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Abstract

Depression is a disorder characterized by a broad range of symptoms, including
altered mood and cognitive functions, and recurrent thoughts of death or suicide. The
pharmacotherapy used in clinic today is not suitable for all patients and causes certain
side-effects. Thus, looking for alternative treatments with antidepressant effect and
minimal side-effect is important. y-Aminobutyric acid (GABA) is a key compound of the
major neurotransmitters. It also has several physiological functions, not hypotensive and
diuretic effects, but related to.anxiety, depression and numerous mood disorders. In this
study, various cultivation substrates and culture ‘conditions (cultural time, pH value,
temperature and inoculum volume) were selected to. investigate the effect on GABA
production by Monascus sp. Moreoyer, the forced.swimming test (FST) of animal model
was used to evaluate the antidepresse}p}F effectyof GABA-rich Monascus submerged
fermented product (MSE). To explore ’;;e%ABA optimal eulture conditions, response
surface methodology experiment was used'.E:'When 77.3% rice bran was'used as a substrate
which initial pH value and monosodium élﬁt;mate concentration were 6.3 and 122.6 mM
respectively, the GABA-increasea from 40 mg/ls.to. 350 mg/L in day 7. The cost of GABA
was NT $8.5 per gram. On the othér -hand, the FST data shows that GABA may be the
major compound in MSF to provide antidepressant-like effect in short-term test. In
long-term test, the MSF had more antidepressant potential than GABA to reduce the
immobility time, and as well as fluoxetine (a clinical prescription) in FST. In brain tissue,
GABA provide a high potential to recovered the concentration of norepinephrine,
dopamine and serotonin in hippocampus and amygdala. However, MSF also can reduce
the consumption of dopamine in hippocampus and amygdala. Thus, MSF which with high
GABA level has more potential in low production cost and antidepressant-like effect.
Keywords: Monascus, GABA, cost, forced swimming test, antidepressant
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EREFFTESE PR e PER - A RNHALF LR T AT A e
(1) =4 % (= o ¢ %)

Gl A SR TIE e Bl ¥ - R %ﬁ’?¢é£5%0mmmemm
% rubropunctamine) ~ if ¢ % (monascorubrin % rubropunctatin) ~ § ¢ 3
(ankaflavin ~ monascin ~ yellow I % xanthomonascin A) 2 2008 & 4 4w &
d ¥Fkd 2 ﬁmmﬂmmAﬁrmmmmmB)tﬁ(mmgmﬂ2%&‘@3
ARG d -BEREEF R ES S HIRARKS %fi%ﬁr’" MitEr R EFE
foreh gk s o B g 2 =~ aK0%5 L enie ¢ % (Blang et al, 1994)_3_ L A 1 Rt
BeH2PBRRAEY - mmﬁﬁ—g%iﬁizvj_.’ &2 hd F féfg e ¥ AL
A5 F 0 A fE*YL Y (Fabfe et aL:Hb&)m bHd A G AT B Sk R
B % pH & % - Fabre i‘ﬁk ‘ 199,';;:& i 335 F o fdE P R

&*%ﬁ%%%’ﬁﬁﬁﬁ%?iﬁ%@ﬁﬁa 3 & ondnig C A AT

* % F_, W g k¢ Monascus ruber #rA Hdid F A PR aE TR T RE
5 e p WS 1 iEAR Y ’/f]‘ﬁ CRE NSRS 0 A 4°C Ex iR 3 B
o d AT 92%-98% 0 F 8 R A TR Ak RE U R O LA T

Bl sp WS TAHEBA LS % (Budavari et al,, 1989) - @ R E (1997) #
BR RGO > TR p S d o B Ak e RE LS
EEFIRE AR Y NEFDE TR g F R 2R
BTy FAE LT 2RI A 2 A B R Ad T 2% B
“r{8 LDso £+ 333 ghg A2 4 2B Rt 5 (2% LDs B4 87
ghg > P %+ - ¥ 2 T EFPRRFEHRE L pd PipHedt - NFRR AR ¥
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ot (FRfrk 0 1981) > wein s e 2 4.3% 23 R /7’]‘ 4e4 (Wada et al.,
2007) o BATERT T » g0 g d 22 o piFd oy BB SRR ok

(Jeun et al., 2008) -

(2) #FF P B (citrinin)

Monascus purpureus *t 1977 & ¢ Z4 Wong * Bau ¥ ¥ # & § i
»r% > A 34 monascidin A Z 3 & 95 4= 4~ (Wong and Bau, 1977) -
Monascidin A & - fE#s - s 2 d FHRE g il FHANEE P o ¥
Bacillus - Streptococcus ¥ Pseudomonas %:&& /& i< 7 3 #r 4] (£ * (Wong and
Koehler, 1981; 3 > 1998) o

i A7 4 B Jole/§ SEDi A S A 5 monascidin AWZ TR F 4 & iR & F
@ Blanc % A3 1994/ & 4% ¥ 4 E:?MFJ} Ry P RGERE R >~ B R R EH R
F W % % FERRYT) Fimonascidin A ,?_hf'&tnnm (Blanc et al., 1994)=Monascidin A
FE s AR B R Wong 2 Koehler (1981) 14 0:8% chfiz+ & o1 4
10% hi § #5884 Ek%’r:}ﬁff“ & P o l .f-iﬂ*ﬁ]ﬁ%ﬁ% g B0 > Fpriciyd
FRWFASEPT S 0@ /J‘*‘c 004 M mﬁiﬁaﬁﬁ (acetate) g#»vﬁf L R
TPy e ok YES B AL (yeast extract 40:g/L % sucrose 160 g/L) ** % f& /=
MAKREFR % > #R 5 2 2K & & citrinin %65 ~ 480 mg/L (Wang et al,
2005) - ¥ ¢bd M. anka 3 &R ¢ A EE I - BATHREAS T 2 SN 0
o,B-unsaturated y-lactone 472 = £L2 L ankalactone> * 4 B & ¥ Fr | Escherichia
coli % Bacillus subtilis 12 & > & # ¥ 22t monascorubin # rubropunctatin
% (Nozaki et al., 1991) -

AT AL RFER I 45% FREE R E 15% BB 0 S HF 70
A IR 1 % B & citrinin 7 £ 91.6% f ¥ %3 79.5% ¢ monacolin K >
- fa# "‘f “ i A 5¢ citrinin f§ B ¥ i 03 2 (Lee etal., 2007a) o
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(3) "2 % fg & = Fr4] & (monacolins) :

BERRIRS S F S51% My EL RERES A AR R R (9
FE9 R s BRI (Y ’-’%:Ifiai % n &) 3 ¥ (Brown and Goldstein, 1984) » =
AP b s gt (39%) 0 RAAEHREE B LA DIEFEF T G oARK
AEPLE AR o T E RARH » 2 BE R R 0 F KA @fﬁ?‘f%?'f&iii‘é ’
Flp R BB 2 fem S b B2 ABR s £ H Y b =
FoRBARGFIIEL F 98 E L A FTORA Y o SR Tl B R
25 A RA B A gt i v =% (Erekaad ¥ 0 2009) o

BEE Y AEH FRT BT - SR 4 R B
Monascus ruber # % ;% ¢ 3 $lamonacolin K (Endo; 1979) ZEERATE 24 F K
Monascus ruber M-1005, % = & 553 & 2 % > monacolinr BERZE NG 20
pg/mL o ] A pE A BB % niﬂr_i__’f »AEF %8 ) 100 pg/mL - FEEE %
2% % 540 pglg o Merck. % B 2 fig ~ ﬁag!!pergillus terreus/ 2. 3% R ¥ F - 1
£ % (Albertsetal, 1980) 2 & 12 mevmdin Rk N 1991 B 1404
# % &+ R~ ° Monacolin K (meVmohnl) ; :i&:ﬁﬁ Aspergillus & 3k B F 57 A&
AN R SRR ﬁiﬁa rr: f“f}é"ﬁv o ) e rilo_nacolin K &% # & &
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) # iv» Fpt ¢ 5+ HMG-CoA
reductase > & mevalonic acid &2 4 2 > B EIPFIETIAE & & > & F D) KL
A i % 0 38— g e 182 LDL receptor (low density lipoprotein receptor) 73
‘v % LDL e gf> % i 2 %" it B € o0 LDL #74 4 2 #25 (Alberts
et al., 1980; Endo, 1979) -

d ** monacolin K {friz$§¢ % -citrinin 7% = NBHE T F 4p3 B 20 A 4
monacolin K it # & Pz g & citrinin «HA & 4p¥ 5 &£ R %> ¥ monacolin K
it SRR A2 ¢ 4 % (Hajjaj et al, 1999; Juzlova et al., 1996 a; M % >

1998) - % 7 monacolin K b > &g ¥ — #4r monacolinK £ 7 4 &



A& f?éﬁ“% "L B 4 ?‘r » monacolin L ~ X ~ J ~ 4-g-5-dihydromonacolin L %
3-a-hydroxy-3,5-dihydromonacolin L» e iz 4= B 2% "2 F|fg ic # B$# monacolin K
% (Endo et al., 1985; Kimura et al., 1990) -

¥ Su ;:%‘?—*Fﬂﬂ;g#ﬁ B mE o 16 RS F Y > Monascus purpureus
BCRC 31615 ** H it % ¥ £ 7 $# % ¢ monacolin K 2 GABA 42 = » /,5]‘ 4e
NaNO; %2 MnSO, - 4H,O it F 4% = monacolin K 2 GABA A% (Su et al,
2003) > @ A e f%~ it #%& = monacolin K % #r#| citrinin 74 = (Wang et al,,
2003 a)o il * Lo ZE L L E > A 9IE S B AL fF 0 PR 4k B monacolinK A £ (Lee
et al., 2007b) » I3t Fade sk B 3 T n L Rk B ¥ LR L g [ AFeE L Ty
3 puafspe B PR AL iv 20 7 3 (Leedet al., 2007¢) > 2 mohacblin K & v $#r4] C57BL/6

) B Lewis lung) fgim e o & % ## (Ho and Pan,2009)

" ——

(4) i R Pk i) | | e
y-"%7L 7 fA (y-amino butyrlc ac1d G!\BA) 3= KB EREL 0B LT ik
RN R R AErE (UenolZ.(;OO)o ;Lfa#ﬂt’ rAdre s 2P X &
g+ v 9 gfrﬁ;ﬁ%‘i;;z ? 7“,5'3 4.7 GABA. IE—' MR E Y M 5
0.03-2.00 pmol/g (Fougereet al., 1991)> 7 @+ M - GABA 1 & i3 & t4) F o s o
SER M GRELE P R S5 2025% %A1 GABA A ¥l @
& (Beaulieu, 1993); m fic2 F R~ S A~ REA - RAFEAFY & 5
- B EANAE T 100 ~300 mg/kg (F > 2002) -
P AR R %EH“”Tm§J¥+ﬁ“F— [ERa 2 S R TGS EE S Ll p) o e
A ’%iﬁ‘}f]t te 0.2-03% B EF R TR AT A F L BESER S 8

Bd 200 mmHg " 3 180 mmHg ™™ > B3 sx= 4~ 5 GABA(H## > 1993) - K

~m)

5 & ?%?%51‘%*' B oo B %dzmq;%)% BEHPEF 7 B EAE GABA ikt iy
PR AB AL R 6 2 AR RS R § A6 180 mmHg ¥k
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e B3 160 mmHg ~™ (£ 2+ >1994)m Wu & p M3 B
(spontaneous hypertensive rat) ¥ 4k 7 7 GABA Pz fgf & gL % > kg7 8 - =
NG G fﬁﬂif{ﬁ@ 8§ mmHg ¥ 4+3& B 9 mmHg - ‘= .1 % & ¥ "% fi»]fc.%{'ﬁ@
20 mmHg £ 473& /& 17 mmHg (p<0.05)> * #FHF 1 ~ P PFid G sk & e N8
R B E R 1{‘%@ 20 mmHg ¥ 473 & 18 mmHg (p<0.05) » = 5.1 % &g ¥ "%
GRES 11;1-@ 26 mmHg ¥ 473% /& 22 mmHg (p<0.05) > "% & B2c% { B>k HE 2
GABA > [r P AR 8 o B P2 A 4 chlen)n § B 2 31 Foo kK 2 A
WAL A > o i F BRI Fod BT e & o F BRIET R (Wu
et al., 2009) -

B0 iE- hFESRE oA % B 3R dE KdTiE  (high performance liquid
chromatography) ~ & &# & (mass_spectrometer). * 1% 2% 9= Ii (nuclear magnetic
resonance) # T 0 FE T k2 f g }J@,—é M4 B 5 | GABA 2 ¢ fig "E g
(acetylcholine) ¢ ¢ Fig"5d& 5 % L mﬁd%:ﬁ#; - AEaBHE £ WP

AR E EFRaEL R o GABA %?';_%4% I HEY D fe 2-GABA), X M2 E
Tl g A Bl o i@ § xﬁu,,\ P beﬁ:? B ’_é' Tl RAEE R TR (% > 2002) -
¥ ¢t GABA » ¥ & T"I%?‘ﬁ é‘éi’!igi’éillﬁd’?’* #-3 ff?mﬁ Al G ox RRTE M (5R
% 5 2002) °

aAm gl 254 2 GABA e i# 1 ® 2 Monascus pilosus IFO 4520 %5 24
PERE LSV R [ pH Ed 57 1 55 %A% GABA 2
glutamic acid 7% £ (Kono and Himeno, 2000) ; /, x4 KoHPOs 2 MSG ¥ 3 3
Monascus purpureus BCRC 31615 ~Monascus sp. S2 |tk GABA ¢ & > Monascus
purpureus BCRC 31540 R4 4c MnSO4 »c% 5 i (k> 2000) - » Monascus
purpureus NTU 601 i *c 0.5% FWE S RURPE > 48k ¢ GABA 724 1060
mg/kg %% 1 7450 mg/kg > 2% 3 F citrinin 561 ppb ; 7 e ¥ /& methionine -
urea~NH4Cl 2 MSG & *3%5f% octanoic acid ~ dedocanoic acid # 3 £4** GABA
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A5 > e corn oil #r ¢ # citrinin * * I 4037 ppb (Wang et al., 2003 a) o p* ¢t >

Monascus purpureus BCRC 31615 *32 %8 & 25°C pF GABA 2 & P B i1t
30°C rerss £ 8% > 3 BAEKED T 37°C 4riz GABA JERE-E ™' § kv

Mo BU RN~ RME R RERE E AP L F T3 7 GABA 2 & > ek 4r g E
monacolin K 2 = » F]pt ﬂ]* 4r NaNO3 f= MnSO, - 4H,O ¥ & M. purpureus BCRC
31615 # 35 % 07 GABA 2 & 1,396.04 mg/kg % monacolin K 26.77 mg/kg (Su
etal,2003)-3% (2005) ™ 23 AF AT & A 7 % {8 ® M. purpureus BCRC
31540 2. monacolin K # & % 1670 mg/kg~ GABA A2 & % 3933 mg/kg® = I thjF
(M. purpureus BCRC 31498 ~ 31499 ~» 31540 »31615 ~ M. pilosus BCRC 31502) * #
% 5 e citrinin # 2 11.2 mgkg» ¥ *F 3 7 &0 100°C%c £ 10 4 4% > monacolin K
2 GABA E R % it /% 47 citrinin 2 kB T FF 5 69%. :}&%E'J]—?l monacolin K %

GABA : #fg =t F -5 (2008) 2 m.Monascus purpureus NTU 568 14 .1 % % AL 5
4 &2 GABA #% %k 3 ”?ﬁ%s@ﬂ.—MBA BharaxdThge %
SR R 3% ¢ B b ¥ @ GABA~ B¢ 134 mg/kg
#8311 S513mgkg @ 01tr1n1n_ & 30.81 ppm “é.@i 6.35.ppm 2 AEFE T RF S

®v i+ GABA 2 #'# 2 & Citriningd 5.5 5

"%j ige A1 BT D B REA S BRE (1970) 2 M. anka # & 3t
FTEBIRAZERAY > 5 227 A4 70300 (succinic acid) ~ & ¥fp& (citric
acid)~ % & #&p& (gluconic acid) ~ ¥ ¢ (oxalic acid) % ¢ fi$ & — &R BFA = o gL ¢ »
iy T2 A i AR fRofin £ % 4 & F (Juzlova et al., 1996; Rasheva et al.,
1997) % § fa-KfRpE % 4ok » f2F% % (amylase ~ glucoamylase) ~ 3-v 4~ f#f% %
(protease) (Lakshman et al., 2010) ~ & ' 4% 4~ 2% %2 (galactosidase) ~ % #& 1% s » f#
f¥% (ribonuclease) ¥ > Flot4k* 5 @i A2 9 52 £ & H4L (F 0 2001) -

P fgif g 37 5 B okend W AAE R bl4cE B % 0 ankaflavin (Su et
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al., 2005; Tsai et al., 2009)~ 4% i = & dimerumic acid (Aniya et al., 2000; Taira et al.,
2002) > 2 Hos A BaE s et S bR s PUR Y~ L PR E RESRE B9 U
FHF AR EY Nt TR B R T R LW IREE Ry (29 o
1988; Chen et al., 2008 a; Lee et al., 2007d; Lee et al., 2010) » ¥ ¢t » 2 ZR* > &5 >
Ak et EF Y F M E i Fp ¢ 2 A 2 £ (Wang and Pan, 2003 b;
Wang et al., 2006) > 7 %% { Jlji‘%:‘ S - P 5 BR RIS -E RS R

(Science News) 1% 2% o
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%= & vyl 7 B (GABA)
1. GABA z #1%

GABA i - fm phenZijod Fomffi s A 5 5 5 GHNO,» Fliefhia ™ v &
do R A B RORAE o BaH BORAR G (Bl AkBRY R
WD ¢ RpE IR Rk A S B T E R RORB I R B F
2o pE A A GABA 4 A Bags (pK &% 4.03 4o 10.56) » F pn
fmrz fF F e pH T 7 (Christensen et al., 1994) » ¥ “h:B & adfiede ~ B8 » 7 % X &
B2 #3416 Sada F st (6 £ 20055 F 0 2002) o fuvf fude e ¢
e 5k suph GABA G — Addrd| [Hhigde %‘f , Mf T PR 0 Tz L hlke
B G GABA 673 o o SR i ~ w3l o B2 S '»’-’% mPz IR~ §Flmie
¥ 4eeimee £ (Tillakarahe et alg™1995) » # #7755 ch GABASE AR 4 5 0.1 ~ 0.6
mg/g (1 > 2008) » & X WA = A4 g éHGAB’A 7

¥ 4 A J o0 GABA /}a}iliﬂ ‘-629ﬁg/mL(a= » 2002)

I!'

W5 e 1% (3B % 0 2002) >

GABA 3 TCA cycle #* P BT Canw 1D vt e o $ v
(L-glutamate, L-Glu) 5 #59%fc % Zf+ (glutamate decarboxylase, GAD) #.it @ = »
¢ 71 GABA # "<z fi* (y-aminobutyrate transaminase, GABAT, EC 2.6.1.19) =i
bl A 4 ghaapi X FF (succinic semialdehyde, SSA) > & f& £ AR FLIa e L FER & fiv
(succinic semialdehyde dehydrogenase, SSADH, EC 1.2.1.16) % i 5 ZLIafik o b it

o-ketoglutarate 2z = BT
(1) & 4] TCAcycle
a-ketoglutarate + NAD" + GDP + Pi — succinate + CO, + NADH + H" + GTP
(2) GABA shunt
a-ketoglutarate + NADH + H' + NAD' + H,O — succinate + CO, + NADH + H'+

NAD"
12



Glutamate

NH,
/» HO \/\/\/ OH ‘_\cx -Keto acid
0 O NAD* \ Transaminase
H* Dehydrogenase NADH + H*
Glutamate co, NH; /
decarboxylase
y-Aminobutyrate Amino acid Isocitrate
HONAANH,  (GABA)
0
Pyruvate _-—~ o-Ketoglutarate <—— o-Ketoglutarate
GABA: 7 GABA:
pyruvate ' o-ketoglutarate GABA Krebs
transaminase , thnsaminase shunt cycle
Glutamate <--~ Alanine
| Succinyl-CoA
Succinic
HO N0 NAD+  Semialdehyde
0] \ dehydrogenase
Succinic semialdehyde \; Succinate

NADH + H* \*

| i —
:. (Spelp et al., 1999)
'—- -_.,. I |I._
# 1-2 GABA & ﬁwp s A Th S
ey i

and ‘its rell""aﬁonship to other

1 .

Fig. 1-2 The gamma; ‘ginobu Ti¢ acid BA) sh
.- g ||_|
metabolic pathways E'ﬂ'zyme's-:are ufd‘usated in bola those spec'iﬁcally associated with
. o\ B

the GABA shunt are in bold a'ﬁ'd -l}rghbghted in gre.l?/ 1 L
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F AR st o 7 TCAcycle ¥ JE Y GABAshunt { % e & > #r
oA RN R T 7 GABA shunt 5 2 3 2% ~ 17% (Schousboe and
Waagepetersen, 2009) > s e invivo # 3 # » FIRFEH A HT 8% ~10% ¢35
d TCAcycle /v GABA shunt (Balazs etal., 1970) - &5 - & & % 5 » TCAcycle
3 o-ketoglutarate Z & 42 NAD' » % %z i - £ B4 > hoad § BB ¢3¢
% NAD'/NADH 't 5| T %% » & NAD %A% Lo 5871 s & 2 74 1
TCA cycle =& i¥ > J* BF GABA shunt RIF & aa a4 4 > S8 R+ & ke
% > & TCAcycle ¥4 & {7 (Bownand Shelp, 1997) -

G447 GABA £ % 3 B FET] k Ak R 4 A ﬂH:‘%’réiﬁv@éﬂﬁ_ ¥

Rl & gy R R A A RERSE F R R - § P e
S RIEERR IS R IR S L SR RPE: R qa?* 7 E A IRGE
GABA hg &% % 5 (Shelp et als 1_.9‘9__)3_&_?5] 1-3 #57% » GABA fott 4~ 4817
R T Sy iR "(1)'7;&.5"?@?“ ZA H Y3 pH ®TspE
GAD 4t + @ 5 & DH B 42 ph izt s’]ﬁ % 5 Bl GABA % fhit < § %
gfg v i 3] pH & m‘,’% ) (Bowln and Sl;elp, 1997) (2) B4 FF NAD'/NADH
4§73 2 4 TCA cycle 3 ml,\a’/fg'} - (3) & kﬁwkﬁ‘&_j’(glutamme) & =i Il
B FESPEARA }E? ?“”‘% fRaE R PF o SRR (giutamate) £ & GABA it
F e/ 5§ Ra¥yis A58 (Narayan and Nair, 1990)¢(4) e proline % glycine
betaine — % 3 7 & FE R A o FEALS HTRR 2 8 e 2L TR Mg i
= e74f i (Schwacke etal., 1999) - (5) B & e & enh B 2 fIEH R 3 &R B
)k B eh GABA € #rd4E 47 & 3% Reged £ oo T ¥ ¥ # % o-naphthaleneacetic

acid % kinetin 24 =& > i&d Frd IR %

“5

@ %A it (Ford et al., 1996) < (6) H3E it kb

A FrFRts R A4 & dere A KB EF B2 % 5 (Ramputh and Bown, 1996) -
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Stress

s

== b
“(u)“‘ NADH + H*

GABA ",:;AD;L' Krebs
5]: cycle
SSA

‘;’ Mitochondrion GABA
i ¥ [Ca2+]} CaM
FIHTE N
[Glu]} \ Caz"z‘CaM /
\ CO,
Glu LL— GABA GABA

\( | w
(c)

AAPS/ ProT2]” +=----
Stress

GABA GABA
i ~(Shelp et al., 1999)

B 13 24 224 SR 4 3 [GABA + mfe p & fnve Berdy o
F '.I k 7:.._— !
Fig. 1-3 Regulation_of gamma-aminobﬁﬁéid (GABA) levels by biotic and abiotic
| - P
- | |

stresses and intracellular and inte].‘chular ﬂ'msport. Stresssmight increase ( 1) cytosolic
I ] 1 & .

Ca2+/calm0dulin, H' or glutamaite levels, izv_l;ich in ;turn stimula‘;e the production of
GABA by glutamate de"cérboxyiasip (a). Stress miéhf- also decriease the NAD:NADH
ratio, thereby limiting or cofnbe;titively:inhibiting sqccin-i.;:: semialdehyde dehydrogenase
activity and causing the accumulation of succinic semialdehyde, the feedback of which
in turn inhibits (x) GABA transaminase (b). In addition stress increases the import of
GABA, as well as other compounds (c¢). GABA accumulation might also result from
decreased import into the mitochondrion (d). Export from the cell (e). GABA might also
be sequestered in the vacuole (f). Abbreviations: AAP, amino acid permease; CaM,
calmodulin; GAD, glutamate decarboxylase; ProT, proline transporter; SSA, succinic

semialdehyde; circled question marks indicate that experimental evidence supports the

existence of unknown transport steps.
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M2 ¢ S GABA g 2 1 & ¥ GAD a5 M 7 F FikEd GAD
FEhELE BT 7 oo 1950 # > Reed F f AfEt PR fE R B4 0 44
GABA (Reed, 1950) ; 1998 & Nomura % # HAL dopehd A 7 Lactococcus
lactis® % 3% Fjth e pH 4.7 PF GAD & 4-fe & pH & 5.0 ¥ GABA &
EhB oA b4 A2 pH &£ 55 P> B2 22 GABA o H & fixd $ 4o
Escherichiacoli # pH 3.8 ¥ GAD %8 it > Clostridium perfringens = &_#% pH
® %47 P GAD gt E it m Apt - L FE P 0 GAD pEZ Bl & pHS8 P
EBF (Nomuraetal, 1998)e W] 1-4 ZSKRE Fhaltdmd Fe 7 RIFR
GABA #phf #2472 B2 ) £ 2207 “ieFIe+ w3 GAD # 3> GABA 1 F
4% % > SSA ~ GABAT £ SSADH >t [7.5% 4 & F&d 43R - Neurospora crassas -
%+ 5 P o GABA pool 3 r - g5 iRpL (L B e it 38 T A0 A B A
3 GABA 4 2 (Kumar and Punekar 1997) svAspergillus'nidulans §= Aspergillus
niger + 7 GABA" %2 R > % F e ds As@‘@qllus niger €& A fp5d % 4 GABA
(Kubicek et al., 1979) s @ t;ﬁn‘ k= Bk:%: F #% 3  GABA 73 # (Kohama et al.,
1987) > # % Kono #JLMF /%@“l 4 ?é-é;;g%ﬁig pH @' % 5 5 {743
GAD &ieif pH o 2 a‘%rs GABA 2__glutamic acid G & > By CHEZEIH
BAHPF > A A pH ¢ Zopd > @ GAD R EET ' » FFF GABA
transaminase %4+ F 2o ¥ GABA 305 FLIa i == GABA 7 £ - &> (Kono
and Himeno, 2000) = Aoki ~ *% 2003 # 45 J1 58 /R¥ /L6 7 & %  Rhizopus
microspores var. oligosporus IFO 8631 #f%% 22 GABA Z & > I'%% § 7z £
@ = B (Aokietal,2003) - Handoyo # Morita #- Rhizopus oligosporus %7
wFed o RREE? GABA 835 27mglo0g 5 24 | FEHFREERDL Y 10

& (21.4 mg/100 g soybean) (Handoyo and Morita, 2006) °
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Maturation Conidigtion Germination Growth o

g 40

Glutamate
A{ GABA
SSA
GAD
B{ GABAT

SSADH

C GABAT+SSADH

(Kumar-and Punekar, 1997)
B 14 2 Fafd e & FE GABA A #tA4 2 ii% 4 R
Fig. 1-4 Metabolites “and /“enzymess0of GABA ~metabolism ‘along the asexual
developmental cycle of fungi: a schématic temporal representation. The thickness of the
horizontal bars relates to changes in enzyme/metabolite levels. Zero corresponds to the
beginning of spore germination and GAD is functional only in the germinating spores.

GABAT and SSADH are induced in GABA grown mycelia (shown in C).
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3.GABA 4 &
B22X GABA & fi A% e i L > b jise Y GABA #h £ 304
b1 e

Jﬁo—l'm\f f—r:r:”l X ‘H}EIG‘] B -Qﬂ—\r‘],—,\ GABA l? _E./'/—_B’E A%ﬁ"ﬂﬁa—’ 53 tb«ﬁrﬁ

\"'3\

2 E Pz £ 5 0.04 puglge Fla EF e P B 453 B GABA T iT L 8 5
XS EiE i GABA ¢4 & o

GABA snfl# > 23 84 L E LA {ed PpEARAafBo L HLAE S LN
4= ¥ jrenidg ®oooqlr R " A d7 %49 (potassium phthalimide) ¥ y-% 7 %
(4-chlorobutyronitrile) 7 180°CikE J& » #X 18 %ﬁ Bk Y I R LB A
(}hE  2008) » & o sk A (pyrrolidone) g d § 4TS BRBL & A%k R~ B IR
W A 19925 % § B ik mag v (phtldlinide) & £ 167 0 y-dyic o @
(£ > 2002) - gt &35 A0 F 7] 0 ¥ F b 40 F AR f;_’ sy REH A A
ilﬁ}:@’*%?ibl?ﬁﬁ’;ﬂéma%f.rn-lziam/,”]‘%ﬁ"ﬂjo 7

i%@*%*?&éﬁﬁﬁﬁééﬁi$%ﬁ%°E%E%%éﬂ*ﬁ%£
¢ 1 GABAshunt > i”;’?i?ﬁ?ﬁéﬂyi % ﬁ{-%i\g&-ﬁ&gﬂ-é o-Z 3k 47 3] GABA
BTITY ATV FY T ) 1Y Jheer: FREetan
VRFE R 2 R A -ﬂ/—érb ré’;‘ T3 M o# Mﬁﬁ 2 GABA 7 2 (A F1% Y
1R _{# $4 Piefik W 25 iR 5 TV mé% (Bautista et al.,"1964) - ?E'i_?';‘é CRCERRY - B E S
Komatsuzaki % %‘f-fg #kksk o 35°C jmie g g 24 | PFis o GABA 7 EK_T73
mg/100 g # = A 10.1 mg/100 g (Komatsuzaki et al., 2007) - — 4&7 & % 7 % )} {
A 5 @4k ¢ GABA 7 BH 4 ts L i5d se1 w1l v ehfE 5 o @ RE AL
PR Z ™ AR EY - FE Y 33 F5 hiep- v 1.78-495mg/g> & GABA
B AP F 4 0.02-0.21 mg/gdb. (£ % > 2007) - %2 % (1999) fI*  § -&
FRIEHA FEY GABA 7 & > 58— 5 5 -£F L2 2 GABA
FEARPRI I FES 1S B RILERE PR 2 2 GABA
FRB XA URIR] S AR 2 BOREL > AT RFEURE PR dE o iB e X ER
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X4

GABA s EvVHZ 1 23 8

3

’ﬁ'ﬁ}«z t_frﬂpmpgz ¢ lj«ﬂ%fg*ﬁ; GABAié”,gfﬁﬁfg%%é Ak

/

[ER N % 0 P By FE (Marasetal., 1992) o e i¢ * < 4R FiE(T G &
B 2 2% 7 GABA vl &5 % 22 6 g5 Flo s - e
Fl s MEE- % 23 e 274 4 (Aoki et al, 2003; Hao and Schmit,
1993; Su et al., 2003; Sun et al., 2009) -

AT MBS AR E R 2B L S EE% 243 & GABA 3
R LR o #‘qﬁiﬁ—bj’ﬁ*m GABA 4 £ 7 ™ frio- 1+ > 4 £
AR~ E2 A o _ 51'—;“ | ::i- ¢ 3 "-'H'

1994 & "Ef Bk

I

74 A 2 N £ S 2
fé y TP é’—P\ % Eﬂg’ ,,\ﬁ’x [ A E T
T - Pl

"

_.-i.-fl

W e A
LTI S T -:{)é.-'”-f-; ) ;ﬁi{;tﬁ—«f‘: Orjtz:i:f':’) \2‘1.33-?;7%_.’“' ;%‘-% ?'H“ﬁ v ¥ AT

i 1 ey
A0 ALY 5 R GABA § BElE S BES & - “ORYZA GABA” - § ¢

GABA ehif a7 % 8Bk g § 3d T2 %~ 2R - Bhafifrarsas

S EaE A, ot GABA v 7438 0 iE7 3l GABA chdig o B E
2%k o F GABA 7 F i wRFAER B F I O RLFIATRERIER
9 GABA A &% B FH PR Ficca Mo EEF LI RGP EFE

% GABA #w=% (47 »2001) -
#t #t > Fujicco ~ = ¥ (Taiyo) 4 #L - Yaegaki % pE# 7%= 7 #7 ~ Pharma & &
R s oo ¥l AEBELAT 55 GABA AL G5 - AR
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NP B A f e AREORR L AR BB KPP HEREL A5 GABA 5 8 5
“GABALACTO” e gt # 48 o fFpftd 2% i MEARSHFEF I g2
Fitk > i@ GABA 2 A B R RERF ~ FraF P FIHE* L RPAE S o bk
L FERAH NS K0 P BT X8 o Pharma & FFT Y T8 R ’TSF‘TL*
g ECEEFY O KPR FYOEFTAIRA AR 2 2SR
BH# GABA AT S BASKRFALAFRKRKR D B F2 4220545 £
TR P Fe R IRELASFBREFNY (327 > 2001) -
“ﬁfﬁ“ﬁiﬁ‘ﬁ’%“ Fh B Fe g IR J RiEs o2 I F2 A GABA

1 _Grifia frondosa (#4F) ~ Lentinula édodes (7} 4F) ~ Ganoderma lucidum (7 20) ~
Coriolus versicolor (£ %) ~IFlammulina velutipes (£ {sl%‘)r ~ Agaricus bisporus (%)
% Agaricus Blazei-- Murill (¥ & ;gus;) <+ A2 R %t‘ » Agaricus Blazei
Murill 7 & % &7 GAD /&0 { ’;‘ﬁj__ FERERE EFp N TR ER
® jEen kR GABA Z beta-glucﬁa_-t!fgaﬁm, #B W BERAEF PR
I

I
i i
1

SEE R T AR GABA mié_lk-%'ﬂ};@mﬁ*ﬁﬁ (Ri) chFE > ea

(£ % >2001) !

R AREE BT E%Fa'& A2 3;'. SR AE 2 5 T e ki 3 GABA
LELS- S N SR = EF £ 1B ot g LR TORCy N
GABA » © 7|5 p &5 2 4 % ik#E" & & (foods for specified health uses) ¥ i
fefrz - oo FHRE R E R BRI o FPt o I 7 5 E RS PRRE
7 GABA 2 &2 > Z4p5 &3 7 HHS g g o
5. GABA i * #s4]

AR E A L Y R CREET A R FER
BE AL RE F7 - FH2 B BEONGE A NP A E = LA

& 2%  (neurons) » %‘ﬁfz} il mre L B R AT RS S auE T PR

1;4

Q—'I‘r"ﬁ ’F‘ﬁf;"?fh%#;,%ﬁ‘_/ge}g;f 4w 2 ‘@%mlf’ﬂ- y & «é,ﬂ_( —% NS 3N bﬁﬁa”%ﬁﬁ

=
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At By & F &R i L-glutamate 2 GABA » L-glutamate € 3 & 0@ %
AR NE GRS T o 4pF > GABA G A& e A4 S @ E 55 o glycine A
A Eenfrd| M g B EFI > £ H AP Y 5 7 (Olsen and DeLorey, 1999) - -

A 5 nre m R 54 (presynaptic terminal) i GG E S F2 (5o L 4
Tl #pacen™ 38 5E 8 R % (postsynaptic terminal) > & ® e F st #84p 5
%8 11 L-glutamat 5 &) > gt sl g - Bd TR o e i Na onid 544
Bo Mg RTF{ 5 Na i&rfmie p > R &Aoo mAF D T MG D
Jr e Y I % 2 "$ ) LR B 5 3 R 1Y (depolarization) o 4?5 fiFds F R~ A 5
BT - BA AT A o EELS Na ilﬁ&ﬁ? ’ K+QLE%TFJ'3 e )% £ KT $t
etk e A AR R ORARIVIR %0 AL R ’(rebolarization) - GABA 4
¢ Pl A SRS e o Cl i i (GABAA receptor , = Cl i) ®
Foo # 4 B OCI x> e n_%__i‘(_ad__xi{ Ap e 2T fE 0 fE G T
(hyperpolarization) ™ F]gt { £ft & 4%%?;:%*.3;3’2 |Fr )4 i Werse (B 1-5)

GABA % 4.0 75 % {1 ,;r}wﬁ #gﬂ@ | chA R A & GABAy - GABAg £
GABAc = & © GABA,..~ = * éiﬁ'—** 13 i £ Fr'}f»w ‘EL & 7 GABA % %8 > ic i
(R EEACRLALE R -2 ’r— ﬁLTﬁﬁﬁﬁ (Bicuculline Metrazol FGABAA F4uH]) 2
¥ OF 4 TR benzodlazepme ‘FK R L (Schoﬁeld ctal, 1987)-GABAg ™ G
3¢ 8 & £ 4 (G protein-linked receptor) » e R ff o =5 s 1L (4 4 ] Ca’togn ~
fnre o A e BB GRS T s AR R GABAg ¥ & FFR 4
g m e K' R 4R sck o 3T £ 477 45 0 - GABAp X 4842 "% MARIE ~ ey
AR TR R H A § UEE B e BT > RAPM BT £ -
HF Y (5Rqcik > 2006) - GABAC 5 iTH# M2 X4 0 A& 5 ANARA gY o &
GABAx - % 5 3t (CI) i i 39 > 194> GABA, £ i ¥ ‘24 » GABAC

3 ¥ M #F A (Olsen, 2002) °
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GABA GLUTAMATE
TERMINAL ASTROCYTE TERMINAL
GLUTAMINE GLUTAMINE
*GS
GLUTAMATE

o <
]

4

GABA-B i {GAT1H
e iy -; == | GIRK2 L)

RAP
or POSTSYNAPTIC NEURON
. |
| m | . | (Olsen, 2002)
i . i E

F 1-5 GABA R e g i a= ||

Fig. 1-5 Schematic GA]..SA synalgsei Diagram show1!|ng,i the main :features of the GABA
synapse. Transporters are i-ndi'cated by, oval symbols, rgceptors and ion channels by
rectangular symbols. A: Transporters: -GAT-1,7 GAT-3, plasma membrane GABA
transporters; VGAT, vesicular GABA transporter. B: Receptors: GABA-A, ionotropic
GABA receptor; GABA-B, G-protein - coupled GABA receptor; KAINATE,
presynaptic kainate receptor; MGLUR, metabotropic glutamate receptor. C: Ion
channels: GIRK2, G-protein-coupled inwardly rectifying K  channel; VDCC:

voltage-dependent calcium channel. D: Enzymes: GABA-T, GABA transaminase; GAD,

glutamic acid decarboxylase; GS, glutamate synthetase.
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6. GABA 2 12 74 5y

“,ﬁ% ¥ - &% Z ' n BTt > GABA chd B R e JERSES K EE A
iR Catl i = S RE Ca¥" 58 4 R s B A4 S
ng/mL (McCann et al., 1984) ~ #x 3% Tk JFpF 4R B A% & 45 °F MUFPH $9F38 & 2
i~ #=5F? HDL-C- " M=z M faenz £ (Ohetal,2003) ~ 1/ 2 4
# 22 % (Jakobs et al., 1993; Wong et al., 2003) ~ # & ¢ % # it (Oh and Oh,
2003) ~ HEAEFQIR R HITH 2 BT S BERI EREY 4 AP ERA T E
T8~ ORI R (7} Wj’*/i ’2001) Zicd 2l A AW

£ 5 (Okadael:call 2000; T f"_-i:;_ ‘
¥ oG G@Zf B - "I:

-@_Qmi& =
X P bl ?Parklnson

k. ot 'I .I.II
) ;rs;f;t;.:;; R

23 ;_c_hlzﬁ};)hrenla (A A

;r.ﬂ’a&* fir-n £ 4 (2000)
AP R, &1
L ]

B E?.%ﬁﬁﬁm‘ 2 R T S ’F‘”’**?ﬁ?? Y-
T

* ﬁﬁ.’rﬁ%rﬂd % i

REL] rﬁ@zé—-r ﬁpﬁ?ﬁé .

-f

OQgFSb*gemyl Ff R
; o
Byt @z s 264mg;;f+ * F’r‘r"éﬁ' 16133 B EFIR 65%
oF o
Foeop R s $HE { E RS A %4"!&@&}&1 4G o d drkk e

% i
5] GABA i ki3 'H’—‘*i’&ﬁ&" ¥ 11 GABA g&-d }T\/’Q;IH!:LII » B G ok T
AR T FFE (F > 2002) 7 F (2008) ¥ GABA 7 a Py L s

Mk %% GABA ¥ 83 &l ® LDsy +* 1555 ghkg B4 7

7T

-

FMHA M - md o b GABA 4R 5 10-100 mgkg o FIp %

=
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MEFLADEHFIFEALEFRE 0 Z AT AAERBTH A 0 L Pl
BYr A T - Az L @R e R Rt o B2 m kehg R4 R Ao
REAPRLBE R B BT A 1 S A ;5%‘? it SRR R
BAREFE 5%-11% % 150 F 4 3 250 A et 28R (& > 2003) -

+ 2 2 3 (World Health Organization, WHO) B iTiti* 44 ¢ 4541 > 48
T 2004 E R4 R gl ﬁ@mﬁch*%g,aﬁ@wigﬁ@ﬁé%
%,gﬁ%%2m03¢1ﬁ%¥—(@1@0%14@W§§§ﬁ»&39’
H I ﬁkﬁwiﬂ4lemﬁ SR ﬁﬁp& Wi&{ﬁ;’ﬂ%
@&QE%\%aﬁ@\ém%l%ﬁ%i (S IR EOTE & R R
PAARE ST FRRA & % gqﬁ@&% AR e Bem (k2P &

R A ¥ e P A £ rg sl ﬁ@;‘ s B 2 FE LG T R
I

_—F =

%’ﬁﬁﬁﬁ&ﬂ‘ﬁkﬁwﬂgwd%—OWF”ulﬁﬁ@%wémé
(global burden of discase, GBP) - A T ’**I i % Ao Fh B S A & (disability
adjusted life years, DALYs)4 % %h #‘%—:E—r? $a3to 3’>:T1i P )?‘5 BT T 4e3t 1992 &

gﬁ%%igﬁ\ﬁ%ﬁﬁz%%+§%w¥ip;,gggﬁgﬁgm@gﬁ

1

2o TRl R 2 T R ERRANEE | ATt DALYs i { ihm
PRLcns|$r- BRI T 21 237 koS {eR b alFd B RIFEE B 95§
B, 3% - BRTS 2R TFELRE S BAAE > foim i E L
2 #e: 2 2 23x (WHO, 2008) -

DALYs & - RIE A+ %l 0 R R RG22 7 IR #ipAdp sl T ol
WELANAFEREAE Jp- BAFS LRGN TS A Ed;
H ko - % DALYs % - B A 43 - Bizh i -DALYs 484 >t 4 & 4F 4 (years

of life lost, YLL) * # #ic4r + 4 5u 45 4 (years lived with disability, YLD) * # #icz
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2004 As % of As % of 2030
total Rank Rank total

Disease or injury DALYs DALYs Disease or injury
Lower respiratory infections 6.2 1 1 6.2 Unipolar depressive disorders
Diarrhoeal diseases 48 2 2 5.5 Ischaemic heart disease
Unipolar depressive disorders 43 3 3 49 Road traffic accidents
Ischaemic heart disease 41 4 4 43 Cerebrovascular disease
HIV/AIDS 38 5 5 38 CoPD
Cerebrovascular disease 3.1 6 6 3.2 Lower respiratory infections
Prematurity and low birth weight 29 7 7 29 Hearing loss, adult onset
Birth asphyxia and birth trauma 2.7 8 8 27 Refractive errors
Road traffic accidents 2.7 9 g 25 HIV/AIDS
Neonatal infections and other® 2.7 10 10 23 Diabetes mellitus
CoPD 20 13 1 19 Neonatal infections and other®
Refractive errors 18 14 12 19 Prematurity and low birth weight
Hearing loss, adult onset 18 15 15 19 Birth asphyxia and birth trauma
Diabetes mellitus 13 19 18 1.6 Diarrhoeal diseases
#.I‘I‘:&Ay 2008)
1 )
B 1-6 L+ o o -,5 .
= ~
Fig. 1-6 Ten leading ca * o
g g g =
o L
COPD, chrom'?'%b tructi _ﬁ..,,;

* This category'lﬂ@{s 1ng 1r?‘thﬁ>erlnatal period

apart from pre’iﬁ"ﬁu i i irt , n@%nd"'iasphyma These
w

non-infectious cau sﬁ{
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2011 ERRgC A2 2R LB S FlE (2004)

Tab. 1-1 Leading causes of burden of disease (DALYSs), countries grouped by income,

2004

Per cent Per cent
. IZ!Ale of total _ o ' IZ!AL\'s of total

World Low-income countries®
1 Lower respiratory infections 94.5 6.2 1 Lower respiratory infections 769 9.3
2 Diarrhoeal diseases 72.8 4.8 2 Diarrhoeal diseases 59.2 7.2
3 Unipolar depressive disorders 65.5 43 | 3 HIV/AIDS 429 52
4 Ischaemic heart disease 62.6 41 4 Malaria 328 4.0
5 HIV/AIDS 58.5 3.8 | 5 Prematurity and low birth weight 321 39
6 Cerebrovascular disease 46.6 31| 6 Neonatalinfections and other® 314 3.8
7 Prematurity and low birth weight 443 29 | 7  Birthasphyxia and birth trauma 29.8 3.6
8  Birth asphyxia and birth trauma 41.7 2.7 | 8 Unipolardepressive disorders 26.5 3.2
9  Road trafficaccidents 4.2 27 9 Ischaemic heart disease 26.0 31
10 Neonatal infections and other 40.4 2.7 | 10 Tuberculosis 224 2.7

Middle-income countries High-income countries
1 Unipolar depressive disorders 29.0 5.1 1 Unipolar depressive disorders 10.0 8.2
2 Ischaemic heart disease 289 50 | 2 lschaemicheart disease 17 6.3
3 Cerebrovascular disease 275 48 | 3 Cerebrovascular disease 48 39
4 Road traffic accidents 214 3.7 | 4  Alzheimer and other dementias 44 36
5  Lower respiratory infections 16.3 28 | 5 Alcohol use disorders 4.2 34
6 COPD 16.1 28 | 6 Hearingloss, adult onset 4.2 3.4
7 HIV/AIDS 15.0 26 | 7 (OPD 37 30
8  Alcohol use disorders 14.9 26 | 8  Diabetes mellitus 3.6 30
9 Refractive errors 13.7 24 | 9  Trachea, bronchus, lung cancers 36 3.0
10 Diarrhoeal diseases 131 2 3 10 Road traffic accidents 31 26

T
%‘i’ﬂg %ﬁ:ﬂl’ﬁi‘# (WHO, 2008)

COPD, chronic obstructive pulmonary disease.

* Countries grouped by gross national income per capita.

® This category also includes other non-infectious causes arising in the perinatal period

apart from prematurity, low birth weight, birth trauma and asphyxia. These

non-infectious causes are responsible for about 20% of DALYs shown in this category.
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foo F]pt DALYs - % Tf o gtk uprRA#HZRIEHE > BRE M
Bofi~ 532 pRFF o @ DALYs » ¥ 8- 2 B ol - LA
B if 2 f ¥ AR T vt B (15 FeFR A 3k 2009) o
DALYs vt 7= 5 v & 0 B “Tid & e Ja k0 00 s e 3 B
HAFRE AL RS (AP TR R AR EFEREL B
BFF o FP s FRIEP S kL RS A AF ER Y 4 o
2. B e
y wm)ﬁﬁ@&maa@$ﬁ%ﬁ%haﬁ#iw%ﬂ(F B) B

. i

€FH ﬁﬂfﬁ‘ﬁﬁﬁii@%ﬁsﬂtiﬁ *W%ﬁ a“wkﬁa‘%

PR HuE “ﬁﬁﬁﬁfﬁgﬁiP
B WS
(Internation C'Téssﬁicatl n of D 2 3 R A }?3? ¢ (American

=
£ g (I‘zi_agnostic and

b'%‘t‘

N

Psychiatric Ais_ocia'tio TIPS § rm:

Statistical Man-i'.t.a,l Q-f?'Me isorders 4th‘|ﬁAM I\Y M;H{ ﬁ’mﬁ Wrs T
e

1&%*ﬁ@ﬂﬁﬁj
—"‘. i 1"|
(mood disorders) > 3 ;;T!( B (:}(;;E B | ‘E}iﬁ % —t ,ﬁlﬁ #7332 (Othmer
1 :I

and Othmer, 1994) - DSWVE'%—'E_'@’&W’J L&‘?ﬁ%dl“ L 2 %-’E@r)fﬂé\ *EARERE

(2 ’1996) 199

1 g
(major depressive disorder) % ér;""f;] w _)j‘g -(cjysﬂjymbe disorder) » Z ¥r# R 5 T 54,

&, (Othmer and Othmer, 1994) :

a. EFRIIFERT EdlBY
b. #p ¥ Fd Y43 BAEN H4E
C. AT A MERFRE SR WA ER

d. % P PR IR R
e. A B g Fe B B
f. ¥R RS NFLEA
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AP ERNER D FF N E

~

g.
h. &

ol
)
N

EHEY AR RIS A

¥

B

R T A e

Bl ad b2 ocidE BT 2 ENH AT ERBEE -
3. AW pHE

HORESE L A RTEREATIF ALE S RIE A B BTG
AL g b B kG BERDFL  frp LS PFBER - A RF AR

BEFEAM - V'Hif+4‘1“4F¢?1¢;—‘J&£%$_§{UEMH#\B BRWEOE T F

BAF F LN .fu-? ViE t "Sﬁ&fzt_x;fwmﬂmryﬁzs&m
IEXY S LY r‘f* f{"

mﬁﬁ’k gﬂ”}-‘;ﬂ'}

_55--

kR 3 &r,m;ﬁ; 5 e A ‘@"};:‘r_n_m’;&.w (Hagop and
B 9 N
Akiskal, 2005) & | 5
ot =

b1 EE TR ORI B A L A

# ° 1950 3'@ @#

L ESA] ’?5_‘_&?_3}?{;{{% 25 w i S0 R
S Sy : Vel
) F AR F - 2 P g o 3
Hokp TR .-"ﬁ'_u r{%in 1969) = i3 &7 3 I3 R

S
[

LE J a8
j.. -(mom)a-mlne ox1dd=s§-_A i ’5’]'.'_‘ %‘_F ’Jf]L—,% S5 T ORZE g

i\

Ra R e H Ry
FELME) hARES i?u_ ?ﬁ"’r e :.?q&CP- < _aI.}QOllO; Dannlowski et al., 2009;
Tzeng et al., 2009) > F& ¥ icig ~ R WRE L F Pt kR > 7 R b
homovanillic acid (HVA) ~ & % 0% ¥4 ¥ S-hydroxyindoleacetic acid (5-HIAA)
AR ’gf]{—% ek 8rA #+ 3-methoxy-4-hydroxyphenylaglycol (MHPG) 3=# it ¥
A kg ¥ 4T "% (Manjiet al., 2001) °

Wy #‘@%}é‘&#ﬁgiaﬁf\ﬁﬂﬁﬁ_?”ﬁ&%ﬁl FTEROER T €
e oen- @AW R > PR FROEE G (- ) A SRS F € foiwre i
r e G Fv ¥ i@ E cAMPo £ iT* 3] PKA (cAMP-dependent protein kinase,
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PKA) #-9¢ ! (Ozawa and Rasenick, 1991); (=) » 7 %Jﬁ%} G R W E S
H_i¥* % phospholipase C (PLC) 3-v H - B p T4+ 11 2 E (4T3 5 3 &
W fim (Ca2+—camodulin—dependent kinase) (Popoli et al., 2000; Tiraboschi et al.,
2004) ; (= ) # i+ Rasmitogen-activated protein (MAP) kinase-extracelluar
signal-regulated protein kinase (ERK) ¥ /% (Tiraboschi et al., 2004)° izt F& /5 & (& 3
¢ /& 1“ # 4%+ CREB (Johannessen et al.,, 2004) > i&@ 2y - & A Fl & R se
PEREFR-PMARE R R HEY 3R iF* § 82 BDNF (brain-derived
neurotrophic factor) mRNA 3% JLF » BDNF £ X257 7 § 5 2 5 ol Sia % 7
FoUvAEHEATBRE S FEP GRS L2 LR (Blded § T E § e
B B Y ciEAr)e 17 £ % 1 BDNFE & L3 5 & ﬁ’gﬁ_mlﬁi ? {3 5 B (Dangetal.,
2009; Duman, 2002;:Vaz et al., 2008) o

¥oob o TARE T ’ﬁl-?‘ F ’ijlﬁ‘h Sl;\‘pothalamic-pitutary-adrenal, HPA) % 2 i
SRl A R R ¢ R HPAPd £ 1 e BT B 2 2 o
EREEE S ETY il 5 b b PRI HPA § ® e
(Nestler et al., 2002) » f— J}Lrﬂl;l% /‘CT = ﬁ:’%ﬁ’» ’?/ﬁf% Sk R di 4e 0 g WA 5 A
A f wAEFITE e u«_ﬁi&f}ﬁ%‘ LI REELAT kA TERELES LR
mog A E A S (R ECA; Sk i) R BB AR o PR
LRP OGS R 3D D WPGR  ERG RER F S RS A
?w%%@+@9%3%,af£@ﬁﬁéﬁaﬁ,ﬁ%wwff{_(%wm
2000) ° p%@fﬁim/ﬁiﬁﬁ/P*‘)’?m HPA 5 2 & % ~ SR FE IR % » @ JRY Jo
BEH KT R T ¥ (Dekloet et al., 1988; Sachar and Baron, 1979) °

- EFEFALALY L FRFEEALNTA AR RSB TR
- 4 4 % (Kendler et al., 2007) » &7 R 125 & g Tl A FT i G ol ik

(Shih et al., 2004) -
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R ERER > Bt B W B (T S0 R L g A R i R P
F Az 0 & 355 8 eh= iR @A (tricyclic antidepressant, TCA) % ¥ ’<§ it fis
Fr#$]& (monoamine oxidase inhibitor, MAOI) > = -fg T § Frd| o ’F el T2
BJj’{—% vz o @ éiﬁ" S fRs s Hokiphk a & g2 (Frazer, 1997) » 5§is » * £
& 7% WA (serotonin-selective reuptake inhibitor, SSRI) %
EEMT T il"c,% Yz ¥r 4| (norepinephrine-selective reuptake inhibitor, NSRI)
&P o & 12 5 FF 2007 & F &W HF if%@%l SOh Eengl 8o B
k3. k= & F EER P rﬂ&:‘J'F'** ¥ & »TCA #E OB B 2 Wik bk SSRI P~
% Sertraline (SSRI 7o 4 Zal) & & £ + 202 2 4 2800 § % = e & o
AT EhE e gt g A 4 gl e 7(sride effect) » 3B ¥ 244 Hp tho £ 13 7
PR RS VL aml T b gl BT EFIHE DA 0§ AR DL o -
ok o TCAs FFi L5 3 5] f"tjf_ks;:'l:;’*%rlg A4 EBEREF (conduction
abnormalities) » 2.k |4 M a AR (_Ior;hostatfi hypotension) y 4B ~(sedation) ~ FLPE4k 1T
* (anti-cholinergic effects) % i:g slﬁﬂ *Ji-l'ﬁ;v (ino;ree.lsed suieidal tendencies) % % >

Tt ?

(s

§ oMY s s dNSSRI T 5 41 1 AL . 23R 5 oy
BB ¥iEH TCAs-d *%ﬁ@:ﬁ_r’%%lagﬁvmﬁzfié ;};g L SRE BN R
Aooig % SSRIs Ff s by o WA At p Bihife o v SSRIs 7 it
= M 40 (hyponatremia) friid| g%k # 2 & ¥ (syndrome of inappropriate
vasopressin secretion) (Wells, 2008) - 2 & ¢ ¥ 7 # #7 2~ WL T H P % > f&
¥ ¢ 2 * fluoxetine % € AL A #Z F > ¥ :x* paroxetine £ mirtazapine
R 4o 95> ¢ L RFDER > J N LAEFEY o4 G ARERREORE L
@ ¢ * Venlafaxine | ¢ & = & F = (Hale, 1993) -
BT S E RO TR B Rk R S A e
BIRLA STIC TR 00 Rk I RSB EE SR RTE § e
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% 1-2 £F 2007 #F &7 FF LR E A + Bt
Tab. 1-2 The most commonly prescribed antidepressants in the US retail market in

2007.

2007

Drug Brand Class Prescriptions

% change from

(in millions, $) one year ago

Escitalopram  Lexapro SSRI 27.023 3.5

Paroxetine

Citalopram

Amitriptyline

Mirtazapine

Imipramine

(%3 p Drug Topics, 2008)
SSRI: serotonin-selective reuptake inhibitor, SNRI: serotonin-norepinephrine reuptake
inhibitor, SARI: serotonin antagonist and reuptake inhibito, TCA: tricyclic
antidepressant, NDRI: norepinephrine-dopamine reuptake inhibitor, TeCA: tetracyclic

antidepressant.
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3013 RBMER R T R

Tab. 1-3 Comparison of the side effects on antidepressants

Anti- Orthostatic

Weight Cardiac

Drug Sedation Insomnia cholinergic Hypotention Seizure Gain  Effects GI Upset

TCAs (tertiary)

Amitriptyline -+t 0 -+ -+ ++ +++ +++ 0

Clomipramine ++ 0 +++ +H+ et ot e+ 0

Doxepin e+ 0 ot bt ++ + ++ +

Imipramine ++ + +++ +++ ++ 4+ +++ 0

Trimipramine -+t 0 +++ +++ ++ +++ +++ 0
TCAs (secondary)

Amoxapine ++ ++ ++ ++ ++ + ++ 0

Desipramine + + ++ + 0/+ ++ 0

Nortriptyline ++ 0 + + + + ++ 0

Protriptyline + ++ ++ ++ 0/+ +++ 0
Tetracyclic

Maprotiline +++ 0 0 ++ +++ ++ ++ 0

Mirtazapine ++ ++ ++++ 0/+ ++ ++ ++
SSRI

Citalopram 0 0/+ 0/+ 0 0 0/+ 0 +

Fluoxetine 0 ++ 0 0 0 0 0 T

Fluvoxamine 0+ + 0 0 0 0 0 ++

Paroxetine - ++ 0/+ 0 0 0 0 4+

Sertraline 0/+ + 0 0 0 0 0 T+
MAOI

Phenelzine + + + +++ Tt 0 n

Tranylcypromine  0/+ + 0 ++ 0 + 0 +
Other

Bupropion 0 ++ 0 0 N 0 0 0

Trazodone +++ 0 0 ++ 0 + 0/+ +

Venlafaxine 0 ++ + 0/+ 0 0 0/+ +++

Nefazodone +++ 0 0 0 0 + 0/+ ++

(B@p Wells, 2008)
*0=none +=Iow ++=moderate +++=moderate to high ++++=high
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JRE SR 2 g~ FFREY L5u3mie poed adip & Fll o 8 &
AR RIRE L o BN IT Lo R R E S S e e s Lt R RE
FAOE R A e B2 o
5. B P B B0

- B P RN T e 2 e 7R B BEFY (assay models) £ Pk 8t 5N
(homologous models) & % #f o A 47R|E i U PP sk T A 4 B RF B A AT
LTHFHAB ORI BRITEEF L DRARETFARAT LN AEF
B /‘T‘ATE;V%%‘*%?%:F%:)%? B R G G A R RRIE o H T ey
LI A AR LR e B ""ﬁt*é 4\5453‘1*’" hh AU S R
FBo AR S s T g B D R T 0 Et #?oﬁ‘#d J % 4~ (antipsychotics)
RO R g el Y R R S AR R iy e o
¥R enfo R e B B (mur_i.o'.islg) ¥ ® Bp A zﬁ;é'ﬁﬁ (circadian rhythm
readjustment) ~ #f & & ;iﬂ 23 ']-"éjﬂif:érr:éhti'al. operant responding for low
reinforcement). ~ - ELFf HEeF 5&’ tsolatlﬂzmnduced hyperactivity) - & 5 % 3§ 5%

(lesioning of the olfactory bulbs:) (Deussing, 2006 Meckinney and Bunney, 1969;

e I
y ¥

Porsolt et al., 1977) ¢ oy -
@@&m@#cfﬁé R TR R N R T
B 7rc ARV BERNAEOHEEAX LD RE - Bl
HKEErE A AP s TR IR FIRESA AN £ FE G AR B
FoR AT RIERS DR FRER EHET U R LR &G ST
TH DLk ARBH ALY BER TR 2 BRI RS T
HERLRA 2. 15% MHE R hifd (bldrhEagK) K§FE BT 5 & L
B AR I R A B ERE LR o T b A R A R
R AR R R R R D EIL TR O f i SR AR
(forced swimming test, FST) » iz &_ Porsolt &L & 1977 & #7i¢ ) 0= = (Porsolt
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etal, 1977)» 3% 2 #x W& BF g RenB P R4 FlHfip > &R E k@
ERLBRLR Y4 grxzZ B gRPESL BTG P ERFL T AT H
ERFLIEBOEFREESBLOER  FRAL AT ERgFIRY A
e gtk A dpagin > S BRW R F S & S & R0 (Borsini and Meli,
1988) o iz fd#% 1 7 $5 crpF P 27 & 3R b 3&5% (tail suspension test) #3% — $R ¥ r4R
Ao A s 2EE AR @A e T 2 ¥ Tl gie K (electroconvulsive therapy) #1it
£ (Lucki, 1997) ° 5§ is ~ 3 & 41 % {7 & 24 (learned helplessness) # 4 fic;¢ » -8 F
MRS E LRy FPER @%ﬁﬁﬂ’éj?ifé » AP E R T R RIR R
Voo R g g e A e 4o ftleﬁ“‘ﬂ‘"«f”’}i"\ ¢ B R IR AR PR A
§74 23 3 A0x R LR o4 (chfonicmild stress), s 2 1 M
MR AeR 4 2 £ 8-A B 6048 &mfﬂiﬁ"w T ;,J SRR 4 lde

fid K AN 0 R A B R T

I i

"‘. F

fﬁgrﬁf'J“’ggEl w/"\'l?f”%iffﬁ 4 SR <)

B0 205 R ARk § R Raid'etal., 1997) 4

6. B r2 GABA z B &

1960 +# N>t ri},g, ]%L B I,ia' (mood dlsorders) /Fﬁ" Poo 4 (LB ML EELG &

ERRE R EERLS R U E i 19|80 i s g %ﬁ_}_&ﬂl’i? valproic acid (¥ g
& > i - 8 GABA xu;,ﬁw]) TG s L B }rzﬂ* MR L TRE  ERF
#o- f 337 GABA & frR 45 2 M (Emrich etal, 1980)c = GABA %t
WRELEPIRF RIS ML B REE N ERBESF LR BRI
o g PPEARE > AR AL pRF I LR FREMART L RIL I D
BHEFF > a2 HE R E GABA - ¥ - RFIRE GABA o+ %@ #ririfehd d
So AR SR ER T AR AL RET ENN > - BET AR #
)t 2 benzodiazepine (% PR #47) hit* » GABA F "2 /7 ¥ 2 ﬁe£ﬁb P
Flfk gk > A LEE TG g A SR EH A ¢ (Krogsgaardlarsen et al.,
1994) - 5 ¢+ > & -} Bi]“c% Brijtoeb@r? &P G EFT > FED
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e Hgehdl e F (frontal cortex) % 7% 5 S IR 0 GABA i b S d AR
o GABAA X 888 R GABAg X 48 g § F ’%% ek % (Karbon et
al., 1984; Suzdak and Gianutsos, 1985) - &2 ’L;}F‘ 4 GABA &2 RN #3040
TR AL R AR Y G PrliTr f&%ﬁé B b i AT P IR R D
e e drd] GABA 2 g P R 2% (Petty et al.,1993) > F]t 45443t GABA
B AWM GRFAER A RS ST ORLBERFEN &AL £
FoFEef s RERDYELFEFAES0 BN X RS AN
BAMABD RS BEERE A GABA WRAFHERGLFEF LM
T e o AR T8 ey ¥ S BMER T Sp B (Petty, 1995) -

@ GABA i & & ¥ rdede st -y lﬁﬁ\zéﬁviﬁ??%?%v‘ DRI P
#1E Bis 5t \GABAL Al s $ X RAMELE - BALHTE i 4 (Petty
and Sherman, 1981) > @ /& 4 & =% ea Eig‘;lg i GABA /3 5@ e icg 7 F >
BREZBERABWERT @ GABA- ﬁ&ﬁ-;}m}a v T R Y ipik A g R
(Sherman and Petty, 1982) ¢ d Lif 1-4 gfl‘% £ B A i B p ¢ (major
depression, bipolar depression bip!olar m-ar:lila and 'bipolar cuthymia) » & 2, ﬁ g Jf(
GABA ER P BT 5 & FRA #m%ﬁ%‘ T fa& oW gk GABA -+ >
# % GABAp X # "g i %‘ra’w T BAG w AR . ;‘irﬁp;‘g# FI o ] B FST
FE 24 LR A5 Y GABA £ § T %484 (Briones-Aranda et al.,
2005) > @ PR* SSRI~ SNRI #il 8 &5 243040 < P o % ~ i3 Biw 22 A io
2 GABA ez £ » T :x % 2 R ¥ g (Herman et al., 2003; Sanacora et al., 2002) -
F# 0 GABA #3482 R A gm s - BiER R F S “f Rt Y

R J‘ #? GABA z 773 ¥ avecd R Wi (Bjork etal., 2001; Kalueff and

Nutt, 2007) ©
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% 1-4GABA tliiga pd g chet i &2 bR TR - IR W EH 2 TR0 A2 sl

Table 1-4 GABA function in the pathophysiology of mood disorders and in the mechanisms of action of mood stabilizers, antidepressants and

electroconvulsive therapy

GABAg GABAg GABA3 GABA, GABA, CSFor Baclofen
. X ) Plasma  GAD GABA-T GABA
Frontal  Hippo- Hypo- Frontal = Hippo- Brain . . Induced
GABA  Activity Activity Turnover

Cortex  campus thalamus Cortex  campus  GABA GH
Learned Helplessness Model ! — — =2 g e — — — — —
Olfactory Bulbectomy Model ! 0 0 1 5 L . — — — 1 —
Major Depression — — — - — 10 10 ! — — 10
Bipolar Depression — — > gha. = k" 1 — — — —
Bipolar Mania — — L= & | = l — — — _
Bipolar Euthymia — = s L -1 %o — l _ _
Postmortem Brain Studied in i o

. : 0 0 — - 0 0 = 10 — — _

Major Depression T
Lithium — 0 | | —3 i 0 — — | _
Carbamazepine — 1 -  — —3 0 Y — — | —
Divalproex 1 1 3 ! _ 10 10} — _ l l
Antidepressants 10 10 —d 10 10 . 0 — — — 0
Electroconvulsive Threapy 1 — = AP s 4 140 l 0 — | —

(Shiah and Yatham, 1998)
GABA: y-aminobutyric acid, GAD: glutamate decarboxylase, GABA-T: y-aminobutyric acid transaminase, GH: growth hormone. CFS:

cerebrospinal fluid, 1: increased responsiveness. k: decreased responsiveness, 0: no change. -: not tested; multiple symbols indicate mixed

results.

a: GABA receptor density transiently increased following olfactory bulbectomy, b: unipolar euthymia, ¢ & d: GABA levels increased in

hippocampus but did not alter in cortex.



BH AR A K bR LA 0 1395 2004 E R R R

BW g &éiﬁ'ﬂf&*%ﬁ‘él%ﬁﬁ«;mk&ﬂ, L6 A 2030 &4 58 R

B R AR SRR A LA o LR L BT LT s R o {0

wﬁ@ﬁa%';gﬁ#
Elll.
Wy it sm i e

2 ek R BRSNS
—_ i@r o
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Part 1

Part 2

Screening of high GABA production
strains in Monascus

v

Study on cultivation conditions for
GABA production

Sample preparation (Fermentor)

'

In vivo

Animal model (Behavior analysis):

Forced swimming test (FST) short/long term

1. Time curve

2. MSG concentration

3. Medium composition

4. Culture conditions

(pH - Temp. * inoculation...)

v

Optimization study for GABA
production (RSM)

B 277~

Fig. 2 Outline of the experiment |

v

'

Safety analysis:
Liver
Kidney
Electrolyte

Monoamine analysis:
Brain: FC, H, S, A
5-HT/5-HIAA
DA/DOPAC NE
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CEE A NN

RERA
1. Flie A ipb R &
a. @ k84 (Ultrapure water system) (Millipore Co., Molsheim, France)

b. 2B ¥ & & 44 (Orbital incubator shaker) (Model 717, Hotech Co., Taipei,

Taiwan)

c. MRk T4 (Kan%ﬂL&b‘l%;
d ®E% (Al_lﬁh]z jj,fModelg_-' Co, g .:):I;E,p_an)

e. pH meter odel6

[}
i o,
f. 4t (Himag'CR-21, HitAchi,Co., Tokgo; Japan) {F::\.'.'-'\E
B [
: , i
5 g =
o~ ok,
=t =
2.66 23 ij"-
-*-:-}I
’;\ﬁf%ﬁ#ﬁﬂ (Al "‘i‘:‘éf‘*%’%"i' &
Ll ] 5

&

"'\.

" 'i.'=3

+) % ;.55—'-.'-%,-‘_..

r'-.‘:'_.:I

c. pH sensor (InPro 3&?’%’,?_25 ﬁéltler Tole g‘)vﬁ?*jus OH, USA)

l"'-|‘| ..‘_ =
d. DO sensor (InPro 6000 series '53% ettler Toledo Inc.)

e. 4 Fr ki (B40IL, Firstek Co.)

f. 2 % REts (C205A, Firstek Co.)

3.5 PR A ATARM R A

a. 4 3308 (Freeze dryer) (Bench Top3R, Virtis Co., East Greenbush, NY,

USA)
b. 4z § /%X B (Ultrasonic cleaner) (Model 690D, Crest Co., Fredericksburg,
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NY, USA)

c. HPLC k 47§ (PU2089 plus, Jasco Co., Tokyo, Japan)
d. HPLC ¥ ¢t sk i g 2 (UV detector) (UV2075 plus, Jasco Co.)

e. HPLC % % i /2% (Fluorescence detector) (FL-1, Rainin Co., Wobum, MA
USA)

% v 8 i % (Electrochemical detector) (LC-4C, BAS, USA)

g. HPLC C18 % 47 ¢ += (C18 column) : Discovery® CI18 column, 25 cm x 4.6

mmi.d., 5 pm (Belle{f)ﬂﬁ'ﬁ"ﬂtﬁgglﬁgr ::E@-ﬁ;_-
ot .:
h. 4 &k g ér_-il}sbgectrophpﬁﬂheter) _gdel U- %ﬁ%{"Hltachl Co., Tokyo,

Japan) "'1':'.-:: ;f'

A2 rﬂ
et £
i 271 (Mod : T,USA)
j. e &—%{Hlmac R-21, Hitaehi Co. w
o) . =
” 38 e
vEE = i
i .l]ﬁl':
a. #iciv4p #(Coo kon Co., Tokyo,| i)
- -'.';:. -\.'--.
b. DV 4% ﬁs{b YA

*.-h.l

B 45 5 'Eghovmon_@"‘ Noldus Eﬁ“rmano%ﬂ:eehnology, Nederland)
w SIS (POLYTR&WF%@&%TW AG, Lucerne, Switzerland)

5%

- & Fx

Citrinin

y-aminobutyric acid
Dopamine hydrochloride (DA)

Serotonin hydrochloride (5-HT)
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DL-norepinephrine hydrochloride (NE)
3, 4-dihydroxyphnylacetic acid (DOPAC)
Homovanillic acid (HVA)
5-hydroxyindole-3-acetic acid (5-HIAA)
k35 3 Sigma Co., St. Louis, MO, USA.
2. - ApihE
Sodium phosphate, dibasic (Na,HPO,), sodium phosphate, monobasic (NaH,PO,),
ortho-phthaldialdehyde (OPA), 'calcium  chloride (CaCl,), carboxymethyl (CMC),
ascorbic  acid, pyridoxal phosphate -(PLP), pargyline hydrochloride,
ethylenediaminetetraacetic acid#(EDTA), 1-octanesulfonic acid, sodium salt (SOS),
magnesium sulphate ((MgSO4), dipotassium hydrogen phesphate (KoHPO,), Sodium
hydroxide (NaOH), P p Sigma/Co:s (St{r Louis MO} USA)
Trifluoroacetic‘acid (TFA), hydrochj;.ﬁeid (HCID) ptz, Merck Co. (Darmstadat,
~

Germany) | 1

e

Prozac®, 20 mg fluoxetine/table (Lilly Cd., Taipei, Taiwan)
3. F B 475 R - |
Acetonitrile, methanol; ethanol &% Merck'Co. (Darmstadat, Germany)
4. B H A
Potato dextrose broth (PDB) (Difco Laboratories, Detroit, MI, USA)
Bacto agar (Difco Laboratories, Detroit, MI, USA)
Monosodium glutamate (& * vk #F) (PR L i F L2 > 54 5
KM (R AR LR T )
KA (FobEF2Pmasd T 58
Bigx gk (RRERFF AT Sa o 5

BEH (EP R ERPF AP AP 5 )
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AFTF R * 2 Fke 7 Monascus purpureus NTU 568 ~ Monascus sp. S2 & #
3 % %3 Fk o M. purpureus BCRC 31615 ~ M. purpureus BCRC 31499 ~ M.
purpureus BCRC 31530 ~ M. purpureus BCRC 31540 £ Monascus sp. BCRC 32808
Mp a R 1¥BF R EPFFTREFE AT ¢ < (Bioresource Collection and
Research Center, BCRC) -

2 ERFL RS A f=-1~]£"f‘w'fﬂ'fr”{ -

AR 3 & 2 ,hp_b ato dextr?s;ggar (PL&E_ 1 4 :%ﬁg b3 % 3t PDA 8

%,;ksag,ﬁ#%ﬁm% T

dextrose broth ({EB)-Z"'-.%? {EE?\.@ F o
_‘_;.i'fl - o .
e R FL i%f = *-'"-pyrld()xal phosphate
=
PLP) - & PLP jEj 5/ ;% 30°C ~ 13 "3»"“% G R
T ﬁ i
L

& F I - 4E 3 ﬁgﬁﬁ"ﬁw

r‘-_—‘

H

_ _; %%@u%&b%iknu@ i

719%‘ P2 91‘5 ,ﬁ«}% e L —f’r'.B’» ,J« {":*5—,,;‘ 4L &, rr F .,?-oll

o spayal®
AR A A
Components Concentration % (w/w)
Rice 5
MSG 1
K>;HPO4 0.1
MgSO4 0.05
CaCl, 0.1
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I8 HARLFRC 2GR
vl d o WirkR A2 MY E 829 30 x20 x Scm;
BABREREHT FUSt) ¢ RgLE -2 P 1k - ke RALRAT > 25
FIglg PR LERFRR IR LEIAERIURBUIRZEFL  BEY
VRS EEEACRY R c R EEAEANLIE RN FTFRE
#- 400 g koK o uoRERE R 30 A4 BT RCKk 0 BTk 5 30
BRIEFENEL 20 A& AL 30°C R F R AR o B [ AR
-_"L'—:'-'-".:i_'-{l'n%

il .
40 mL > 4248 » B2 11 "J ..TL"‘] %ﬁiiaé;:“‘ ?_ﬂ-_j;,;g;g; ENELAMERE o oBE
-l _- ’ ] 1] ) o -'-;-j'

B é:wfllﬁl\ “éi ;ér%;:k & Fke W5 2 e d 40 mL
PR 6&3'4-__ ";g‘l.ja'.gwbwg%w%

P& fﬁ'd

L ¢ A
»‘t‘,;“,u}i?;_ﬁ_"ﬁ;:‘éhrﬁ -} - & .":i.l Kﬁ}ﬁﬁrim ’ %‘ﬁ
ﬁ:] - .{-. ) m"-ﬁ"-. l_cf 'H. J‘i
A B AR BRCE o ] g e ﬁ* ﬁx‘i"};g'v* ,__
,_-.!-::_ T

L -:2:!{'&;-}*{31;*—:.1" 15

e RAGERA > ARATY 2 k2 - 38R FIEA L S AR 3

5
-)3%:
B
e

SR TR F R B R AFEIR A Ak 0
WEokAAE o P IEEIFF) S - AR IR o B p 2 WS g

EEF K& 12/ 4K 80mL o 4f -k L 2w 30°C iR fas % o

PRELE RS e DRARMEREY KR ERAT AL FF T E
HER AR AR RS Sk o e RE AR T A
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koo E 12 o) pEA R 80mL -

s

~

IxmoK

AR ELEE RS MAERAEERNZEE > FREFZIE K RKE S 40
mL & [ 12 o) Prie— =t PIRHRIERLG ok o

ALK ER

RoRISHBHE F SRIFE o RS e & 24 - =
PR

e kg R 18 e % ﬂ@@@% 8 hrs) o 2 {5 L ES RS S
i W) =

Ko EERBREAHe Tﬂ";i':' ‘§ {%

o

PR R TE AR G
i =

v.vm. » pH \M%%bb ;

l.l.l

| S

Z+J§*5‘)‘ 5%, _%,‘{-ET*" i Hp = 5 & - ¥ Lil_g’_h:
L A4 o 'I-‘}t \‘g}\
e 3

Jofk 2 %ﬁf&é%;:} {{-\‘ . 5 b ,% %_7
.:'_; F B L k] =
"4 %¢ GABA 7 # f;ﬁ.&; %&'}?;-f'# 5w :rffﬁ;; Lﬁﬁéﬂf B

“opegeIsnS”

-8 LY AHAFL LR

Fy
8 &
s

=

o ST

2497 GABA 2 557 2

B 03 g MFFA S TP %

v 4o 0 10mL 2 3T kAT 25°C TR A E
BEIRY RS S F &

= (1000 x g » 4°C » 10 min) » B~} Fi% 12 0.45 pm g%
WBig > M #% HPLC ~ 47 °
2.0OPA 74 i+ 2. HPLC 4 F7i% ¢

OPA jim# & L 'efkpam 74 * 2222 > GABA ¥ §d OPA & it %
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i R R T - Sofcdt > # Herbert ¥ % 2 jm4 it & Jidh B8 (Herbert et al., 2000) £
1B K T_p Pt B (autosampler) T 2P OPA ZEF| & * Hp » B-F LTk &
50 uL 4c+ OPA 72 234 50 uL 27" & & i » 1 F B8 pre-column 1 ~ R
i F 100 ul/sec R & 5= BF BPFR 1.5 A48 &1L E 20 uL 274
7 o

HPLC £ :

a. Column: Discovery® C18 (25 cm x 4.6 mm, Supelco, Bellefonte, PA, USA)

b. Mobile phase: .-m‘@'tr?f‘&"'ﬁ

r'\.'"'

A solvent: 0.1 M.;.};% ¥ fﬁﬁajfi_i'{sodlun%osphate‘%lc 10.9 g and sodium

phosphate mqésasw 32 gi » pH 7.4)

B solvent:, i
c. Flow rate: 1 :-__F:
l..l l&
d. Fluorescend;%-"tletébto . %
| - _IFf,ﬁ
Program condﬁgn' a:‘:,: -FI'_l-:u.,
0 ~ 5 min: ﬁ;gg (68/32) o
"-" T -:'- l:{%.
5 ~ 9 min: A/Bé&_ 16) {":-;‘_u
..-'3‘

3. 2497 Citrinin k& 2~ 47> ;2 (Lee etal., 20006)

HPLC £ :

a. Column: Discovery® C18 (25 cm x 4.6 mm, Supelco, Bellefonte, PA, USA)
b. Mobil phase: acetonitrile/water/TFA = 55: 45: 0.05

c. Flow rate: 1 mL/min

d. Detector: UV detector, A max: 238 nm
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$AE UFRY F28 GABA B f g2 %3

r2 M. purpureus BCRC 31499 : @Btk > M F Jod m Z K38 & A KL
i,’]ﬁtfé_‘“%%}%i}éfi‘%i&é pH E2 §F % ¥ & 134 Box %2 Behnken ¥ 2 = %#c -
ZPRER TG R (R 2-1)5 A R AR Bk w s A &Y ek
Wl 1l = s g AR RARR ST AmE Fl3 % ¥ 100mM & ¢
2o F - ¢ B i & Adeds pHS.0 2 A %% GABA 2 &0 S g3 ps 7
%0 PR 30°C S 130 pm i {7 a“f*%\ o F o R AR 2 R PE2

i, oy '._-_.'iil."l'ri;ﬂ
Pugigle fR 0 K :§-1J|5 "E’J fré_ "5'-:-.1!11—1- P RRBEAATE R

£ GABA 7 & > 1% C Analys'.g.-‘__-SySfc_.m) TR A

A .
ol
RSREG (Responﬂ{Surface R -\V: A A5 (@bvanm 1983)> 1
l"‘-:. -i-t.\-i-lI
b 4ot ol (KD P F___g.) n;:,? T
| ' -
=AY GAB&E{Y) 43§ 5 gf,;;',l:'z % 78 5\
i . . 5
Y=AgtA X1+AX2+A: X3 A X0 7 X2X34 1X12+A5;X22+A33X32

(a 7% &30 i?_;%i
(lack of fit) Lz; %.L
Bl #kig 2 ﬁ%’i;.ﬁi\‘f‘é?}ﬂ-' :

."-T__.l -
BANF Y G ﬂrxﬁ;& —}53’-;; #oiz ,_}ﬁ" fl'“'::li
I_J}”jc LS

i

-'fi..?f} M B A AR
S Plo,c,lllvo"'d k2 WA
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%21 BEHEMELZ SR R b

Table 2-1 Three variables-three levels of rotatability central composite design

arrangement
Independent variables (coded-level)

Run RB (%) MSG (mM) Initial pH value
1 5 (1) 180 (1) 5 (0)
2 5 (1) 20 (-1 5 (0)
3 1 (-1) 180 (1) 5 (0)
4 1 (-1) 5 (0)
5 5 8 (1)
6 5 (-1)
7 1 (1)
8 1 (-1)
9 ()

f—
[e)
ie
f—
N

11

12 1
13 '
14

15 .

RB: rice bran, MSG:
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P18 LHERAF B TR R (REMER)
1. B4 o502 =
(1) F b2 6%
AEH B R v FEze SD < v B (Sprague-Dawley rats) R p & gl 4
3o @ (Taipei, Taiwan) > 4% P3RS AR$HR R 60% > i & 25 +2°C > %

RER 5 9:00 ~21:00 2 12 | pFkREE T EFIF - 5 FUFRTHLY

PR RS E o F = A AR - 0 R ok (BIBER) FREFL L A&
' Tés.ﬂ-""’ lmL B4 E R 54 F
’ Fég@{f” %%*"Fﬁ T3

& J iy
fe ° A LT %
R b 4 Eﬁtq : ‘ﬁ:ﬁ#w S 2
"i.,._l L
- B alj';ﬁf_l (fluoxetine, F) '.‘ji FEEAT 2
L

(non- fermentddd substra

times of GAB'E’dos?ge i mﬁupt, ﬁ% MSF) ~ 1 &

-'-

GABA #| & &= ﬁé}‘ ER "'ST’.MOHE:ISCUS submerged

k]
1 P
fermented product, M}-Sﬂ —':,.-' i g O:-:"l
s, Y T
kAR (T B R '-'-'iff.:;,#.é‘ E A f'mwh? s\»‘f#&s%ﬁ (pretest) {&

- :
P aﬂf{#*m S ETTRY SN

HeomEWRERY  ERHF A EA& ]l X FHe X HREADP I REE AT

ARG tRA o LR P i BB

Ep RS g A2 BEE L B (R 3) -
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Week 5 Male SD rats
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(2) #&y T
AT RBP-CHPEAL A EFRE A AL > BRI | mm® R

oo METEFANICE D BRI R o 2T h e B2 E A (2000) fhF sfEP

\\

$ufiiA? GABA $ 854 (M€ 60kg) % % 26mg 5- SHE > ¥

PRtk a ZRE 2% GABA 2AFBRATAGCAP A SO NFEHCQFEE

PAFAREFADRERER IS F e B4 o & 222 5w

-

Q‘E.BE’:F.‘E&’??'J;‘E » GABA & s &8 232512 FDA #1324 5 F#y o3
%&"E‘o@@'@%ﬁe{& x62(§§%\aﬁﬁ; %)/
60 kg)o I ¥R & uqr:@lk-me (ProzP{f'!]. A ﬁﬁga

body weight (Cheti)k\ﬂtu al., 2008 b;

PEOARZ&OHE

, ? £ & & 20 mg/kg

""'u_"__- *-'

Hubal %qnd Lucki, 2000)
T

N
Mok Hem
)

-

(3) @ , 5,
= - =
* g "ﬁ}ﬁ%ﬂ < : %5001) i
B bs %#,.%.l R%‘ﬁﬂ&.ﬁﬁo"@iw}f*ﬂ
£ SmL & %’?’1mLoz@wﬁ

Wb TR A 95%

4 Ak ‘-.‘éi—"éﬂ#it*r"
b T -.I
LE L e
S S X 5 MALA w ik ;é%ﬁﬁf"gs':ﬁ;}%g c_;}.%.}f , TC%' s imép_}l;,gﬂ K o
Ty o

)
B

5y oy oy 12l
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4020 BiA mam R A

Table 2-2 Animal grouping and dosage design

Group Sample Dosage
Normal control

0.5% CMC H;0 (RO) 1 mL/rat/day
Control
Fluoxetine Prozac” 20 mg/kg bw
GABA y-aminobutyric acid 2.6 mg/kg bw

fi

NF recze-dryig @a ﬁﬁ?g - GABA 0.2 mg/kg bw *
non- @@ trat

‘%gke d“/*;@_ i‘% G}A%J 3 mg/kg bw

it
il"" ascus

wder

MSF-0.5X

MSF-1X
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2. % 2tk
() 8 -HEs &

AP EEERE - HeEA T FHRIFVREeFFBUELILEESIER -
(2) w2 v EAHT

w R P 3 Mefg §& 'efs (alanine aminotranferease, ALT) ~ % F® % Jicfd $& "fis
(aspartate aminotransferase, AST) ~ ¥ 35 #*f4 i+ (creatinine) % /i % % (blood urea
nitrogen) & & f# B 4k 47~ &@ 45 R 4L E'l #5 4 #7 % (Beckman-700, Fullerton,

.I; “_""' 5 ‘-li.- :E;- "--{-'.',.

ALHE -
oy ] - LA
"l.:;:{ o _i“. e 37.-

30 2432 B R A S
i =
AR St & 15 A
s %k (pretest ﬁ‘w Bhi e g
’Tllv;\lﬁ_ﬁ%ﬁﬁ%v %—?‘L;\f?)‘;’goii\‘?‘%}
7 5 .
A Rk 2 g 1F ’,ﬂ-f: R Kz 7R A 7
2, ] I
brz 5 "F- i, -;-‘I-: t' 4 2 '!‘ ) ,ﬁ'
prEAEREEL 6 Al SRS ey

Wi = il s e

AT M;ﬁﬁﬁiﬁﬁa@@ﬁ}l IS RSO N1
(swimming, S) ~ ¥ 7 (climb, C) % jr7|4# v (struggle, G)» = X KiEd 7 5
7545227 iE (immobility, 1) ~ w st el ®s 11w 34 Aok g ¢ (wiggle,
W) 2|2 5 R ER o8 A LR g ek s &% BA P EHRE T F A
PHRZL o R 0 ERFLAFOPETHNGE L DEEER BTG

Ao RAWARR PR -
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FLE A RpERERERZ H AHA S A
1. %l S Efig B

SD + & AE (7w P5AF Bhishg ”’PJ@;J# » i Glowinski (Glowinsk and Iversen,
1966) 2. 43N ,EL%‘« B4 o 3k B IFBRT ARG A Fw % (frontal cortex) ~ Kk AR
(striatum) ~ ;% § i (hippocampus) % % =% (amygdale) > " T 11 % & § /4 i {6 %

# -80°C o

o .:__;_
(o

19-9,%\)2;’&.1@;%&?’ 7107 M

-'

1—1 0.INHCI 7% it
?;ij%:.ﬂé:@ 28 (10000

I = .F T .. 3
%% Cheng % % ij A 1% =12
.-H. - o

ascorbic acid lﬁii;l?g/L pargl

o de r 2 E ;z;{ »a;r?m

-]

d"- . L L

X g) ’ B"J’ [ﬁ;l k .'ﬁ
(] T

==y = r\'v ..I;-

3. ¥ i A e r:"*'
.l"lll,,_l

performance li

TR RorC &;}g % dﬁ'xﬁvgmghy, HPLC) # 4
ln‘%ﬂm ) Eerotonm (5-HT) ~

ﬁ'“?'ﬁ/?'}%ﬁ !
ltfz‘xym%[é}c:etlc acid (5-HIAA) %

'éq. ochéégm
T " g r'?-,.I
norepinephrine (NE) - dé'ilg‘l? ne ?ﬁA) ~"5-hy
L]
3,4-dihydroxyphenylacetic acid (Dﬁiﬁﬁg 7 »’%

HPLC i+ :
a. Column :
Discovery® C18 (25 cm x 4.6 mm, Supelco, Bellefonte, PA, USA)
b. - FHPE
R %A SnA > filter 0.1 Hz » AppE cell 0.75V » KCl %% % 1&
c. Mobile phase :
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0.1 M gipess iz (2 % 20.5 g NaH,PO4~ 185 mg EDTA~130 mg SOS %
200 mL methanol > 4 H3PO4 2 % pH &1 3.0)

d. 7wiE 0.6 mL/min ; $& &1 5 20 ul
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e F

-
)\m
3%
-l
'
B

$- & GABA 2 & k2 &

\\\?{r

4 Su i%ﬁ%?{*? 2003 FT g oo 16 HRAHEY PHE D GABA 2 &

s

B PR 0 4 % 5 M. purpureus BCRC 31615 ~ M. purpureus BCRC 31499 ~ M.
purpureus BCRC 31530 ~ M. purpureus BCRC 31540 £ Monascus sp. BCRC 32808 ~
Monascus sp. S2 I 4e » *F % F A7 5 1) 1 F R Monascus purpureus NTU 568 i&
R o #t T REARAERTE 1% MSG.2 PDB 3 & 4 o 473t & FR AT
MSG # & GABA &t 4« B 41 %324 5 = = p5 . GABA g B P A
% i# ¥ % > M. purpureus BCRC 31530 ~ M. sp. BCREG. 32808 22 M. sp. S2 %" &
GABA 2 = ) B T30 /% {5 GABA 1 R4S W a7k M 3% 15 2 12 M. sp.
BCRC 32808 *#t# 3.3 GABA ﬁﬁ:fé:% Bz R o 58 ) % M. purpureus NTU
568 %+ 3 ~ 111X * GABA # s“fé_ﬁ'f-.:?i ‘b M. purplireus BCRC 31615 « M.
purpureus BCRC 31499 ~'M. pur[.)ureus BCIIIIR_C 315401 * % 3 ~13, =% 2 & GABA -
@294 a2 |

B &4 Fise £ 0 Misp. BCRC 32808 ﬁ’if’ﬂ’ s AR pH B M. sp.
BCRC 32808 ~ M. purpureus BCRC 31530 "= M:sp. S2¢ % 6.3 ~6.9> tpf H & Ftk
7.6~80 kKeni€ o - HFRT CHERRERZF > AL pH B AELA
%‘%’t“ iz A2 &£ n K pH- Fu M E 2 GABA 2 & &4p 3 ¥R iR M.
sp. BCRC 32808 ~ M. purpureus BCRC 31530 2 M.sp.S2 ¥ it F]4 L R H s
FtREWH @ GABA 2B EpFFRH L2 L ERERDR ?]",’Tf R~ FRE &
FlA > BERNESL T BE ¢4 MSG kR THFAME L3 A
#] - GABA 7~ X @AM ¥ J1* ¥ £k - > & M. purpureus NTU 568 2 & {5 8
GABA 7 "M% > P E R E2ARE AL e 44 #&a 1% GABA i&
7 1 3o
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%ﬁr} & Rtk A = i GABA kR iR 753 A 471 0 B3] M. purpureus BCRC
31499~ M. purpureus BCRC 31540 {= M. purpureus BCRC 31615 ¢ 5 ¥ §[* MSG
w23 GABAZ ARtk B2 wudHFLE (p<0.05)-* Su % (2003)
fe3F (2005) # 3 ¢ > M. purpureus BCRC 31540 f= M. purpureus BCRC 31615 7
BONR S FAFESY ARG G GABA Bl RS REFT P M
purpureus BCRC 31499 » EZ 3 GABA # = 2z B4 > &3F (2005) B %4pF > 7 i

SETET B A ARURE $ ¥ X P (malt extract) 2. malt extract broth » @ & &

% ¢ P| % potato dextrose bf 5-[@"‘5‘“{';_}@(} T % #3 GABA # 5pdr #1
-ﬁ,_. % .1?‘7' ":'J
® e AE ', T ‘“"'a

. T
"‘g’g £ u*'M purpureus BCRC

e
A2 5226 mg/L > M.

Shd ik O
31540 ; &rs;;-_;,h?;g:'__z

=

ot ¥ '._F-‘-'-I i.f'.
purpureus BCRC 3149 AR HEE M
purpureus BCEF 31540 2.7 mg/L > M. pL .8 ﬁlg/L:i:M. purpureus
BCRC 31499 éf:z G Hiid & i
O, A
Wang (2003 ar%} R in K # citrinin #

|r|_

'-

-
EVER - VRN Y i'_&_ fqﬁr
L=

|-r| 1_- -\-\__—_';_.!1".' < e A :
49 %2 GABA - Z_,ﬁj_lo £ . e A
ﬂ,? ", . ! i
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50

£ =Y
o
1

(&)
o

GABA (mg/L)

2 4 6 8 10 12 14 16
Cultivation time (day)
Bl 4-1 7 I o8 Fte 2l s 7 1AL 2 il A
Fig. 4-1 The y-aminobutyric acid| (GABA) production eurve of different strain of
Monascus by submerged-cultures: The values.represént the mean+ SD'(n = 5)
@: M. purpureus BCRC 31499, QM. purpureus BCRC 31530, W: M. purpureus
BCRC 31540, A\: M. purpureus BCRC 31615, l: M. sp. BCRC 32808, [ ]: M. sp. S2,

& : M. purpureus NTU 568
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$o8 BAEEH GABA 2 22 15
1.MSG # % kR

FEE * Atk i M. purpureus BCRC 31499 # » % 7 4 MSG kAR ¥ FH
WAL FrATisgREk? MSG it g 5 FHER 2B N e ARG E
2 PDB 5 % A&7 7k MSG kA2 Rl & MSG Fc €5 0.5% > 1.0% >
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B 4-2-1 vk4F k& ¥ M, purpureds BCRC 31499 y-pic £ 7 it 4ak 2. 5 58
Fig. 4-2-1 Effect of the ¢oncentration of monosodium glutamate on GABA production
by M. purpureus BCRC 31499."The values represent thé mean + SD (n = 5)

Concentration of monosodium glutamate: /A: 0 mM; @: 30 mM; O: 60 mM; V: 90

mM
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Fig. 4-2-2 Effect of the types of rice (earbon source) on GABA production by M.
purpureus BCRC 31499. The values represent the mean.+ SD (n= 5)

@: Oryza sativa ssp. japonica,~(: @ryza sativa ssp. hsien,” W: Brown rice
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Fig. 4-2-3 Effect of the ‘substrates lon GABA production by submerged fermentation.
The values represent the-mean + SD (n = 5)

RB: rice bran, WB: wheat bran;-DES; defatted seybean, DG: distillers' grains
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Fig. 4-2-4. Effect 'of the isometfic rice=mixed agricultural by-product on GABA
produced. The values represent the mean +.SD (n = 3)
@: rice, O: rice with rice bran, Werice with distillers' grains, /\: rice with defatted

soybean, [ll: rice with wheat bran
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Fig. 4-2-6 Effect of the substrates on GABA produced by solid-state-fermentation. RB:
rice with rice bran, RD: .crice with distillers' grains, RS: rice with.defatted soybean, RW:

rice with wheat bran
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% 4-2 M. purpureus BCRC 31499 12 B L # 5 i fi s p 2 & y-'%i 7 phen f
IR AL 3
Table 4-2 Comparison of the substrate cost in solid-state and submerged fermentation

on GABA produced by M. purpureus BCRC 31499

Solid-state fermentation Submerged fermentation
GABA concentration 320 mg/kg 230 mg/L
Cultivation time (day) 7~10 3~5

Citrinin (ppm)
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Fig. 4-2-7 The GABA production by M. purpureus BCRC 31499 at various culture

condition. (a) effect of medium initial pH value (b) effect of inoculums size (c) effect of

rice bran addition ratio (d) effect of culture temperature. The values represent the mean

+SD (n = 3)
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Z 4-3-1 FJEd w22 = FlF-Z PRk iEE
Table 4-3-1 Process variables and levels in the three variables — three levels response

surface design

Coded-variables level

Factor Symbol
-1 0 1
Rice bran (%) X1 16.7 50 83.3

MSG conc. (mM) X2 20 100 180

Initial pH value
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Fig. 4-3-1 The response surface for the production of GABA at various rice bran

addition ratio and various MSG concentration
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#0432 = FF -z pr k2 ol e &kt
Table 4-3-1 Three variables-three levels of rotatability central composite design of

GABA production

Observed metabolite
Independent variables (coded-level)

compound
GABA conc.
Run RB (%) MSG (mM) Initial pH value
(mg/L)

1 5 (1) 1 '@@1@ ) 237.9
2 0 B o 169.5
3 229.9
4 178.9
5 109.6
6 68.9
7 177.2
8 135.4
9 201.2
10 152.5
11 137.1
12 55.1
13 233.8
14 245.6
15 225.4
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433 %8 g A

Table 4-3-3 Multivariate regression analysis

Coefficient Standard error p value

intercept 234.94 13.96 1.35499E-05
X1 40.66 8.54 0.005075454
X2 33.82 8.54 0.010787546
X3
X172
X272
X372
X1*X2
X1*X3

X2*X3
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Table 4-3-4 Comparison of the substrate-cost in GABA production

Source Substrate GABA concentration Substrate cost (NT $/g GABA) Reference

Germinated brown rice Rice 249 mg/kg > 600 Komatsuzaki et al., 2007

Green tea Tea 169 mg/kg > 5500 Wang et al., 2006

GABA tea 1809 mg/kg > «]1000

L. brevis IFO-12005 Rice shochu 649 mg/L ENE250 Yokoyama et al., 2002
distillery lees

L. brevis BJ20 Sea tangle 2465 mg/L = 40 Lee et al., 2010

M. purpureus BCRC 31615  Rice 1494 mg/kg 23N Su et al., 2003

M. purpureus NTU 601 Rice 5004 mg/kg 9.5 Wang et al., 2003 a

M. purpureus BCRC 31540  Rice 3933 mg/kg 10.7 Hsu, 2005

M. purpureus NTU 568 Dioscorea 513 mg/kg > 500 Wu, 2008

M. purpureus BCRC 31499  Rice bran 320 mg/L 8.5 This study

16.4 g/kg dry weight




GABA (mg/L)

0 1 2 3 4 5 6 7
Cultivatign time (day)
B 4-3-2 Monascus purpureus BCRC 31499t 3 2§ 33 2 v /247 fa 4 S0 &
Fig. 4-3-2 The production eurve of GABA by Manascus purpureus BCRC 31499 in

jar-fermentor.
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Fig. 4-4-1 The changes of body weight in th.é'administration period.
@ normal control, (J:jcontrol; V fluoxetine, 20 mg/kgbw, /\: GABA, 2.6 mg/kg bw,
B non-fermented substrate, contains:the same dosage of GABA 0.2 mg/kg bw, [ ]: 0.5

times of GABA dosage of Monascus-fermented produet, contains the same dosage of

GABA 1.3 mg/kg bw, €: 1 times of GABA dosage of Monascus-fermented product,
contains the same dosage of GABA 2.6 mg/kg bw. Data are expressed as means + SD (n

= 12), *significantly different (p < 0.05) compared with normal control.
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Fig. 4-4-2 The changes of food 1nta e 11'_1?@0&1 tratlon period.

NC: normal control C: control; F: fluoxetiie, 20 n‘1gA<g bw; G: GABA 2.6 mg/kg bw;

NF: non-fermented substrate contains the's same dos:ig= of GABA O 2 mg/kg bw; 0.5 M:

0.5 times of GABA d()'s"ég.'e of rlascus—fermenteflp-oduct, contains the same dosage

=

of GABA 1.3 mg/kg bw; M: Fjimes of GABA dosage of Monascus-fermented product,
r - Ll
= L

contains the same dosage of GABA 2.6 mg/kg bw. Data are expressed as means + SD (n

= 12), *significantly different (p < 0.05) compared with normal control.
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-.;;.,

fig/k w0 ﬁl\?fho 5 times of GABA

L L]

r&T 2
dosage of Monascus-fe l:,.glrot_firl!(ét contain

it
sﬁﬁé sa Iﬁ}Sage of GABA 1.3 mg/kg
L]
bw; M: 1 times of GABA dosage o?‘fvlggqs'ei‘ds" rmented product, contains the same
dosage of GABA 2.6 mg/kg bw.

Data are expressed as means + SD (n = 8), *significantly different (p < 0.05) compared

with control.

85



160

120 - %

%k 3k

* %k

Immobility duration (sec)
Y o
o o

C F G NF 0O5M M

-2

e

‘li--‘l ‘
Fig. 4-4-4 Effedts of thi immobili ity time of the
L~ .'I _-{._1..__ f;;
long-term test in for oy, 4
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C: control; F: ﬂué&-et ofkg bw; G: GABA, 2 : /léfg,ﬁiw -le non-fermented

substrate, contains the s e.dr"%';ﬁ}g
-.;;.,

fig/kgbws0 ﬁl\?fho 5 times of GABA

L L]

r&T 2
dosage of Monascus-fe l:,.glrot_firl!(ét contain

it
sﬁﬁé sa Iﬁ}Sage of GABA 1.3 mg/kg
bw; M: 1 times of GABA dosage o?ﬁlgg;‘e;ds" rmented product, contains the same
dosage of GABA 2.6 mg/kg bw.
Data are expressed as means + SD (n = 8). *p < 0.05, **p < 0.01, significantly different

compared with control.
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441 CHPFEAFHEIFREL T ’ﬂ]’i‘% ZEZLREE
Table 4-4-1 Effect on the concentration of norepinephrine in different brain sections by

Monascus-fermented product.

Norepinephrine (ng/g brain tissue)

Groups Amygdala Frontal cortex ~ Hippocampus Striatum
NC 487 + 18 ¢ 272 + 12 % 468 + 32 ¢ 1120 + 134°¢
C 370 + 30 ° 272 + 26 138 £ 22 ° 1036 + 92°¢
F 469 + 40 246 + 29 231 £25° 971 + 134
G 452 + 54 bed 219 EPh 342 £ 17 © 870 + 121
NF 418 + 30 241 4 33 ® 236 £39 ° 780 + 47°

0.5M 424 +33 @ 239416 ® 218 £ 23 ° 808 + 72
M 3984+ 38 & 2880 29 @ 344,425 © 764 + 46°

NC: normal control; C; control; F: fluoxetine, 20 mg/kg bw; G: GABA, 2.6 mg/kg bw;
NF: non-fermented substrate, contains the same'dosage of GABA-0"2 mg/kg bw; 0.5 M:
0.5 times of GABA dosage of Monascﬁgif;}@ented product, contains the same dosage
of GABA 1.3 mg/kg bw; Mi.l times of GABA dosage of Monascus-fermented product,
contains the same dosage ‘of GABA 2.6 mg./kg bw *§° Significantly different from the
control group (p <0.01)by: onew.ay ANOVAfollowing by Duncan’s test.

Data are expressed as means=£-S8D (n:=8)
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442 CHEBAFEIFRF TR ELBE
Table 4-4-2 Effect on the concentration of dopamine in different brain sections by

Monascus-fermented product.

Dopamine (ng/g brain tissue)

Groups Amygdala Frontal cortex ~ Hippocampus Striatum
NC 1050 + 106° 28+ 3° 88+ 7°¢ 6065 + 521°
C 259 £ 43° 92 + 149 54+ 12° 4140 + 519
F 1183 + 53°¢ 51+ 9° 75+ 14° 7019 + 482¢
G 681 + 127° 69 £ 9°¢ 88 + 12° 4383 + 513
NF 752 + 870 464 6° Moo @ 4041 + 481°%°

0.5M 751 +.,89° 76 & 11 65+ 4% 3835 + 311°
M 7334% 129, 1047E 14° 89/ 14 ° 4807 + 497°

NC: normal control; C; control; F: fluoxetine, 20 mg/kg bw; G: GABA, 2.6 mg/kg bw;
NF: non-fermented substrate, contains the same'dosage of GABA-0"2 mg/kg bw; 0.5 M:
0.5 times of GABA dosage of Monascﬁgif;}@ented product, contains the same dosage
of GABA 1.3 mg/kg bw; Mi.l times of GABA dosage of Monascus-fermented product,
contains the same dosage ‘of GABA 2.6 mg./kg bw *§° Significantly different from the
control group (p <0.01)by: onew.ay ANOVAfollowing by Duncan’s test.

Data are expressed as means=£-S8D (n:=8)
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Table 4-4-3 Effect on the concentration of serotonin in different brain sections by

Monascus-fermented product.

Serotonin (ng/g brain tissue)

Groups Amygdala Frontal cortex  Hippocampus Striatum
NC 559 + 34 °© 133+£17 * 377 +43 ¢ 382 £+ 7°
C 434 £52 ° 1065 * 130+ 15 ® 241 £+ 16®
F 596 + 58 °© 113+16*  204+29° 331 = 11¢
G 452 £ 64 ° 132 +8 ™ 217+34" 253 + 12°
NF 329 + 558 115+ 7 oy 151432 ° 218 + 29°

0.5M 445 £ 62 ° 106% 7 255227 + 15°° 312 + 28¢
M 436 + 392 135"+ 11 S 25022, © 206 + 13°¢

NC: normal control; C; control; F: fluoxetine, 20 mg/kg bw; G: GABA, 2.6 mg/kg bw;
NF: non-fermented substrate, contains the same'dosage of GABA-0'2 mg/kg bw; 0.5 M:
0.5 times of GABA dosage of Monascﬁgif;}@ented product, contains the same dosage
of GABA 1.3 mg/kg bw; Mi.l times of GABA dosage of Monascus-fermented product,
contains the same dosage ‘of GABA 2.6 mg./kg bw *§° Significantly different from the
control group (p <0.01)by: onew.ay ANOVAfollowing by Duncan’s test.

Data are expressed as means=£-S8D (n:=8)
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Fig. 4-4-6 The effect "of Monascus-fermented product’and GABA on the dopamine

turnover ratio (DOPAC/DA) indifferent brain sections.

(A) striatum (B) frontal cortex (C) hippocampus (D) amygdala.

DA: dopamine; DOPAC: 3,4-dihydroxyphenylacetic acid; NC: normal control; C:

control; F: fluoxetine, 20 mg/kg bw; G: GABA, 2.6 mg/kg bw; NF: non-fermented

substrate, contains the same dosage of GABA 0.2 mg/kg bw; 0.5 M: 0.5 times of GABA

dosage of Monascus-fermented product, contains the same dosage of GABA 1.3 mg/kg

bw; M: 1 times of GABA dosage of Monascus-fermented product, contains the same

dosage of GABA 2.6 mg/kg bw. Data are expressed as means + SD (n = 8)
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Fig. 4-4-7 The effect “of-'Monascus-fermented product and GABA on the serotonin
turnover ratio (5-HIAA/S-HT)n different brain sections.

(A) striatum (B) frontal cortex (C) hippocampus (D) amygdala.

5-HT: 5-hydroxytryptamine; 5S-HIAA: 5-hydroxyindoleacetic acid; NC: normal control;
C: control; F: fluoxetine, 20 mg/kg bw; G: GABA, 2.6 mg/kg bw; NF: non-fermented
substrate, contains the same dosage of GABA 0.2 mg/kg bw; 0.5 M: 0.5 times of GABA
dosage of Monascus-fermented product, contains the same dosage of GABA 1.3 mg/kg
bw; M: 1 times of GABA dosage of Monascus-fermented product, contains the same
dosage of GABA 2.6 mg/kg bw.

Data are expressed as means + SD (n = 8)
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Table 4-4-4 Effect on the concentration of monoamines in different brain sections by

Monascus-fermented product and GABA.

Amygdala Frontal cortex Hippocampus Striatum

DOPAC/DA
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# 4-4-5 HFEA 4 SD < Bi F ¢ AST -~ ALT » BUN % creatinine 2. %

o
F

Table 4-4-5 Effect of Monascus-fermented product on SD rats performance serum AST,

ALT, BUN and creatinine levels

Liver (U/L) Kidney (mg/dL)
Group AST ALT BUN Creatinine
Control 136.0 £ 16.5 73.1 £ 9.8 23.7 £ 1.7 0.44 + 0.06
Normal control 113.5+ 9.1* 693 +10.7 222+ 1.8 0.44 = 0.06
Fluxitine 119.8 £,12.6 ~743 £ 79 20.3 + 2.1 0.36 = 0.05 *
GABA 1113+ 82* 649 £+ 9.9 19.9 £ 2.8 0.36 = 0.03 *
Non-fermented 12594214 4766.8 + 37 20.8+ 2.7 0.40 + 0.04
0.5M 1323 £22.0° 679+ 7.0 21.1 + 1.8 0.42 + 0.07
M 130.8 = 15.8#69.4 + 80 19.7°+1.5%% © 0.38 + 0.07 *

AST: aspartate aminotransferase, ALT: alaning aminotranferease, BUN: blood urine
are

nitrogen. Fluoxetine: 20 mg/kg bw; GABX:(Z.6 mg/kg bw; Non-fermented substrate

contains the same desage'of GABA 0.2 mg/{kg bw; 0.5 M: 0.5 times of GABA dosage of

Monascus-fermented product, contains the same dosage of GABA 1.3 mg/kg bw; M: 1

times of GABA dosage of Monascus=fermented product;. contains the same dosage of

GABA 2.6 mg/kg bw.

Data are expressed as means £ SD (n'= 10), *significantly different (p < 0.05) compared

with control.
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Table 4-4-6 Effect of Monascus-fermented product on SD rats performance serum

electrolyte levels

Electrolyte (mEq/L)

Group Na K Cl Ca (mg/dL) Mg
Control 149.0 + 2.0 74 £ 09 96.1 £+ 1.8 13.0 £ 1.0 44 + 0.6
Normal control ~ 150.3 £+ 1.0 69 + 05 939+ 1.0 129 +06 4.1 £+ 04
Fluxitine 148.0 + 1.6 6703 949 £ 08 13.1 £ 05 42 + 03
GABA 1479 + 1.6 704+ 04 955+ 1.7 126 £+ 03 41 = 04
Non-fermented  148.8 £ 2.3 6.8 £05.950+£19 128 £ 04 4.1 + 03
0.5M 147.5 = 0.9 715+ 06950 £ 1.1 125 £ 0.7 4.1 + 0.7
M 148.0 £72.6 73 £ 057950 £ 0.9 124 £ 08 4.0 = 0.8

Fluoxetine: 20 mg/kg bw; GABA: 2.6 mg/kg bw; Non-fermented.substrate contains the

same dosage of GABA/ 0.2 mg/kg bw; 0.5 M: 0.5 times+of GABA dosage of

Monascus-fermented product, contains 7tﬁ;‘§gme dosage of GABA 1.3 mg/kg bw; M: 1

times of GABA dosage of MonaSCUS-feI:Iﬁ@nted product,.contains the same dosage of

GABA 2.6 mg/kg bw.

Data are expressed as ngans + SD (m=12).
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Fig. 4-4-8 The tissue slice of liver and kidney in different experimental groups.

A: normal control; B: control; C: fluoxetine, 20 mg/kg bw; D: GABA, 2.6 mg/kg bw; E:
non-fermented substrate, contains the same dosage of GABA 0.2 mg/kg bw; F: 0.5
times of GABA dosage of Monascus submerged fermented product, contains the same
dosage of GABA 1.3 mg/kg bw; G: 1 time of GABA dosage of Monascus submerged
fermented product, contains the same dosage of GABA 2.6 mg/kg bw. The above chart

is the kidney slice, and liver slice behind it. (™= =3 pm)
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