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Abstract Relatively large amounts of GABA can be produced by the fermentation of rice bran. Therefore, this study was
conducted to investigate the effects of GABA on the secretion of melatonin and serotonin for the development of a sleep
inductive compound. The secretion levels of melatonin and serotonin from mice were found to be 3.425+0.182 pg/mL and
5.3740.963 ng/mL, respectively, in response to feeding 120 mg/mL of GABA while they were 2.607+0.41 pg/mL in the
control. The secretion of both melatonin and serotonin was increased up to the 13.51% and 34.99%, respectively, when
compared to the negative control. However, the feeding of milk alone did not have a great effect on the melatonin and
serotonin secretions. Conversely, feeding of milk with GABA enhanced the secretion of serotonin. The amounts of both
melatonin and serotonin secreted increased with respect to the increase in GABA concentrations during feeding.
Interestingly, the induction level of melatonin was relatively higher than that of serotonin in response to feeding 120 mg/
mL of GABA. This is the first study to report that GABA has an ability to induce sleep related hormones in mice;
therefore, it has the potential for use as a natural sleep aid.
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Z2vh, GABAZE duk=iiol] EAjskes S dutvlel] 1-40
mg/100g, Hvlo] 4-8mg/100g 2oFrlo] 10-100 mg/100 gO &
AAgE A A EX GABA FHEl2e S35 Hof &0l
of] AFolet AF7F Es] o] FAXRA] eFal AUTH2). ©l9]
A4S 23] mono sodium glutamate(MSG)S GABAZ Z3HA|7]
= AR, A7 5o A v¥|FES Lactobacillus brevisSt Lato-
coccus lactis 52 FAHoE A 9 FS WFAIA 250-700 mg/
100 go] JEER GABAE Al 202 RAEQITKS). wjet
A, EE T3 GABAS A F7He &8 ulF Aol 7ks
Al =Ho ole] &g sk A7rt Qg Aolth

3, e AAEE 3289l WElE U (melatonin, N-
acetyl-5-methoxy-tryptamine)#} Al 2 & (serotonin,  5-hydrox-
ytryptamine: 5-HT)® GABAS$} fAFSH AR AL EARA 218-3)
= EZo|t}. 434 (pineal gland)ollA] £¥] %= WEtEUS dH}
EYYEANADNS S4o] Wt ZRE Q] F(light) FHol 9
3 AsEERE drlel T W) B MES HAKe). A=
Ed 3 ARG dEA detEdd o] ERERS 98
2 oke & B ¥ 2EHS & 985, EH F AEE A
9] WA A7t Bel FAHIL = EHoti(7). AZE
o] FHjgke] 7AW FEFo| B $-FNt ofg} 3
oll, Al FES, Ak, AAPdele] 3] Ueidtie ATk
EH]E)S Alol= 3l vH(hippocampus)©l]
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GABAQ| =

2 A AR vHlol f§8] GABA &A= wlujolE 104)
¢ FE3 FEHo| GABA A 54H+¢ Lactobacillus sakei
B2-169] ASS frEsh] flsle] B39 9 dagoz A9 9 7
B FEES 27 4%, 2% H7FeE & 7% ¢ 94 MSG‘% A7t
3t v RO L sakei B2-162 1% o2 HETE 3 30°ColA]
48A7F &<t viFIATE. Bl dEle 045 um ﬁlter(Sartorius,
Goettingen, Germany)Z 73+ ¥ BELZAZS] HH3 15%=
AEEE GABA NEE Alxst] Ald=dE2 ARE-SIITH1).

GABA2} 2FE50§

GABA ANE%= 3755 1mLell 242} 60 mg(GABAG0), 120 mg
(GABAI20), WA FPZFo2E 7 1mL, T34 40
Zo 2= FHEZA (doxyl amine succmate) 10mgs 75 1
mLell Zo] ARSI, SANERTCZE S7F ImLel 7
(caffeine) 10 mge =] 7377 SFATH(12).
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015 HAoE oAl wigy dejHor deElste] FoAH 24]

& Ao FoAsinh. Dol AFH= ol Ao 74 Zvitk o
“ vlgy o] Folxlon, Hele mAlH ANEFHE o]&sto] <t
97 =l ZH (retro-orbital sinus bleeding) S = XH-H sted 3l 2l (hep-
arin) 174 Units® 2 02 mLE 7}k § 3,000 rppmol|A] 1587+ €
s 5}"4 HElE @4 50 uLs ARESIATHI3). B3 o]
A AR H2 AZEY AT ALLF AT}
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Al serotonin? melatonin®] =4 9l serotonin ELISA
kit melatonin ELISA kit= GENWAY(San Diego, CA, USA)AF
ZRE YR, S8UEES] caffeine Samchun pure Chem.
(Pyeongtaek, Korea)A lZFE] FJ3FAow, A thZ(positive
control) &2 A}8-%  doxylamine succinatex= Boram Pharm
(Ansan, Korea)AtZHE 95t AME-31STt

Melatonin & &F

gloz 50ule] ¥A-S ELISAE well plateo] ¥ 50 ul
melatonin-biotin3} 50 pLe] WEtEY dHHLS e, HE foil
2 A WEske] 2-8°CollA 14204 7F BFSAIATH AL A

I 250 pLe] assay buffer® 3¥ A& Fof Z-FAL A A}
ot FlOZ secondary anti-body?]l 150 pLe] enzyme}t Z A
713L foil2 THA] MA] g2l 120827 WES-AIZ] $ol| washing
< 33] REESISITh. ZH2be] welldl] 200 ule| para-nitrophenylphos-
phate (PNPP) 7] &8-S 2 & 4H2(18-24°C)2] orbital shaker
el A 3087F HH-S-A|Z T NPP stop solution(3 M, NaOH)<
50 L Wol WkgS FAMZ v 405 nmelX F3EE F4
SFATH(14).

Serotonin M2k

o7 50 uLel standard®} acylated sampleS ELISAE well
plateol] Z}zZF Y31, 50 uLe] serotonin-biotin3} 50 pLQ] MZEY
FYHS 7181 plateS RALHA EESO FA VA, plaeE
A& foild MA 2-8°CollA] 16-2047F WHS-AJFI T}, Washing buffer
(phosphate buffer)Z 3¥ A&k - washing bufferd]-S 242~
Al AASIA. TSNSz 150 uLe] anti bioting Z+ wellol] ¥
Foll orbital shaker 91ollA 120%7F Ad2ollA whgAIZTE 28] 3
washing buffer(phosphate buffer)2 3% |23t 3 washing buffer
Ng ZAEHA AASAT. 242 wellell 200 pLe] para-nitro-
phenyl-phosphate(PNPP) substrate solutionS oz € &
£(18-24°C)2] orbital shakeryollx 6057+ WRS-AIZATE. PNPP stop
solution(3 M, NaOH)Z 50 pL¥ o] w38 FA|A)Z] Tt 405
oA FHEE S5 TH14).
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Melatonin &2k

GABA A& %@7}011 og aaE gRIE] 98 E, "?—ﬁ‘, -
HEZA, 7191 st 7z dEteEd A ST
(Fig. 1). o] A%} EE& FJ8 controls-e] ¥ WatEUS] k&
2.523+0.442 pg/mLol™, G ZFo 2 AMEH SG(milk)e}
™ 1 ZA| (doxylamine succinate)= Z}Z} 2.568+0.478 pg/mL, 3.016
+0.447 pg/mLo|AT}, TS, SdUIZT0 R AR 71391 (caffeine)
£ 21310483 pg/mLe] A ESTE GABA A& Fo Aol
GABA 60 Fol#<& 3209+0.167 pg/mL, GABA 120 Foj#<&
3.405+0.196 pg/mL, ol =91 GABA 120 FoJ--2 3448+
0222 pg/mLo] AYHACNFig. 2). olst e FAF %2 ek
AkFig. 3). 7] 3% melatonin AJJ7Fe] 1.8%<1H] ¥},
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Fig. 1. Secretion of melatonin in the serum of rats by the
treatment of water, milk, doxylamine succinate, and caffeine.
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Fig. 2. Melatonin concentrations in the serum of rats by the
treatment of GABA products; GABA 60 (GABA products, 60
mg/mL water), GABA 120 (GABA products, 120 mg/mL water),
GABA 120+Milk (GABA products, 120 mg/mL milk). (Data are
expressed as mean+SD, *p<0.05 compared to the corresponding
control group)
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caffeineS T3t 9= 155%2 #AAEHZ Yept FHAA
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ThFig. 3). =8 GABA 602 AHFA S7H1A 272%¢° H]3|
GABA 1204 o 350%= =oid Zlo|™ GABA 1208} /&
B AFHA 36.7%= UERRT) wEkA, o] 42Xl Hong 59
MRS Fo FoAle] WHEY F7HER] 204%HTE 5L
16% =2 T34 GABAS] HWHEY fF=a3rt o =& ¢
T AUATK(1S). 1% T, 7] E-8Al GABAS] d%F I A=
£ 1] 98 Fodd ¥F d3Ed $XE Fig 40 e
o} =, A&Z2 GABAY Fold] 93 WaleEy BF3te Hs)
e foX JE S7PF AAAT GABAY 28 HelEde]
Aade 1T F Aok webA, GABAS] Fo= Ug 3+
o] gaye] "WHEd gl IS F F U, FNH EE
Al, B3] 9-f9k AN dEled d9S SRE & deS #
918k 4= Utk T, GABAS 7] B-8¢o=x 1 935 A
EAE A3 GABATEA ] digk A&A A= B8 A
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Fig. 3. Comparison of induction of melatonin by treatment of
GABA products; GABA 60 (GABA products, 60 mg/mL water),
GABA 120 (GABA products, 120 mg/mL water), GABA 120+
Milk (GABA products, 120 mg/mL milk), water, milk, doxyl
amine succinate, and caffeine. (Data are expressed as mean+SD,
*p<0.05 compared to the corresponding control group)
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Fig. 4. Melatonin secretion pattern by the treatment of GABA
products, water, milk, doxylamine succinate, caffeine in different
feeding days; GABA 60 (GABA products, 60 mg/mL in water),
GABA 120 (GABA products, 120 mg/mL in water), GABA 120+
Milk (GABA products, 120 mg/mL in milk). (Data are expressed
as mean+SD, *p<0.05 compared to the corresponding control

group)
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deiEd 49 vRHR AREY 34 A3E A% ol
A HE GHE olF AR 2o 3 ol A/d%E serotonin
o] &2 FAsksler 1 A= Fig 59 Atk GABA A&
71l o3k as eRle] S8l =, f, FHEEA, 7
S Folato] wlag Axt, AREY YT E7 Fg control
9] 79 4.73+£0.67ng/mL, $-FE FoIg A 4.75+041 ng/
, THRZAE T3 79 4.77+0.56 ng/mL, 711¢1S F
A9 4424080 ng/mLe] SAHAAT. &, d5o2 A3 ¢
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GABAS Fo3l 3 3F o] IH O ZHE serotonin®] W2 =
A3t A3KFig. 6), GABA 60 FH7-& 4.71+122 ng/ml, GABA
120 T2 537+0.96 ng/mL, GABA 120+$-F T2 6.34+
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Fig. 5. Secretion of serotonin in the serum of rats by the
treatment of water, milk, doxylamine succinate, and caffeine.
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Fig. 6. Serotonin concentrations in the serum of rats by the
treatment of GABA products; GABA 60 (GABA products, 60
mg/mL water) GABA 120 (GABA products, 120 mg/mL water),
GABA 120+Milk (GABA products, 120 mg/mL milk). (Data are
expressed as mean+SD, *p<0.05 compared to the corresponding
control group)

0.59 ng/mLe] A= ATE ©]F= GABA 120 mgmLe HHA Z
7HIE 13.5%C] B8l GABA ¥%% 120mg/mly o {5 &
Aol HFAT 342%= sold Aoltth. WA, Fig. 79ll49] o] 5
A= Hong 5(15)2 ATollA 2tz2A8e ol Eroq 5 Ag=
serotonin 5 7F& <] ZSZ%EU} I 60% © HE —,—i]i/\‘]
GABA®| HgtEd f=adpt o 28 ¢ F °‘21D‘r 3], ¢
ol GABAS = %Wﬂ A dE Al 13311 RS )
serotonin®] E71&-°] °F 21.0% Z713t] GABAES $-#-<F &7
AFshs Blo] viEAE A= *@Z}%E}. 7] 85-8A1 GABAS]
5 9% AxE 2] f8 FoYd AZEd $£X&E Blagt
A3 (Fig. 8), AEZQ GABAS] Fodof| o3t AZEY HF+3=F
Halol = Aol AACU GABA A E oo 93 Al2EY
o FHEIE ST F k. WEHA, GABAS] Fol& Qlgh

7] o] NEEY 9A] WelEds} o] FHad= g
A F YA, ArIH oz BEeAY fot A HHARES
Al serotonin®] FHIE Y&etA wHEo] A4 PEE 7HA 9
FTHAE 2 gEH g5 7o F S ERIsHT. 53,
AZEUS Agdres foF g4 AHzlgh 29| 7ol =%
o WgtEUe A= SFHTFE GABAY 93 =& =7}
&5 BT E3 o]e A= Hong 5l 93] A% oA
o, o2, akxlwke] dWetEds) REde] EHH v
W E u WlEde] /82 GABAS Fo43S urt ¢ =
SkTh(15).
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Fig. 7. Comparison of induction of serotonin by treatment of
GABA products; GABA 60 (GABA products, 60 mg/mL water),
GABA 120 (GABA products, 120 mg/mL water), GABA 120+
Milk (GABA products, 120 mg/mL milk), water, milk, doxyl
amine succinate, and caffeine. (Data are expressed as mean+SD,
*p<0.05 compared to the corresponding control group)
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Fig. 8. Serotonin secretion pattern by the treatment of GABA
products, water, milk, doxylamine succinate, caffeine in different
feeding days; GABA 60 (GABA products, 60 mg/mL water),
GABA 120 (GABA products, 120 mg/mL water), GABA 120+
Milk (GABA products, 120 mg/mL milk). (Data are expressed as
meanS.D., *p<0.05 compared to the corresponding control

group)
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