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Abstract

Dementia including Alzheimer’s disease, is a severe neurodegenerative disorder characterized by progressive cognitive
deficits as major symptom. The compositions (BBGS171) including extracts from root of Wongam (a Glycyrriza
cultivar), seed of Sorghum bicolor (L.) pupae of Moench and Bombyx mori L. was selected based on preliminary
experiments on the ability to improve cognition function in vitro. BBGS171 showed inhibitory activity on cholinesterases,
such as acetylcholinesterase (AChE) and butyrylcholinesterase (BuchE) and inhibited nitric oxide (NO) production
in lipopolysaccharide (LPS)-treated BV2 cells (a microglial cell line). The Y-maze test and passive avoidance test
(PAT) were used to evaluate the behavior of an animal model of scopolamine-induced cognitive impairment. Rats
administered BBGS171 (EM, extract mixture) in the diet showed better spontaneous alteration and escape latency
than those of control rats. Levels of hippocampal choline acetyltransferase (ChAT) and serum acetylcholine (ACh)
were significantly higher in the BBGS171 diet group than in the control group. Expression levels of brain-derived
neurotrophic factor (BDNF) and extracellular signal-regulated kinase (ERK) 1/2 in the hippocampus of the BBGS171
diet group were also higher than those of control group. These results suggest that BBGS171 (EM) could ameliorate
cognition impairment and showed potential as a useful functional material.
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Q] S4, HdAR1 Bhe- T, Ak AEFA 9 A5
d Bk 5 o8 7HA] QIAFEe] 11 8%1°0E AAEHUH
(Singhal 5, 2014). ACh= =[of|A] A1ZAZE L AlFA0] A1
S5 Y Peo] JFS mA= AR ERKPicciotto 5,
2012)01ck. 1, AD Bk HollA] WS Al HEAe)
Hale} sto] opA e Zd ol AH|2HA] (acetylcholinesterase,
AChE), Z¥lopqd EsiATEA|(choline acetyltransferse, ChAT)
9] &4Jo] H1E|JTHTalesa, 2001). 217+] AChES THEa}
Al sk FEHE oR-AoA FHAQ] Q1A Asht B
= om o]Zo] ACh7t 37k 7|90l 9TE oh= A
SRSHL Qlo B2 AChE AsiE4-2 AD A& o-&2
4> QItH(Tabet, 2006).

PR 90U /17 AGEI)L A T 4R SR
2l liquiritin $-& §-= oA T AEH A tigt g
9.9 F7HZhao 5, 2008), LPSE A}=E Raw264.7 ThAA]
IOJ|A glyeyrol®] 3} F7KShin 5, 2008), CT 26 tumor
£ 7 BFollA thdRe] W2 E E/d(Ayeka 5, 2017),
Nrf2 activator=4] Echinatin 5 A& F9HJi 5, 2016) 5
TRt 84 9 77 o] F01A Qlov Ax E5o o
3 B5 A= v|Eolth g, & Aol ARSE xR £
Q1 Aztol A= in virro B/ H Aol tisto] TxY
U2 S5 Blagh A7} Lee 5(2019)0] 25l o]0
o, 71050 we s, o, I & 544 5ol o
2 A7} Kim 5(2020)°] &Jsh o]FoiA Q& & AX7 |5
I} Fste] Zol Sle e FESich

ESE 4= catechin, pyrogallol, chlorogenic acid 52
W4 sekgo] E2e 78 AR shfolhse 5,
2011). =0] o] Toal= & F=E] A=z ofgt
Ao E71R1 A/ S 9 splenocyte T4 282 53 HY7|
5= TRyu 5, 200041711, 25 E 22 peptide
= herpes simples virus type 1(HSV-1)°] thaf gHlo|z|A
(Filho 5, 2008y HERItk= H17} Qlk 4429 #A
(bran) 552 thE F-9lof B|s] 93t AR 492 7t
AH(Woo 5, 2010), $5=9] AHF7t ERA A4itolu}
AEES F5E B HHHCE AA|(Kim 5, 2016)51H,
59| dFE 7MY/ AR kafirin AR} THP-1 T
Ao A HS5E Asfisk= A¥K(Sullivan <5, 2018)F 7HA]
= o= HEEQh

o784, BiEH)= sEgde] FolaAolA
AZ Fold T &9 Sl= Aol FF(HE) Y s=(R5)=E
o9z AZ A 7IeE o] itk T =RolAe=
offtd7] =l EXSPAFAre] n R AZS 7| A KKang
S 200600F Holw, ol Hid)7] 7|52 IAEF E 18
5 71 A (Mentang 5, 2011)E WERATHLL Shith E3E

(Kim &, 2018; Kwon 5, 2019)& 7}2Ittal B %t} +
of Urte] A7) 715 A3 AZYAEHE AolE A
rato]| A ABIAEHAE Aol A 244E 7H4(Zou 5,
2017)5tH FolHH)7] BT HFHY} 5 P E AXIhAL
7150l X2 & Ul E1(Son 5, 2018)%3ich

2 Aolkt= AR in vitro AChE Alsls 245 &
3 el 244891 BBGS1710] FEREoA 7oAt s}
ANE JeR=AE HES 1 884 B7151A} 5190t

E R

Al
=

b

o

A
AES 93t AlEE Fx £5° ¥RH(Wongam, Glycyrriza
cultivar)®] ¥a], $24(Sorgum bicolor (L.) Moench)2] S}
9 o] 1| 7] (pupae of Bombyx mori L., 0|5} HE7)E A}
Batgick 27 Bel 20184 9% FUIELIY ok
AENERE Aol 2004 50% FHOE 2L
T TARE 20184 49 573 B7MOlA st 85T
Al 50% FHO = FE5I(H. ’H|7]= 20194 49 =85
QR FAFBAATZIE AL} Lo 50%
How 2Eoitt 2 AlRS] FEL 23] W W ojskslo]
ZZHS 3135t T 50T 9] 7H5Z7](Eyela N-1200B, Tokyo
Rikakikai Co., Ltd, Japan)ol|A -2uiE A A} G $HL
SAAZ(PVTFD 50R, ilShinBioBase Co Ltd. Dongducheonsi,
Korea)sto] A|AsI{th o]2A dojzl ¥u|7] +ZE(BB,
Beondegi of Bombyx mori L.), Y% FEE(G, Glycyrriza
cultivar) @ 4 3ZE(S, Sorgum bicolor (L.) Moench)&
1:7:19] B &2 S35t S3IHE(BBGS171=EM, extact mixture)
< AZsto] in vitro AY0] ARESFAT

In vivo 8L 95t A|gL ofefje} o] Fu[slct =&
ESIHEM)2 A AR (Ziegler Bros Inc., Gardners, PA,
USA)o| B3F22E BBGSI71S 0.07% 202 33st0]
ZABIF oY, FEEYUEST K extract and raw material
mixture, ENR)YS BBGS171 24 & ¥id]7] 2&Eeko| oot
She Widl7] REE Al Ut REE, 45 232 T
A Aol ERtsto] ZAISIGITK Table 1). AAT-E =t
(normal), St ZH(negative control, NC) F+EES3HEM),
FEEYUEELTENR), E FNEH=HHE, Do) og
T2 THn=10).

>

Alo¥
A131S QJa]] ARRE AJ9FO & 5 5'-dithiobis-(2-nitrobenzoic
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Table 1. Diets for animal study

Composition (g)

Samples”
EM diet ENR diet
BB 0.0467 Raw material
G 0.3267 0.3267
S 0.0467 0.0467
Normal diet 599.5800 599.1191
Total 600.0001 600.0001

YBB, Beondegi of Bombyx mori L.; G, glycyrriza cultivar; S, Sorgum
bicolor (L.) Moench.

acid (DTNB) solution, acetylthiocholine iodide(=+= buty-
rylthiocholine iodide, acetylcholinesterase, butyrylcholinesterase,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT), lipopolysaccharide(LPS), dimethyl sulfoxide(DMSO),
penicillin & streptomycin(PEST), sulfanilamide, N-1-napthyl-
ethylenediamine dihydrochloride(NED), L-glutamate, Trizma
base, ethylenediaminetetraacetic acid(EDTA), Donepezil,
scopolamine-2- Sigma-Aldrich(St. Louis, MO, USA)of|A
A5G}, Fetal bovine serum(FBS), Dulbecco’s minimum
essential media(DMEM)+= Thermo Fisher Scientific
(Waltham, MA, USA)OJJA a5}l anti-brain-derived
neurotrophic factor(BDNF), anti-extracellular signal-regulated
kinase(ERK)1/2-2 Abcam(Cambridge, UK)of|A] -5} 3Tt.
NP-40 ¥ Bradford protein A|2F2 GenDEPOT(Katy, TX,
USA)O|A], Tris-HCI, dithithreitol, sodium dodecyl sulfate
(SDS), bromophenol blue, glycerol= iNtRON(Seongnam,
Korea)Ol|4], polyvinylidene fluoride(PVDF) membrane-2
Millipore(Waltham, MA, USA)°llA 4512 anti-mouse
IgG, horseradish peroxidase(HRP)-conjugated anti-rabbit<-
Cell Signaling(Beverly, MA, USA)o|A] A5l E3E
bovine serum albumin(BSA), Tris-buffered saline Tween-
20(TBST), Tris, NaCl, Tween 20 & western ECL substrates
+ Bio-Rad(Hercules, CA, USA)OJ|A], choline acetyltransferase
(ChAT), acetyl choline 342 9ISt enzyme-linked immuno-
sorbent assay(ELISA) kitss= Elabscience (Houston, TX,
USA) Y Biovision Inc.(Milpitas, CA, USA)OJ|A] Z¥z; SLufj
sl

Nz Y HjQF
A 2ol BBGS171 $252] AeHA Aofs E A
TZAG BAS 8 mouse brain 82 microglial cellsQl

BV-2 AZZE AR835190H 37T, 5%2] CO, 2A9] ik
719114 5% FBS, 1% PESTS Z35H= DMEM HjX|E A}
8oto] HiFLt.

ST AHZFA A3 &n 24

HE71(BB), AZ2(G) R +S) B FE& A= % 0]
E9 F=E =21 BBGSI719] oA E=Io|AE|2HA]
(AChE), FE|EZHo|AHZA|(BuChE)o] gt Asiavh=
Park S(2018)2] upHol] Z3) 4315199} Blank(Control) 2!
Z550] =21 A& 75 uLE 96 well plateo]] ZFzF @11, R E
wello] 100 mM sodium phosphate buffer(pHS8.0) 130 pL 2
10 mM DTNB solution 2 15 mM sodium bicarbonate
solution= 1:1 H-E&E Zgs}to] A|%3t Ellman reagent 5 pL
5 Y& %, 75 mM acetylthiocholine iodide(®E+= butyryl-
thiocholine iodide) 1 pLE g1 10&7F 2=goto] BFx|sl
o} 0.5 UmL] acetylcholinesterase( T butyrylcholinesterase)
£ welld 2.5 pLA ¥2 & microplate reader(Bio-Tek,
Winooski, VT, USA)E 0]&5}9] 410 nmoJ|A 1A]7F B2t
308 M0 2 ST E S7otal 2= controlit HiH]
A SlE(%) = FAISFATE

LERA(NO) e AsiEnt & M=SA0 CfSH Jk 24

BV2 A AATFE 48 well plateo] B3 T3 24A17F
i3t & A]ZE serum free(SF) mediaol =0 2417 5<7F
A28l AT). 11.5 pg/mL LPSE A 2|5}l 24A17F & ZF well
25 S HiA 50 pLE F5H 96 well plateo]] A HAL,
1% sulfanilamide 50 pL2} 0.1% NED 50 puLE Z¥z+ 7}sto]
TARL F 520 nmOfA FF=E S AEZSAE &
A2 Sl Ak Asls 24T FURE BHFolA
LPSE A2t 3 2441200] 7} well 25 BjAE A7
£ 0.6 mgmL %9 MIT 393 9j4E Hejsisict. 14
ZF % 71 welle] MTT 3Hp 941 A5t DMSOZ: 744
AR formazan B F- 540 nn TFROIH FTHES 5

), A ol et sEAEE Yot
H, AFEZE SD rat $F(DBL Co., Eumsung, Korea)S
15U7E ARSA S0 AEAI] & 1497 Al 2 BS #}
F5A AHoH ottt FddiRTols EUHES 1 mgkg
o] 8=Fo 2 1447t i 13] EAFFALSIGH. A2 A2
et 7+ Folle= AFEER] 1 mgkes WY 13] 14U 32 £
FAste] 719 olE el Aol AFENIE

w0l A BAFARlolch FEAY 109A1E Y-maze
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FeAIRE Aldstalon, AP (%) (A ¥F /&
ZSUSS - 2) x 1009] Ao we} AREsSint. BHH, 53]
T A|S(passive avoidance test, PAT) O 2= $E3|TA|H &+
12 olgalol A% 1297 % 3R] FA BHE Al
1420l o) 3002 Bk 9L ol ojsg o
Solrke A 2elol B FES lsiolrh A7 15
o] O, ThElo] FEL Seln AEet T ¥ 24L

o
Lm

2ALI0] BASRA AFo] AGIATHERAESAM
< NIHHS-2020-002).

k| 3o CHiRo| western blotting &4

Y] sfjut ZZAof tefjA+= western blotting 7|HS ©]-8-5}
o] TRt o] BDNF 9 ERK1/2 H&E B4 24
mg/10 pLo] 1X NP-40 lysis buffer(100 mM Tris-HCI, 300
mM NaCl, 10 mM EDTA, 2% NP40)E Z7|5lo] ¢4 A
= g&(SLTub3101.1, SPL)S o] 83t0] 228 FAIA]7|
I AR T, 12,000 rpm, 2573 F AF5HE ARESH
t}. Bradford Protein ©-4A|2RS ARE5Ha] 595 nmoj|A] S35
£2 27slo] SRS . A BUA(S )
2 5X loading buffer(250 mM Tris-HCl, pH6.8, 0.5 M
dithithreitol, 10% SDS, 0.1% bromophenol blue, 50%
glycerol) i} J5H75E 410 95COA 5E B9 716t 5L
St ko] TS 12% SDS-polyacrylamide gel electrophoresis
(PAGE) gel2 =7]0] we} ehiidE Fe)gt & Wet/Tank
Blotting  System(Tanon)& ©]8€5}] PVDF membrane
(Millipore)©]| transfers}3iTt. Membrane2 5% BSA/TBSTO|
237 1A]7F blockingSt & primary antibody[anti-BDNF (1:1000
dilution) E= anti-ERK1/2(1:1000 dilution)]E 4T oA
overnight W51t} TBSTZ 33] A& & 2%} A anti-
mouse IgG E+= HRP-conjugated anti-rabbit(1:2000 dilution)
07 A2ofA 1A7E HEGAIZIT: TBSTE 33] A2 & wester
ECL substratesS #]2]5}17 ChemiDoc™Imaging Systems(Bio-
Rad, Hercules, CA, USA)S o]-&5}o] thillg] die-S slols)
Rt

k| s{ofe| ChAT ¥ &29| acetylcholine &4

a5t ¥ 242 ELISA kit ol8slo] SHoHdEH
AHER(CRATIE B4I519T B4 59 ohEslach) %
2 BA%T ELISA kitS AMgsto] Zgsigict.

SAEN
A= v AY0F AL in virro AHZATHn=3) L in
vivo AH AT n=8-10)5 Bu+HTHAE HEHoH, &

A& G942 SAS program(version 9.4, SAS Institute Inc.,
Cary, NC, USA)OIA ANOVA B4:& Aalale] folo] 9]
2 7% p<0.05 404 Duncan’s Multiple Range Test
(DMRT)E AHAISHT.
2m 2 2z

BBGS1712| SO AHIZIA AMsHisol st ek

sfute] AChE 2742 AD 2719 712 QIA] Aol Awt
A4stHE ACHE A= AFHE S5 J=2 AD A&
of] A8<(Galimberti®} Scarpini, 2016)2 = lo| 97,
2 HH)7] 2&83H=<] BBGS171 AEE 3lo] ACKE %
BuChE®] Hiet A3} Fr=g A5kt 1 23}, 100 pg/mL
SEZ AZ5I%S W AChE Asfsollile 22.7%9] A3s
UERfglo B 2 THIAEE9] 0.4%-13.8%°] HIS] §-2J51A]
F3l A Fig. 1(A)). BuChE] tfgh A3 &ztoll 4= 100
pg/mL FEoN FAA RS -13.1%-3.5%2] 2 Hel H
H|sl BBGS171:% 5.8%%] ASarts Hol H|wa o5t
Ao = IRIFGThFig 1(B)). HH, BE A|ZEC] AChE
A8l BuChE®] Hiet Asfsol Hlsh &3ket. 2+, Park
S(2018)> 1809 7]9] A& FEE2] AChE A&
100 pgml. H2 5wl E4j810] Bsigon, oleiz 2
I B Ago)Ao] AlZ9] BBGS1719] AChE Aals(22.7%)
¥ B wSHAE , ol9h BlsshAY o 943t Ala= 67h
T ZolE|glom g BBGS171-S AYs| 9251 AChE A3
aNE Yehdis &A% Zos ARREH

S e’lo Qlof A|uiet QIA] 49 7127} Bli= 58
gt 71olw d=sto|nx} Q1 SR thE dutkAel
P A=) ZIg¥o] Hefsh= Al Eshe Ayt At
%o} At Gorelick, 2010). Microglia(AWA|3E) = | 2219
tAA a0} ADS] HF ol TRIE|o] Qlo] X 7]5olAl
ofg] 7H4] 8% I 7H|= IR shelch A EH
d AgoA AT W2 A ETO] S T AWAE
9] 24 o[} H&Yste] A=A FFo] vi7et A=
o] SHr=ltk(Block 5 2007; McGeer 5 1988). & H510]
A= A9 AWAER] BV2 A|xEo] LPSE A2st9Z o)
A== Ak o] dis BBGS171 A 27} Uil 5]
B3 9 MzZFAo] gk FkE B8t 1 23}, NO
Ao A= 6.25-25 pug/mL 5%E2] BBGSI712 42.1-
48.7%9] A BIE ZH7 e ITHFig. 2(A)). o]AE &
AoA9 BBGS171 A7 NO S AR A
BV2 A|izo] LPSE A= thxo] H|s] S7Ft NO 44
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A)
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=
s
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=
=
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b
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Fig. 1. Effect of BBGS171 on (A) acetylcholinesterase (AChE) and (B) butyrylcholinesterase (BuChE) activities.

Samples (final concentrations of 50 and 100 pg/ml) were reacted into a 96-well plate of 100 mM sodium phosphate buffer (pH 8.0), 10 mM
DTNB reagent, 75 mM acetylthiocholine iodide (or butyrylthiocholine iodide) and AChE (or BuChE) enzyme. Absorbances of the reactants were
measured at 410 nm. Means+SD from triple test data is presented (n=3). (Cont, control; BB, Bombyx mori L.; G, Glycyrrhiza cultivar (Wongam);
S, Sorghum bicolor (L) Moench, BBGS171, mixed extract of BB, G and S). Statistical analysis was performed by using SAS program. Values
with different alphabet are significantly different at p<0.05 by Duncan’s multiple range test (DMRT).

(A)
8.0
90.4% 0.0 43.9 42.1 48.7
= 6.0 |
= a
2 40t
Z b b
2.0 b
0.0 —/
LPS - + + + +
Cont NC 6.25 12.5 25
Concentration (rg/mé)

(B)
140
S 120 }
é 100 | -
E‘ 40 |
J 20
0
LPS - + + + +
Cont NC 6.25 12.5 ‘ 25

Concentration (zg/ml)

Fig. 2. Effect of BBGS171 on (A) nitric oxide (NO) production and (B) cell proliferation.

BV-2 cells (1x10° cells/well) in 48-well plate were treated with sample extracts in serum free (SF) media for 2 hours and with dimethyl sulfoxide
(DMSO) in SF media as normal and negative control. The wells were treated with 11.5 pg/mL LPS for 24 h. Optical densities of the reaction
supernatant were measured at 520 nm. (-), LPS-untreated experiment; (+), LPS-treated experiment. Nor, normal;, NC, negative control. Statistical
analysis was performed by using SAS program. Values with different alphabet are significantly different at p<0.05 by Duncan’s multiple range

test (DMRT).

o] A7}o] SlAt BSIE(1 pg/mL L 10 pg/mL) 2] A] 4
EQck H 3 Jung £(2009)2] A} X == AgFo|9)
ou= BBGSI717F G50 dis 94 83E 7Hd Ze=
A=t SHH, AlZZFAlof gt JFF 24 AdoA=
BBGS1717} LPS AT =R 61.5%% 7AE A|xZZAgy 72
2 5221 55.7-60.0%2] 215 UERH AlZe] dis S4 &
I Ho|A|= SITHFig. 2(B)).

BBGS1719] & %o"%
Y-maze A|E9] AP

92 44 D71 F2 714 37 719=8E WHske 71
4% =% (Senechal 5, 2008y Yl W51 1:}.

A5 A3} Y-maze AFojA HAPSEHL HAL 100%9]

B3] A TZRLONA 87.0% 45t —’I‘—%@@%(EM)
ol o $2EURe BUBENR) Foldo] A2 96.1%
2 96.0%E Z7RFS ER1519] o, o]= 1:_14]14];1 ;qﬂ:,L )
88.5%2t &2 &0l {h(Fig. 3(A)). °l= ﬁg—a}m o
2 7|9% e /st ukeAo] o) Y-maze AlES Ao}
W AFEIS Eolslx] kS Al ufo- Ao B3| WA
=20 ZASIAATE ChATE SAsH71= BEAS A3t

SL
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Fig. 3. Effect of EM (BBGS171) and ENR prepared from Glycyrrhiza cultivar (Wongam) and Sorghum bicolor (L.) Moench and Bombyx
mori L. on (A) spontaneous alteration and (B) total entry level of Y-maze test in rats treated with scopolamine.

Rats were randomly divided into five groups. Nor, normal diet; NC, negative control, normal diet+scopolamine; EM, extract mixture diet of
BBGS171+scopolamine; ENR, extract and raw material mixture diet+scopolamine; Do, normal diet+donepezil (1 mg/kg)+scopolamine (n=10). All
of the rats except normal rats was intraperitoneally injected with scopolamine (1 mg/kg in 0.9% saline) one time per day for 14 days. Diets and
water were free to access. Statistical analysis was performed by using SAS program. Values with different alphabet are significantly different

at p<0.05 by Duncan’s multiple range test (DMRT).

ORHN 1 4o F7ISGIERIL B3 Heo 5(2003)9] 2

sl e A0 EM 9 ENR 437} o) 3E
g 377 Uehls 2nte Amsigit v, nE
AP F 29 It R0 Holg Holx| YiriFig

3(B)).

ES, FESHAEAE ¢ —8— Yol ofF2 oz 4
5=l S°l7k= | 2
Ay} AR H[5] SATZ oA For|7to] A4S o
U ot 25 —7‘1“% g A #2290 T4
EM% Roh= "H‘i & AdEoMe S8k Ae

ZRlstglons EM & o] AFEe] Eojz 7FAE 5
AR 57}1\1%1_@‘1 7195 a3E Bole e ¢
ojget Adke EEA = —’F%%"— 4—r7 ot
% AFZH)(1 mgkg body weight)S FoJ519E o, AF
EFIRkE Foiet tiz=to] s Xﬂ'rr/‘]z_]’ol @A) 5718t
Pkl B 18 Choi 5(2012)2] ATt YX|5H= Zo|Qich
g dge] FEE, e FEE H WOV 4Rl Eoke
Ql ENRE B35t AlRg Fofgt Agwy} FHREA
T HE (Do) Fofet At ddiaadt 22 A=
SjEAzke YER ith(Fig. 4). WEbA, SAditol wis]
#9414*101011*1 SjARo] S7HENE ¥4, <, B
o] &35 EMo] ENRETE A7 Eelof ofgt 7]
& ﬁﬂrﬂi A7) AR AlmE At

9&

rb

BBGS1712] ChAT ¥ acetylcholine #Z0f| O|x|= Hgk
O E(ACh)S HE ZH4 4700 oJsf A== 4
BAGELRA DRAFT S5AEA A Fa3 T2

200 ¢
2 100.0%  55.0 63.8 44.9 425
w
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~
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Sco . + + + +
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Fig. 4. Effect of EM (BBGS171) and ENR prepared from Glycyrrhiza
cultivar (Wongam) and Sorghum bicolor (L.) Moench and Bombyx
mori L. on escape latency of rats treated with scopolamine in passive
avoidance test.

Rats were randomly divided into five groups. Nor, normal diet; NC,
negative control, normal diet+scopolamine; EM, extract mixture diet of
BBGS171+scopolamine; ENR, extract and raw material mixture
diet+scopolamine; Do, normal diet+donepezil (1 mg/kg)+scopolamine
(n=10). All of the rats except normal rats was intraperitoneally injected
with scopolamine (1 mg/kg in 0.9% saline) one time per day for 14
days. Diets and water were free to access. Statistical analysis was
performed by using SAS program. Values with different alphabet are
significantly different at p<0.05 by Duncan’s multiple range test (DMRT).
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Fig. 5. Effect of EM (BBGS171) and ENR prepared from Glycyrrhiza cultivar (Wongam) and Sorghum bicolor (L.) Moench and Bombyx
mori L. on (A) hippocampal choline acetyltransferase (ChAT) activity and (B) serum acethylcholine level in rats treated with scopolamine.

Rats were randomly divided into five groups. Nor, normal diet; NC, negative control, normal diet+scopolamine; EM, extract mixture diet of
BBGS171+scopolamine; ENR, extract and raw material mixture diet+scopolamine; Do, normal diet+donepezil (1 mg/kg)+scopolamine (n=10). All
of the rats except normal rats was intraperitoneally injected with scopolamine (1 mg/kg in 0.9% saline) one time per day for 14 days. Diets and
water were free to access. Statistical analysis was performed by using SAS program. Values with different alphabet are significantly different

at p<0.05 by Duncan’s multiple range test (DMRT).
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Fig. 6. Effect of EM (BBGS171) and ENR prepared from Glycyrrhiza cultivar (Wongam) and Sorghum bicolor (L.) Moench and Bombyx
mori L. on (A) protein expression, (B) density of BDNF level and (C) density of ERK in rat hippocampus treated with scopolamine.

Rats were randomly divided into five groups. Nor, normal diet; NC, negative control, normal diet+scopolamine; EM, extract mixture diet of
BBGS171+scopolamine; ENR, extract and raw material mixture diet+scopolamine; Do, normal diet+donepezil (1 mg/kg)+scopolamine (n=10). All
of the rats except normal rats was intraperitoneally injected with scopolamine (1 mg/kg in 0.9% saline) one time per day for 14 days. Diets and
water were free to access. Statistical analysis was performed by using SAS program. Values with different alphabet are significantly different at
p<0.05 by Duncan’s multiple range test (DMRT).
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