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(Development of health food for improved blood pressure and
brain function containing fermented Gastrodia elata Bl.

products containing high levels of GABA)
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SUMMARY
(FELHE)

Gastrodia elata BL(GE) is a traditional herbal medicine used {for the treatment
cerebrovascular disease and also exerts beneficial functions in the regulation of blood
pressure. y—-Aminobutyric acid (GABA) is known to be beneficial for the prevention of
neurological disorder and hypertension. The objective of this study was the development of
fermented Gastrodia elata Bl. products containing high levels of GABA and evaluation of the
GABA containing fermented Gastrodia elata on the antioxidant, anti—inflammatory,
anti—hypertensive effects and improvement of brian function. The optimized medium
conditions for the fermentation were: initial pH 6.5, monosodium glutamate 3%, freeze dried
power of GE 10%, yeast extract 0.5%. The production of GABA was further enhanced by
the co-culture of L. brevis GABA 100 with Bifidobacterium bifidum BGN4. During the
fermentation high amounts of organic acids as well as GABA were produced. Fermented GE
product containing GABA was successfully produced and scaled-up to 200 L scale by the
optimization of the fermentation conditions. The Gastrodia elata Blume fermented by
Lactobacillus brevis GABA 100 showed a remarkable scavenging activity on the DPPH
radical and inhibition of NO production in the macrophage cells treated with
lipopolysaccharide. Systoloic and diastolic blood pressure level was increased in SHR rat
compared to WKY group during 8 weeks experimental period. Cardiac beats per minute was
decreased in SHR rat. During 8 weeks experimental period, systoloic and diastolic blood
pressure level was decreased by fermented Gastrodia elata Blume in SHR rat (p<0.01).
There was no difference in systolic blood pressure and diastolic blood pressure of WKY
rats until 8 weeks of age, but cardiac beats per minute (BPM) of WKY rats fed
fermented Gastrodia elata Blume for 8 weeks was significantly lower than that of control.
There was no difference in hematological parameters of WKY rats until 8 weeks of age,
except LHDH, Creatinine, LDL-cholesterol. The results provide an alternative protective
mechanism of fermented Gastrodia elata Blume and provide information on the potential use
for anti—hypertensive use. In the brain function assay, rats were assigned to sham,
MCAO/R-control, MCAO/R-FG 500, 1000, 2000 mg/kg. Post-lesional behavioral tests were
performed for 4 weeks after confirmation of lesion by magnetic resonance imaging (MRI),
followed by histological examination. Infarct volume was decreased in MCAO/R-FG 500,
1000, 2000 rat compared to MCAO/R-control group during 8 weeks experimental period by
image analysis system. Cytokine (IL-183, TNF-a, [L-6) was decreased in MCAO/R-FG 500,
1000, 2000 rat compared to MCAO/R-control group. Brain weight showed no difference
between control and experimental group. Behavioral function assessment by Rota-rod test
showed significant difference between MCAO/R and MCAO/R-FG 500, 1000, 2000 group (p
<0.01). Fermented Gastrodia elata Blume showed improvements in the recovery of motor

dysfunction after over time and the brain function.
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1. GABARA A7 A
A" G oy 2H UAES 0.85% salineez 10°2z2 8438 FH bromocresol

purple©] 3-&F MRS agari Ao Z='@3dlo] 48417 wjekst & Z =1
Ao o= 735719 HEe EElsksith. ol 2 =
¥

= 713

Table 1. Screening of GABA producing lactic acid bacteria from various Kimchi.

Type of kimchi Total strains isolated Number of GABA producing strains
Cabbage kimchi 82 NF
Pickled young radishes 76 NF
Leek kimchi 20 NF
Cabbage kimchi 26 NF
Sliced radish kimchi 65 NF
Pickled young radishes 12 NF
Sliced radish kimchi 4 NF
Cabbage kimchi 22 NF
Turnip kimchi 102 7 strains
Mustard leaf kimchi 4 NF
Cabbage kimchi 80 NF
Turnip kimchi 125 9 strains
Green onion kimchi 117 NF
Total strains 735 16

2. BETF9 GABA A 4 4 HFAF AR
1 2 A A3ES Foto] F8g 1695l tiste] GABA A4bsS TLCS HPLCE ©&
skl Atk 710l GABA Art R il Hise] gle IFO12005¢ 5
=T+ =2 st Aibss Hrhskell



.Y 5 % 2 e e

*33?"‘0"f§4§2A

G101 6133 6211 6243 6282 66539700 9007 9827 GABA

Fig. 1 TLC analysis of GABA production by kimchi derived lactic acid bacteria

o5 w9 GABAA®HS AR¥How Mg Ay 5 #FelA dx7<¢ [FO12005¢
of Hlsto]l £ GABA MRS Hlow 1 FoMk 6282 ¥F7F 7HE w2 1.2¢/L9
GABA AitS Ho o] 455 FHFT GABA A2 HAAsgld. o] 5+ FAME
analysis®} 16S rDNA sequence w4 3l Lactobacillus brevis = &3l

Lactobacillus brevis G100°]2} W™ s} t}.

I I |ILJ

L1

(A g B
Le e U S

Fig. 2 HPLC analysis of GABA concentration produced by kimchi derived lactic acid

bacteria
Al 2 A GABA A4t#F9 wF=7d H4s)

1. MSG #H7tZel w2 GABAAAR S H7t

GABA A2te] 71¥ wjx|¢l GYPHHX] of MSGE s=¥E=® F7hete] g :% F7rsl At
MSG 1% 7HA & GABAZ E5F %ol Qg}gb} o] TLoAME AR L G
= MSG7F =438} .
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YTTILLL 1

R

4hr 14hr Fehr =
GYP +MSG  +MSG +MSG GYP +MSG +MSG +MSG GYP +MSG +MSG +MSG
0.1% 1% 5% 0.1% 1% 5% 0.1% 1% 5%

Fig. 3 TLC analysis of GABA production according to added MSG concentration.

The sample was pooled at 4, 14 and 72 hr of incubation.

2. &4y A4 o & GABAYA T B7t

ehagde] #H7le] wE GABA AAbssS H7EelAth GYP #iXA o 84S 2= arabinose,
glucose, fructose, sucrose, maltoseE F7}ste] Aol A3 GABA AAMES HPLCE
EAA T 2 A¥ lactose H7RrolA 7M=& AN ASES Bk =23 AA4d
o] J&S& H7Ist7] 918+ tryptone, yeast extract, yeast nitrogen base, ammonium
sulfate, soytone &= #H7Isted GABA A S 43 A3l yeast extract®} yeast

nitrogen baseo|A] 7}d o A S BT

1,554k

0=

ahr Bhr 20hr 30hr 40hr

—*— cantral —8— srabinose —%— Glucoes
=== Fructose  —%— llaltose —8— Suciose

Fig. 4 The effect of various carbon sources on the growth of L. brevis G100.
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Fig. 5 The effect of various carbon sources on GABA production by L. brevis

G100. Arabinose, glucose, fructose, sucrose and maltose were added to GYP
medium as carbon sources.

IHE

msg

conl. suc. fru. giu. mal. ala

Fig. 6 TLC analysis of GABA production by L. brevis G100 according to carbon
sources.
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o1 F

005 F
0

100 200r A0hr =] nld

—&— control — 8 tryptone —#—yeast ex,
e amm sul —&— Yeact b “ - saybone

Fig. 7 The effect of various nitrogen sources on GABA production by L. brevis
G100. Tryptone, yeast extract, yeast nitrogen base, ammonium sulfate, soytone
were added to GYP medium as nitrogen sources.

waba

G o g

'p'-l'l Hﬂ'l--lfjfn-ﬁﬂ?-ﬁl'ﬁﬁﬂ- cant,

Fig. 8 TLC analysis of GABA production by L. brevis G100 according to nitrogen
sources.

3. 23} wjA oA 2] GABAS At

ol el AdE TSt 7] GYP wiAsh HA st AiAuiAe] GABA itsS Hlalsho]
Btk 21 23 GABA Axto] oF 10 wiold (7] 1%14 #HAH 3t & 10% MGSE GABA
2 A3 FTHHAES ¢ 5 ASAHEFig 9, 10).
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Fig. 9 Comparison of growth and GABA productivity between control and optimized

medium

canirad GYP 2] madified GYP i &)

i M

D12 24 EE 48 12 24 48 howr

Fig. 10 Comparative TLC analysis of GABA production between control and

optimized medium.

4. GAE wioe] wE GABA A =4 AT

Aol A GABA A4Sl EElE Fote] 1A WS B3 A A gL A e o
71l MSG #7bell & A3kse] FHAstE ERSIGIT

GABA ATAel MSGE #H7behA %2 growth stageol A= 24A1%F wideld S o
GABAS] FX7} S718kA] &gkar, whH MSGE #7}13F conversion stagedl A= 8l A7+
1 w2} GABASl F%7F A3 S7Fsklth 2% MSGE H71sk wiA|e| A L. brevis G100

= 48A17F MSE S W MSGE RF GABAZ A3al9lil, 10% MSGE H7psk wj= o)
*1f 12047 =S w 2 GABARZ Adsqitt H7he MSGE %ol B&4=
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GABAZ #H3kA7]= GAD(glutamic acid decarboxylase)7} WH&3F 4= 9= 7| " o] Z7}8}
Hbe &wyl 7S} wabs] L. previs G100E o]&&] wEE AAT uf MSGE #H

7heke AA wREE 2~3% FEYS Fdalrh

C: Control
ARA i
GABA M: MSG (2%)

. . G: GABA (1%)

MSG
) '
C 0 24 C 0 24 48 M G C 0 24 48 72 9 120
Growth Conversion Conversion
stage stage (2% MSG) stage(10% M3G)

Fig. 11 Two-stage conversion of MSG by L. brevis G100. The first stage is for
cell growth and the second stage is for conversion of added MSG to GABA. The

effect of MSG concentrations and conversion time on the production of GABA with

L. brevis G100.

HjF AlZbol w2 pHE 3 %7] pH 5.0004 48A|%te] Av & pH 6.8 F7HEds o
olslth. GABAS] AL glutamate’} GADE A0 & CO2E U EaHo] A=
d, 58N Ao A kA 7Igdolt). L. previs G1007F MSGE GABAZ A3tslm A=
CO2& A wjeF 3 Fo] 37] Toz WEHa, AXAHE GABAZE wjekole] pHE A<
A7) a.9lo] HAh

8

’ ./

m 4
0

0 24 48 72

Conversion period (h)

Fig. 12 Changes of pH during GABA production with L. brevis G100.
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5. A. nigers o] &3 GABAS AT &<

AFo A= A8 YL b2l A, nigere] thAFZANA TCA cycle®} GABA shunt
Z4dsto] GABAE AT + Jdvhe= 8 A5E Fste] GABA A& =L 74
= B aLAL stk (Figure. 13). Al2E &3] FU% glutamate’} TCA cycles 531
At s ARE 2ddd oz glutamate’} GABA AAd] o] €= 4 AdE= acidogenic
growth(AG) medium= A %391, HFEALCZH normal growth(NG) mediume ©]-83}
ATt ZF medium®] 24 the-9] Table. 20 YERH AT

2o ot

Table 2 Compositions of normal and acidogenic growth medium of Asp. niger.

Normal Growth Acidogenic Growth
Component w/L Gomponent w/L
Glucose 1% o] Glucose 140
NH4NO3 Ammonium Nitrate 2.25 o] NH4NO3 Ammonium Nitrate 2.25
FeCls-6H20 Iron(3)chloride 20 mg | MgSQ47H20 0.25
ZnS0O47H0 Zinc sulfate 10 mg | KHoPO4 1
MnSO4-H.0 Manganese(2)sulfate 3 mg | Fe(NH4)(SO4)z:12H,0 0.1
NaMoQg4-2H20 1.5 mg
CuS04-5H,0 1 mg
NaoHPO42H.0 buffer 964/l
KHoPO4 buffer 30/l
pH 5.5-6.0 Add sufficient HCI to pH 2.3

Glutamate

membrane

giutamate Glutamate » | Glutamine
decarboxylase Arginine
Ornithine
dehydrogenase Proline
GABA 2-ketoglutarate

Succinate

Malate

Citrate

Aspartate
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Fig. 13 Schematic representation of glutamate metabolism of A. niger.

PDA(Potato Dextrose Agar) ¥l A|¢ll A. niger ¥A& A& 9 0.9% saline(with
tween 80 solution)= °ol&a AHH XAE F7sth A9 A= Alste] 100 ml
normal growth ®j#]ell 103, 106spores/mlsFa+0 2 HE3IA 1, 37 AejolA 547F )
otalth. EALY] ot} S AElE E<lstal GABA S FrEskz] €13 100 ml
acidogenic growth BjX|o] Z}Z} &7 & MSGE 2% =2z H7lstar d7] vl 313
ok @7 S AR 0 time, 29, 499 A8 dAFS Fste] -20T W¥EaLe wyat
3L, TLC analysis & ©|&3] GABAS AAY AEE FAslth. Aitel GABAE
cellulose F aluminum TLC plate(Merck Co., Germany)E ©]-&3}e] n-butanol: acetic
acid: water(4:1:1)9] €2 £33 0.2% ninhydrin(in absolute ethanol) ;10110;
W Aalste] AA A o7 BASG T (Fig. 14) Acidogenic growth 2] 2] autoclave A,

o] A& WstE FRlshy] f8l AFS 2 A5} A AL, 103, 106spores/mli 7
T3k AlEZEe] AR Apol= Y ShAl YRR skt B MSGQ} GABA standard$} H]
& o] A. nigerg HIYI AlRolAM = Az A&Eo] spotl® YERA] kil Fd A4
et (Fig. 14). ©]+ A. niger AHA|A AAH ofn|=2to] A HEH AT H
™, 106-1% Az A ¥k MSG7F flolA™ GABA7F th& Almel B3] &% AHES &
&ttt 12fv, L.brevis G100°] GABA A/d 3 wlawd wj, A. nigere W Z7lo] 7}
#3L GABA®] A vl&% sto} g&o] Hojgs &elslgin

-

O El o
i

o

4 e

GARA ‘ Coen: Centrol
A AG medium
AL MSG (1%)
G GABA (1%)

M8z .

i :

1F com 165 108 108 G DM L con 165 LF 105 10° con 105 108 105
1 2 z 1 2 3 1 2 3

-

B
A .

b tdme 2 days 4 dlays

Fig. 14 The production of GABA with A. niger.
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Al 3 2 GABA A4 #Fo) o3 Hwmjel o8

HvH(Gastrodia elata (GE) Blume Orchidaceae): 3, 3 Soi HEHOoTE FE,
el A, AR Hskbee A8l AMEHA gith Hwpel= o7 vk compound
(gastrodin, 4-hydroxybenzyl alcohol, 4-hydroxybenzyl aldehyde, vanillin, vanillyl alcohol
5ol lom, olF gastrodin> iAol AL 4= PN, T3 oA F A
5 a¢a AU 59 T 5A4S vEdua Biaxol Qth Ed Hnte] FEEE
global ischemia, excitotoxicity ° w3 neuroprotective® WEINTI= A7} Qon o]nk
o= Hwpeo] A &AE 2 4-hydroxybenzyl alcohol, 4-hydroxybenzyl aldehyde, vanillin
o] global ischemia®l W& hippocampal CAl cell death & A== A,
4-hydroxybenzyl aldehyde®| rat brain®]*] GABAergic neuromodulation®} antioxidation®l
gt ZA4do] Adtte= A7 EaHa o 2 dAFeAM e e deEFEES
Lactobacillus brevis G100 ©]&3to] Waste] Hwle] AYIHELD &+ Ao 714
3%t 4-hydroxybenzyl alcohol®}t GABAZE sAloll AAitstazxl st HAvlsdAx7+
T AAEE AFAd @ sgelA 20119 1290 YAt EE FEELS Gistex LS
Powder AGGL, sodium L-Glutamate(MSG)E crown guaranteed reagents, GABAA] k2
sigma-aldrichAloll A Gl ste] o] &3ttt o874 & A 2~+= sigma-aldrichAl 52 25
T3 AS ARgsth ¥iA 9] pHW 3= pH meter(model 730P, Istek, Inc, Seoul)E o] &
sttt ¥E WYHE JhEE St AHES v PE dFEME fAb L brevis
bifidum BGN4 (KCTC  3202) = o]-&3aF ot RN HE 2 0.05%(w/v)
L-cysteine-hydrochloride anhydrous(Sigma) 7} d7Fg MRS A wjx]o]l A 18A 7+ 5
H st A7 RS ARSIt A SAHd = g 1A wAE o] &ste] AdTFE S
Aottt &5 MY Tl F 755 FHSH R Est AdFE SB35 Al =2
2] =4 BL blood agar®] A (DifcoTM,2] %3 15% wjA])E o] &3ttt BL agarel 5%
nt A (g = (F))S HIbste] AL =UwiAE WEAT A= o JE ¥ 7Y

gto] 39 Foll, 30730071 Atele] & frESHA FAstAt

-

ol it

1. L. brevis G100 o] &3 HAwte] &g
Ante] deFEE L brevis G100 HE3te] GABAS Aibs Festdvh. L. brevis
G100& HEFs7] A FEE9 %7] pHE 652 L3903 GABAZ H#E 93 MSGe
2% Hrbetslv. a5 =ol7] Sal o8 7HA EF E N-sourceE: H7beH AdolA =
maltose 1% 7l A Ad57F 7H =4 U$kal, GABA A4ke] 79 yeast extract 1%
S H7bsk A4 GABAZE &A o2 AskE AS E0T £ At AdE 2=
S ZFoto] wigst AgoA ke daFEEA L brevis G100S HE3Y GABAE
=9

Pk Adald g we Anwe

=

>

J2EeE 79 maltose®t yeast extract 1%
X A H(Fig).

il
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Off-e—  24hr 48hr oo e
CMYMY CMYMY CMYMY CMYMY

(C: control M: maltose Y veast ex. MY: mallose+yesst ex. )

Fig. 15 Production of GABA by fermentation of the extract of Gastrodia elata using L.
brevis G100

2. FF Hwlo] By 54 £4
Hmk 10%, Wold 1%, EF FE& 1%=E vt wiAE v & % F7|=4, pH 65 stellA
Lactobacillus brevis GABA 100 75 3% H&3ta, 19 & MSGE %
S 273U A MSG7F GABAZ 5 A% ¥ AS TLCE il
& oF 1070131, GABA A3 A1719] L. previs G 1009 At 2l
pf Aol A &7 2 Al GABA S-S o] Fo) X %] ki, Ayt 39 FHH A
st s veEtddt @71xddAs Adsrl 3E 5 6d =
s AT 7 ATk pHe 71 HAAR fstE B, 39 o] $Fo] GABA A4S
2 Q& pH 60142 YeENRATE L. brevis G 1009] GAD &4 o] pH 5576.00] L&
S A ket A AR el MRS 5 RS pHE £AESSIH oo v
1o M= GABAZE Aol meFetaial, wela pHE 40tz AL fA¥= A
o

.‘?_
o
T AT dedor g2 e HAvhuiA M 2r/d7] e ddS e
=z
=

oL

5
Rl S ol s, d71xzddA A el At pHe W3}

slolg ot} 3 TLCE E3] GABA 100737 HupujxoA] MSGE Y98z 39
GABAE E&4o7 AAssE AS Fe &5k
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-8~ anaerobic
1 -= aerobic

CFU/mlI

0 24 48 72 96 120 144 168 192
Fermentation(hour)

Fig. 16 Cell numbers (log CFU/ml) of lactic acid bacteria in fermented GE medium

7 L] L L] L] L 1) L) L] L] .
-e- anaerobic
= +citric acid

1 -+ aerobic

S 5 .

44 :

3

0 24 48 72 96 120 144 168 192
Fermentation(hour)

Fig. 17 Change of pH in fermented GE medium

Fig. 18 TLC of the GABA produced in fermented GE medium
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Fig. 19 TLC of the GABA produced in fermented GE medium under the anaerobic state

Fig. 20 TLC of the GABA produced in fermented GE medium under the aerobic state

3. Lactobacillus brevis G100¢} L. brevis bifidum BGN49] FFuj%ke] o3 GABA

Y F2

HjFatal gl Eotel, pHE 507558 FAAIA GADS €4S =0]i, GABAAASY] &8
S =ol7] 98 HHAS pH x2dol QFHAY. olE | L. brevis bifidum BGN4 ¢}t
co—cultureZ Al 83T WA MSG 3%, cysteine 0.05%2 25 MRS HAuj x| oA 2z

-

= 71e wWek @i ?IQJQ el s FAsta, TCLE #Holwsgith #4243
MRS-MSG ®jA el A &5l s o= Zlo] GABAS A% &5 =S &9 & F AN
ot

Table 3. Cell numbers (log CFU/ml) of lactic acid bacteria in MRS medium with 3%
MSG at 37T

_21_



da . . . L. brevis GABA100 Bif. bifidum BGN4
v L. brevis GABA100 Bif. bifidum BGN4 co - cultured co - cultured
0 3.3E+07 7.0E+ 06 3.5E+ 07 5.0E+ 06
1 2.8E+09 3.5E+08 2.6E+09 2.1E+08
2 3.7E+ 08 2.0E+ 08 5.8E+08 3.8E+07
3 8.9E+ 07 1.0E+ 06 9.3E+ 07 1.0E+ 06
4 6.5E+ 07 1.0E+ 06 1.6E+ 07 7.0E+ 06
5 6.2E+ 06 1.0E+ 04 1.7E+ 07 7.0E+ 05
1c L) Ll L) L) Ll L}
9- 4
— 84 1
E
E 74 4
(&]
o 61 1
Lo
5- 4
4+ 4
3 1 L] L] L] L L]
0 1 2 3 4 5

Cultivation time (day)

Fig. 21 Cell numbers (log CFU/ml) of lactic acid bacteria in MRS medium with 3% MSG at
37C. Symbols: (@) L. brevis GABA 100; (A) L. brevis GABA 100 co-cultured with B.
bifidum BGN4; (¥) B. bifidum BGN4 co-cultured with L. brevis GABA 100; (W) B. bifidum
BGN. Data expressed as average in duplicate.

i |

MSG GABA Dtimeld 2d 3d 4d 5d Dtime 1d 2d 3d 4d 5d Otime 1d 2d 3d 4d 5d
1% 1% L brevis GABA 100 B BGN 4 Co-culture

Fig. 22 TLC of the GABA produced in MRS medium with 3% MSG at 37C. The co-culture
of L. brevis GABA 100 with B. bifidum BGN4 presented higher conversion rate than that of
L. brevis GABA 100. MRS medium inoculated by B. bifidum BGN4 did not show GABA
production. The standard concentration of GABA and MSG was 1 %. Sampling volume of
10-fold dilutions of fermented GE was 2ul.
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Hj ko]l o]ste] GABAS AAiHAdol SXE S 17 witol o] & HdutujAd A&
. Avpu A (A rF10%, yeast extract 1%)olA FEujdS 3 F wjd 49 A TLC=
A3t FEds FAS v GABAS A3 g &o] ol AL Qs

ML QL oy
1% 38 offt
& O

O]

I------- B2 S I O
MEG 10mkA GABRA 10mbA Co-culture L. brevis GABA 100

Fig. 23 TLC of the GABA produced in fermented GE medium for 4 days. The enhanced
production of GABA by co-culture observed in GE medium. The standard concentration
of GABA and MSG was 10mM. Sampling volume of 10-fold dilutions of fermented GE

was 2 ul.

4. H713Y FT7F 9E 23 Hvte] GABA AAAE AT

Aupuf R A T source B2 GABA Hdo] Wtz =2 dolr 7] Q& AHS PstA
o depeAle] 2L el 10%, &5 FEF 1%, MSG 3%°1H 7 32 1 %% H7Fsk3
, 27 s 1 % HEsEY TEuidetdt 39 FRe & 11ela, TLC A¥d+

(o

—_

53 #Zoh A3 A3} galactose, cellobiose, dextrin, lactose, sucrose, rhamnoseE % 7}3}
= W= GABA A4te] & Y= Zo® HAoY We ¥4 ¥ Exa (Blank)¥ B[S
s BES JHAI USG9 Stk o= FEu kel dupmiAelA 7S HItshA &
ol %= GABA A3 T ol IS vHA &= AS &2 ddh. 3 xylose, arabinose &
2 22 s A GABAZZo]l AT A ki, MRSHIA| A% xylose®} arabinose
= L. brevis GABA 1009 7Fn} A4S A 3l 51 o

(o~

MSG1% GABAL1% 0O 1d 2d 3d o id 2d 3d o 1d 2d 3d [+] 1d 2d 3d
Blank Maltose Glucose Fructose

Fig. 24 TLC of the GABA produced in fermented GE medium by various carbon

sources 1
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MSG1% GABAl1% O 1d 2d 3d (o] 1d 2d 3d o 1d 2d 3d o id 2d 3d
Rhamnose Xylose Lactose Sucrose

Fig. 25 TLC of the GABA produced in fermented GE medium by various carbon

sources 2

MSG GABA [s] 1d 2d 3d o id 2d 3d o id 2d 3d (] id 2d 3d
196 126 Galactose Arabinose Cellobiose Dextrin

Fig. 26 TLC of the GABA produced in fermented GE medium by various carbon
sources 3

Fig. 27 TLC of the GABA produced in fermented MRS-MSG medium

5. 3R FEE HJ7Y ©wE 2§ Hvle GABA AAMAY AF
A (FMw}10%, sucrose 1%, MSG 3%)olA &% FE=° WE GABAZIS H7] ¢
ettt ERFEFES HISHA @22 A 05% H7Esh AS vuds

Al &S o
= o = -
BEE FEE0] H7HHEAS W GABA Aol WS Fls ik

= 2N = 5
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MSG10mM GABA 10mM 1d 2d 2.8d 31d 1d 2d 2.8d 3.1d
Yeast extract 0 % Yeast extract 0.5 %

Fig. 28 TLC of the GABA produced in fermented GE medium with 3% MSG. When
yveast extract was added into the medium, the production of GABA was considerably
increased. The standard concentration of GABA and MSG was 10mM. Sampling volume
of 10—fold dilutions of fermented GE was 2ul..

6. Al FEE A% A5 AAS A GABA A 4+

H Ao = GABAE *3“ St= L. brevis G100S 2ElEHZE o] &3le] HAdn E3E&E
A2AE FABFI AL controlit, MSG H7bt, starter H7bt, MSG9F starterE =5 73k
T F Ul woR o] vl AFS A Th MSGE 2%(w/w) Fooz ksl on,

starter A7kt MRS viA]ol A w3t L. previs G100E YA4E2 3Fe] 0.1M phosphate
buffer(pH 6.8)% 23] Alx3 T thA] PBell =9 0.025%(w/w) =22 HA7Istit A%

H d5s dH &7]o Hol 4T A2dA sAAAY. 54 717t mE GABA S =
Aol s dAZFES AMHAS ZA S F, PBS(pH 74)2 At YA sy
AZ=dS TLCE EAo AF&3th. Cellulose F aluminum TLC plate(Merck Co.,

Germany)E ©| 83} n-butanol: acetic acid: water(4:1:1)2] &2 ® I 0.2%
ninhydrin(in absolute ethanol) & o 2 WAslo] 2oz #4319

45 93 A3} controloll WE MSGE #H7Fsh 9] GABA Aol ¢
9} starters E5F H7FSE oA MSGe ghEFo] Eo]Em GABAZE AA
T3k starter M 7FtRE T MSGo starterE 25 H7FeE 9] GABA AA
gelatdtt (Fig. 29).

skelom MS
gl
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1=

e
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o
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M: MSG (2%)
GABA b . G: GABA (2%)

M i ‘

M G C +M +8 +MS C +M +S +MS

1 week 4weeks

Fig. 29 TLC analysis of GABA from kimchi fermented by L. brevis G100 starter.

| 7o w& pHO W3lel & AdSE L brevis GI00E starter® 3o
Z7A3s9 ). Starter H7FtS MRS wix| oA v ¥Fsk L. brevis
1AM phosphate buffer(pH 6.8)= 23] A3 Z t}A] PBo] o]
0.0025%(w/w) Fwo=2 78 Alxd d5s "WHAl&7]d ol 20T incubatorel A
24X g A A starter’F 1T F AE"E FESAI, MSG 72 24A13F T E A A
starter7b S21% 2SR Foll MSG H7Frel 2%(w/w) FE2 MSG &85 3 7}st
i, controlirel &= EL ¥ THTE HIlst 4T A=A 5 HEE A3
Starter®] % &S 0.002% BPB(Bromo phenol blue)7} #7+d MRS agar £ o]&3}o]
AHt colony o] M7Z ) moFo g 3139
747 as ggeld A control I MSGTel AT e Lactobacillus K-t
Leuconostoc®] % #¥3}9 11, startervd MSGS} starters 25 H7M3k 2 L. brevis
G100°] $-d3} S gskA Tt (Fig. 30).

2 L
[0 do
=
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Control 2% MSG

Starter 2% MSG + Starter

Fig. 30 Colonies of lactic acid-producing bacteria appeared on MRS agar
with bromophenol blue (BPB).

StarterE 9-& & %7] wg Al7])d pH7F A A3 Ao L. brevis G1009]

e e
2 Q) F7)4ke] BAEY pHYF AP SS Flstdt (Fig. 31 A). 244 %F & Fof H
7he MSGE A pHE AsA7led 93 vXA Fska, A7 #g g Fo=
Ul 9] pH7F dRbAo® nl=siA= As delstdnh dE 73te] mE T A FE
SAs7] Sl dAFFS AFste] ZA AT F, PBSEH 749)E + 3 3145t MRS
agar #l Ao ==l i, AAE colonyE AlFdte] vl A&t (Fig. 31 B) 28 %
71 = starterg H7beE o] fFAbd S dA S Bokou I 1 ragds o F A
T FE v FEo2 {2 I

15= As s
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Fig. 31 Changes of pH (A) and microbial population dynamics (B) during fermentation.

24X 7F FQF 20TolA WA g Azl Fo 4 St 79+ controlatol 1| 3|
MSGE #7Fe 9 GABA Aol ¢t om MSGS starters EF F7Fg ol A
GABA®| Aol dAGA S7tet= AS #Rledt Starters 7 Lol = 55 2
A A GABA®S AAe] FretAARE, MSGE H7be wHuk 1 &&o] St
(Fig).

GABA ———» . o s
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Fig. 32 TLC analysis for the production of GABA after fermentation for five weeks by
L. brevis G100.
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7. Aule g AALY

7F 75 HE 2L 2E vl AL
2Tt Aol HAE &ld 2Ass 298t 2Add dTE Al vAsH

o
wae vkl AMsE 98 TANZ RAAS 2981 GABAZS AHS 913 MSG
1

T =2

T 2%E FA7 s 27] pHE 652 B giw La oA 2440 HgE A
S0TCoA 6A17F F¢t 435S 81911, autoclaveol 3 L. brevis G100E HZ3slo] 347k

HEsidrh 2E F M7k MSGe 79 i GABAR #3kd ZS 22 skl

MSG

Ohr lday éday' 3day

Fig. 33 Scale up of GABA production by 75L fermenter using L. brevis G100 and the
extract of Gastrodia elata
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Fig. 34 GABA production profile during 48 hr of fermentation of the extract of
Gastrodia elata by L. brevis G100.

200 218 2=AIGY g Hdal ALk
thersl AGE F3te] HAS wa Hupe Ax =21 A L3[ 3 Lactobacillus brevis
G1009} Bifidobacterium bifidum BGN49] &% v %S 2 A 613t} ‘%:é‘. da+= HAvp 524

0.5%= Ak-&3t

Z7HF 10%, %7] pH 6.5, MSG(monosodium glutamate) 3%, &5 F&5&
A3 200 Y HE7|E scale updte] EE FvlE Zﬂ#o}Mﬂfﬁl Az Hg Hvps 52
AzAZT. g Hepddl diste] GABA, #d9, 714 2 olv x4k, gastrodin®]

4-hydroxybenzyl alcohol 7134 ol tste] ZASHA E},

ol
m

(= ko] fg &, F714 8 obn At ek

Y F 9ERE EF ZEdEo @a FoE dol IdA &k f71xke]l A9 citric
acid, lactic acid, succinic acid, acetic acid 7} =5 S7FstS k. &g A3} vluste] Hwp wt
aEo+ GABA ALHET ofyel thekgt {74kl SRS G0 & 5 Al frEotn

=
Ak A9 wnek WMeskrh Aoy FEE 5 s glodth
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Fig. 35 Comparison of carbohydrates levels between GE medium and fermented GE
medium after the co-culture of L. brevis GABA 100 with B. bifidum BGN4 for 6 days.

The open bar ([]) and the closed bar () indicate the organic acid levels of GE
medium and fermented GE medium, respectively.

4000
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<
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£
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1000+
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Organic acids

Fig. 36 Comparison of organic acids levels between GE medium and fermented GE
medium after the co-culture of L. brevis GABA 100 with B. bifidum BGN4 for 6 days.

The open bar ([]) and the closed bar (M) indicate the organic acid levels of GE
medium and fermented GE medium, respectively.
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Fig. 37 Comparison of free amino acids levels between GE medium and fermented GE
medium after the co-culture of L. brevis GABA 100 with B. bifidum BGN4 for 6 days.
The open bar ([]) and the closed bar (M) indicate the organic acid levels of GE
medium and fermented GE medium, respectively.
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Fig. 38 Contents of GABA and glutamate in GE medium ([J) and fermented GE
medium after the co—culture of L. brevis GABA 100 with B. bifidum BGN4 for 6 days
(.

n}l. Gastrodin® 2 %€ 2] 4-hydroxybenzyl alcohol %13}

HPLCE o]&3le Hrte] RAYSAHEAE T v29 5714 EZ, gastrodin,
4-hydroxybenzyl alcohol, 4-hydroxybenzyl aldehyde, vanillin, vanillyl alcohol®] 3%<A|<F
< A& (Fig. 39).
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Fig. 39 HPLC analysis of gastrodin, 4-hydroxybenzyl alcohol, 4-hydroxybenzyl aldehyde,

vanillin, vanillyl alcohol from the extract of Gastrodia elata

HArpkgole] g A|7ke] wE gastrodin® FTHWSIE SAHS Aa Hgrvl AP E
gastrodin® %] #9513l 4-hydroxybenzyl alcohol®] o] =ojuy= Ao = HT} A AH
ool ghirs o] Y gastrodino]l EE Ol o ®up FAo] w2 HEH 9 4- hydroxybenzyl
alcoholZ A3 ¥ = AE s 4 g}, vjeko] 4847 A& Bol|= Ao
gastrodin®] 4-hydroxybenzyl alcohol® #3tE o] 1 oFo] FAA3F =& A gh_]ag 2
ARt (Fig. 40).
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Fig. 40 Conversion of gastrodin to 4-hydroxybenzyl alcohol according to fermentation

time.
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Table 4. Formulation of fermented GE beverage with GABA

. Schis  Pine  Cinn Pom

w/W

(W/w) FGE  Pear Jujub andr needl amo glue egra Appl  Wate Milk  Sum

% € a e n ey nate € r

FGE-1 2 2 2 2 1 91 100
FGE-2 2 2 2 2 1 91 100
FGE-3 2 2 2 2 1 91 100
FGE-4 2 2 2 2 1 91 100
FGE-5 2 2 2 92 100
FGE-6 2 2 2 2 92 100
B Wb ARE Y BRoE Sfel UE ANA JEE} ¥ AL B T F g
Atk ole $H7F Avk Bf9 ovE EAYE A§L sy RO war Fuu
Aol lojAl FGE-57F FGE-1%+ FGE-3Rth =2 A4E Wttt FGE-59 45 2lgto]
TE o|FA, MZol EFHEFEFAe HIIE da S1EES HledH, dsHAE T
ul oA dEHute] Sf9 ol HZF st AL, SRIYE MZo] 28-S v Aok Ao
2 HAAY ol FF SRIIEAC Alste] 7iu el ofQldl Ao wtdo] A FHIME e
d 3AH9 %4e @ Aoz Addth 25 $4F JFor ERugsEae Fste
23 T wE R, BEstE AYstel WMEW HANe] EUE AEs I 5
NS Aoltt,

Table 5. Sensory score of fermented GE beverage with GABA. Each value represents

mean

Sample Flavor Color Taste Overall palatability
FGE-1 2.78 2.89 2.56 2.44
FGE-2 4.78 5.33 4.00 4.78
FGE-3 3.22 3.00 3.56 3.11
FGE-4 5.00 5.11 4.89 4.67
FGE-5 4.44 4.56 2.78 3.11
FGE-6 5.00 5.33 4.56 4.56
A
L]
=1 Flavor
£ Color
taste
n =]
o [0 overall palatability
(o]
&)
w
2-
0-LE&:

FGE-1 FGE-2

Samples

Fig. 42 Sensory score of fermented GE beverage with GABA. Each value represents
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A4 A BE Arke] AN D AHBH AT

1. ICRA mh-¢20 g HaE HAwte 54 F+ SAHAD

7F A A

-0 gk AgFol A iz 9 Hek (GE) 2 ZFEHYHEFGE) 100, 250, 500 mg/kg
Folao A AFEd Fo F 145

52 &4tk (Table 6)

Table 6. Mortality of ICR mice treated orally with GE and FGE

Days after treatment

Groupl) Dose Fingl )
mehke) oy 9y 5 5 7 8 9 10 11 12 13 14 Mortality
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
GE
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
FGE
20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

2) Values are expressed as dead number/total number of animals.

L AT W st

BE AgTAA Ark (GE) ¥ HEHHFGE) AR5 Fo] & HE3] AFol 7k
o 644 100 mg/kg ¢ 500 mg/kg FolwolAl ¢t AFTHAE EHAoY 149 9
R AR ATS7E B E A

nkg-2~of gig Hul (GE) ¥ ZEHHFGE) AlE 37 &30 2 BFFog oA dx
of mlgte] oA de= ApolE UERHAl FUTE EFE Fo] & Atolo] AlFWsts &
olEAE YERNA skth (Table 7). HEXAHFGE) A8 & FoIs oA AFe F7F
oA dojys AS 2 7 dAuh
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Table 7. Body weights of ICR mice treated orally with GE and FGE

Days after treatment(g)

Group” Dose Nf)' of
(mg/kg)  animals 0 3 6 9 12 14

0 5 26.9x1.1 27.7x1.0 30.2+1.3 30.5+2.0 31.3+£2.0 31.5%1.8

100 5 28.2+11.3 29.1£1.4 29.6+x1.9 30.9+x1.9 31.6%£19 32.4%+2.1

o 250 5 27.9x1.2 30.1x1.7 29.7+1.8 31.4x1.4 32.7x1.5 33.2%+2.3
500 5 28.1x1.1 30.2+1.4 30.2+1.8 31.2+2.5 31.4%+2.2 33.7x1.7

0 5 26.9+1.1 27.7£1.0 30.2£1.3 30.5+2.0 31.3+2.0 31.5%*1.8

100 5 28.9+1.1 29.7+1.3 30.1£1.9 32.4+2.0 31.8+1.8 32.7£2.0

e 250 5 28.4x0.9 30.3x1.9 31.4%x1.5 32.5x1.5 32.8+2.1 33.4%x1.9
500 5 27.9x1.2 29.3x1.8 30.2+2.2 32.3+x1.8 34.3+2.8 34.4%£2.0

1) GE : extract of Gastrodia elata (GE) Blume

FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

3t vl (GE) ¥ HEAHHFGE) Alg Fo & o
% S AE (Table ).

=

woll H3j Solow

Table 8. Clinical signs in ICR mice treated orally with GE and FGE

-
Qs

Dose

Signs observation

Decrease of Decreased

Group” Appears Prone ] o ) )
(mg/kg) . locomotive respiration Lacrimation  Death
normal position o
activity rate
0 5/5” 0/5 0/5 0/5 0/5 0/5
100 5/5 0/5 0/5 0/5 0/5 0/5
GE
250 5/5 0/5 0/5 0/5 0/5 0/5
500 5/5 0/5 0/5 0/5 0/5 0/5
0 5/5 0/5 0/5 0/5 0/5 0/5
100 5/5 0/5 0/5 0/5 0/5 0/5
FGE
250 5/5 0/5 0/5 0/5 0/5 0/5
500 5/5 0/5 0/5 0/5 0/5 0/5

1) GE : extract of Gastrodia elata (GE) Blume

FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

2) Number of animals with the sign/total number of animals examined.
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2. Sobd HRaz

HH’ri | gk Hep (GE) 3 ZEH0HFGE) AR Fofol osto] sfi-A]l oA oz A
= of 711thal AtRE = oW o whek WS wEskA Zskitk (Table 9).
%E’SUHFGE)E 500mg/kg o= Fof 3 oA FoA AL §7]'7} AANo HHLe
o] o

ARtk G HeHFGE) Al=9] 500mg/kg Fol¢F vt (GE)E 250mg/kg ¢F 500mg/kg <
2 FofTo Al Aol FATE FrsH oy Sete 2] ¥R gldlt

Table 9. Organ weights in ICR mice treated orally with GE and FGE

Group” Dose Organ(g)
(mg/kg) Liver Kidney Testis

0 1.50x0.09 0.26x0.03 0.10+0.02

GE 100 1.54x0.15 0.23%£0.01 0.12+0.02
250 1.51+0.21 0.28+0.03" 0.11£0.01

500 1.63+0.11° 0.3040.03" 0.13+0.01"

0 1.50+0.09 0.26x0.03 0.10£0.02

PGE 100 1.58+0.17 0.25x0.03 0.12x0.01
250 1.58+0.19 0.26+0.01 0.14+0.01"

500 1.62+0.21 0.28+0.01" 0.12£0.02

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria
All values are expressed as mean = S.D.

* Significantly different from the control value (x: p < 0.05)

WA E
ol el Az APEA Ar} (GB) ¥ LEATFGE) ARt AFEe A whezelA
b FAEAS UENA R, LDS0FEE vhesold AR A8 400 mg/ke
o4 Aoz AnErh
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2. SDA A Wi TERAVY o}FAHGTEAANG AT A%

Table 10. Mortality in rats orally treated with GE and FGE for 14 days

Days after treatment

Group” Dose Final )
K Mortality”
meke) 1y s 4 5 6 7 8 9 10 11 12 13 14 Moy
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
GE
1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5
FGE
100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/5

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

2) Values are expressed as dead number/total number of animals.

Table 11. Clinical signs in rats orally treated with GE and FGE for 14 days

Signs observation

Dose
Group“ Decrease of Decreased
(mg/kg) Appears Prone locomotive respiration Lacrimation Death
normal position activity rate
0 5/5% 0/5 0/5 0/5 0/5 0/5
GE
1,000 5/5 0/5 0/5 0/5 0/5 0/5
0 5/5 0/5 0/5 0/5 0/5 0/5
FGE
1,000 5/5 0/5 0/5 0/5 0/5 0/5

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

2) Number of animals with the sign/total number of animals examined.

o AS s
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AQEAL Fold F 14 4 59 AF W5 22902 0, dx 2 NP2 ol
N4 Azrol Aol mek mE AFHL AFF/L HEHAG (Table 12). AFED F
ofF& WETol Ml AFol Frhstg ot ol Wv (GE) % WAATHEGE) AR
AR Gz APEY APRAY] PAEOR AFHA gk NGEA Folo] me 97
gol Qgade wARA ggov ARHARH SR WETR FO4 Ut ol B
e A ekt

Table 12. Body weight of rats orally treated with GE and FGE for 14 days

Days after treatment(g)

Grows” Dose  No. of
o (mg/kg) animals
0 3 6 9 12 14
0 5 150.5%£4.2 182.1+£3.5 190.2+ 9.3 194.7x12.4 198.4£20.1 200.9£18.2
GE

1,000 5 150.1%£3.8 184.4%+4.6 197.1£11.1 200.3£19.8 203.7£19.4 203.9£13.6

0 5 150.5%4.2 182.1£3.5 190.2%£ 9.3 194.7£12.4 198.4+£20.1 200.9+18.2

FGE
1,000 5 150.3%5.2 188.5+4.9 193.8+£9.7 200.7x14.3 202.9£17.2 204.6£19.5

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

All values are expressed as maen = S.D.

o deshy At

Foeta A £ Table 139 fokstalrh. 87 §42 A wE DA PA)
Guoln Folis iz Abold FAGHOZ §o% AolE vhehA 29t (Table
13).

Table 13. Levels of hematological analysis in rats orally treated with GE and FGE for
14 days

G’ PO%€ WBC  RBC HB HCT  MCV MCH  MCHC  PLT

(mg/kg)

12.1 7.2 14.9 42.8 59.5 19.9 34.0 805.7

CE 0 +4.2 +0.4 +0.9 +0.9 +2.2 +0.5 +1.2 +99.0
1,000 12.5 7.0 15.2 43.1 59.2 20.1 33.6 821.7
+4.1 +0.6 +1.1 +2.8" +1.9 +0.8 +0.9 +137.3
0 12.1 7.2 14.9 42.8 59.5 19.9 34.0 805.7
FGE +4.2 +0.4 +0.9 +0.9 +2.2 +0.5 +1.2 +99.0
13.0 7.7 15.9 42.3 61.4 20.7 33.1 808.9

1,000

£3.9 $0.6 +0.8 +2.8" *1.9 +0.5 $0.6 +241.3

1) GE : extract of Gastrodia elata (GE) Blume
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FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria
All values are expressed as maen = S.D.
WBC, white blood cell count (103/mm3); RBC, red blood cell count (106/mm3); HB,
hemoglobin (g/dl); HCT, hematocrit (%); MCV, mean corpuscular volume (f1); MCH,
mean corpuscular hemoglobin (pg); MCHC, mean corpuscular hemoglobin concentration
(%); PLT, platelet (106/mm3)

2t o se A zA

Adede o %ﬁ*gﬁ}@aw} 275 Table 149 oFalgich, wE Asiats HA
FHoI A Folat viai Atelo] BAGAOR Fold AelE el @eth (Table
14).

Table 14. Levels of serum biochemical analysis in rats orally treated with GE and FGE
for 14 days

Dose Protein ALB BUN Creatinine Globulin A/G AST ALT ALP
(mg/kg) (g/dL) (g/dL) (mg/dL) (mg/dL) (g/dL) Ratio (IU/L) (JIU/L) (U/L)

roup”

0 5.2 2.9 15.5 0.5 2.1 1.3 81.3 34.9  222.3
+0.9 0.4 2.6 +0.1 +0.6 *£0.1 £294 +£124 =£68.6

GE
1,000 5.3 3.0 15.9 0.5 2.3 1.4 83.6 30.9 2157
' +0.3 0.3 3.0 +0.1 +04  £0.3 %125 8.1 £33.7
0 5.0 2.9 15.5 0.5 2.1 1.3 81.3 34.9  222.3
0.9 =+£04 £2.6 +0.1 +0.6  £0.1 £294 +£124 =£68.6

FGE
5.4 2.9 15.7 0.5 2.4 1.4 83.0 32.1 220.3

1,000

+0.9 0.4 +£3.1 +0.2 +0.4 £0.2 +£14.8 +£10.2 £46.1

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

All values are expressed as maen * S.D.

np Sobad B AT S el Wt
AAEA Fofol o3k 5 AN ool S MMAle BEREA Fokrh B Fof LellA
A= Folol o3t Wal= A H A vt (Table 15)
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Table 15. Organ weights in rats orally treated with GE and FGE for 14 days

Organ(g)
y Dose
Grow™ g/ke)
meske Liver Kidney Testis
0 7.45+0.72 0.75%0.06 1.47+0.05
GE
1,000 7.34%£0.52 0.75+0.04 1.48+0.05
0 7.45+0.72 0.75%0.06 1.47+0.05
FGE
1,000 7.40+0.73 0.79£0.05 1.43+0.07

1) GE : extract of Gastrodia elata (GE) Blume
FGE : extract of Gastrodia elata (GE) Blume fermented with lactic acid bacteria

All values are expressed as maen = S.D.

v 4 2

o3 ol Hwk (GE) ¥ LEAHVHFGE) A&l Wit ofgA=5dA g AT, dits
AR, Y dASd AAL daAsted HAb S04 A, 2] S, Bex
A etA HAb Toll A Bolgk AN AFEA Fgton, B AdxdA Hel (GE) %
L ZHPHFGE) Al&e] SDA gFel gk 14 d3F whE F Fo] A Bz Bapgake
1,000 mg/kg o7&l Ao = A=At
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3. 4EAve 4E ¥4 AT A

vk 2w vty felgtdZd AT o dAstA S @Astr] Slal ofgie e WU
= A&kl Th
1) 2,2-Diphenyl-1-picrylhydrazyl(DPPH) #t]Z A A%

0.ImM DPPH(methanol solution) 3.8mL¥} v} 2 g v}l o&s FEES
74 7kg 02mL 3H7F §& A elA 3023+ HE§-A] 713, UV-spectrophotometers ©]-8-3}¢]
517nmol A &34 %= & SA4stAh ddZd &AAs A= vitamin C ET3T

st 5 vwste] vlERR C equivalent® WERY ST

2) 2,2'-Azinobis-3-ethyl-benzothiazoline-6-sulfonic acid(ABTS) o] AA %

ABTS ol AAS 9d TmM ABTS 893 245mM potassium persulfateS
3fo] obalo A 16A)17F WHS- A1 71 F, UV-spectrophotometerE ©]-&3}e] 734nmoll A 2] &
=7F 0.700£0.050°] = EZ ethanolol] 3]2]&to] gl AFE3}ALE A& 0.05m
ABTS ol JAH Ak 1.9mLell 747} Arbste] A2A4A F, 62wt wEA
UV-spectrophotometerS ©]-&3lo] 734nmeolA 4 =S =H3stt. 23+= DPPHH 3}
A3tA HEY C equivalent® YEFN AT

FM

r‘
off X dlo o m%

|

_4

) & ¥H=3g 24 (Total Phenolic Content)
A2 026mLe S/ dml, =759 Llv/v)E 343k Folin-Denis A] ¢F
0.25mLS #H7bske] 30%37F 38 583 vr3A 71 H, ¥3H sodium carbonate 0.5mL-S
A 7}0}04 307t A A1 Z1th. UV-spectrophotometer& ©]-§-3ko] 725nmeol Al 355 54

Sl % tannic acid ¥+ AS 25 v W EFHA T}

ri—l

N

4) EAEA
2 AFe Ay M A HHES] meantSDE A
SPSS program= ©]-&3}9], t-test =412 AA|Ee] F9

ow B
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7}. DPPH &H1Z &A%

Hwpel W Avle] DPPH @tz A~A %S Fig. 43°] JeEllSIch @ vt 745 22
of AF&stRE oghEel Saxo FHwiwke oz LTS FA4%A %l

9500, 5000, 7500, 10000ppme] =0l wel 77t 4.3, 96, 17.4ppme] HEHHIC &= e
Wi ik

18
16
14
12

Ascorbic acid equvalent (ppm)

o N B O

2500 5000 7500 10000

Concentration (ppm)

Fig. 43 DPPH Radical scavenging activity of Gastrodia elata Blume

. ABTS 4ol 2A%
Awlel Wy dale] ABTS %o
7} Avlbwd ABTS @oz &

fo
o
Y
olr
>
oot
i)
&
rlr
A\
[
o
N
~
V
=2
i
Aul
=
32
£
2
fols
el
=

150 §9Aoz =dtHp<0.05).

N

160
%%

é 140
S
2
< 100
=
S 80 %% Mot
=)
g ©° st MO}
.2 40
5
S 20
wn
< 0

2500 5000 7500 10000

Concentration (ppm)

Fig. 44 Hydroxy Radical scavenging activity of Gastrodia elata Blume

ABTS 9ol &3} WENICE o &3t A4E BEHAe 19 3¢ Uehgleh ddgow
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2500, 5000, 7500, 10000ppme] whek thEh = Fwbe] ol & A% 1212, 830, 55.4ppm
HERYC S35 B3, wHagdvte] 495 1450, 1193, 75.0ppm HIEFRIC &35 Ho] W
BAUo) Azl R Avn o B Fele sANE uel: Ao RAES

At

t} & ¥=d % B4 (Total Phenolic Content)
HAule} wgHnte] = HEIdFL <9 45> e e e AvprRo #@HEsA]
i ko] feldor =2 AoR YESTHpP<0.05).

180
160
140
120
100
80
60
40
20
0

Tannic a cid equvalent (ppm)

Hof eIl

Groups

Fig. 45 Total phenolic content of Gastrodia elata Blume

O mpe} WwEHw 7z e FEel 10000ppmoE &P ow, ol zZhz 1214,
134.4ppm¥] tannic acidel | FstE Hm AES SRt AU

O 743, DPPH #hiizt 271%, ABTS %ol & 2oz 275 9 5 Audd 34
Ashg Fo) READE Aokug felqor we AATels, BT 2% 2L Auy
e g el
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o AlgE2 500, 1000 2 2000 mg/kg

&
=

oF A= 10538 olo]l WKO®F SHR: 9] SA4 #2174 ¢

=439,

B
4

% (dilated cardiomyopathy) ¥} #-&

Al
T1

o] grotAl= A

T

=]

-
1

4 (heart failure) &2 7] =

Al
f=

o (decompensation) =

o

0
o

el A gl7lo] ol

o)
He

Harlan Laboratories Inc,

1 o

g3

2

L
|=]

Ho

’

s LA

O YUnE20](18% Protein, 2018S)E & w3}

USA 8520 Allisone]™

N

7

Fof Sifel

045

34 A2

3

o

d

~
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b o,

5]

F 5o
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=
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3. A1 EA
(1) & 2 Als d=, WKY/ SHR

2) T4A A EFdnteleE (F & ME5EA MET FAlE 163)

(3) 99 : W A Harlan Laboratories Inc, USA 8520 Allison (5 4 Pointe Bivd,suite

400, Indianapolis,IN 46250)

(4) A1gA dAelf : SHR A=t A PRI Z Fud a5A
1 gom WKY #=+= SHR # =9 A

TS5 vlustr]el A gstr]el AAstATt

G A = = 77, 60 vt (A2 / 56 v (FolA])

6) F%2 R AsHA dFA 8 9 78, WKY 130 7 175 g, SHR 180 ~ 215 g
FoA1 9, 10 77, WKY 170 ~ 205 g, SHR 215 ~ 240 g

ANSEANY [ QFA AT ZHeoR FANAS ol §ate] A Ey

(®) ALy R A0 QR A £ B MY 18 QA HES AA
Sk WA 2L 4GS FaA AFS SAs] AF WA AT AP 5
2 A

@ R A2 FRA, AF F7HF o ge] Q= AAL Adstgon], 4
g e WER S, AYRAIE olF £5/1Y, WU NFoR Fre Hh, T
BF % REAAE ANed #4 #5AA 52 A AT

10) A PR 2 F ASEANE AANEAEE RAem, AAALE
oA ol gakel AAMA A npe mele] EASFATH

(11) kol A @ Folee2 AL AT

4. At =
(1) F7F + 42 o](18% Protein, 2018S)

(2) 7UA W A eFErteleE (FF & ME5EA MET FAlE 153)

(3) 99 : ¥ A Harlan Laboratories Inc, USA 8520 Allison (= 2 Pointe Bivd,suite

400, Indianapolis,IN 46250)
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(4) Foly B wol&F (gol7ld AtsE ¥, A AlF T
5 &5
(1) 57 DEo} §F52#75 ol e o7 AAF
(2) U 27RO EAl 24 (500 mL)ol AAFE 9o A543 AT
6.
(1) FAA=Z 2 FA3lG  Hx A0 E ol &3t & 8 & & AFELS Y
3, % 8 F3 AT Folstart
A 21, 2, 4, 837
i v v v BE7 AEET = R
| | | | . |
0 (week) 4 (week) B (week)
E COHUHZ (2 =22, MEEE EUH) ; (4T HME S A 24
v
Fig.46 Experimental Design
(2) FALYH  AFFAE Edrt F2E A8 FAIE o] &t fdlel AA AT F
o] 3T
7. T4
Table 16.Experimental Groups
S Fol &5 Fof o eF IR
(Group) (mg/kg) (ml/kg) (NF)
G1(HdH)+ = 0 10 7
G2()+ AN ELFAT (A L) 500 10 7
G3(+ AP ELF AL (TED) 1000 10 7
G4+ A I ELA T (L&) 2000 10 7
15/ WKY Dose n Number
Gl WKY Control Sterile water 7 (7)
G2 WKY FG L FG 500mg/kg 7(7)
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G3 WKY FG M FG 1000mg/kg 7 (7)
G4 WKY FG H FG 2000mg/kg 7 (7)
1% / SHR Dose n Number
Gl SHR Control Sterile water 7 (7)
G2 SHR FG L FG 500mg/kg 7(7)
G3 SHR FG M FG 1000mg/kg 7 (7)
G4 SHR FG H FG 2000mg/kg 7 (7)

WKY rat - Wild type, SHR rat - Disease type

SBEEE 4 U F 2 8 ARTFYF L A
B BgAGon, FE JolNAFEL 4 70 1 4 FEHIMAGOER HHx, Holk
o BF AFEAFS 1 Q Wit HolYAoZ o] AHsdrt

(3) 43} stz HAt

DAV F5 A AETES JAFEI/AHAX/AIALE o)E FY vFH FolA diEd™
(abdominal aorta).ZH-¥ 2d3tGa, A dd F FAsHH AALE 95t oF 1 mL&
CBC #417] (BECKMAN COULTER AC.TdiffTM,USA)Z #AsFAtE o] % ymx=
diS ARt 4 3 T+ dAd st A4 71(7020, HITACHIL, JAPAN)
Z of t FHE HALE AA, AA FoAFZolA o sA4E7tE gl

b B |
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Fig. 47 Measurement of blood pressure

AA L, Edol= BE FA4L A AP 9 54 P A

3AS EFVAE Agste] HEhlgom, 2 #7kel W ANOVA
gt ST E

st

(software StatView: version 4.51, Abacus Concepts, Berkeley, CA).
T Al EAF TS v uste] 1%, 5% o FadA FelAds A

ol\ i

2k Al

n9L

2 3}

(1) AT 2 awdstaa <z

WKY(Wild)7* ¥ SHR(Disease)w 105% S&& AWsle] AT WstE Azt (Fig.
48) 04 =foll 282l AAFQI Systolic, Diastolic blood pressure, Cardiac Beats Per Minute
(BPM) A& w94 UA Zel7t A= FeEolA 8F7ke] Al g A3 St zatd
Hl3] F994 & AHE BT (Table 17-21, Fig 48-53). 138¢ #d F#X& AE
&l ® SHR(Disease) ol A FG10 w2 BE FooA 2725H Sz vlal
A UA AAFAY it AAE 8F AFFTEA B FAv AR WKY(Wild)
o X m A= Aol ARE Crudedt FHO E4= HYs o & AA=Z Atsdrh 28
A FHl HRkAE Alsd A E29S Bolxl T

:
X oy

4
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WKY SHR

1 —C— Control
- G1 P i
3004 —m G2 209
G —a— G3 ©
+ £ 800-
,%" 250 .%
= = 2504
e =
5 200—; ;?1 —o— Control
- 200 a1
—-— G2
—=— G3
. IR S e T,y i s NP S PP S R 2 Yy B | RN Sl e (RN T IR J-AA0 I-300 L ISR
-1 0 1 2 3 4 5 7 8 -1 0 1 2 3 4 6 6 7 8
Time (week) Time (week)

Fig. 48 Weight Change
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Disease of hypertensive rat model
10 weeks administration

S 250 - X

i

E

£ 200/

i

=

& 150

u

(=8

o 100+

s

= 50+

(7]

ﬂ_

Wild Disease
WKY SHR

Disease of hypertensive rat model
10 weeks administration

Disease of hypertensive rat model

10 weeks administration
f b
2 200
= |
S ]
@ 150
5 |
w 4
w :
@ |
o 100
s |
s |
o 504
~ I
= ]
ol
Wild Disease
WKY SHR

Disease of hypertensive rat model
10 weeks administration

;‘m & 500 -
E
E @ 400
2 8
- —
@ = 300-
E .
a a
9 & 200-
=3 ©
2 -
& 100+
&L
=
i . 0-
Wiid Disease Wild Disease
WKY SHR WKY SHR
Fig. 49 Change of Parameters in Hypentensive rat model
(* vs. Wild(WKY) )
Table 17. Disease of hypertensive rat models (Group summary)
Systolic Pressure (mmHg) Pressure
Group
WKY SHR Gain (mmHg)
Mean 173.7 234 3## 60.6##

Whole S.D 17.1 27.0 9.9

N 42 42 88

WKY : Wista kyoto (SHR wild type)
SHR : Spontaneously hypertension rats

N : Number of animals
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Significantly different from WKY vs SHR (# ; P<0.05, ## ; P<0.01)

Table 18. Change of Systolic blood pressure (Group summary)

Mean =+ STDEV

Condition Group ; : : :
: O weeks 1 weeks 2  weeks 4 weeks 8 weeks

G1 | 17372276 | 1737£179 | 1714 £ 64 | 1631+ 133 § 1711 + 12.4

.......................................................................................................................................................

G 2 173.1 = 123 170.1 £ 8.8 : 167.5 + 104 : 158.0 + 18.1* i 171.7 + 10.5
WKY rat

SWild type Ty

3 173.6 = 10.1 172.1 + 3.4 1719 £ 6.7 164.1 £ 11.0 169.8 + 10.5

G4 | 1743 %230 [ 1723 =121 | 170.1 + 86 | 166.1 + 124 | 170.8 + 7.6

G 1 | 2337:19.0#% | 23071714 | 2353:16.9#% | 245082348 | 255.6:14.74
PG 2 i 2346 +28.0 i 2351 +89 2259+ [1.5% i 2449 + 180 : 2504 + 179
i SHR rat ... OO SO SRR S SRR 5
i -Disease type ' : : : : : :

: i G3 233.6 £ 29.7 i 2377 + 260 i 2228 + 10.8* i 233.7+ 152 2453 + 8.6%

G4 | 2344 £302 | 2354 %205 | 2254 £ 10.5% | 2267 £ 164% | 2374 + 64

WKY : Wista kyoto (SHR wild type)

SHR : Spontaneously hypertension rats

N : Number of animals

Significantly different from WKY vs SHR (x ; P<0.05, **; P<0.01)
Significantly different from Gl vs G27G4 # ; P<0.05, ## ; P<0.01)
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WKY SHR

—o— Control 300 2 g?"”“'
= G1 —&— G2
200+ —a— G2
i iy —a— G3

200

Systolic Pressure (mmHg)

Systolic Pressure (mmHg)

L A | =7

- |
o
[
——

401 2 3 4 5
Time (week) Time (week)

Fig. 50 Systolic blood pressure

Table 19. Change of Diastolic blood pressure (Group summary)

..........................................................................................................................................................................

PR R e L LT

Q
—_
—_
(9%
o
N
H
—_
~
3
—_
[\S}
hat
O
H
Ju—
~
w

P WKY rat

...................................................................................................................................................

-Wild type : G 3 1311 + 14.5 1347 £ 114 01199 + 10.6 §112.6 + 83  : 112.0 £ 14.0
G 4 1 139.9+ 288 11094 + 18.1 {1055 84 1195+99 1225+ 117
G 1 L 196.9419.64% | 193.9415. 144 | 184.7X13.4%4 | 1822433144 | 192.6+17.644
: G2 1 188.1 £ 30.8 1921 + 197 1814 + 151 1768 + 38.6 | 1824 + 258
: SHR rat O O DN S SO SO SRR
; -Disease type G3 $1923 + 44.1 12024 + 195 11794 = 100 1712 + 286 ;1849 + 14.6
G 4 1195.6 + 240 12017 250 1781 + 129 | 140.1+16.5%* | 1889 % 13.6

WKY : Wista kyoto (SHR wild type)
SHR : Spontaneously hypertension rats

N : Number of animals
Significantly different from WKY vs SHR (x ; P<0.05, **; P<0.01)
Significantly different from G1 vs G27G4 (# ; P<0.05, ## ; P<0.01)
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WKY SHR

—C— Control 250
—a— G1

= G2

150

Diastolic Pressure (mmHg)
Diastolic Pressure (mmHg)
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100-
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100- &
= G2
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r~rrrryrrrr1r 117 1r*1? EUNLEN LN BN N A R R S N R LA
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Time (week) Time (week)

Fig. 51 Diastolic blood pressure

Table 20. Change of Mean blood pressure (Group summary)

Mean =+ STDEV

Condition Group ; ; ; ;
E : O weeks | 1 weeks { 2 weeks : 4 weeks | 8 weeks

G 1 149.3 £ 22.7 140.1 £ 16.0 136.6 £ 10.1 1374 £ 9.0 134.3 £ 10.0

WKY rat | G2l M0+ 127 i 13304179 | 120472 | 198492 | 13255096
Wild ype | G331 117 0 1379+ 63 | 1364406 | 12094097 | 1304+ 125
G4 1510270 D190 0s1 ) 126384 | 1335200 § 1339 123 |

G 1 208.0+£19.5## 208.7+14.44#4# 201.1£12.1## 203.3£26.5## 212.8+16.4##

SHR | G2 20394299 | 2060+ 143 | 1956+ 115 | 199.1 £ 304 | 1959 = 233% |
 Dissase type | G3 | 20745396 | 2113207 | 1956507 | 1918 =232 | 2000 = 126¢
G4 120814052 | 21404243 | 1930 £ 113 | 16865153% | 2014 £ 101 |

WKY : Wista kyoto (SHR wild type)

SHR : Spontaneously hypertension rats

N : Number of animals

Significantly different from WKY vs SHR (x ; P<0.05, **; P<0.01)
Significantly different from G1 vs G27G4 (# ; P<0.05, ## ; P<0.01)
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WKY SHR
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Fig. 52 Mean blood pressure

Table 21. Change of Cardiac Beats Per Minute (Group summary)

Mean =+ STDEV

Condition Group
O weeks 1 weeks 2 weeks 4 weeks 8 weeks
G 1 417.9 + 532 4400 £ 57.9 4142 + 759 4177 £ 76.1 4604 + 447
WKY rat G2 448.6 + 385 3684 + 874 3979 + 72.8  389.1 £ 81.6 416.1 + 77.6*
-Wild type 3 4114 £ 97.6 3679 355 4044 + 774 4065 + 432 4134 + 56.9%
G 4 4293 + 629  411.0 = 712 4223 + 58.7  402.6 + 46.7 4189 + 61.1%
G 1 419.6 + 524 405.9+489.6## 4062 + 40.6# 401.7 + 1024 411.0+42.34#
SHR rat G2 408.6 + 48.6  400.0 = 107.0 406.6 + 77.4  413.9 + 33.7 3904 + 43.0
-Disease type 5 3 4144 + 89.9  383.0 + 953 3939 + 59.0  380.6 + 59.6  396.0 + 52.9
G 4 417.9 £ 53.9  403.0 £ 70.6  394.0 + 522 3924 + 492 3983 = 45.0

WKY : Wista kyoto (SHR wild type)

SHR : Spontaneously hypertension rats

N @ Number of animals

Significantly different from WKY vs SHR (x ; P<0.05, **;, P<0.01)
Significantly different from G1 vs G27G4 (# ; P<0.05, ## ;, P<0.01)
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Fig. 53 Cardiac Beats per Minute

I 3!
= |4 25 =47 AolE Holxl gkt ahxnt d] dAS Eoste] 9
el AstsbAlE: & A FAH Al ndgoewE Qg HmFxoR AL
(GOT, GPT, T.Bil) Z# 2HE ¥ (Total chol, HDLchol, LDL choh)Y FA4AH(TG)s < &
A w943 = Ads ohdARE A= AdFE HoiFslu Addd BUN,

Creatinine, ALBS < =% dAolAt}t (Fig. 54-59).
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Fig. 54 Hematfological parameters
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(8)

(2) Ap2A A 2= 1;-; D&Y E AFFAAH260W=350Lx210H (mm), Tecniplast)
@ A4 58 : 70
(4) A% 122724 C
6) FECHEE) 1 50730%
(6) 2714 B 34 1 10715 3]/A1%t
2 wolzy] 0 QA SATLE 8A] W (12hr AE/12hr &%)

(1) 57 : dur2o](18% Protein, 2918), 15kg

(2) :r“”ﬂ © $ABSC (A7] #9A 9&FT ol9E 9065 AANEFH7IEATY Bs B2

(3) A2A : Harlan Laboratories Inc, USA 8520 Allison (Pointe Bivd,suite 400,
Indianapolis,IN 46250)

(4) wol Wi 9 Fol=F : wol7ld AlRE ¥, A AAA AT

o]-gato] of -yt Al

2 EA £5(500 mL)el 7@%]?—% gol AfHH AA,

HT ©
Group Dose Dose n Number
G1 Sham /  Normal D.W  10ml/kg 7
G 2 MCAO/R ;  Control DW  10ml/kg 7
G3 MCAO/R ; FG_10 L 500 mg/kg 7
G 4 MCAO/R ; FG_10 M 1000 mg/kg 7
G5 MCAO/R ; FG_10 H 2000 mg/kg 7
9. 7
(1) Foldz2 2 FoAsls A TS5 95 AFEZES 2F 3:00 ~ 4000 LL13] 56
A7k Folaket

(2) FARY @ APE4 FG compounds 47518 U7l 728 A3 FA7|E o0&

skl 9 ol A AT Fol stk
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11+ 74

Group Dose Dose n Number
G1 Sham / Normal D.W  10ml/kg 7
G2 MCAO/R ;  Control DW  10ml/kg 7
G 3 MCAO/R ; FG_10 L 500 mg/kg 7
G4 MCAO/R ; FG_10 M 1000 mg/kg 7
G5 MCAO/R ; FG_10 H 2000 mg/kg 7

12, B3 9 B
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Total infarct volume (mm3)

= ¥ infarct area (mm?2) per side x 2 mm (slice thickness)

GIEEEEREE]
TR FE F R

%]
/ SIEMENS Inveon &4l & o]&3dle] o]wn| = 3}s}

by
rﬁ
O:n:
Y
(1
i)
offt
i

o

13. =9 FAIA

HE ANFAdE A9 25AAE AFEste] e, ZF ko] Hlals= ANOVA
(software StatView: version 4.51, Abacus Concepts, Berkeley, CA).& A}-8-3}3L Sham* 3}
w4 ZE, compoundite] AfolE HlaLste] 5%9] ool Fode ATsAT N
7V 7 ol B R A i BAS ot ZEhvbA(k, )2 F7]5FS

o

159 Zﬂ%g gain weight(g) &2 FAlste] IF3IHY] ol & HlWSIH T ALY F
AT A FoF¢l xpolE BYon A|FHIE FA3 MCAOMR & a5t (Flg
66, 67, Table 22)
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Table 22. Change of body weight (Group summary)

Weeks after administration

Group/ Weight
Dose Be- .
(i) fore 1 2 3 4 5 6 7 8 gain(g)
Gl Mean 1676 1959 2377 2766 2999 3194 355 268.1 3784 210.9
DW SD 8.5 10.53 14 6.166 6.62 1036 10.46 7.1 8.40 15.29
0 N 7 7 7 7 7 7 7 7 7 7
G2 Mean 1686 194.1 230.7 2744 28911 3127 3443 3581 3719 203.3
DW SD 8.18 11.35 13.21 7.57 8.23 1153 1339 11.70 115.24 15.67
0 N 7 7 7 7 7 7 7 7 7 7
G3 Mean 1669 1889 2314 2859 2974 3184 3461 3596 3676 200.7
FG SD 5.90 7.65 5.29 11.25 9.09 10.61 1421 1472 15.04 19.09
500 N 7 7 7 7 7 7 7 7 7 7
G4 Mean 1676 1869 231.1 2691 2946 3174 3401 348.0 355.0 1874
FG SD 6.13 6.15 5.90 1269 1149 1094 9.82 7.79 5.42 9.38
1000 N 7 7 7 7 7 7 7 7 7 7
G5 Mean 1696 1856 230.0 259.1 281.3 297.6 3239 3330 3423 172.7*
FG SD 7.55 4.69 6.86 7.03 7.06 11.40 10.82 11.14 8.79 13.50
2000 N 7 7 7 7 7 7 7 7 7 7

N : Number of animals

Significantly different from vs (* ; P<0.05)
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o= zolE HolA= &t (Fig. 68, Table 23)

Food consumption

o 40-
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o 204
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Time (week)

Fig. 68 Food Consumption

Table 23. Food Intake and Food Efficiency Ratio (Group summary)

Group/ )
Dose(mg/kg) Food intake (g/day)
Gl Mean 30.3
DW SD 3.59
0 N 7
G2 Mean 304
DW SD 2.43
0 N 7
G3 Mean 30.7
FG SD 4.32
500 N 7
G4 Mean 30.0
FG SD 4.02
1000 N 7
G5 Mean 29.9
FG SD 3.85
2000 N 7
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(3) WA W5

N7AsHA Fol = H7bst7] &l Rota-rod H|AEES W35t th,

MCAO/R 28 % s Mol Bl=2EE At 4174, F52 Feirt de 45 @
& TLHASE S-S HolBRE HEES WolA = AFhE 2733 x&ste] A=Ak Al
84 o7t e AR AFEEHE sham 79 A9 AY S8 ZEFRZ A BEQoH,
Uz MCAO/R GEaolAs A3 o2& Astz os] wA 7ty o] "ol =4S Bl

o a7k Aol #H FojAd S Holxl &gt (Fig. 69, Table 23)
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Fig. 70 Change of Brain weight
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(5) Cytokine -
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IL-6, IL-10 3o
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g9E Slstd . (Fig. 71)
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(7) Image &4
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