M (n=10) (¥*P<0.05 versus the vehicle-treated control group,
P<0.05 versus the scopolamine-treated group).
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ol HlgjA AlFEE 3UATEH EYHE Folrhe Az
(escape latency)®] Fo]& o2 7FA3sFSI T (P<0.05, Fig.
3A). TH5YA =othE A A & probe tests Al3gh 2
7 200 mg/kge] & F O E EBS70> gk o] target
quadrant®l] == AJ7ko] tZ<tel] H] OHH 943 A 5
7FFATh (P<0.05, Fig. 3B).
o]&g A4 scopolamine® = -
RdloMx FUsHA A=), o] Ao scopolamme
A2 AEFE 717 FRF escape latency A7bo] thET:
o Hl3l] Z7}slgd o, WHHAEBS70 tacrine T -2
escape latency Al7+0] scopolamine Fo3ol H|S|A 214
o= ZASIAT (P<0.05, Fig. 3C). 544 probe testell
1= scopolamine FoJt¢] Tzl ]3] target quadrant

o x| 7]04“:’& 7 =

7 [e]
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Fig. 3. Effects of EBS70 alone (A, B) and EBS70 with scopolamine (C, D) in Morris water maze task. Effect of EBS70 on
performance during training trial sessions (A, C) and probe trial sessions (B, D) of the Morris water maze task in scopolamine-
induced memory deficits mice. For the study of the effect of EBS70 alone, EBS70 (200 mg/kg) was administered 1 h before each
training trial sessions. For the investigation of EBS70 on the scopolamine-induced memory deficit model, mice were treated with
EBS70 (200 mg/kg) or tacrine (10 mg/kg) 1 h before each training trial sessions. Memory impairment was induced by scopolamine
treatment (1 mg/kg, i.p.). The training trial and the probe trial sessions were conducted as described in Materials and Methods.
Tacrine (THA) was used as positive control. Data represent means = S.EM (n=10) (*P<0.05 versus the vehicle-treated control

group, P<0.05 versus the scopolamine-treated group).
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tacrine 32 target quadrantl] #HF-= AlZk] scopolamine
Fodre] HlalA freAoR FTkelit (P<0.05, Fig. 3D).

Morris water maze testo|*] escape latency 4= 47171
o3 #HE S55ES veEpdnY e 249
scopolamine o3-S 4%37J«] HHEA|F O 2 escape latency
7} 7FAS1A] kol 71719 (long-term memory)©] <73
AL & = Ak ¥ EBS70 FoliollAE scopolamine
of o]gt 7]<&Ado] /NA=|O] escape latency’t W3 TR
%l tacrine T FEOE I EHUTE EHHE A AT
probe testol| 4] scopolamine FoJol H]Sle] tacrine Foi-
£ 33%, EBS70 Fo-2 34% 55O F target quadranto]]
= Aol S71sk3d ] wfiZoll, EBS70 ol 447k
o] QRFAY|ZE 3 TR 9] platform $XE Q1A
stal WhR R = AEAQ FHE Fal 3 A S g4
sHAl 7193kl s 1T AT olF B &
EBS702 scopolamine® = =31 7198 71 5&E 2dlo
A 71719 &7 Hold Ao Azt

EBS709| &fioloiiAl BDNFe| ol O|xl= &3t

EBS700] 7198 Fxlo] mX= 29| 7S dotr]
A3l 471 7195 7P B Aol vl A Ue
012} % sl BDNFS] &0 njx]= EBS702] &3=
oro}lr 7] 9JalA] western blot analysisE A4 a5t} &)
A a8 200 mgkge] EBS70:S mh9-20])
Al Fofslal 308 F, X7 &, 22K &, 285 A7 &
k-2~ S|AYA|A western blot sampleg Ao FA3HAT]
A3 A3}, EBS70 Fooll 2J3 BDNF| o] w7k
o) ztol& H'H'LHA)\—H:" 53] EBS70 7] 47|17 -9
BDNF &gk tjzewo] vlste] o4 A S7tskaict
(P<0.05, Fig. 4).

SAvE 47 dEIe] vl T3]
AT FANE A &7 oEH R 7Y A3t = o
ERY 32, scopolamine® 2 F=¥ AWS RHoAE A
S o= 7199 /i 29E vERl= AS g9l
skt

7199893} ##EE A173Ak= cholinergic 41737, glutamatergic
A173A|, GABAergic 21737, serotonergic 21737, adrenergic
A7A To] LA e E3] cholinergic A7AA7 F=
71983} #AA7F Aok FEA ATk Scopolamine
cholinergic 217 484 % 321 muscarine 8]l T
gk AgA o] 7] wite] o] o aHIt e e
cholinergic A7AAI1E 7dfrste] &5 veld Zlolzt Azt
g 4= 9t} AT EBS70 AChEEHJ 2] oA 2He-& ¢l
£ A22 YEeRIT} (data not shown). WEpA SA|ule] 7]
o8 23}t 32 /1A 282 AChEZVdol 9= vIAIA] &
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Fig. 4. Effects of EBS70 on the expression of BDNF as
measured by western blot analysis. The photographs represent
the temporal profiles of BDNF expression in the hippocampal
tissue (0.5 h, 1 h, 2 h, or 4 h) after EBS70 treatment (200 mg/
kg). The graph displays densitometric analysis of the expression
ratio of BDNF/B-actin normalized to the control group (Con).
Values are expressed as meanstS.E.M. (n = 3/group).
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