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SUMMARY
(FELHE)

I. Title : Using gaba production technology by fermented rice bran, develop of functional

rice for deep sleep
II. The Purpose of the Research and Significance

Stress that modern human and social development due to economic growth is subjected is
increasing more and more due to this there is a tendency for the population suffer from
sleep disorders also increases gradually. In the United States, sleep aid related markets, has
reached $ 100 billion. This is showing a tendency to increase nearly 30% per year. The
products related to sleep induction, there is a food GABA and drugs such as Jarefuron of
zolpidem (gaba), melatonin, such as (melatonin), but in the case of melatonin, many as a
treatment for sleep induction and living tissue protective effect it is a reality studies
though in fact it is advanced, in Japan, Arrow has not been and is classified as a hormone
formulations comprehensive utilization can not be such as foods and therapeutic agents that
are related to sleep, governance for it is a reality natural intake is impossible until exerts
pharmacological actions of certain amount in food is too small.

Physiological effects various high blood pressure, liver protection, diuretic, and sleep
induction is underway in neurotransmitter present in the spinal cord and brain of mammals,
GABA is many rows research for the production of GABA is cracked.

In order to produce as a raw material for medicine raw materials and food GABA, it is
necessary to solve the first economic problems, such as production costs and technical
problems such as production efficiency, simple and drug and functional food ingredients it
is believed that without the use of GABA as a formulation, be taken into account
advanced technology to develop as a high value-added products is the more efficient
method in economic and industrial surfaces. Upon receiving the authorization as a
functional material through the verification of such clinical trials or animal studies for the
development of a high value-added foods, it must admit its functionality, may precede

acquire new functional health food market is expected.
IM. Scope and Contents of the Project
1. Switching of organisms can be developed of GABA (GABA) production process.

We generate the lactic acid bacteria culture medium rice flour and rice-rinsing of rice

and rice bran of waste, the GABA through the culture of lactic acid bacteria. This



economy 1s better than the MRS medium is a GABA production medium existing.
Secures the strain that is used to convert to the governor (MSG) Monosodium Glutamate,

to Button develop more economical culture of the strain of the existing.

2. Development of the manufacturing process of functional rice and GABA coating

o0 When is immersed simple rice, because the crack phenomenon breaking the surface of
the rice after drying appeared, product is lowered, to develop a technique of coating crack
does not occur.

o GABA content that is coated on the surface of the rice (GABA) is to be kept constant

O texture to functional technology development better than brown rice when it took up
rice.

o Put the rice seed pellet machine, sprayed on rice prepares to 5% bleeding J&#h
immersion gabardine while being giga rotation of food, Gabbana (to prepare a coating
solution with alcohol, and coating at room temperature) and dried I to produce the coating

rice.

3. Production of functional GABA rice is (GABA) coating

o0 When is immersed simple rice, because the crack phenomenon breaking the surface of
the rice after drying appeared, product is lowered, to develop a technique of coating crack
does not occur.

o GABA content that is coated on the surface of the rice (GABA) is to be kept constant
O texture to functional technology development better than brown rice when it took up
rice.

0 Put the rice seed pellet machine, sprayed on rice prepares to 5% bleeding immersion
gabardine while being giga rotation of food, Gabbana (to prepare a coating solution with

alcohol, and coating at room temperature) and dried I to produce the coating rice.

4. Measurement of body GABA content in the animal experiment

o inspection of content and ingredient GABA, which is the production of (GABA)

o measurement of the amount of change in cerebral blood and experimental animals using
nuclear magnetic resonance (NMR) spectroscopy and animal models can be used to verify
the in-vivo increase in GABA (GABA)

5. Preparation of routine health functional food functional ingredient dossier personal

Complete the shaping health functional food functional ingredient application documents

individual to be submitted to the Food and Drug Administration, submission ready.



IV. Result

1. Switching of organisms can be developed of GABA (GABA) production process

1-1. Ensure strain that is used to convert to the GABA (MSG) Monosodium Glutamate
Were screened lactic acid bacteria Lactobacillus brevis RB-28 to produce the
glutamic acid decarboxylase for the production of GABA, it is used as GABA production

strain.

1-2. Development of economic badge from the culture fluid of strain existing
I developed a SYS badge and establishment of GABA production conditions using the
host Lactobacillus brevis Rb—28 of lactic acid bacteria for GABA using lactic acid bacteria
Lactobacillus brevis RB-28 of (GABA) production.

2. Development of the manufacturing process of functional rice and GABA coating

2-1. Production of functional rice were coated GABA
When is immersed simple rice, because the crack phenomenon breaking the surface of
the rice after drying appeared, product is lowered, to develop a technique of coating crack

does not occur. I adjust the concentration of up to 17.1mg / g is GABA content

2-2. Development of the manufacturing process of functional rice and GABA coating
o Put the rice seed pellet machine, sprayed on rice prepares to 5% bleeding & ¥
immersion gabardine while being giga rotation of food, Gabbana (to prepare a coating
solution with alcohol, and coating at room temperature) and dried I to produce the coating

rice.

3. production of functional GABA rice is (GABA) coating

0 When is immersed simple rice, because the crack phenomenon breaking the surface
of the rice after drying appeared, product is lowered, to develop a technique of coating
crack does not occur.

o GABA content that is coated on the surface of the rice (GABA) is to be kept
constant

o texture to functional technology development better than brown rice when it took
up rice

0 Put the rice seed pellet machine, sprayed on rice prepares to 5% bleeding
immersion gabardine while being giga rotation of food, Gabbana (to prepare a coating

solution with alcohol, and coating at room temperature) and dried I to produce the coating



rice.

4. Sleep-inducing effect measurements and the body of GABA content in the animal

experiment

4-1. Examination of the content and component GABA produced of (GABA)

Melatonin that affect the effect of sleep and concentration of the blood in the governor
allowed to take Gabba Gabba and rice in Sprague-Dawley rat female 4-week-old, I want
to measure the amount of serotonin.

If melatonin, 3.578 + 0.158 pg/mL is created melatonin, experimental groups were fed
GABA coating rice showed an increase rate of 42.7% 1is production of melatonin than the
general United States.

For serotonin, the experimental groups were fed GABA coating rice, 5918 + 0.169 ng/mL

is created serotonin general rice was measured at 4.784 £ 0.108 ng/mL.

4-2. Sleep—inducing effect measurement
After being taken three times a day to make the rice each 100g of GABA rice for 7 days,
respectively, as sorting a total of 15 people nine six women of healthy people in their 20s,
to measure the brain waves of taking before and after , the amplification and Swave (less
than 4Hz) awave of (8Hz ~ 13Hz), was measured using the EEG-3000R EEG analysis

program.

It is possible to examine the effect (8Hz ~ 13Hz) is has increased more than 209 awave
to be felt (less than 4Hz) is increased by 20% or more Swave of brain waves that appear
during sleep, the body relax, when you Pyonan were clinical trials by setting the EEG
measuring apparatus.

It showed increased awave and Swave compared to when not taking if it is taking GABA
Rice

For men, 6wave is 20.17 + 1.17%, an increase of 205 = 1.87% i1s awave, for women, &

wave 1s 1940 £ 2.13, an increase of 19.90 = 2.37% to awave.
5. Preparation of routine health functional food functional ingredient dossier personal

And complete the application form to, to be submitted Ready ((deep sleep): Other lactic
acid bacteria fermentation GABA powder, viewing function application material name)
shaping health functional food functional ingredient individual to be submitted to the Food

and Drug destination....

V. Proposal for Application



1. We are expected to produce 50 kg GABA amount that can be supplied to the
production of 3000 for years of functional rice MSG enzymatic conversion mass production

of GABA (GABA).

2. Production of GABA rice coating

It is a production scheduled for 3000 bags of 20 kg package in years.



=) PP 2
SUMMARY  cccceetereeeeteataettattt ittt ettt ettt ittt taa ittt tattaatatttataataateataaeeaaaeaann 6
A 1A ATAEETFRG] T Qo evvveeerere e 12
A 2 A FUQ TSN B T 14
1. ZFHES] 7]E B BF o ovvveeee e 14
2 :,'11-1,H 7].3]. od:llyﬂﬂé—q %JCJ)_/E] ....................................................................... 15
I - I o I = P 16
A1 A 7MHHGABA) A4 #3F 1 @ Jhap AAF 71S JREF e 16
1. 7F8F ABAD TF s B ettt e 16
2. 712 #FZFo] wiek MlA BT} AA AL HIA] FPHE e 17
;q] 2 zé gr,HU‘i —ﬁ’—E 7]'3}(GABA) Ei%] /%L ;q]g: ..................................................... 26
1. %/}l—ﬁ%% (e} _g_:l- GABA_O/] q]ao]: Agﬂ- ......................................................... 26
2. 7]_H].(GABA)_§_ ié}oﬂ V]:_L‘Ell :TiE]o tyl_l @%/\]7]% 7]% 7H1£— ................................... 26
3. TFHHGABA) FLE] B A e e ettt et 2%
4. 7FHHGABA) FE & 5 GABA SFEF A cceeeiiii 29
A 3 A Fpup D FHE FEIAFO] EEEL AT B et 31
1. TEAFS E3 710 FHGFEE I Qo 31
2. S TH QAL A B et 37
A 443 NEAAY A7 SAE AT Al 46
A 4 F EFGAE D FEHBOF O o E e 50
Al 1 A B A et 50
1 1RPAE AT B W A e 50
2.2 T O Th E 3T Tl TR A o et 51
A 2 A T BOoFo O O I e 53
L. 7188 B ettt 53
2. 7811%]&0]375' :1%% .................................................................................... 53
A5 R AT At L TR A F et 54
A 6 & AZMEFAAFANA SR YT TSR H o ceverrrreerrreeriniiiiiiiiiiiii 55
;q] 7 & g—‘rLA]/g.;g-B] I R R R R R R 56

Al 8 A LG et 57



Abs] H T gEo] ddidlEe] Be 2EHAE JAH Frksta o o
s Av AR A& Frtske FAlolth ol Q1] FHE A
1,000¢] =e(Chu, 2006, Walsh, 2004)°] o]Z1 glom &

30% 7¥7kel S7HAE Heola Atk W FEe d-E AFS ZJMJ% zZHe =&

2o ook (Edinger, 2005)¥ 7FiH(gaba), W EtE W (melatonin)3 £ 25 7/F7F 1o

U daEde] A AAxA BE 483 gEe] U s AT A

AT7F JAHIL g% EFt Tl A FHAT =

Hol| #HE AR5AY AF o= o|&o] HIleTh

e ol U Aol 54 ofuztgS WIs

3

E
f
M
E

)
2
a
N
N
N
N

=

sk

9 34‘/} Hpo EAtE AAAGEAR 189, 7HH 5 (Bae et. al, 2009),
W f = (Difiglia et. al. 1990, Fields et. al. 1994) A5 =28 &) (Katrin

et. al. 2005, Horisu et. al. 1990) 52| o2 7}#] Ag]zt&ol &gk AF7F s

ow, Ziupe] RS S A7 ®ol FHA L Y (Ryu et al, 2004, Brown

et. al, 1997, Hirusi at. al 2000).

—
TR WHS —t A
e ¥ GABA 1} y
& o 84z
o o

#4310

g 571

SpTEo|
e
ws| 8 o .
N et S &P
e Fa s B
Liof £l 5T L
@8

Fig. 1. 7F"HGABA)®| &5

Zhup AJakzt BAEE H_XHW}XH ATE SFENEENTLE o) E3AY o5 A=

7l sh= Wo] @Wol o] &% i 9o (Kitaka
et. al. 2000, Yokoyama et. al 2002) 7}9}E RHEo] W= A A& (7l d3&)oL Hl &
T AR oA o]&o] &tstA ki Utk



NI, Co,

HOOC-CH-CH,-CH,-COOH / HN-CH,-CH,-CH,-COOH

L-Glutamic acid Glutamate r-aminobutyric acid
decarboxvlase (GABA)
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Table 1. Lactobacillus brevis RB-282] 16srRNA &1

Name Length Start End DB AC
101224-11_EO01_Rb-28-518F.ab1 950 20 943 gb HM104306.1
Gene Ref.

http://www.ncbi.nim.nih.gov/entrez/query.fcgi?cmd=Re
trieve&db=Nucleotide&list uids=297380937&dopt=Ge
nBank

Lactobacillus brevis strain 0945 16S ribosomal
RNA gene, partial sequence

2. 71 o mi g A B FAA] wiA A

ok s 8 AFEE = 71 MRSHI A= o5 #2o] W2 A (Pancreatic digest of
gelatin 10.0g + Beef extract 8.0g +Dextrose 20.0g + Dipotassium phosphate 2.0g +
Polysorbate 80 1.0 g + Sodium acetate 5.0g + Ammonium citrate 2.0g + Magnesium
sulfate 0.2g + Manganese sulfate 0.05g) ©] $Ff%¥o] Hsta Ax @77 =2 vk
Hol| 2 AoAe mF FEES o8& dd S AxAZ S AA AN
747t AAA ] A E A sl

7V, St Lactobacillus brevis RB-282 ©] 83t 7FHHGABA) A4t
(1) frabt 5291 Lactobacillus brevis Rb-285 ©]&3 GABA A4 =3 3§ 9 SYS vl
A
(7h) SYS wi= ] Az W
nujolE FASE] o7]d wujel 10w (w/w)e] FEFTE 7tstal AY 4% (w/w)et A7+
1%(w/w)E 712 vixAgd oz 9o F /M-S 9dl MSG 1% (w/w)E H7F &
QEFHHA 121TE 3N 5 F 222 2435 Ax g3t
% SYS #jA|= FaU)F A AA NS Lactobacillus brevis Rb-28 B -8 wix| =
7% A wiA¢l MRS #j Ao w]&te] 15% o]ate] A7tz Az & 4 Utk

() FA7 27 AFs e
f+Abt Lactobacillus brevis Rb-285 SYS w Ao & skal 30Tl Al 48413t &
ke wiAE 4Tel A 5000xg= 207 A4 ste] celltt FHA & iy
powder FEIE -70TCo| R¥Agt & HAF AEHE AT 27 Akt 7%3*6— E
+ 0.9 (O.D 600nm)= 3to] H-E3tA Tt

(th) Wigex
AWt Lactobacillus brevis Rb-282] vl ZA& 30C= sttt

(b 7hat 44 2



B3l butanol : acetic acid :

TLCE o]&s +4& Sla] w7 0.7 e TLC ol &
water = 4 1 @ 15 /ML= A&l A7) e d/HE TLC & 02%
ninhydring ©]&3sto] EAste] BAE 7Hat spotd 712 MSGE &<lstaitt.

Fig. 5. Lactobacillus brevis Rb-282] SYSHj A4 GABA A % A%
|i'_;;_|_ GABA
- '..
7Py Freyr oy
Fig. 6. Lactobacillus brevis Rb-282] SYSH|#|o|A GABA A4 &<l TLC
J =4 gy 2SS A
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¥ SS WA= FHT| T A AA] NEE Lactobacillus brevis Rb-28 w8 #ix] & MRS
vzl o] H]3}e] 5% o]te] A7tE A Z 8 4 Qu).

(W) 527 27 A2

2kt Lactobacillus brevis Rb-28%5 SS HjA|o| HEFstar 30TColAl 48A7F &b v g3sho]
i kE B RS 4ToA 5000xg= 2083 AR 5] cellwt F=HAA sAAXRS &
powder JEIZ -70Ce] H#s = H3E ~elgH=E2 ALY 27 it AF 5%

= 1.25 (O.D 600nm)= 3l A F3FA .

(th) w g
Akt Lactobacillus brevis Rb-282] vk 271 30C= 3FSth.

() 7huk B 24

TLCE o] &3 A2 s #Fujdd 0.7 pl&= TLC Fol] E53}e] butanol : acetic acid :
water = 4 1 1 @ 15 A&z A3 ) } A= 7<47HQ TLC < 0.2%
ninhydrins ©]-83lo] @A ste] A E 7H)F spotd} 712 MSGE 2135kt

SSH 4] cell growth
—o— Lactobacillus brevis Rb-28

20 r
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0 24 48 72 120

Fig. 7. Lactobacillus brevis Rb-282] SSH]A|o A GABA A4

A4 gl TLC



Table. 2. GABA A4F2 913+ MRS Hl#|, SYS #}#], SS #j#]e] 7}4 Hlu

MRSH} #] SYSH] A SSHlA|
MRSHI A 125,000¢ /500g
MSG 180,000¢/25Kg
dE7H4
A e 40009/3KG
2 40,0009 /20Kg
nZ 54 FA ke
MRSH}| #] ug 54 A b
H| & e 549 (40g)
12,5009 (50g) 2 601 (30g)
(1L 715) £y 601 (30g)
MSG72€(10g) MSG  72€9(10g)
MSG  72€9(10g)
T Y&
12,5729 186 (15%) 1329 (10%)
(1L 71




(3) At Lactobacillus brevis RB-28% ©]-83 GABA A4 Al2=® 7%

-

(7}) Lab scale #j<F A] ~=l
05 L &2 1.0 L flaskell 1-5%<] MSG7} $Hf%¥ SYS &= SS vix & 4
2Bt 2 0¥ 52 Lactobacillus brevis Rb-285 A% s% 0.7°914 1.25 (O.D
EF AA WG e

slo]l H £33l incubatorol Al 30Tl A 480 A 72417 F<F A

= o S
i Je 9 9

600nm) =
shaking incubation 3}&] FAbt-S #j <t shoh

Fig. 9. Lactobacillus brevis RB-282] lab scale W& Al 2~H]



(\}) 500L pilot scale HjoF A]~#l
500 L scale9] pilot ¥lF7]o] 1-5%2 MSG7F g% SYS H+= SS HlA 200 LE ¥ 3
2~EtH 2 F#Hl9 fAbT Lactobacillus brevis Rb-285 A& % 1.094 1.25 (O.D
600nm)% 3t HE3FA incubatorol A 30TColA 4894 72A17F &<k A X wl F3)o]
Ak & v ghoh

iR 7ed €8

7Hepa A 2

Fig. 10. Lactobacillus brevis RB-282] 500L pilot scale #j ¥ A]2~Hl
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Wolth, 1y TLC= MGG GABAS] <ol Al&aAl &<l & ¢+ oyt g3
stA= AT 71 §lal HPLCx= B&stA 54 7lsstd 54 Algte] L2 g+
w3lol St
kA 2 A A= ol gk dide] gl
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MSG: GABA=4:1

MSG: GABA= 32

M5G: GABA=23
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Glutamate
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|

Fig. 11. MSG%} GABA®9] & w2 x7]F =371 (NMR) spectrum

Fig. 112 MSG% GABAE &% Wslol wel 5% titrationdt 1¥ o= MSGe %3 GABA

o] ¢ko] Z+z} 50, 41, 312, 2:3, 114, 0502 ZAsATE thEe A3

AR gl o Eol

0] ==
A

A==

MSGS GABA A% Z4ste] 1 WszS AN

S ngo g

th Table 4 MRS A &l A fAkatol] o3l MSG7F GABA=Z A%ty = A4S 72
AIZE Eok Wl 6A1%F mith AlE RSt S MSGO GABA 18]l ofn|xAte] 3
WwatEolth, 7] MSGS GABA® Hl&o] 504 = NMR=Z FA¥ k2 0.0856 :
11147302 ZA =7 wjgo] B4 72412 Fol&= MSGS GABAS] nHl&o] 339 :
029% ¥ A, 1 9 tfE ofu| ko] Wt AX] i)

Table 3. NMR<& o] &3] 243 MSGS GABA 9 oln| Al 3}k 3}

MSG:GABA 0:5 14 2:3 3:2 4:1 5:0
y-Aminobutyrate 33.9196 30.7236 224933 14.8659 8.6813 0.0856
Acetate 17.0253 16.7771 13.9955 12.4212 11.6139 9.2702
Alanine 1.172 1.3433 1.3839 1.3941 1.7111 1.412
Glucose 18.4309 25.4106 28.5544 35.4558 44.0342 38.3153
Glutamate 0.2943 29818 4.684 6.863 10.6096 11.1473
Glutamine 0.0664 0.1942 0.1067 0.139 0.2198 0.1817
Isoleucine 0.6061 0.7201 0.6871 0.715 0.7913 0.6805
Lactate 0.2414 0.4686 0.3668 0.4334 0.5954 0.4128
Lactose 1.5727 2117 1.9638 2.1541 2.6324 2.0539
Leucine 1.2245 1.451 1.9824 1.6434 2.2674 1.7061
Methionine 0.2306 0.2817 0.2835 0.2694 0.3506 0.2626
Phenylalanine 0.6841 0.877 1.0082 0.9133 1.41 1.0785
Proline 0.3711 0.2228 0.4453 0.5279 0.6517 0.488
Threonine 0.203 0.2652 0.2479 0.4115 0.5592 0.3679
Tryptophan 0.147 0.1886 0.2174 0.1924 0.2187 0.193
Tyrosine 0.4692 0.5631 0.5687 0.5538 0.6964 0.5738
Valine 0.819 0.9658 0.9605 0.9902 1.1643 0.9315



T3 fig. 12 MSG GABAE &3 Wstol] we} F X% titrationdt TLC 1Ho = 4% 719
S MSG9 %3 GABAS o] Z}7; 50, 4:1, 3:2, 2:3, 114, 0592 NMR#H} #& %%
2 ZA4sen, e2% Iy A MRS HiA|ZolA A3kd MSG GABAS s%
2 243 ago|th o] 9A NMR¥} 2 sjdS vehla g

. ';;"' . . ." '.. :ﬁéﬁA

Fig. 12. MSG titration 5 to 0 % and GABA titration 0 to 5 % by TLC. MRS
media (right).

Fig. 13+ fig. 113 120149} #Zo] MSGe 43 GABAZQ] ko] z+zt 5.0, 4:1, 3:2, 2:3, 1:4, 0:5
o7 =43 HPLC 4 #82 MSGS GABAAXZIES &9l 3 & = Az ot}

—— e e

Absorbancelat 340nr

concentration of GABA(ug/mi)

Fig. 13. MSG and GABA titration by HPLC and GABA calibration curve.



webA A MSGe] Ohﬂr GABA®] <Fo] 77} 50, 4:1, 3:2, 2:3, 114, 0:50.2 77}

-1 il
TLC+= MSGJ Okﬂr GABAA Fe AEsHA &

}

s & 9k

53, 4% W A4S Jhte] A el Aetelny A7hE MSG AFe 5000
g/1,000 ml (5%, w/w)el™ o] wje] =¥ %+ 267.2 mmol(M. W. 187.13) ©|la, A4
H GABA®9] &2 27.02 g/1,000 ml= 262.1 mmol(M. W. 103.12)= #3& R1%= =
A5 91,



A2 A HA F= 7HHHGABA) 28 A A%

1. 2kt 5 o] &3 GABAS ul= A4t

2 AFoAE FH FAE uAS o83 SS HiAE o] gt FEAT7|HAA AF
st AT = (Lactobacillus brevis RB-28) W& &3 GABA 2S5 A3 o+
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rpmx bmin)$ W& E3 o] TLC =& NMRZ MSG7F GABAZ3LE = v &S &
olslgdth. TLCEAS AWML v & propanol : DW.9] B]&o] Z}z} 5 : 59 H| & & AL
st e WAA = Ninhydring & AF&3dt. NMR2 600MHzZ CPMG pulse
sequenceS ©|&3lo] 260 A nt=128 & =43} ).

Fig. 15. 44 ¥ GABAY 28 3A




(3) T&
m) Z-ufol & wjekHe] §AbTFS 27| F47F 10°-10° cfu/g EE 10°-10° cfu/ml
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(4) 7hvp FEE AA
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Table 4. Analytical condition of High Performance Liquid Chromatography (HPLC).

Instrument
Detector
Column

Flow solvent

column oven

Agilent 1260 series
Model Agilent 1260 series, Agilent
CAPCELL PAK CI18 4.6X250mm(5.0 pm)
A: 50 mM Sodium acetate(pH 6.5)

B: Acetonitril : MeOH : Water (45 : 45 : 10)
Model UV-8010, TOSOH, 40T

Gradient time A(%) B(%)
0’ 90 10
12/ 60 40
13’ 10 90
17’ 10 90
17.1' 90 10
23’ 90 10
Injection volume 20 uL
Flow rate 1 mL/min
Tk gdE A F 2 7 2 &St AE S T ool
ErxdeA Fad tEAHS 1, 3 671€E AY Al e g9, daE (uEL
o s AT oA



A3 A A9 bk mRe] £2 A9
1. =247 E &3 7o FHRfEast d45
7t AdEsE 2 ASEA
B AFoA AL 558 S 4578 9 Sprague-Dawley rat A S (F) AEga2HE T
Pt FEAFSAOA AFUN AS 7S ARG AN F = AFTS v
o F43ta, As 300 gLl Age FEELS 7 v+ 30vE 2 Hugk T LA
S5 22+ &5 50£5%, W 12A13F light/dark

Fig. 21. GABASH GABA I®#&S 7 %R0l 79} tjx 7 (contro)®] AHS 774
ATEAS He thZ7(control) o] AFS 714

Akt ob Zo] B3 § A5 5 mm H (pellet) &= A 235}
FATE 60 kgl Abgrel aFF 2 AFHFS 300 go= Bate o 23
05 g ¥ GABA ¥ &5 sy = o=
5 = ot9a, GABAE 25 mgs THT

mLol|l Fof A5l itk AT obrd 23 Wste F4 gkt

—

g A%}
H A melatonin?t serotonin®] A4S 93] melatonin ELISA kit®} serotonin ELISA kit+=

GENWAY (San Diego, USAAIZH-E FUea, FAANEToZ 2188 GABA(y
—-Aminobutyric acid)© Sigma-Aldrich Korea(St, Louis, MO, USA)AF A 433

.



Fig. 22. Melatonin =% ELISA kit

Fig. 23. Serotonin =7 ELISA kit

EEL R
Ao AH= 3Y AR 4 S COp 7hAAA AT L BREAFTAE et JEst
B2 s ozrE Ast 4 T, 3,000 rpmoll A 30 min §¢F YAEE F Ee
FHS AgEAT o2 A dojA EH L melatonin, serotonin Ao = A5




v}, Melatonin A =
g3 50 uLg ELISA& well plated] ¥ 50 pl¢ melatonin-biotin® 50 pl¢] melatonin 3}
S 7heta, 3 foil2 AA DB 2-8 TollA 14-20A17F WA A, A& oS
A AL 250 plel assay buffer® 3H A& Fo FFAS AASGLE Fslozn
secondary anti-body$! 150 pL9] enzymed} ZA3ZA] 7] foilZ TRA] MA] Aol A4 120
= 9EAIZl ¥ washingS 33 WEESEATE 7S] wellol 200 ple]
para-nitrophenylphosphate(PNPP) 7]d &S YW & 20| A] orbital shaker® 500
pmo 2 3087 9r& A7t NPP stop solution(3M, NaOH)< 50 ulL® ¥o #&&

SAAZ B 405 nmol A FRE=E 788

v}, Serotonin A4 ¥
glo =z 50 ple standard®} acylated samples ELISA-E well plateo] 242 231, 50 pLe
serotonin-biotin¥} 50 pL2] serotonin & A S 7[5} plateE ZA=HA &89 F
a2 UA, plateE HZ foil® MAA 2-8 TollA 16-20A1%F ¥FS$-A1# T}k, Washing
buffer(phosphate buffer)® 3¥ A% 3 % washing buffer®} S ZA=HA A A
o} g 3lo w2 150 plo anti bioting ZF welloll ¥-& 39| orbital shaker 9o A 120%
7F Ao A Wk A AT 18 3l washing buffer(phosphate buffer)® 3W¥ A2 5 &
EASTAL Ry A 2= A A 8} A T EA AR welloll 200 uL ]
para—nitro-phenyl-phosphate(PNPP) substrate solutiong %< % 429 orbital
shaker’doll A 603+ ¥H-2-A1Zt}. PNPP stop solution(3M, NaOH)& 50 plL® o] ub

& TAAZ the 405 nmelA FEEE SA AT

>

Fig. 26. A& ZE &9 o 7 XE Melatonin 5% =H4H



B Serotonin ‘&%

I =
B tigk e A3 Ay SPSS 12.0 (SPSS Inc., Chicago, IL, USA)E o]&3lo]
TAeF ZEAARE ey, A4 94942 one-way ANOVAR AAHoH,
7 Duncan’s post-hoc testE 2AI3A L Fod2 p < 0.052 3T}

3.0
2.0
1.0
0.0

Water GABA GABA Rice

Melatonin concentation (pg/mL)

Fig. 28. Ratsoll GABA, 7}, UAEHE ZEEZ ddbA 83 gix4=2 =8 58 5 143
sk Yoo A2 melatonin % S74(1Y). (Data are expressed as meantSD, a, b are different
group by one-way ANOVA with Duncan's post-hoc test.)
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Fig. 29. 3, 6, 9, 12¥ %t ratsol GABA, 7Hig, UIAHE ZEEZ dyd T83 Q2342 &
S 58 3 AFHS M2 melatonin 5% =4, (Data are expressed as meantSD, a, b
are different group by one-way ANOVA with Duncan's post-hoc test.)
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Fig. 30. Ratsel GABA, 7l UAEH FEEZZ dibd T3 272 58 58 £ 13
3l oo A 9] serotonin %= Z4(1¥9). (Data are expressed as meantSD, a, b are different
group by one-way ANOVA with Duncan's post-hoc test.)
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Fig. 31. 3, 6, 9, 12¥ 7 ratsel GABA, 7HP2 YAEE FEEZ=Z Adikd g3 242 &
S B8 3T AgFHIT oM melatonin = =4, (Data are expressed as
mean=SD, a, b are different group by one-way ANOVA with Duncan's post-hoc
test.)
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Fig. 33. GABAZ S A% Fo Ef off opv=it A& #3k 54 NMR data

247k 79
7F GABAZS 100g¥ ¥< Ao] 35 3 HE&8AI7l & %% ;ﬂjr HuE FA4s9 3
§ wave (less than 4Hz)9} o« wave (8Hz ~ 13Hz)¢] =& EEG-3000R ¥ 3} =4 1
M Zg WS o] gste] =4 a9 th(Marike et. al).

= Al ety = H3 5 § wave (less than 4Hz)7F 20% o] =7FstH, w0 o] <& Av
Husk w) =7 X+= a wave (8Hz ~ 13Hz)7} 20%°]% 71 H+= 7l &35 dolE
F U Yy =4 FAE setting 3] AR AS A AT

GABAZES 583 45971 5834 &5 wol Hlste] § wavedt a waved| S7Hs E A=

dzke]l A9 § wavert 20.17+1.17%, a wave’} 205+1.87% S7F dtom, oxe] A §
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