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R
A= w2 Akt 2ok =23 HE olyA] A
ARE 98 Eu 4x 107 BAle] TS 4|3

°] 71 rotenone o|v} cyanidexl®d A A} ATP3
A AAL AANER FLoR o2 A
zF Al glul (Beal 1992).

o2 3 o] &4d7] &4 nitric oxide(NO") o]

t}. o] 7k~ Ele] 247 (freeradical)= A HA
Whe 2e3 AR A=A, FHe) AL
Al HellA Fed d&8e st gluk(Yun 1996).
NOZ A= d FAsHe vH olmr e )
3 digke 2 A== neuronal NO synthase (NNOS)
¢} inducible NO synthase (iNOS), 28] 32 endothelia
NO synthase (eNOS)7} Sie}. oA AJe)shaio.
W st el A=l oJsf W] A=
NNOS7} o) 3-322] NO 9 &Ael| Foddi}(Yun
1996). NO %= O, 9} whe7| uhgsled 714 BAo]
=2 RNS<l peroxynitrite(ONOO-)Z A Al gt}
ROS¢} RNS= Al A 2Hle] AbshA] AE e Al
1ele] Hek o] 52 Weld ze|A dFozm [



— O|F¢¥, o|&td, o y4

SR, 53] NO &= Astd wMoluA=
(iINOS)+} endothelial cell (eNOS) oA Y&t} 9=
koAl ROS?] 55 AAabA = &4 v 2Z=g
ofut &AIEtE mM olmH 27} .

ANEA oz A3pH ~ed A= ROS RNS2| A
A ade] By oz AdEeizrh ROSet RNS
T Alze] Addoz sz Aoz AAHAG
(Scandalios 2002). ¢]H]= ROSE x gl Alslsl
A 2A-o] AANE HolwH Ee} wlA ofmA| E|
9le] MAP kinase cascade activation, ¢]-& A<, 24t
o5, MEAEA =z e &4 22 Fa3 A
2 7% 248 AAA I e Aoz oy
A3 et ®uk ope} o|F AMEH AEYAE o
WAl vAAA F25 sy, DNA, shial,
A Sl HAAAH &S sl ToE AN

TSl A &AH] AEH Y A3 7HA

+ 5 dE ez AAF I 9l (Andersen 2004).
mrebr] 2 Aol A = AR 417 A 25 (neuro-
blastomacell)gl SK-N-SH M| Z£& o] &3}, FeSO,
of o3 f=d AAMEARES] 7Abe 5k
H o] HB3E 7)5e] deA 3 gl BF-7(Chee
2004)ol] o3t Al7AM| EAPE S| oA ofdt= ol i
ket o vk BR-7¢] gefst @Al shellA] 7219
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H, Z28F, 0=, 25, 448 dds, ol2lg —
Table 1. Characters of voluteers
Character Value
Age (year) 42,9+ 16*
Education (year) 12.7+2.3*
Number of male 13
Number of female 53

*Expressed as means +S.D.
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1) M|ZZHHQE

At AABA ZF] SK-N-SH2 71d= B3
A3} A7l fetal bovine serum (FBS) (Life Technolo-
gies)o] 10% A ~7}5l RPMI 1640 medium (Life Tech-
nologies, Burlinton, ON, USA)¢l|4 37°C, 5= 95%,
CO, 5%% 13 el = vl oFatsd e} FeSO, (Sigma,
St Louis, MO, USA)S A2]3}7] 2A]7F Aol 1%
FBS7} =3t wjofNo=w o331, BF-72 A2
B3 &3 A5S 913 FeSO, A1A] 2 A17F Aol A
A 2)5te] A§E 213319k

2) M= MEZ (MTT Assay)

MTT reduction assay:= 7|&¢f] By % upyg oF
7+ WHyste] A3 sted ) (Shearman & 1994, 1995,
Kaneko 5 1995). v k%l M £ FeSO,ZE AH7}3t F
37°Ce| A 5% CO, incubatorell A ulj eF3}od v}, 484
7b Zo)l 3- (4, 5-dimethylthiazol -2-yl)- 2,5-
diphenyltetrazolium bromide (MTT; Sigma) £} &
FHZE2=w7} 0.5mg/mL 57} == 7 welld] A



— BF-72] 7|93 JHH

718E Fof] 4A17F 30% F<t o] wieksloleh MTTS
el oJaA] 3A = formazan precipitateS disso-
Iving solution (0.1N HCI in absolute isopropanal)e]]
=9] Fof ELISA readerE o]-8-3}e] 570 nmei] A 2]
+H=E FA8 4 sample?] 32 AEEE
4Rk Frhst Hz7E 100%= 33 0.9%
Triton X-1009]] 2J3) M =7} <438 s7=9S U
o] MTT reduction A =S 0%= 3s}od A A<l 7k
oz #A 8

OR-SENESESS

Hjokgt M| Zel] HCSS buffer (20 mM HEPES, 2.3
mM CaCl,, 120 mM NaCl, 10 mM NaOH, 5 mM KCl,
1.6 mM MgCl,, 15 mM glucose) ¢k LajA]7]
10 uM 2] DCFDA (6-carboxy-2',7'-dichloro-dihy-
drofluoresceine diacetate, dicarboxym-ethylester) <}
el B xA)9l 2% Pluronic F-1274 37°Cef|lA] 30
#2F Melstedeh A Z W) 245719 213 DCF %%
& AgelA] £ Wx Y BES 2% Olympus
IX70 =5 #wv]7 AlellA A3} (Excitation=488
nm, Emission=510nm) CCD 7} 2}z 3}A}-& =2k
3t & NIH Image 1.65 program2- ©|-8-3}o] oAk &
3hgiet.

=

3F7ke] Sk W=z, o] F WA Aoz A s
ok QA7)0 AR S-S Slellhde] A
45 FdE e B8 KeWAIS((AH =&
3], 1992) AAMgE , 7] 719, o8 d A5ES
A AANRLGAR 997 ARE AAES
A7 B AFE 2 27 S0k, AT A, Al

- Bel| F2k9] vl Eslar 857 <Al AlgE AlAE
%‘B}. Al AEBE-7S o} A9 13 27+4

(100mg BR=7/5H)4 19 % 4%+H4 (400mg)& A
k=5 Splan A1 fE B BF-7% oF3 A9 1
3] 2704 (50mg BF-7/3H)4 191 % 4%M (200
mo)& A shes shelch AAIZE Bk Ak 3
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T Aoz ARSI Al 2A f‘%" < delHE
F5 mERAe dehlgler, 182e AR
o Aol ohu] ol tiets ol getsch o
AL Z¢ delHs Add 2oz Yeh
glom, 2t 7% ol QAwe] P v wPEo
u}z}l student’s t-testt} oneway ANOVA (Tukey's
multiple comparison test) & o]l &A% #-9
& 24 stele

ot

=)

24
=

!

1. FeS0Q,0| 2|5t SKEN-SHIMZA DM ZZ0||A
MIZEXHAL 2ato| MEZEAIE Retat BF-72]
M EZ&add 5ot

A7 RA EF SK-N-SHel] A ZE3}14 2] FeSO,
(00uM) = Helsiae A AEAbEe]
hyFesO.ll 13 SK-N-SH A|Z2] A ZAbEopa)
< ] Sl AEe] 99 WskE HRH
R WA olgdtel AEse wshe
24X 7} Zof st Axh, A 9] A Z (Fig. 1A)
s el AEA ) S5 24 9 AAET] 2,
A Z12t4=2 A} (membrane blebbing) 5-2] 349l
AEAEAL el AzAbde dehyode (Fig.
1B). ¥, 2A17F Aol 10uMe] BF-7o2 A x|
= AL BF-74] g3 agA oz MEzaEAL o
A= e, £4el A2 oA b dz=3 FA
& meks A8k dsd=t (Fig. 10).

FeSO,0l 23t AMzAbdS Aoz oolnr]
28] MTT reduction assayS $=s)slgict. 2 A3}
FeSO, (200 uM)7} 24417+ Az} &, Bzzol wla)
ok 60% M| ZAEES Ho|: ubhd, 2X17F A 10uM
o) BF-7¢] AT 79 oF 90% 7}H] A&

Z& A2 4 sl (Fig. 1D).

2. FeSO,0ll o3t &
Xa &1}

E4o|a Yot BF-79

FeSO@l o3 A=t BA7|42E BF-Tol



— O|F &, o]dd, o|H4, RIFE, o] BZ, o{FE, HalT, o|BT, ZET ol=d, H23], 2AE S, AM T o= —

bation with BF-7. SK-N-SH cells were treated with no FeSO, (A) or with FeSO, (200
(10uM) was pretreated 2 hr before treatment with FeSO, (). The figures photographed by phase contrast
ativ three different experiments. Cell viability was determined by MTT assay at 24 h after FeSO,
fect of pretreated BF-7 (10 uM) are presented. Data are the mean value+ S.E.M. obtained from
t. *p <0.05 from control; **p < 0.05 from FeSO,.

oz AAXNTE=AZ dotrr] $)3te] 10uM e W AlZzse] w2 A 2 4 - (Fig
2] DCF-DAE o]&3}e] 3} &n7] Alol|x] &2 2B). 3kA|9F 2417 A 10uMe] BF-7¢] A==
sdeh ol A= AEElA] 42 dzTdAe & A DS s A=t A A dEed e
AA71Aka XS HbedEhe ¥l RAFA dste AR ¥Ye o S e (Fig. 20). o] & AFH
w (Fig. 2A), 200 UM 2] FeSO,Z A&l3t ¥, 2717t o= HA3 Ax} FA7|ak4r) FeSO, ot sle A
Woll BAJ71AkAe] SFo] AASHA F71Ee] v $ &R of 38u] o] Fvlglen, BF-79
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45 |2

|

408

35

3.0f=
25
201

15=

1.0 =
05
0.0 L k

C D CTL FesSO, BF-74FeSO,

ROS generation (fold)

Fig. 2. The level of ROS generated by, FeSO, after pre-treatment with BF-7. SK-N-SH cells were untreated control (A) or treated (B)
with FeSO, (200 uM) for 2h. SK=N-SH cells were pretreated with BF-7 (10 pM) for 2h before treatment with FeSO, (C).
Hydrogen peroxide generated by FeSO, was measured by incubation with fluorescent probe 6-carboxy-2', 7'-dichloro-
dihydrofluoreseeine diacetate, dicarboxym-ethylester (DCF-DA). Quantification of fluorescent level was estimated using flow
cytometry at 2'h after 200 uM_FeSO, treatment (D). Fluorescent levels are expressed as fold of relative value compared with
control. The figures are representative for three different experiments. *p< 0.05 from control; **p< 0.05 from FeSO,.

A sl AgHos dxy 7 WEd A e A A BF-7& AFHsy] dud
gdE 2e & F29)8lh(Fig. 2D). AHT ol F71Hel AA7s N &3he He
F9Aek Fig. 3ollM WZo] SlefellM= AH A3t

b

olx|s2 WM Fat ' R

S R i i

K-WAIS AA} &, 7] 7199, 919 9 A5 11-3%, 222% F71 AL B 5 dsen, &3 9
& 2HFE A4S Al BF-79] AA7|% A EXoE A A=t FEE S B 5 dddek
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18 o3t Akshd AEE A A9 oA diAr
17 |DBefore c 4 % AgHoz wysied, 53 $eio e
| st A5 sEE 2o o3 zza ke 4 P

b Aoz eiA glon, ol AT Fu]E5o
= = 2yHe ¥ @ dgf—. A7 3 9k

Score
Q
Q

14 a a (Mattson MP 2001, Andersen JK 2004). wjetx] A}
3 ' Aoz g2 ¥7} W A AEd sl mad
A AAE $2] ¥e] BE glmez) o] e

12 Too] B 2 9le Aotk 1guR KA 7|7+ X

. Placebo 200mg 400mg HH02 FAHg glo] ARs 8l Hr)e e =
+& F= aAgghrseige W o s
Fig. 3. Improvement of cognitive function by BF-7 in clinical o) o]t}
settings. Volunteers were randomly divided into placebo
and two treated groups (200 mg and 400 mg). Improvement T 7He 2 HE| SF23 BF-7o] AAXR3 &
effects were evaluated by comparison of scores of K- =2 g = AFSo] AAEH T v} (Chae HS

WAIS test before and after intake of BF-7. Indication was
two capsules b.i.d., p.o., three weeks. The values are 2004, Y eo JH12004). 7] =8l 7-oll wh=, BF-79]

reported as mean+ S.E.M. Student’s t-test was used to Ze o] AEAg] Heloldzol=e =AS &3}
analyz.e the relationship between the scorgsof l?efore and Hom oAslrh B A7 BF-To| AlglA AE
after intake. The dose—dependent relationship among _ B
placebo, 200 mg, and 400 mg groups was analyzed by YA HE AAANZE B3R R T8t}
using oneway ANOVA (Tukey’s multiple comparison &?‘Fwo] dulel 59 343", 7)1g= 9]
test). a,b,c: different characters indicate statiStieally - _ -
Lo A o
significant and same character means statistically non- THRE | S dge & 5 ke
significant (p< 0.05). A o= 8|31z} slgich Ao A B%o] BF-
& FesO,z <13l slaelA Al gSE A A
s uie &dHes AANAT 2 A3 A7
’:ﬁi—?:% }‘5{% gl =z el 43HH st 413 NE] A waHow A ZTh BE-70] Al
ol i EAE vl A QE N AT g segag gangle A e dein
NA Az ofd AIFHAlE Ho|x] ggte). =3t oA kAEE ApA|e] BFEhA AR o] AbstH AEF)

i

400mg el e WAV Y ASTE o g gsie Asan Mze ARA smds

off ZEINES Aoz AAgE AFe}l Bt AA wol7|Ae AEAT)= dde YR =

AIE Holx AL &S 3ok (Chae HS 2004). 9lom o]t 23 Q75L& B3] usldol & 7o
2 A7)

et Qukdge] F47% A4k K-WAISE
Agatel sasldEe, of A A1 BEA o)z,
A% el ANEE A e Qo4 A
AN Bl Aol oAE B Ak B Ak o8l b ARk el

d
2t

7] AkAZ (Reactive oxygen species; ROS)-& A=W 7198, Ay, Alzd, Sue, IR 45, 74

o) DNA, s, AAle 5¢ 343kl sl 52, A2-255 5 24ekEs F4E 9

ol of2] 7hA FF ARs RelEE AT o ok 2 AN E oA 7] AT 7] 7199

Bo] AA2AE FAA, A o4 AR " 34 FAYH ATHE SAske 2R 2Akel 57

o] Fog AEA=R oA Qv (Emernit 2003,  AAFE AAET AF 842 I)AAke] Agist

Chu CT 2004). ol Alolo] Wigh, RAkge] o5, Al A7E 4
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Abstract

BF-7 Improved Memory Function and Protected Neuron
from Oxidative Stress

Moo-Yeol Lee!, Sang-Hyung Lee? Jung-Sang Lee®, Kyung-Joon Min# Kwang-Gill Lee®,
Joo-Hong Yeo®, Hye-Jin Kwon®, Jeong-Kyu Lee’, Yong-Koo Kang;:Do-Yeon Lge,
Yoon-Hee Chung, Kyung-Yong Kim, Sung-Su Kim,MWon-BokiL ee

Department of Anatomy, ‘Department of Physiology, “Department of Neuropsychiatry,
5Department of Nursing Science, ‘Department of Opthalmology, College of Medicine, Chung Ang University
2Department of Neurosurgery, *Department of Cardiovascular Surgeny, College of Medicine, Seoul National University
SDepartment of Sericulture and Entomology, National Institute of Agriculture Science and Technology

Endogenously or exogenously generated oxidative stress impair organs, especially brain. Also, the oxidative stress
appears to be a negative factor on normal brain function, like memory and gognition. Our result showed that BF-7,
extracted from Bombyx mori, effectively diminished oxidative stress, leading to the protection of neuron from reactive
oxygen species donated by FeSO,. Clinical experiments.showed that BF-7 significantly improved memory and
cognitive functions of normal adults in a dose-dependent manner. Thus, our results suggest that BF-7 play arolein the
improvement of brain functions by removing oxidativestress, and provide therapeutic potential role of BF-7 to protect
nervous system from oxidative damage.

Key words: Memory,.Cognitive function, BF-7, Oxidative stress, K-WAIS, Apoptosis
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