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GABA (y-Aminobutyric acid, Zt7|olo] - HE|2
Ah= AAA dE] FEs= BITEE opn| ke
gFoz ZH A AAFGEH |t FF47AA
A AAAGED F 2F30%E XA & 27
AgEZo] v3le] oF 200~1,000812] FEE A
gtk FE9 745 - 4 - A - H SollA g
o] 2]Z0] Zg- Woldu]|E ¥|E3H Mo, w3}, vl
3 Hg] SollA ol AEHI Utk (1). GABA= ¥
PIsAl, B SHAEHE D AT 7 A,
Ao BF /R4, BT A, AEER, e}t 3
S QlAe] g2 A2l vyhEe] I st
T A2 g8A 1, Y5 EEY Y] 2E%
s, EZHslE a3t e AeE dEA
Ro] oR|H o E ug FE = EFolt} (2, 3, 4).
o]8Jg GABA Q] A& = sl Hole 7154 AF
2R 229 GABAO t)gk #Alo] EEI Qi
GABA7} 27} K (5), T (6), & (7), &= (8),
F292 (9) 5= Eu 188 F9 ¥k 244
OF Y= ZloE HyFHRTH

AEAU GABAS] AL A 9F #4737 a9l
(71AAJA AT, &, AAAR, 78, ZEH DY) 9
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3 s Ao dEA ok (10, 11). ol A&
o] A 2EH 1o tigsr] A st A3
AAZ GABA shuntE ZgAl7|= AL 2 Addtt
(Fig. 1). 2]EolA Ao}z GAD (glutamate decar-
boxylase, SFEAF ¥t E)F 5 (12, 13)°]
Y uAE (14, 15, 16)91A Aojzl GAD S &
12 EA1ge] ZREUH] AT F e FHE 7L
A2 ok AF GADE ZE3 A% ZHEEH0)
o] A%t ¥-9ol ZAjtetd dA == AE/2EEY-
o)E=d aAael ACE grexleh (Fig. 25 17, 18, 19,
20). A&y wAE9] 739 FEA (putricine) F
o] FEAS 73l GABAE s & the
GABA RAAAZE 7KL e Aegr d#A 3l
Tl IutH o2 GABA+= GADY| €8kt uhgo] 4
2 F2 APPE D, o] WhZoA FaolR (HY) ¢ 7
2P} 2559 GABA 9} o|2ksigtas g Bxlr) ZHzt
AdET (Fig. 1 & 2).

Hul= AR 58, &5, Ak ZHOA] oF 1~5
mme] X& E9] oldu|rt frk el el
AT Test A DRt Sl SRtk &
3} Fdo] Wolxinh T ot s oel
AR A3 olAIEE FlH] A SXIH,
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Krebs Cycle
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Fig. 1. Production of GABA through GABA shunt.

Ak 22izkE Fol S718le 7lgAde] k3,
21, 22, 23). B ByoME GABA7L Bo| E9f ¢l
= Tolv|E A3 g Wi, GABA &l
Z29 woldnle] &%, 727 GABA - wold
0)g o] 83 S8 % fAIF Aslel tlsle] IFet B
79 AAE AR 7)&sta) stk

GABA 0| FXIE LorHblo] JhLt

218 GABA A4 A28 4] thgt J7= B34 7]
Ejlo] ABAIEE AFshs dEAlH HE8S &
A7] HEo] o5 woldn] Azl 2831} (Fig.
2). 7|BA 8dE Holdn] ARA] o] 85 7B
o] g3 o Z | Fgo] 59 I M-S AT
T Ao, 7|BLke) ABAIE 2802 Qs Hu] &
olr] Wale] GAD FAE A3 Al7lE Aog %2
AFESITE (21). ol AAEH S Z GABA ol 7
H doldErn|E Aake 5 Qe o 889 4 9l
ATH (21). GABA 331 TS $3IA7)7] eirle
7185t follol] FRERE A Hrkl FH A
3l GABA #3o] ZA = ZoR ZAMEAT
(Fig. 3; 22, 23). o= SF841k0] GABAS] A&
Ho|7] p&Eol GAD &4/} FFEAHE GABAZR
TEHOZ AT w2 AL E AGEL
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Fig. 2. Model of GABA production in plants. Plant celis
praduce GABA following environmental stimuli. Calcium
fluxes can aid in the production of GABA through the stim-
ulation of Ca2+/calmodulin-dependent GAD. This model is
modified from the model of Snedden et al. (1995).
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Fig. 3. Increased concentrations of GABA in chi-
tosan/glutamic acid germinated brown rice. Brown rice
was germinated in distilled water (W), in lactic acid (L),
in chitosan/lactic acid (CL), in glutamic acid (G) and in
chitosan/glutamic acid (CG) solutions. N, non-germinat-
ed brown rice. Adapted from Oh {2003).
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LA GABA7E GABA 'rg'?ﬂ] ThASS £
25). B3 GABA7} ®e] 591 Sl %‘o}au]k— thx

T Ar (LokshA] 2 dr)ol Hlokﬂ A &
& AH B BF HzEES 7}1*1—}— 20
2 A (23). ¥YT S H G HE F

AA], GHE AFE 7L e AE AR #8t
o AN E %’“ﬁ} 2 GHE FHYGA, APg] v
T doldn] F& §5S AR 2AME
GABA 3ol 52 “‘O}ﬁiUH 735 = ol Hl3}
o A5 T2 A7} sl A2 AT GABA
ghgo] W2 doldn] FE2AE FASE FoflA] &
BN F o} FAMENA B cells 2 Ty cellso] =7}
Sk Ao AT (Table 1). X3 7k QJEw]
£33} JIEF71-49] FE4 loiAE GABA Wolsn]
F2d Fo 7 o] A F7HE B (Fig. 4).

y-interferon
(M, pg/mL)

Interleukin-4
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Fig. 4. Effect of the brown rice extract on the production of y-
interferon and interleukin-4 in mice serum. Sample (200 g
L/mice) was administered p.o. once a day for 7 days, serum
was collected by heart puncture, the levels of y-interferon and
interleukin-4 were quantitatively measured by sandwich
ELISA. The data represent the mean of three determinations
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Table 1. Effect of the brown rice extract on the subpopulation of murine splenocytes and thymocytes in vivo

e AEe] 4L o
AE) Th) AV A7} Qe

Ao e}

with standard error of the mean. Significantly different from
the control group (*p<0.05). Reprinted from Oh and Ch (2003).

Cell Type Splenocytes(%) Thymocytes(%)
T cell
Treatment B cell Th | To/Ts ™ Te/Ts
2.1 +23
Control 438%17 114406 31403
137+1.1 | 58402
235424
N ex 452429 12.7+1.1 33405
148+14 | 6.340.4
232422
W ex 441419 129406 35404
14.7+12 j 64405
234+13
C ex 476423 129403 29402
13.941.1 | 584023
28.5+1.6*
G ex 57.8+2.8% 14.5+0.6* 43404
17.5+1.5% | 71408
267418
CG ex 51242.1% 14.1402% 31402
16.7+1.0* | 62405

Sample (200 gA./mice) was administered p.o. once a day for 7 days, thereafter the suspensions of cells were prepared at 1 X 106cells/well
and subpopulations were measured by a laser flow cytometer staining with PE/FITC conjugated anti-B220/Thy1 or anti-CD4/CD8 anti-
body. The data represents the meanzstandard error of 5 mice. *; Significantly different from the control group (p<0.05). N ex, nonger-
minated brown rice extract; W ex, water germinated extract; C ex, chitosan germinated extract; G ex, glutamic acid germinated extract;

CG ex, chitosan/glutamic acid germinated extract. Reprinted from Oh and Oh (2003).
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Fig. 5. Etfect of the brown rice extracts on the DNA frag-
mentation of L1210 leukemia cells.

The suspension of cells was prepared at 1 x108cells/well.
The extracts of brown rice were added into the cultures at
20u/well and cultured for 24 hours at 37°C and then cells
were collected. Genomic DNA was purified from the cells
and subjected to 1.2% agarose electrophoresis. The gel
was stained with ethidium bromide and photographed by
UV illumination. M size marker, lane 1 non-germinated
extract, lane 2 water germinated extract, lane 3 chi-
tosan/glutamic acid germinated extract, lane 4 glutamic
acid germinated extract. Reprinted from Oh and Oh (2004).

etk (Fig. 5; 23, 26).

GABA 2 ZOrHOIE F&%2 ©I8¢t s
8 &8 X /S AL

Mol rEYX FIHE ZH= 715A SHE )

o
%, U2, B2 5 5E o) FEAS TGS S
2 (WSO0)E AZ3te] FEAE IO E 93 o
FE SRS 27). A7AH WS-01 H-go] 54l
S| 2EA LS PAAATT, RS golFE 3t
7 Qe BTtk Ee 47k Be A Fo
WFEONZIAL, 2715 AL, AL 5 E5lo] WS-
019] ¥-go] SRATS AT (27). ©l%h 2& 2
e Woldn] FE3 92, §90% 5 5 B}
Aol o] FAEAL U JuH EAE SpAh F

AR goew ¥ & EE R AER 29 B
B A% e .

GABA 3 9 frejotr) it 3ol SX1E 8
EEE AAFH kgt SoldnE ol geld Az
St AR oM 2 ) HE YA &
OPY-1& MSG7} 1% 3718 MRS HIR) AdoilA] 48
AIZE FRE A7 B 9k 5.0 g9 GABAE
sk 202 BT o] #59) HEnp A
SN ZH X (acidophilus), BERMIHA ZglelE
(plantarum)5-& £33 5 FEnpde 2 MRS vj=]
o FEst] 2 E2E AEEE B85t AEHE
e AR, B, oldn 29 5o8
TR 71 Elol FEate LaRAZTE o]
e 2B GABA 32 ok 137w/g I
th o= T R R AN AT 27
ZE°| GABA &% (°F 1.5ug/g)ol vIste ¥53] =
< %ol (Fig. 6; 28).

GABA @oldn] QP2 EE 2T Q72 Eo| H)
sto] fElop|ieAt FRE £ 0 R ZAEHYOH
ol FZ Woldr|e} o]5e] B Q] ALE A
ZHget (Fig. 7; 28).

olg A¥x 27EE AZA| AXH2 GABA I
At FHETek GABA o) S718 okdn &
ZdE AREs AF] GABA ) el obr
RS FONA B 1SS BF A
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Fig. 6. Comparison of GABA levels between GABA rice
yogurt and yogurt prepared by conventional laboratory
methods (control). Adapted from Park and Oh (2005).
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Fig. 7. Comparison of free amino acid levels between
GABA rice yogurt and yogurt prepared by conventional
jaboratory methods. The closed bar(s) and the open
bar(o) show the amino acid levels of GABA rice yogurt
and conventional yogurt, respectively. Reprinted from
Park and Oh (2005).
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